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Education for sustainable development in chemistry
— Challenges, possibilities and pedagogical models in
Finland and elsewhere

M.K. Juntunen,” M.K. Aksela’,

This article analyses Education for Sustainable Development (ESD) in chemistry by reviewing existing
challenges and future possibilities on the levels of the teacher and the student. Pedagogical frameworks
that are found eligible in practice are reviewed. Lesson themes that are suitable for implementing socio-
scientific issues (SSI) related to ESD into basic chemistry education at schools are discussed. Based on
this analysis, three new demonstrative pedagogical models for ESD in chemistry are presented to help
guide the work of teachers. The models draw on an interdisciplinary reading of research in the field of
SSI-based science education, sustainability science, green chemistry and environmental education. The
current state of ESD in Finnish chemistry education is used as an example case throughout the article.
Two tasks where future development is required were recognised. The first task concerns supporting
chemistry teachers in overcoming the challenges with SSI and ESD they face in their work. The second
task is to ensure that students are more often provided with more relevant and flexible chemistry content

and studying methods.

Introduction

Sustainability science is a modern field of research, which aims to
bridge the natural and social sciences and help find solutions to the
conflicts between the disciplines that are threatening our planet
(Jerneck et al., 2011). The acute sustainability problems that are
facing our planet are related to planetary boundaries. To avoid
catastrophic environmental change, humanity must stay within
defined planetary boundaries for a range of essential Earth system
processes, which include coping with chemical pollution, climate
change and loss of biodiversity (Barnosky et al., 2012; Rockstrom et
al., 2009).

In response to growing concern, the concept of green chemistry was
introduced in the academia in the 1980s (Centi & Perathoner, 2009).
As the concept could easily be associated with political green
movements”, the concept of sustainable chemistry was introduced in
the 1990s. Sustainable chemistry was seen as a more holistic term
than green chemistry, but nowadays green chemistry and sustainable
chemistry are seen to share similar goals and content according to
IUPAC (2013). Both terms denote strategies of sustainable
development intent on designing safer chemistry products and
processes where hazardous substances are absent or formed only in
tiny amounts (Poliakoff et al., 2002).
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Sustainable development is usually considered to consist of
ecological, economical and socio-cultural aspects, and numerous
models of how these aspects relate to each other have been presented
(Lozano, 2008). These three aspects often exclude one another in
real-world situations. In light of current knowledge it is actually
unclear whether it is possible to reach economical growth,
environmental health and social justice at the same time. As long as
economical growth is tied to the unsustainable use of natural
resources and socially unfair contracts, sustainable development
cannot be genuinely realised (Bray, 2010; Dryzek, 1997, 132—136;
Rohweder, 2008). According to Dryzek (1997), the discourse around
sustainable development is powered by human-centeredness, belief
in development and belief in combining contradictory aspects. The
discourse resembles the discussion regarding ecological
modernisation, which emphasises specialists’ power and thus
transfers the problems from a societal plane to the business sphere
(Laine & Jokinen, 2001, 64; Sarkki, 2011, 85; Ahlberg, 2006). The
term ’sustainable development’ is seldom problematized in public
discourse. Neither are the multidimensional goals and dimensions of
the different sustainability concepts fully defined. Thus, it is obvious
that the ethical and practical principles of sustainability have not yet
transferred from research into society (Sérkkd, 2011; Wolff, 2004).
This article answers the call by viewing sustainable development
from the perspective of chemistry education.
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The practices of sustainability and green chemistry may also be
applied to basic school chemistry. Green chemistry is a crucial part
of Education for Sustainable Development (ESD) in chemistry
(Burmeister, Rauch & Eilks, 2012). According to latest strategies,
national curricula and publications in science education research
more efforts should be put into bolstering ESD in school science
(Inter Academy Panel, 2010; Melén-Paaso, 2006; National Board of
Education, 2003, 2004; Osborne & Dillon, 2008; Rocard et al., 2007,
UNESCO, 2009; Vassiliou, 2011).

Recently, Burmeister et al. (2012) reviewed ESD in chemistry. They
suggested that it should include green chemistry practices, socio-
scientific chemistry education and the integration of sustainable
development into chemistry education strategies. According to them,
when schools profile themselves by joining voluntary sustainability
programs, the programs should include chemistry-related goals as
well. This article extends their view by discussing the challenges and
possibilities of ESD in chemistry education on the level of the
teacher and the student. The case of Finland is used as an example.
Practical pedagogical models and suitable lesson themes are
reviewed, discussed and framed against this background.

ESD challenges in basic chemistry education

The role of teachers In Finland teaching ESD in elementary and
high school chemistry is in its infancy, even though it has become a
basic element of Finnish chemistry teacher education over the last
decade (Kaivola, 2007; Uitto & Saloranta, 2010a). Environmental
issues, the state of the world and citizens’ possibilities for action are
rarely discussed during Finnish chemistry lessons (Kérnéd, Hakonen
& Kuusela, 2012). Science teachers use ethical questions in their
teaching less than other subject teachers in Finland (Kuusisto, Tirri
& Rissanen, 2012). Many of them feel that in its current state the
subject of chemistry is too general in terms of content and distant
from the everyday life of students (Aksela & Karjalainen, 2008).
Internationally, science teachers are lacking both theoretical
knowledge about ESD and the suitable practical approaches for
teaching it (Burmeister, Schmidt-Jacob & Eilks, 2013; Velaquez,
Munguia & Sanchez, 2005). Teachers sometimes assume that the
term ESD relates to content rather than pedagogy. Furthermore,
educators on the university level have reported general uncertainty
about the meaning, scope, boundaries, application and limitations of
ESD. (Jones, Trier & Richards, 2008) As an example by Sammalisto
and Lindhqvist (2008) illustrates, the environmental dimension is
often the most common starting point in ESD. When the process of
integrating the concept of sustainability into the courses had started
from the environmental aspects, university instructors could further
develop their courses to also include the economical and socio-
cultural dimensions of sustainability.

The field of ESD encompasses numerous interdisciplinary concepts

and terms that have to do with knowledge, morals, skills and the
effects of actions (Nichols, 2010). A challenge for instructors is to

2 | J. Name., 2012, 00, 1-3

learn how to holistically cover all of the dimensions of sustainability
and how to choose pedagogies that are suitable for ESD. When the
relationships between the elements of ESD and the possibilities
offered by ESD often seem vague even to researchers, it is not
surprising they are demanding for chemistry teachers as well.

Socio-scientific issues (SSI) are a crucial part of ESD in chemistry
education. In SSI-based education the teaching stems from moral,
political and environmental aspects related to science, technology,
society and environment one comes across in daily life (Zeidler et
al., 2005). The educational practices of socio-scientific chemistry
education are described as complex, controversial, up-to-date and
relevant to the daily lives of students (Sadler et al., 2007). The main
challenges that science teachers face when teaching SSI are
presented in Table 1. Teachers may feel that managing a group in
open discussion is challenging. The language used in the critical
evaluation of issues and argumentation skills is complex. (Millar,
2006) The teachers evade controversial issues in the classroom as
they feel the multiple concepts, facts and theories involved are too
demanding and time-consuming to handle (Grace, 2006; Reis &
Galvao, 2004). Because of a lack of teaching materials on these
issues (Grace, 2006), the teachers are forced to undertake extensive
interdisciplinary preparative work, which they consider straining
(Hofstein et al., 2011). Thus, they mainly use the relevant content
that happens to exist in the available science study books. If the
teachers present the information to students based only on textbooks,
they potentially create a false dichotomy between content and social
issues. (Hofstein et al., 2011; Pedersen & Totten, 2001) The teachers
struggle with deciding on a suitable socio-scientific issue on their
own and finding the time for it in the curriculum. It is
counterintuitive to teach SSI when the national exams highlight
other kinds of issues. Some teachers view SSI as additional elements
that are not considered key elements of the curriculum. (Grace,
2006; Reis & Galvao, 2004) It is possible that the teachers receive
no support from their colleagues or from the community outside the
school in the interdisciplinary teaching of SSI (Hofstein et al., 2011;
Kiérnd et al., 2012; Pedersen & Totten, 2001).

Table 1. The challenges science teachers face when teaching socio-
scientific issues
Challenge

Group management

References

Millar, 2006

Grace, 2006; Millar, 2006; Reis &
Galvao, 2004

Grace, 2006

Hofstein et al., 2011

Grace, 2006; Reis & Galvao, 2004

Complex language and
theories

Lack of teaching materials
Amount of preparative work
Finding a suitable socio-
scientific issue

Hofstein et al., 2011; Kérni et al.,
2012; Pedersen & Totten, 2001

Lack of interdisciplinary
support from colleagues or
community

Time limitations due to other
curricular goals

Grace, 2006; Reis & Galvao, 2004

Little curricular relevancy Grace, 2006; Reis & Galvao, 2004

and importance

This journal is © The Royal Society of Chemistry 2012
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At the practical level, the inclusion of a socio-scientific issue in the
chemistry lesson should be more than just a lecture about the issue
and the related concerns (Sadler, 2004) — which still seems to be the
most common approach in traditional science teaching. Student-
centered or inquiry-based science teaching is far less common than
the traditional deductive teaching methods, even thought the benefits
of these approaches are well-recognised in science education
research (Anderson, 2002; Kérnd et al., 2012; Rocard et al., 2007;
Smithenry, 2010). The complex dimensions of SSI are not self-
evident for students. It is essential to connect people’s personal
actions and questions to the development of solutions to the issues.
The teacher needs to expound on the issues in ESD from different
points of view on a level the students can understand. (Newhouse,
1990; Wilmes & Howarth, 2009; Zeidler et al., 2005)

The role of students The challenges faced by students are bound to
those faced by science teachers who attempt to teach ESD.

In Finland, dealing with moral issues within science lessons is a
foreign concept for most of students. Only few students can connect
the importance of skills and knowledge in chemistry to pollution,
clean air, water-related issues or other environmental problems.
(Tirri et al., 2012) Finnish students struggle the most with practical
tasks related to various everyday product materials and they do not
connect chemistry to ethics and morals. Additionally, most students
do not consider chemistry an interesting or important school subject,
which is likely affected by the traditional, deductive and one-
dimensional teaching approaches that have dominated Finnish
chemistry education. (Kérni et al., 2012)

Low levels of interest in studying science and chemistry have been
recognized internationally as well (Hofstein et al., 2011; Osborne,
Simon & Collins, 2003; Rocard et al., 2007). As in Finland, there is
an international need to include sustainability aspects in chemistry
education more frequently since traditionally it has been uncommon
to connect chemistry to ethics and morals (Lymbouridou, 2011).

In order to support more sustainable citizenship and interest in
studying science, students need to attain new kinds of skills (for the
definition of ‘interest’ see Krapp & Prenzel, 2011). It is a challenge
with which the students need support as they must gradually shift
their traditional science learning habits to involve more cross-
curricular approaches based on social inquiry. These new learning
methods require that the students become more active, use more of
their higher order thinking skills and take more responsibility for
their own learning (Juntunen & Aksela, 2013b). The 21st century
skills that students need to utilise include competencies such as
socio-scientific argumentation skills (Sadler, 2004), self-confidence
(Tytler, 2012), active citizenship (Zeidler et al., 2005), social skills
(Keys & Bryan, 2001) and environmental literacy (Yavez et al.,
2009). One of the barriers in developing young people’s skills in
scientific argumentation has been the lack of opportunities for
practicing them within current science classroom activities (Driver et
al., 2000). Students have expressed that their own lack of knowledge
contributes to their inability to participate in SSI-based discussions
(Albe, 2008; Sadler & Zeidler, 2004; Tytler et al., 2001).

This journal is © The Royal Society of Chemistry 2012
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As the sustainability issues are complex and multifaceted, it is an
educational challenge to try to empower the students to feel
competent in participating, making arguments, making changes or
performing actions (Paloniemi & Koskinen, 2005). Understanding
complex systems, e.g., the life-cycle of a product, is a new and
necessary part of basic education (Hogan, 2002). System thinking
skills are tools for understanding the reasons, progression,
causalities, effects and solutions related to SSI (Wylie et al., 1998;
Hogan, 2002). Structuring and linking these socio-scientific
elements together again requires higher order thinking skills
(Andersson & Krathwohl, 2001).

If the goal in ESD is to steer the dominant culture into a more
sustainable direction, it is good to bear in mind that changes in
students’ attitudes and behaviour are personal and often slow
processes (Dwyer et al., 1993; Johnstone & Reid, 1981). Personal
values, knowledge, feelings, attitudes, actions, interests, motivations,
experiences, learning and the individual’s social environment have
all been found to influence the students’ daily practices (Johnstone &
Reid, 1981; Louhimaa, 2002; Uitto & Saloranta, 2010b). In other
words, the relationship between sustainable attitudes and sustainable
behaviour is complex. Some studies have found a correlation
between attitudes and behaviour while others have not (Asunta,
2003; Tung et al., 2002; Tanskanen, 1997). Behaviour is situational,
which means that it varies with socio-environmental circumstances
(Dwyer et al., 1993; Louhimaa, 2002). The attitudes and behaviour
of an individual are in a continuous state of change due to learning,
choices and feelings (Asunta, 2003; Kérnd et al., 2012; Tanskanen,
1997). Young people are rarely long-term oriented (Nieswandt,
2007; Krapp & Prenzel, 2011). Consequently, it seems that
sustainability issues need to be present often and in the long term in
all school subjects. However, it is important to bear in mind that
there are also other possible starting points than specific normative
attitudinal or behavioural aims. A challenge for ESD in chemistry is
to come to the learners’ level and ask what their demands or
relevancies are in making the change. (Sund & Lysgaard, 2013)

Zsoka et al. (2013) divided students into five categories (hedonist,
techno-optimist, active environmentalist, familiar and careless)
according to their environmental knowledge, attitudes, consumer
behaviour and everyday environmental awareness. They point out
that there is high variety in the level of commitment and interest
among students towards sustainability issues, which should be taken
into account when designing courses and curricula for them. In the
view of Zsoka et al., today’s ESD primarily increases the awareness
of already committed students, but may fail to reach the less
committed ones. It has been noticed that, at least in Finland, girls are
often more concerned about the environment and more willing to
improve it than boys (Asunta, 2003; Juntunen & Aksela, 2013b;
Kéarni et al., 2012; Tikka, Kuitunen & Tynys, 2000; Uitto et al.,
2011). One of the challenges to ESD in chemistry is to find
alternative practices that address the issues of normativity or
weariness among students so that every student may be engaged
(Sund & Lysgaard, 2013).
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Possibilities in ESD in chemistry education

The role of teachers Finnish chemistry teachers have called for
environmental teaching approaches that are integrative, student-
centred and developed collaboratively with students and that relate
to the students’ daily lives and real world issues (Kirni et al., 2012).
The teachers feel they influence the students’
environmental attitudes by telling them about environmental issues,

currently

behaving as examples and by expressing their opinions (Taskinen,
2008). The teachers themselves are trying to make a difference by
saving energy or paper in their work, or making the school
atmosphere more sustainable in general (Uitto & Saloranta, 2010a).
Despite of these actions, the role of Finnish chemistry teachers as
spokespersons for sustainability still needs strengthening. So far they
have been supported in Finland with in-service trainings (Aksela &
Karjalainen, 2008; Keinonen & Hartikainen, 2011), collaborative
development of new teaching approaches (Juntunen & Aksela, 2013)
and chemistry teacher education (Kaivola, 2007). There are also
possibilities to redesign Finnish course books in chemistry to include
more sustainability practices and to highlight SSI and utilise more
student-centred pedagogical approaches (Juntunen & Aksela, 2011).

Chemistry teachers want to teach sustainability (Burmeister et al.,
2013). Supporting teachers in using new pedagogical models and
approaches will improve their motivation to work (Hofstein et al.,
2011; Rocard et al., 2007). In-service trainings related to SSI
(Feierabend, Jokmin & Eilks, 2011; Lester et al., 2006; Tung et al.,
2002) and collaborative development of inquiry-based teaching
approaches (Keys & Bryan, 2001) have been used to improve
science education outside of Finland as well.

If the teachers aim to develop the students’ relationship with nature,
significant positive experiences in nature need to occur (Cantell,
2004; Palmer, 1998). These experiences should touch the students’
feelings and help them construct knowledge and skills in both
personal and socio-scientific real-life contexts. Thus, in the 21st
century, chemistry teachers should extend their chemistry lessons
out to the field more often. For instance, the students’ questions
about water or soil could be studied on site in nature (Heimlich &
Ardoin, 2008; Littledyke, 2008).

School culture may also affect aspects of the students’
environmental awareness, at least to a certain extent (Erdogan,
Marcinkowski & Ok, 2009; Lukman et al., 2013). Negev et al.
(2008) have previously reported that schools appear to have a
modest effect on environmental attitudes and behaviour among
children, relative to other factors. Even small effects can accumulate
as students indirectly influence their families and thus pass on what
they have learned (Damerell, Howe & Milner-Gulland, 2013).

The role of students The recognised apathy that students may
exhibit toward studying chemistry in Finland (Kérni et al., 2012) or
internationally (Osborne et al., 2003) can be transformed into
interest by using topics and teaching methods that are more relevant
to the students (Juuti et al., 2009 and Van Aalsvoort, 2004).
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However, students do not automatically view every SSI-based
context as “relevant”. Students consider relevance in terms of their
perception of the current and future value of the presented
information in personal, societal and vocational choices. In other
words, science education becomes relevant whenever learning will
(positively) affect the student’s life. (Hofstein et al., 2011; Stuckey
et al., 2013) Environmental and societal issues that are related to the
students’ daily lives have increased the relevance of chemistry in
their minds (Albe, 2008; Juntunen & Aksela, 2013b; Mandler et al.,
2012; Marks & Eilks, 2009; Sadler, 2004; Van Aalsvoort, 2004;
Yager Lim & Yager, 2000).

From the perspective of the students, SSI-based ESD seems to have
multiple benefits. Previous studies on ESD in chemistry have
demonstrated, for example, the potential of SSI teaching in
improving such higher order cognitive skills as socio-scientific
argumentation and evaluation (Burmeister & Eilks, 2012, Feierabend
& Eilks, 2011; Juntunen & Aksela, 2013a,b; Zeidler et al., 2005).
The benefits are summarized in Table 2. Firstly, this approach
supports the students’ learning of scientific content knowledge
(Bulte et al., 2006; Dori, Tal & Tsaushu, 2003; Klosterman &
Sadler, 2010). Socio-scientific issues support the students’ skills in
applying the knowledge to other similar cases (Yager et al., 2006).
Choosing local issues easily connects the science content to the
students’ daily lives (Sadler, 2004). Secondly, ESD that makes use
of SSI increases the students” motivation to study chemistry (Albe,
2008; Mandler et al., 2012; Taskinen, 2008; Sadler, 2004; Yager et
al., 2006; Van Aalsvoort, 2004). Thirdly, complex and controversial
issues stimulate the intellectual development of the students’ moral
and ethical thinking (Belland, Glazewski & Richardson, 2011;
Oulton et al., 2004; Sadler, 2004; Ratcliffe 1997; Zeidler et al.,
2005). Fourthly, students begin to understand how science and
society are dependent on one another and how studying chemistry
may affect their physical and social environments (Hofstein et al.,
2011; Kolstg, 2000; Oulton et al., 2004; Reis & Galvao, 2004;
Sadler, 2004; Zeidler et al., 2005).

Table 2. The benefits of ESD that makes use of socio-scientific
issues

Benefit

Learning of scientific
content knowledge and
applying it in a societal
context

References

Bulte et al., 2006; Dori et al., 2003;
Klosterman & Sadler, 2010; Sadler,
2004; Yager et al., 2006

Improvement in moral and
ethical thinking skills

Belland, Glazewski & Richardson,
2011; Oulton et al., 2004; Sadler,
2004; Ratcliffe 1997; Zeidler et al.,
2005

Albe, 2008; Mandler et al., 2012;
Taskinen, 2008; Sadler, 2004; Yager
et al., 2006; Van Aalsvoort, 2004

Improved understanding of Hofstein et al., 2011; Kolste, 2000;
the importance of science Oulton et al., 2004; Reis & Galvao,
in society and one’s daily 2004; Sadler, 2004; Zeidler et al.,
life 2005

Increased motivation of
students to study chemistry

This journal is © The Royal Society of Chemistry 2012
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The students wish to be heard. In order to reach the full potential of
ESD in chemistry, it is important to listen to the students’ personal
views, beliefs and experiences regarding the issues discussed and
study methods used (Cantell, 2004; Palmer, 1998; Sund & Lysgaard,
2013). This further fosters the feelings of self-confidence, optimism
and sense of community, which generally speaking increase a
person’s active care for the environment. If students have feelings of
capability and control, they are more likely to start behaving in a
more environmentally sound way. (Helve, 1997)

Practical pedagogical models of ESD in chemistry

There seems to be a consensus among researchers that ESD should
be based on fostering a holistic world-view. Holistic approaches aim
to incorporate sustainability concepts broadly within existing courses
and seek for a balance among all sustainability dimensions across the
contents of a curriculum (Watson et al., 2013). They consider the
three dimensions of sustainable development and socio-scientific
actions from local, national and global points of view (Burmeister et
al., 2012; Lozano, 2008; Wolff, 2004).

Holistic teaching approaches are rather open-ended and
interdisciplinary. They should activate students by stemming from
their interests and questions, discuss relevant and topical issues and
stay on the students’ level of understanding (Bulte et al., 2006;
Eloranta, 1995; Mogensen & Schnack, 2010). The relevance of the
chosen context is essential from the students’ perspective (Dori et
al., 2003; Klosterman & Sadler, 2010; Yager et al., 2006). Relevant
education contributes to the development of the learners’ intellectual
skills, promotes the learners’ competence for societal participation
and addresses their vocational awareness (Stuckey et al., 2013).

Pedagogical research and development of new models needs to be
connected to educational philosophy. The most fruitful pedagogical
approaches in ESD seem to involve socio-constructivist and critical
context-based learning theories. 21st century chemistry teaching
with ESD includes new kinds of activities that teach chemistry in
context-based social environments — activities that teach students to
act for nature based on their own ideas and experiences. Projects
integrated into the subject of chemistry offer learners opportunities
to develop informed personal competencies without first having to
define specific long-term goals, or determine where or how these
competencies should be used. The goals set for ESD in chemistry are
defined within the chosen context but they are still flexible and
under continuous critical evaluation. The role of the teacher can be
that of a facilitator or co-participator. The student also has an active
role as a learner who constructs new relevant knowledge. (Tani,
2008; Robottom & Hart, 1993; Sund & Lysgaard, 2013)

ESD teaching should avoid restricted and normative approaches,
which are simply intended to change the students’ attitudes or to
coach them to cope in an already defined future. Instead, ESD in
chemistry should find ways to invite students to democratically
participate in individual and global change according to their own
ideas and experiences to create a future. (Sund & Lysgaard, 2013)

This journal is © The Royal Society of Chemistry 2012
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What this learning means for future curricula is an open-ended
discussion. In Finland, the restructuring of the National Curriculum
for Chemistry Education is currently underway.

In practice, a holistic approach to ESD in chemistry consists of
several elements. These are summarized and illustrated in Figure 1.
Interdisciplinarity, topical socio-scientific  issues involving
discussion about solutions, hands-on societal co-operation with
stakeholders from outside of the school, social interaction among
students, socio-scientific argumentation practices and student-
centred and inquiry-based learning methods can, when combined, be
used to create a context-based socio-constructivist approach to ESD.

Social
interaction
Argumentation
Context-based

socio-
constructivist

Figure 1. The elements of a context-based, socio-constructivist ESD

pedagogy in chemistry

approach to
ESD

Sustainability issues are usually integrated into chemistry courses in
an interdisciplinary manner using SSI (Marks & Eilks, 2009; Tung et
al., 2002; Uitto & Saloranta, 2010a; Uitto et al., 2011). Here, student
participation is central to helping the students gain feelings of
competence and becoming empowered to act (Paloniemi &
Koskinen, 2005). SSI teaching approaches are often social and
inquiry-based, which, in the light of research, increases student
motivation to study and to understand the multifaceted relevance of
chemistry content knowledge (Burmeister et al., 2012; Colburn,
2000; Minner et al., 2010). Previously Marks and Eilks (2009) have
formulated a framework of the criteria for socio-critical, problem-
oriented science teaching. Their framework can be applied to select
SSIs for ESD. By answering the following questions when choosing
a topic teachers may contribute to developing this framework
further:

i) Is the issue authentic, relevant in the students’ point of view
and socio-scientifically open-ended, does it allow open debate
and does it deal with questions about science and technology
(Marks & Eilks, 2009)?

if) Can I co-operate with other teachers in an interdisciplinary
way with this issue (Uitto & Saloranta, 2010a)?

iii) What resources do I have in my disposal?

iv) What learning goals do I set in terms of ESD?

J. Name., 2012, 00, 1-3 | 5



P OO~NOUILAWNPE

Chemistry Education Research and Practice

v) Am I applying holistic, student-centred approaches (Watson
etal., 2013)?

vi) How do I tune in the students in the beginning?

vii) How do I best support their appetite to study?

viii) How and by whom is the students’ performance evaluated?
ix) Which parts of the approach can I improve on or redesign?

The main features of a student-centred pedagogical strategy of a
teacher who wishes to teach SSI-based ESD in chemistry are
presented in Figure 2. The process begins with the setting of goals
for the chosen topic and teaching methods. These goals, as already
mentioned in this article, should involve holistic, co-operative and
student-centred approaches (Marks & Eilks, 2009). Both the goals
and the methods are formulated on the basis of what is being
evaluated. In ESD, the dimensions of student evaluation are — again
— complex and multifaceted. It has been suggested that the
evaluation of student performance can take into account the
following elements: attitudes toward sustainability, behaviour,
competence, knowledge (Jensen & Schnack, 1997; Littledyke, 2008;
Roth, 1992; Yavez et al., 2007), information seeking skills, critical
skills, ethical
understanding of different opinions and the nature of science (Oulton
et al., 2004).

reflection,  argumentation sensitivity, and

After the main goals and pedagogical methods have been set, the
next step is to activate the students by introducing them to the task
and simply letting them participate and create. The task should
involve exercises that tackle real-world issues (see, e.g., Adams et
al., 2008). Marks and Eilks (2009) suggest starting with a textual
approach and problem analysis before moving on to working in a
laboratory environment. This is undoubtedly a profoundly fruitful
approach. However, a laboratory environment is not a necessary part
of studying SSI. For example, in the case of a life-cycle analysis of a
freely selected consumer product, the laboratory environment was
not a part of the project (Juntunen & Aksela, 2013a).

During the activities related to the socio-scientific issue, those
students who need advice can be supported by both the teacher and
their classmates. The teacher is also there to give ample personal and
formative feedback that is both supportive and empowering. Finally,
it is important to catalyse reflection among the students about the
task in question, e.g., by means of self-evaluation or reflective
discussions. (Applied from Dwyer et al., 1993; Jensen & Snack,
1994) For meta-reflection, Marks and Eilks (2009) suggested
utilizing methods that provoke the explication of individual opinions
within their framework.

6 | J. Name., 2012, 00, 1-3

Goals

Self- Practices for
reflection action

Social
support

Feedback

Figure 2. The main features of a student-centred strategy for
implementing SSI in ESD from a teacher’s perspective (Applied
from Dwyer et al., 1993; Jensen & Snack, 1994; Marks & Eilks,
2009)

Open approaches, e.g., group discussions, are practical means for
supporting decision-making and argumentation skills, which are
highlighted in socio-scientific educational research (Albe, 2008;
Sadler, 2011; Tanner, 2009; Wilmes & Howarth, 2009). These open
approaches require that the teacher is able to manage uncertainness
and seek answers to unexpected questions together with the students,
as the socio-scientific questions are typically
controversial and constantly changing (Pedretti & Nazir, 2011;
Zeider et al, 2005). Students must be provided with real
opportunities to interact with society. This may be realised through

answers to

inquiry by giving them a chance to come up with solutions to a real
local or global issue (Burmeister et al., 2012; Mogensen & Schnack,
2009; Salonen, 2010). In practice this means field trips to relevant
places, such as non-governmental organisations, communal
operators or companies. Visitors from these stakeholders may also
be invited to visit the classroom.

Holistic pedagogies of ESD in chemistry have also been previously
defined to utilise numerous approaches such as future education,
system thinking, critical thinking, participation in decision-making,
networking and reflecting on the sense of community (Sadler et al.,
2007; Tilbury & Cooke, 2005). In relation to chemistry education,
the dimensions of ESD approaches could be categorised to involve

i) experiences and knowledge in an environment or place
towards sustainable development,

i) skills and knowledge about environmental chemistry and
sustainable development, and

iii) value education, how to act for sustainable development also
by using chemistry (applied from Mahruf, Shohel & Howes,
2011; Nordstrém, 2004; Palmer, 1998).

The phases of teaching ESD in (basic) chemistry in relation to its
ecological, economical and socio-cultural dimensions is illustrated in
Figure 3. This model is formulated by comparing the educational
research on student empowerment in environmental education
(Paloniemi & Koskinen, 2005) to the examples about teaching SSI
controversies in chemistry lessons. It seems that the teaching process
in these examples involves three phases. What is common to
previously published chemistry lesson plans is that they all need to
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introduce the students to the causes and background of an issue first
(see, e.g., Burmeister & Eilks, 2012; Eilks, 2008; Eilks,
Evlegimenos, Olympios & Valanides, 2003; Marks, Bertram &
Eilks, 2008; Marks & Eilks, 2010). Thus, Phase 1 is mainly about
the socio-cultural causes and/or history of the issue in question. The
socio-cultural, daily-life-bound introduction builds up the necessary
background knowledge required for a holistic view. When the socio-
cultural context becomes more or less understood by the students,
they step into Phase 2. Here, they study the issue from the point of
view of chemistry and conduct experimentations. The various
experiments help the students to acquire relevant chemistry content
knowledge that results in deeper understanding of the issue. This
“pure chemistry” phase guides the students to understand the
complex issue in question from an ecological viewpoint. Phase 3
seems to involve not only thinking about the socio-cultural and
ecological challenges and possibilities of different outcomes and
future perspectives, but also exploring the economical views.
Contradictory economical aspects have been present, for example, in
such student-centred and cooperative approaches as the consumer
test method (Burmeister & Eilks, 2012), interest groups’ brochures
used in discussions (Eilks, 2002), decision making (Eilks et al.,
2003), role-playing debate (Juntunen & Aksela, 2014), role-playing
of a TV talk show (Marks et al., 2008) and the journalistic news
production method (Marks & Eilks, 2010). Thus, Phase 3 highlights
the use of higher-order thinking skills (Andersson & Krathwohl,
2001) in value-driven tasks, possibly involving all three dimensions
of sustainable development. The interesting questions of Phase 3
seem to be: Could ESD empower the students to see the SSI in
question as a set of opportunities for action and as a chance to
participate in creating a more sustainable future? Or did the students
become disempowered when faced with the challenges and feel that
their capabilities are inadequate when sliding towards catastrophic
future scenarios? Or something in between? The students’ feelings,
either those of empowerment or dissmpowerment, are consequences
of Phases 1-3.

Sustainable
future

perspectives

3. Opportunities

for action

1. Socio-cultural 2. Chemistry
context context

1. Socio-cultural 2. Chemistry
context context

Figure 3. Three-phase presentation of teaching a socio-scientific

3. Inadequate
reaction to

Catastropic
future
perspectives

challenges

issue to empower rather than disempower students in ESD in
chemistry. Phase 1 includes the socio-cultural causes and
background of an issue. Phase 2 presents the main chemistry aspects
of the issue in relation to ecology. Phase 3 includes co-operative and
value-driven discussions about the opportunities for action and
sustainable future perspectives — or the opposite, possibly involving
all three dimensions of sustainable development.

Paloniemi and Koskinen (2005) influenced the framing of this model
by describing the learning process of environmentally responsible
participation. They state that involvement processes, which include
experiences and reflection about environmentally responsible
behaviour and positive impacts, will create motivation and societal
empowerment instead of disempowerment or rejection. Paloniemi
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and Koskinen (2005) highlight the importance of experiences,
working in co-operation, empowerment and capability for action.

Phases similar to those presented in Figure 3 may also be seen in the
conceptual framework for socio-critical, problem-oriented science
teaching presented by Marks and Eilks (2009). The problem analysis
and laboratory working stages in their framework could be included
here into Phases 1 and 2. To end the SSI learning session, Marks and
Eilks (2009) suggest using discussions and meta-reflection.

Because of the huge socio-scientific challenges facing the world
today, it is important for the teacher to inspire hope in the students.
The teacher can instil in the students the notion that by acting
responsibly on multiple levels of life, it is possible for humans to
reach a secure and solidary future. Positive actions can create new
ways for people to develop themselves, to connect with nature and to
find a meaningful life that is based on sustainable practices, not
unsustainable illusions (Salonen, 2010). Only through co-operation
can people

i) create better things (incorporate renewable energy into
housing purposes or produce less unnecessary things)

i) learn to live for the better world (switch to eco-labelled
electricity, eat more vegetables and walk short distances instead
of driving)

iii) change their daily routines for the better (become healthier,
save money and relax with immaterial pleasures)

By using the pedagogical means discussed above, ESD in chemistry
may touch the students’ feelings, empower them and provide them
with activating experiences, which may further facilitate a positive
personal and cultural change (Paloniemi & Koskinen, 2005).

ESD themes in chemistry education

The chemistry curriculum in Finland includes ESD topics that relate
to, for example, air and water problems, which enable the teaching
of such issues as climate change, ozone depletion, build-up of small
particles and chemicalisation. The curriculum also includes themes
related to foodstuffs, materials and resources, the carbon cycle and
life-cycle analysis. In relation to ESD, these themes could be bound
to a value analysis of different kinds of choices, e.g., recycled and
renewable resources versus non-renewable resources in the
production of raw materials and products. (National Board of
Education, 2003; 2004)

There is a wide range of socio-scientific issues that are easy to
integrate into Finnish school chemistry. These issues are related to
acute local, national or global sustainability problems, the 12 green
chemistry principles, product life-cycle analysis, energy production
alternatives, raw materials and future education. The 12 principles of
green chemistry include responsibility for preventing the production
of waste, using safe substances and conserving materials and energy
(Anastas & Warner, 1998). Already, Finnish teachers are sometimes
integrating these topics into chemistry lessons (Aksela & Bostrom,
2012). Matters such as conserving or wasting resources, long-term
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needs, the quality of products, better choices in daily life and issues
related to health are easy to discuss during any regular Finnish
chemistry class. All of the topics that relate to socio-scientific issues
or sustainable development found in the Finnish National
Curriculum for Chemistry can be connected to aspects of the
students’ daily lives (e.g., housing, food, energy or product life-cycle

issues). (Juntunen & Aksela, 2013a; 2014)

A few educational approaches have been published for implementing
basic chemistry aspects of SSI into ESD. These SSI approaches have
involved student argumentation tasks from social, scientific,
economical and ethical points of view related to such topics as
product life-cycle analysis (Juntunen & Aksela, 2014), diet issues in
relation to potato chips (Marks et al., 2008), artificial musk
fragrances in shower gels and their later behaviour in the
environment (Marks & Eilks, 2010), debate about bio versus
conventional plastics and related consumer tests (Burmeister &
Eilks, 2012), and the energy consumption alternatives and challenges
of hydrogen cars (Eilks et al., 2003).

Learning about SSI also requires learning basic scientific facts and
concepts underlying any issue. This may occur before or after
dealing with the other dimensions of sustainability related to the
issue. Previously in this article, Figure 3 demonstrated that it is
common to start SSI-based education with the socio-cultural daily-
life aspects and then move on to the ecological chemistry context.
However, the “real” chemistry involved with diverse socio-scientific
issues is particularly overwhelming. This is illustrated in Table 2 by
using environmental sustainability issues as examples. Themes that
are very different from each other are all connected in detecting,
analysing, solving and preventing environmental problems (Anastas
& Lankey, 2000; Mark & Eilks, 2010). Chemical threats are
connected to the health of living creatures, to the types of pollution
and the risks in the hydro-, geo-, atmo- and biospheres (Lichtfouse et
al.,, 2005). The issues in question can be studied from the
perspectives of the three dimensions of sustainable development,
e.g., ethical questions and a socio-cultural perspective on the level of
adequate wellbeing for humans, economical sustainability, and the
right of every living creature to a healthy environment when
preserving biodiversity (Bray, 2010; Salonen, 2010; Tundo et al.,
2000).

Table 2. A summary of the chemical aspects of socio-scientific
issues for use in ESD in chemistry. These primarily environmental
aspects include the effects of chemical substances on health and on
living creatures, different pollution types and the diverse risks to
ecosystems (Lichtfouse et al., 2005).

8 | J. Name., 2012, 00, 1-3

Effects on Heavy metals, organically bound metals,

hydro-, geo-, radioactive substances, inorganic gases (CO,

atmo- and SO,, NO,, N,O, HFC, PFC, SFy), asbestos,

biospheres algae, toxics, photochemically  active
hydrocarbons,  halogenated  hydrocarbons
(PCB, CFC, PFC...), methane, PAH, dioxins,
furans, pesticides, fuel leaks, small particles in
the air (VOC, PM, NMVOC), additives in
plastics (PBA, phthalates), sewage, cleaning
agents, medicines, tastes, smells, colours,
noise...

Types of Point stress (industries, cities), scattered stress

pollution (fields, livestock), fallout (burning processes),

and natural wash (in acidic conditions, e.g.,
dilution of aluminium and heavy metals)

Effects on Eutrophication (N, P...), changes in pH,

ecosystems diversity loss (living creatures are sensitive to
changes in pH because of pesticides or SO,
NO,, NHj, for example), salting, oxygen loss
(H,S), accumulation of bioaccumulative
substances in the food chain and trash
(plastics)

Health effects Acute or chronic, at the level of the individual,

species or population

Effects are Death, growth, breeding, hormones, genomes,

related to metabolism of organs, tumours, diseases,
harmless  carrying of  bioaccumulative
substances and changes in biodiversity or
behaviour

Aspects of environmental chemistry are key content in curricula
around the world. They offer manifold opportunities and starting
points also for discussion about ethical responsibility, sustainable
development and real world issues in the chemistry classroom
(Juntunen & Aksela, 2014). The topics of discussion may be, for
instance, one of the following, depending on the level of the students
(Albe, 2008; Marks et al., 2008; Sadler et al., 2007, Wilmes &
Howarth, 2009):

i) Local: Which is a better choice in a restaurant — tap water or
bottled water?

ii) National: How to produce energy in Finland?

iii) Global: Why do different countries use different amounts
of resources?

iv) Personal: How does a product I use affect the environment?
v) Societal: Are there more responsible choices available?

vi) Ecological: Which substances accumulate in the
environment?

vii) Economical: Why does it save money to recycle metals?
viii) Socio-cultural: What does it mean that a product has an
eco-certificate?

Other sustainability questions to be considered with the students
could be: What are the goals of sustainable development? Is it
possible to reach environmental, economical and socio-cultural
wellbeing all at the same time? Which technologies has our culture
developed to help us reach more sustainable development? Do we
believe too optimistically in technological solutions? Should we
restrict the power of big corporations? Can we admit that the welfare
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of the North is built on underpriced and often unethically produced
raw materials brought from the South? Do the people in power have
a tendency to depreciate and marginalise the citizens who fight for
conserving the environment and for sustainable practices? (Kahn,
2008, 10)

Conclusions

This article presented a summary of Education for Sustainable
Development in chemistry to support the work of chemistry teachers,
chemistry teacher educators and curriculum developers. ESD in
chemistry aims to empower citizens, consumers and educators to act
on the levels of the individual, the community, the ecosystem and
the entire world — based on well-developed and informed personal
competencies. Through ESD in chemistry, better habits, practices
and skills can extend to all levels of daily life as individuals find
relevance in actively participating in the making of a more
sustainable world.

This article took the view of Burmeister et al. (2012) and extended it
to discussing existing challenges and future possibilities for ESD in
basic chemistry on the levels of the teacher and the student. Eligible
pedagogical models of teaching ESD in chemistry are based on
socio-constructivist and critical context-based learning theories,
which is demonstrated in this article with the help of three new
pedagogical models. The first one summarized the six elements of a
holistic approach to ESD in basic chemistry: interdisciplinarity,
topical  socio-scientific  issues, societal co-operation with
stakeholders, social interaction among students, socio-scientific
argumentation practices and student-centred and inquiry-based
learning methods. The second model illustrates the main features of
a student-centred pedagogical strategy of a teacher who wishes to
teach SSI-based ESD in chemistry. The third model is a new kind of
three-phase pedagogical approach to teaching SSI intended to
empower rather than dissmpower students in ESD in chemistry. The
teaching of SSI often seems to begin with introducing socio-cultural
causes of an issue and then continuing to the chemistry aspects
related to ecology. Subsequently, co-operative and value-driven
practices are fostered through examples of opportunities for action in
sustainable or unsustainable future scenarios, possibly involving all
three dimensions of sustainable development. However, the
inclusion of economical aspects still seems to be the least discussed
dimension in comparison to chemistry aspects bound to ecology and
the socio-cultural dimension. Both teachers and students are still
facing challenges in implementing new kinds of holistic ESD in
chemistry.

Suitable chemistry lesson themes were also discussed. The chemistry
related to SSI has endless possibilities in chemistry education. The
issues relate to acute local, national or global sustainability
problems, the 12 green chemistry principles, product life-cycle
analysis, energy production alternatives and raw materials. Similarly
to Burmeister ef al. (2012), the importance of green chemistry
practices and socio-scientific chemistry issues are highlighted.
Likewise, the integration of sustainable development into “normal”
courses and chemistry education strategies and schools profiling
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themselves by joining sustainability programs that include chemistry
elements are also considered very important developmental steps.
This article extends the view by summarising possible topics for
chemistry education that relate to socio-scientific issues or
sustainable development. The aspects include the effects of chemical
substances on health and on living creatures, different pollution
types and the diverse risks to ecosystems. When teaching, many of
these topics can be connected to the students’ daily lives and bound
to the themes found in the Finnish National Curriculum for
Chemistry. These topics also enable imagining possible future
scenarios and discussion about the ethical responsibility of science.

Furthermore, two tasks where further development is required are
recognised based on the reviewed challenges and possibilities. Both
teachers and students need guidance and help in coping with the
changing world. The first task is for the curriculum developers and
educators of chemistry teachers to support the chemistry teachers in
overcoming the multifaceted challenges with SSI and ESD they face
in their work. The second task is to ensure that students are more
often provided with more personally relevant and flexible chemistry
content and studying methods.

To complete these two tasks, in-service training, new collaboratively
developed teaching approaches and more holistic chemistry teacher
education are required. Chemistry course books should evolve to
include more sustainability practices and SSI-based, student-centred
pedagogies. ESD in chemistry stems from educating the students in,
about and for the environment. The students’ participation,
capability to act democratically and their feelings of empowerment
facilitate a positive personal and cultural change.

In addition to what has been suggested by Burmeister et al. (2012),
allocating resources to these two tasks would push chemistry
education to more efficiently strive toward achieving the most
important goal of all — transforming the extensive aims of ESD into
actions for a more sustainable world. As the challenges in global
sustainability are more complex and multifaceted than ever before in
human history, future citizens need new kind of skills so that they
can act differently than previous generations — they need to act more
responsibly and sustainably as chemists, consumers, parents, voters
and decision-makers in this world of complex systems. The
realisation of education that supports these skills is also essential in
chemistry. There are no excuses why not to do it. With every
teacher, student and chemistry lesson,
sustainability take a step toward reality.

the global aims of
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