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abstract

The teaching of chemistry not only impacts on the future workforce but also enables students to be involved in gain-

ing a range of educational competences. However, the value of learning chemistry is not immediately apparent and 

can often ignore the need for relevance, especially societal relevance. This article looks at the purpose of teaching 

chemistry and focuses on an approach that builds on relevance towards the development of problem-solving and 

introducing socioscientific decision-making. 

keywords
Chemistry, scientific literacy, socioscientific issues, problem-solving, decision-making.

resum

Els estudis de química no només han de servir per tenir més professionals d’aquest àmbit en el futur, sinó que han de 

servir perquè els estudiants adquireixin competències científiques per a la vida. Tanmateix, el valor de l’aprenentatge 

de la química no és evident de manera immediata i sovint pot semblar poc necessari i rellevant, especialment per a la 

societat. Aquest article analitza la finalitat de l’ensenyament de química i se centra en un enfocament que es basa en 

la seva importància per a la resolució de problemes i la presa de decisions sociocientífiques. 

paraules clau
Química, alfabetització científica, qüestions sociocientífiques, resolució de problemes, presa de decisions. 
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Introduction
Teaching within the chemistry 

classroom always has a dilemma 
between two paradigms:

1. Do we teach the subject of 
chemistry so that this provides 
one of the learning components 
and which, when combined with 
the provision of other subjects, 
forms the overall education 
provision for students? 

or  
2. Do we seek to provide an 

education for students, one aim 

of this being the education being 
promoted through the teaching in 
the chemistry classroom? 

Holbrook and Rannikmäe 
(2009) stated that just teaching 
the subject of chemistry in 
isolation is seen as promoting the 
subject as purely an academic 
exercise, potentially isolating this 
from the overall education 
provision to be gained at school. 
This approach can be viewed as 
establishing key chemistry-relat-

ed ideas through a logical teach-
ing progression (e.g. following a 
concept map) and stressing 
important subject-related uses of 
the chemistry learned. Such 
studying of analytical subject 
learning is not so much for the 
benefit of society as a whole, 
although it can prepare students 
to reflect on the uses, or misuses 
of applications within the society. 
However, this approach can be 
expected to involve students in 
the development of problem-solv-
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ing skills through the learning of 
chemical processes and the 
ability to apply chemistry-related 
solutions for industrial processes 
and applications for the advance-
ment of society’s use, as well as 
an awareness of learning chemis-
try for future careers. 

On the other hand, learning 
chemistry can be viewed as an edu-
cational challenge. As such, it seeks 
to establish the social relevance 
for the acquisition of conceptual 
chemistry ideas, the importance of 
developing an understanding of 
conceptual approaches which build 
on basic ideas enabling complex 
analytical developments, whilst 
also debating:

  (i) �The balance of embedding 
conceptual elements of the 
teaching of chemistry for 
the benefit of society as a 
whole, 

 (ii) �The concerns that society 
faces and enabling deci-
sions making actions that 
can be considered, as well 
as 

(iii) �Preparing students for 
future careers. 

A possible approach for the 
latter can start from previously 
identified concerns or issues 
within society, developing educa-
tional abilities through scientific 
conceptual understanding (on a 
need-to-know basis) in order to 
acquire problem-solving chemistry 
skills, and then applying this 
learning to socioscientific decision-
making in addressing the impor-
tance of scientific advances in the 
light of the greater society need. 

A move towards the latter 
‘education through chemistry’ 
approach has gained ground 
(Holbrook, 2010), noting concerns 
that the current provision for the 
learning of chemistry: 

– �Is unpopular and irrelevant in 
the eyes of students (Gilbert, 
2006; Salta and Koulougliotis, 
2020; Wu et al., 2001) 

– �Does not promote higher 
order cognitive skills (da 
Silva and de Vasconcelos, 
2022; Zoller and Tsaparlis, 
1997) 

– �Leads to gaps between 
students’ wishes and teach-
ers’ teaching (Byusa et al., 
2022; Erman, 2017)

– �Is not changing, because 
teachers are afraid of  
change and need guidance 
(Cossa and Uamusse, 2015; 
Roehrig and Kruse, 2005) 

– �Does not aspire students to 
take up a career in science-
related fields (OECD, 2008; 
Shwartz et al., 2021) 

These above can be equated 
with visions for attaining scien-
tific literacy put forward by 
Roberts (2007; 2014), where the 
first, or traditional, includes an 
understanding of scientific 
processes, practices and basic 
principles within a strictly 
scientific context and clearly 
relates to an emphasis on the 
formation of science knowledge 
and skills.

Vision II, seen as more pro-
gressive, adds values ​​and skills 
necessary for becoming a citizen, 
and is seen as reflecting on 
real-life situations that are 
scientific in nature but  
influenced by other factors, such 
as social, political and ethical 
issues. This latter perspective 
focuses on decision-making via 
negotiation related to scientific 
issues for all citizens, not just 
those who intend to take up a 
scientific career. 

In chemistry teaching, it is 
important not to be limited to the 
first ideology, despite the fact that 
scientific knowledge and skills 
play a significant role in the 
learning. Isolation of scientific 
knowledge and skills from value 
judgments and the skills needed 
within society creates a contra-
diction between developing 

attributes for a changing society 
and recognising the nature of 
science and its place in driving 
innovation. Yet, it has been 
traditional to educate students  
in school, especially secondary 
schools, through subject domains 
and within lessons named accord-
ing to the domain. This gives the 
impression that education is  
the gaining of subject matter. 
Thus, today in most countries, 
science lessons are offered in the 
curriculum, specified as science, 
or as one or more of its sub-com-
ponents (e.g. biology, chemistry, 
physics), or perhaps as a combi-
nation of these (e.g. physical 
science). It does not have to be 
this way, of course, as it can  
be amplified by the concept of an 
integrated day, implemented at 
the primary level in a number of 
countries (Deehan, 2022; Lee et 
al., 2015). 

So, what is intended in science 
lessons? A traditional view is that 
teaching, driven by the subject 
learning outcomes, is about the 
acquiring of information and 
concepts in order to promote 
intellectual development and 
provide a base for further subject 
learning at a higher level. This 

Even today, in 
systems where 
education is intended 
for all, content 
knowledge and 
conceptual 
understanding still 
seem to prevail. In 
chemistry textbook 
chapter headings are 
dominated by the 
subject matter and 
with heavy inclusion 
of scientific 
terminology.
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especially comes about when 
education is selective and not all 
students are able to successfully 
compete for the opportunity to 
progress to the higher levels of 
learning (Valladares, 2021). But 
even today, in systems where 
education is intended for all (and 
usually compulsory up to 15/16 
years of age), content knowledge 
and conceptual understanding 
still seem to prevail. One look at 
the standard science or chemistry 
textbook shows chapter headings 
dominated by the subject matter 
and with heavy inclusion of 
scientific terminology.

Nevertheless, we are very 
aware of the dilemmas associated 
with a subject dominant  
approach:

1. �The science, or chemistry 
content keeps increasing 
and even more, increasing at 
a greater and greater pace 
(sometimes described as 
exponential).

2. �School science subject 
teaching has both an 
obligation to the subject and 
its developments, but also to 
the need for education 
within a modern society, 
where increasingly technol-
ogy provides the visible face 
of science, and 

3. �Issues associated with 
technology within society 
bring science into both an 
interdisciplinary, social focus 
and are called upon to play a 
role in the decision-making 
processes within society.

To tackle the first dilemma, 
curricula are forced to pick and 
choose: for example, is the period-
ic table really a basis for studying 
chemistry, when organic chemi-
cals dominate the modern 
technological advances in the 
material world? Do chemistry 
curricula need to promote 
mathematical approaches to 
phenomena when, in today’s 

world, the application of comput-
er programs has overtaken such 
needs? And can an emphasis on 
conceptual chemistry meet the 
demands in society for tackling 
sustainability demands? 

With dilemmas 2 and 3, it is 
appropriate to reflect on whether 
the goal is the teaching of science 
through the educational provi-
sion, or do we accept the second 
paradigm and see this as ‘educa-
tion through science’? Table 1 
below seeks to compare both.

Promoting students’ decision-
making skills using socioscien-
tific issues

In promoting students’ 
decision-making skills, many 
researchers have advocated the 
inclusion of socioscientific issues 
(SSIs) in the teaching-learning of 
science (Cebesoy, 2021; Sadler and 
Zeidler, 2005; Sakschewski et al., 
2014). Zeidler et al. (2005; 2019) 
define SSIs as scientifically 
embedded societal concerns, 
which are controversial in nature, 
and relevant to the students. 
Although in the English language, 
the terms problem and issue are 
often used interchangeably, 
socioscientific issues stand apart 
from the scientific problems. For 

example, a scientific problem can 
be solved through the application 
of scientific methods, such as 
experimentation, observation, 
and analysis. However, the 
resolution of an SSI requires 
multiple epistemic perspectives, 
not only scientific but also social, 
moral, ethical, political or even 
economic (Chowdhury et al., 
2020). Examples of SSIs include 
cloning, climate change, vaccina-
tion, clean water, animal testing, 
or even artificial food colours 
(Hancock et al., 2019; Morris, 
2014; Mueller and Zeidler, 2010; 
Saunders and Rennie, 2013). 

In chemistry, some examples 
of SSI are: selecting the location of 
nuclear power plants, ot the use 
of harmful ingredients in shower 
gels and musk fragrances (Marks 
and Eilks, 2010; Ozturk and 
Yilmaz-Tuzun, 2017). Under-
standably, these issues require 
consideration beyond chemistry 
facts. Hence, in addressing SSIs, 
students may be required to 
undertake dialogues, discussion, 
debate and even argumentation 
through utilizing multiple points 
of view, and thus promote 
students’: 

– �reasoning skills (Lee and 
Witz, 2009); 

Chemistry through education  Education through chemistry 

Learn the fundamental chemistry 
knowledge, concepts, theories 
and laws.

Learn the chemistry knowledge 
and concepts important for 
understanding and handling 
socioscientific issues within 
society.

Undertake the processes of 
chemistry through inquiry 
learning as part of the 
development of learning to be a 
scientist (chemist).

Undertake investigatory 
chemistry problem-solving 
to better understand the 
chemistry background related to 
socioscientific issues within society.

Gain an appreciation of the 
nature of science from a chemical 
science point of view.

Gain an appreciation of the 
nature of science from a societal 
point of view.

Table 1. A comparison of similarities and differences in philosophical emphases 
between ‘chemistry through education’ and the alternative ‘education through 

chemistry’.
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– �values and emotions (Reis 
and Galvão, 2004);

– �critical thinking (Sadler et 
al., 2006), and

– �a positive attitude towards 
scientific information 
(Tidemand and Nielsen, 2017).

In resolving SSIs, students 
need to acquire an undertaking of 
decision-making in a consensus, 
democratic manner (Eş and 
Öztürk, 2021; Yacoubian and 
Khishfe, 2018). Consensus  
and democratic decision-making 
skills are often linked to citizen-
ship attributes and hence, it is not 
surprising that SSIs are further 
expected to promote students as 
future citizens who are personally 
responsible, participatory, justice 
oriented and politically concerned 
(Chowdhury et al., 2020). 

In implementing SSI in the 
classroom, researchers suggest 
that teaching needs to be contex-
tualized (Owens et al., 2021), even 
situated (Sadler, 2011), and most 
importantly, student-centred 
(Eastwood et al., 2012). By provid-
ing SSI as a context in which 
students learn chemistry, students 
can be expected to gain an aware-
ness of the interrelationship 
between social, political and 
scientific perspectives, as they 
incorporate important chemistry 
content and practices into the 
argumentation, reasoning and 
decision-making processes (Driver 
et al., 2000; Hodson, 2003; Sadler, 
2011; Zohar and Nemet, 2002). In 
the book Socioscientific Issues in the 
Classroom: Teaching, Learning, and 
Research (Sadler, 2011), science 
education researchers from around 

the world present examples of 
classroom-based SSI research with 
special attention to the nature of 
SSI interventions and implications 
for teaching and learning of SSI. 

Figure 1: Phases of teaching to promote socioscientific decision-making.

Moving from 
problem-solving 
towards 
socioscientific 
decision-making can 
be expected to bring 
socioscientific issues 
into the chemistry 
classroom, seeking to 
make chemistry 
teaching more 
meaningful and 
relevant to students.
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For personal and social 
development, such skills are 
viewed as cross-disciplinary and 
not necessarily dependent 
directly on concrete subject 
knowledge, being strongly inter-
related to values and attitudes 
towards chemistry. Thus, moving 
from problem-solving towards 
socioscientific decision-making 
can be expected to bring sociosci-
entific issues into the chemistry 
classroom, seeking to make 
chemistry teaching more mean-
ingful and relevant to students.

The following figure 1 illus-
trates a philosophical approach 
behind the cognitive/contextual 
focus, which is based on the 
recognition that there is a need to 
initiate science education learn-
ing from a familiar and student 
relevant socioscientific issue, thus 
establishing intrinsic relevance. The 
figure illustrates how relevance is 
intended to trigger students’ 
self-motivation to promote self- 
involvement in the learning.  
Such motivation is sustained by 
student involvement, but also  
by extrinsically relevant aspects 
supplied by the teacher. 

Introducing chemistry through a 
student relevant situation 

As figure 1 demonstrates: the 
use of a relevant context-based 
situation is important, as rel-
evance is a very useful precursor 
for developing students’ personal 
interest and a powerful stimulus 
for science learning (Gilbert, 2006; 
Pilot and Bulte, 2006). The theo-
retical construct is that relevance 
drives students’ motivation to 
learning and once relevance is 
established, the motivation for 
involvement can go beyond the 
context-based scenario and lead 
into scenario-related conceptual 
science learning. Unfortunately, 
standard approaches, which 
assume science is inherently 
interesting for students, if taught 
well, have been shown to have 

little appeal to many students at 
the secondary level, for a lack of 
personal and social relevance 
(Osborne et al., 2003). In address-
ing this concern, researchers 
suggest introducing a chemistry 
topic through socioscientific 
issues, considering that sociosci-
entific issues are usually embed-

ded within the context of stu-
dents’ personal and social 
relevance (Hancock et al., 2019). 

An example of a situation to 
introduce chemistry in the class-
room is the dead sea. A socioscien-
tific issue associated with the  
dead sea is whether Israel should 
develop tourism or protect the 
natural heritage around the dead 
sea. The SSI in this case is relevant 
to both chemistry and society. In 
addition to that, it also potentially 
initiates students’ interest and 
motivation to learn chemistry. 

Enabling students’ engagement 
with the situation

A relevant SSI provides 
students with a desire to engage 
in the chemistry learning, through 
identifying the problem in the 
situation, and seeking to solve it 
by utilising an important chemis-
try learning component. The 
learning approach is the students’ 
emotional engagement first, 

Figure 2: Dead Sea – a wonder in the world.

The theoretical con-
struct is that rel-
evance drives stu-
dents’ motivation to 
learning and once 
relevance is estab-
lished, the motivation 
for involvement can 
go beyond the con-
text-based scenario 
and lead into scenar-
io-related conceptual 
science learning.
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leading to chemistry learning 
second. This contrasts with the 
usual suggested approach: make 
the chemistry itself interesting 
within the context so that it then 
motivates students and at the 
same time is also relevant to 
society (Stuckey et al., 2013). 

Incorporating student-led 
problem-solving

The solution to the chemistry 
problem, carefully detailed and 
explored, is expected to be the 
gateway to the decision-making 
stage, where the knowledge 
gained from the problem-solving 
stage can be used to reflect on the 
given scenario. A good approach 
for consolidating this problem-
solving in chemistry is to con-
struct a concept map.

Creating a concept map can be 
an introduction to conceptual 
chemistry learning. It can include 
new chemistry ideas. To be useful, 
the learning needs to be put into 
a scientific context and, in 
particular, interrelate with other 
chemistry knowledge. Novak et al. 
(1983) and Stevenson et al. (2017) 
have shown that scientific 
concepts can be interlinked by 
means of a concept map, based 
on a theoretical construct to solve 
a problem. Additionally, compiling 
concept maps can be a useful 
assessment exercise in which 
students can illustrate their 
learning or scientific patterns —a 
valuable component in develop-
ing chemistry ideas further. 

Developing curriculum stipulated 
chemistry knowledge and skills

A concept map leads students 
to identify the relevant chemistry 
knowledge and skills they need to 
solve the problem. In gaining 
such knowledge and skills 
through a constructivist ap-
proach, teachers need to take the 
role of facilitators, with students 
taking an active role in problem-
solving (Bruner, 1966). Thus, 

teachers need to guide students 
to construct their learning in a 
self-directed approach and  
realise that the more practice 
students have, the more easily 
and the more capable they are 
likely to be undertaking chemis-
try problem-solving. 

Considering factors beyond 
chemistry

An ‘education through chemis-
try’ approach suggests that only 
gaining chemistry conceptualisa-
tion is not sufficient, and advo-
cates chemistry learning includ-
ing the resolution of complex 
socioscientific issues. As SSIs are 
controversial and ill-structured, 
they often require consideration 
from multiple points of views to 
reach a resolution. Hence, stu-
dents are required to consider not 
only the scientific, but also 
ethical, economic, emotional, 
political, environmental and 
value-laden aspects (Chowdhury, 
2022). In addition to that, Zeidler 
et al. (2019) also suggest a need to 
consider tolerance, mutual 
respect, and moral sensitivity in 
addressing a socioscientific issue. 

Applying chemistry learning in 
socioscientific decision-making

Socioscientific decision-mak-
ing, utilising chemistry learning, 
has two major components. First, 
students are encouraged to 
consolidate the chemistry ideas 
introduced. This is achieved by 
involving students in additional 
tasks (above and beyond the 
module) related to the concepts, 
preferably interlinking with 
students’ prior concepts, answer-
ing written exercises; utilising the 
jigsaw method, etc. And second, 
students are required to utilise 
the chemistry ideas gained in 
order to (i) be able to transfer 
scientific ideas to a new, contex-
tual situation, and (ii) participate 
meaningfully in a decision-mak-
ing exercise in order to arrive at a 

justified decision related to the 
initial socioscientific situation.

Evaluation of the chemistry-em-
bedded socioscientific decision

This involves student groups, 
or whole class interactions, in 
activities such as debates, role 
playing or discussions. Students 
are expected to put forward their 
points of view, the teacher 
ensuring they incorporate the 
new chemistry in a meaningful 
and appropriate correct manner. 
Students are thus involved in 
aspects of argumentation, as well 
as communicating the new 
chemistry ideas in a conceptually 
correct manner. The end result is 
a set of small group decisions or a 
consensus decision made by the 
class as a whole. The actual 
decision is not, in itself, as 
important as the justifications 
put forward, but is expected to 
comply with social values accept-
ed by the local society as a whole. 

An example of the above-men-
tioned framework is briefly 
introduced in the following: 

Conclusion
This article promotes para-

digm 2 by arguing for and putting 
forward a focus on ‘education 
through chemistry’ as opposed to 
‘chemistry through education’ 
and in so doing, builds on rel-
evance towards the development 

An ‘education 
through chemistry’ 
approach suggests 
that only gaining 
chemistry conceptu-
alisation is not suffi-
cient, and advocates 
chemistry learning 
including the resolu-
tion of complex socio-
scientific issues.
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of learning through a problem-
solving exercise before going 
further and introducing sociosci-
entific decision-making, relating 
chemistry to the real world. This, 
it is proposed, makes the learning 
of chemistry more interesting. 
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