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Introduction
Teacher training courses throughout Europe generally conform to one of two distinct
approaches: consecutive where a student first pursues university studies in a particular
field, e.g. chemistry, and subsequently undertakes a course on teaching or concurrent
where pedagogical studies and preparation for teaching are undertaken in tandem with
subject specific lessons. However, the situation is far from simple and there are in fact over
20 different models of teacher education currently in use throughout Europe. In the face
of such diversity it is clearly difficult to identify and maintain quality standards. As part of
the EC2E2N (European Chemistry and Chemical Engineering Education Network)
project, working group No 12 “Towards European quality labels for teacher education
programmes” sought to develop standards/benchmarks similar to the EuroBachelor® and
EuroMaster® accreditation for teacher education (http://www.ec2e2n.net/1/wp12). The
survey conducted demonstrated that:
Chemistry education is taught through lectures, seminars and lab courses during Bachelor
studies in about three quarters of the participating universities; the number is even
higher for Master programmes (but still not 100%!). Internships / teaching experiences
seem to be slightly more common in Master programmes than in Bachelor programmes.
Only about half of the students on Bachelor courses, are required to undertake teaching
themselves, whereas more than three quarters of students on Masters courses have to do
so. Internships in industry tend to be less common. Bachelor theses are required to be
written on a chemistry topic by the majority of students, whereas projects dealing with
chemical education are generally accepted for a Masters thesis. All the courses surveyed
appeared to cover the basic areas of chemistry education with slightly less emphasis being
placed on the areas Nature of Science and Taxonomies of Learning Goals and Outcomes,
Heterogeneity, Blended Learning, Inquiry Based Learning, Context Based Learning and
Research in Chemistry Education , although even these areas are generally covered to some
extent. Written exams, followed by oral exams remain the dominant form of assessment
while presentations, portfolios and other forms of exams remain somewhat less common.
(http://www.ec2e2n.net/1/wp12)
Due to the significant diversity found throughout teacher training programmes it has not
been possible to define a uniform set of quality requirements, however, it has proved
possible to develop a number of conclusions and recommendations.
Even if one of the two main approaches was to be generally adopted major differences
in the training of future teachers would still exist between different countries and even
between different universities in a single country. For example chemistry teachers are
trained in education faculties in some universities and in science faculties in others.
However, annual conferences, attended by academics involved in preparing university
students for the teaching profession from different countries, the exchange of experience
within DivCEd EuCheMS (Division of Chemical Education The European Association for
Chemical and Molecular Sciences) and the work of working groups of ECTN (European
Chemistry Thematic Network) and EC2E2N projects have all demonstrated that we use
a common language, have similar objectives and employ similar methods. Furthermore,
possible solutions for difficulties encountered in one country may well be available elsewhere.

5

Hence the idea of developing a European handbook for chemistry teacher training units
emerged. One of our key aims has been a desire to respond to allegations claiming that we
teach teachers how to use active strategies and teaching methods based on constructivism
(e.g. PBL, IBSE) while continuing to use traditional passive, teacher-centred, expository,
lecture methods. Based on a survey conducted among several dozens of chemistry teacher
educators from 14 countries carried out as part of EC2E2N 2 “Chemistry and Engineering
Skills for Europe in 2020” work package “Towards Excellence in School and University
Teaching” (http://www.ec2e2n.net/2/wp01), we have established a list of the most popular,
the most essential and the most common topics throughout the countries participating in
the project.
Although pedagogy is traditionally considered as a separate course from teacher training,
our handbook begins with chapters entitled ‘Educational Theories and How Students Learn
Chemistry’ and ‘Taxonomies of Learning’. Learning theories are discussed in both of them.
Authors believe that “It is not enough only to be good in once subject domain and to know
how to explain it. It is even more important to know and to understand how students learn
and adopt that knowledge and which is the best way to teach them”.
It has been observed that many young teachers plan their lessons solely based on their
school textbook and so the authors of the chapter ‘Understanding and Using Chemistry
Curricula for Effective Teaching’ have sought to demonstrate what the curriculum is for
and how to convince young teachers to use it effectively. It should be be noted that in this
respect there can be more confusion in both the classroom and in teacher training itself;
there is a core curriculum, a curriculum, a programme, etc., and different countries tend
to interpret each of these terms in different ways. Teachers plan their lessons based on
the curriculum, a PST (Pre-service Teacher) needs to learn to do the same. The chapter
‘Planning a Good Chemistry Lesson,’ provides guidance on how to select measures and
approaches from the continuously evolving methods and media appropriate to the desired
learning outcomes.
The subsequent chapters discuss specific strategies, teaching methods or lesson elements.
Although chemistry is undoubtedly a practical science, the use of experiments in chemistry
education tends to be limited, by health and safety regulations, by the teachers themselves
(limited time and opportunities to prepare experiments and apparatus, lack of manual skills,
fear of chemical hazards and the possibility of ‘failure’ of a demonstration or students’
experiment), or for other reasons. The chapter entitled ‘Practical Work in Chemistry and
Its Goals and Effects’, seeks to provide answers to the questions of what laboratory classes
are for and what learning can be achieved through them.
IBSE is one of the learning strategies recently promoted by the European Commission and the
authors of the chapter ‘Inquiry Based Chemistry Instruction’ point out some misconceptions
and stereotypes associated with this concept which need to be addressed during the education
of PSTs. Good Practice Examples (GPE) include both examples of simple inquiry-type
experiments, that do not require sophisticated equipment, where participating students may
experience ‘inquiry’ for themselves, and examples of classroom discussions.
Teachers usually have access to a number of workbooks and textbooks containing
established exercises and problems, however, we should expect that teachers will not only
have the proper skills to be able to use such resources, but should also be able to devise
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new exercises specific and appropriate to the learning requirements of a particular group
or year. Information on how to help PSTs to be able to do this can be found in the chapter
‘Design of Learning and Assessment Tasks’.
Another group of chapters applies specifically to the subject being taught, in our case
chemistry. Here the reader can find discussion on Pedagogical Content Knowledge (PCK),
or how best to introduce and discuss specific chemical concepts with their students, and the
importance of embedding their teaching in appropriate and relevant contexts. The issue of
alternative conceptions and how these can be avoided or overcome is also addressed. These
important issues are covered in the chapters ‘The Use of Pedagogical Content Knowledge in
Teacher Education’ and ‘Students’ Alternative Conceptions and Ways to Overcome Them’.
In recent decades the importance of the context in which concepts, relationships, and
chemical theories are taught has been recognized and a number of international programmes
have been developed with the objective of bringing science closer to the everyday life of
students. Research has shown that such an approach increases their motivation to learn. It
needs to be emphasized that the purpose of chemistry education is not merely for training
tomorrow’s chemists or preparing students to move on to further studies in for example
medicine. For the majority of students the objective should be to provide an education that
will enable them to make rational decisions in adulthood about important national issues,
e.g. whether to vote in a referendum for or against the construction of a thermal recycling
facility or nuclear power plant, and also about more trivial ones such as whether throwing
two capsules of washing liquid into the washing machine will make the clothes cleaner and
will or will not have a negative impact on the environment. Two related national projects
are discussed in the chapter ‘Chemistry and Context’.
General knowledge of science and the scientific method favours the making of decisions
which are based on reasonable premises and logical reasoning. Such knowledge is usually
transmitted and developed within the general subject referred to as NoS (Nature of Science).
Moreover, it is hoped that knowledge of the history of science in general or chemistry in
particular can be useful in helping us not to make the mistakes that our predecessors made.
These subjects are currently taught in only a minority of European countries. However,
due to their developing importance, they have been discussed in the penultimate chapter
entitled ‘Designing Courses on Nature of Science and History of Science’.
The final chapter deals with ‘Continuous Professional Development’ (CPD) and includes
guidance on how to organize CPD and advice on how to persuade PSTs to commit to
lifelong learning idea.
We have done our best to make each chapter as widely applicable throughout European
universities as possible by, where possible, using authors from at least two different
countries and encouraging consultation in a wider group. Also we have consulted internal
reviewers usually representing additional countries. We would like to express our very
special thanks to chapters’ consultants: Gustavo Avitabile, Peter Childs, Odilla Finlayson,
Hans - Georg Köller, Silvija Markič, Bernard Leyh, Mauro Mocerino, Mustafa Sözbilir and
Dragica Trivič for their excellent work.
Although the authors have used different styles of writing and a variety of approaches, we
have tried to give each chapter a similar structure as outlined below:
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•
•
•

Reasons - Why is this particular topic important in pre-service teacher education?
Theoretical framework (short literature review).
Good practice example(s) – example of a practical approach to introduce key aspects
of that topic to PSTs.
• Recommendations (implementations in teacher education).
• Future reading – a few most important and easily available.
• References.
The subject area of each chapter has no sharp boundaries, and as the chapters were written
independently, in many of them common content can be found, although usually presented
from a different perspective. We tried to point out that overlap of content by referring to
the relevant parts of the book in footnotes.
We hope that you find the chapters both interesting and informative and will discover
aspects that you believe would be useful to incorporate within your own pre-service teacher
programmes.

Happy reading!
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Educational Theories and How Students Learn Chemistry:
Practice what you Preach
Lana Šarić, Silvija Markić
Introduction
To be a good chemistry teacher it is clearly essential to have a good knowledge of chemistry,
which needs to be more than what is written in the school books of the students. Chemistry
teachers also need to be able to explain the key ideas to their students as the need arises.
However, it is not enough merely to have good knowledge of the subject and to know how
to explain it, it is also vital to understand how students learn and build up their knowledge
and how best to teach them. This is why it is important to know and understand different
educational theories and it is this that should be a starting point for the planning of any
lesson.
There are different ways in which students can perceive data, and students may have
different preferred learning styles. Mainly students learn by a mixture of different learning
styles, with each having different strengths (Coffield, Moseley, Hall, & Ecclestone, 2004).
A student`s learning style refers to her/his individual way of learning and a range of
different theories have been developed to account for personal learning. These theories all
seek to classify people according to their preferred way of learning, though the different
theories use different ways of categorizing them (Coffield et al., 2004).
The idea of individual learning styles is quite modern and was first developed in the 1970s.
It is based on the belief that each individual uses their own individual learning methods to
handle new information and stimuli. This means, that if we teach different students using
the same teaching methods and try to “force” them to learn in the same way, they will
achieve different results and display different learning success, because their individual
preferred way of learning may not be facilitated. That is why it is important for teachers in
general and chemistry teachers in particular to know about different ways of learning and
to adopt this knowledge into their teaching. For a teacher it is important to know which way
a student learns and to take this into consideration while developing teaching materials.
Many different models for learning styles have been proposed and an overview can be
found in Cassidy (2004) or Pashler, McDaniel, Rohrer and Bjork (2008), we list just a few
below:
a) David Kolb`s model (see also Table 2 in this chapter)
b) Peter Honey and Alan Mumford`s model
c) Learning modalities
d) Anthony Gregorc`s model
e) Cognitive approaches to learning styles
f)
NASSP learning style model
g) Neil Fleming`s VAK/VARK model
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The most commonly used is Neil Fleming`s VAK/VARK model. Neil Fleming was a
teacher in New Zealand, who had experience of teaching at both high school and university.
During his time at the Lincoln University he developed and further elaborated the VAK
module into the VARK model.
Both models are based on a person`s senses. VAK-model stands for Visualization,
Auditory and Kinesthetics. The model explained that students show a preference for one
of three basic learning styles: visual, auditory, and kinesthetic. Although most people use a
combination of styles they may have a clear preference for one:
• Visual students learn best about new information by looking at graphics or watching
a demonstration. Usually these students think in pictures and need to create mental
images of new information. Children with this learning style understand information
presented in a chart or graph more easily, but they may become annoyed, disturbed or
grow impatient listening to an explanation. For these students it can be useful to create
maps, charts, drawings or even movies (Fleming, 2001).
• Auditory students prefer listening to explanations rather than reading about them
and may like to study by reciting information aloud. Some of these students like
background sounds (like music) while studying, while others may be distracted by
noises and need a quiet space to study efficiently. These students learn best through
verbal lectures, discussions, talking things through or just listening to what others have
to say (Fleming, 2001).
• Kinesthetic students learn best about new information by doing and touching. Such
students tend to have a good sense of balance and hand-eye coordination. Usually
these students have trouble sitting still while studying. They may be better able to
understand information by writing it down or carrying out hands-on activities. Their
skills involve physical coordination, athletic skills, hands-on experiments, using body
languages etc. (Fleming, 2001).
Shaller, Borun, Allison-Bunnell and Chambers (2007) suggest that for many students the
boundaries between the three styles are often not really clear. However, the older a person
gets the clearer is the preference for one style.
Fleming (2012) differentiated the Visual dimension into Visual (V) and Read/Write (R).
Thus, the model was renamed the VARK model (Figure 1).

Figure 1: Representation of the VARK Model1
1
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But, what is the significance of this for us, chemistry student teacher educators? It suggests
that we really need to know how our chemistry student teachers are learning in our seminars
and offer them a range of learning opportunities. We need to practice what we preach and
teach our student teachers in the same way we expect them to teach their students in the
future. To do this, we first need to know the different learning styles that our chemistry
student teachers possess. A quick overview can be obtained by using the questions in the
Box 1.
More detailed questionnaires can be found on the following websites.
• The VARK – Questionnaire – How do I learn best? http://vark-learn.com/the-varkquestionnaire/
• What`s your learning style? - http://www.educationplanner.org/students/selfassessments/learning-styles-quiz.shtml
• Learning Style Inventory (first example) - http://www.edcc.edu/trio/documents/
LearningStyleInventory.pdf
• Learning Style Inventory (second example) - http://www.odessa.edu/dept/govt/dille/
brian/courses/1100orientation/learningstyleinventory_survey.pdf
The first two examples are online questionnaires with the results being calculated online,
while questionnaires 3 and 4 can be used as pencil and paper exercises.
Box 1. Checking your own learning style2

Visual Learners
If you think you might be a visual learner, answer the following questions:
• Do you have to see information in order to remember it?
• Do you pay close attention to body language?
• Is art, beauty, and aesthetics important to you?
• Does visualizing information in your mind help you remember it better?
If you can answer yes to most of these questions, chances are good that you have a visual
learning style.

Auditory Learners
Are you an auditory learner? Consider the following questions:
• Do you prefer to listen to class lectures rather than reading from the textbook?
• Does reading out loud help you remember information better?
• Would you prefer to listen to a recording of your class lectures or a podcast rather
than going over your class notes?
• Do you create songs to help remember information?
If you answered yes to most of these questions, then you are probably an auditory learner.

2

http://psychology.about.com/od/educationalpsychology/a/vark-learning-styles.htm
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Reading and Writing Learners
Could you be a reading and writing learner? Read through the following questions and
think about whether they might apply to you.
• Do you find reading your textbook to be a great way to learn new information?
• Do you take a lot of notes during class and while reading your books?
• Do you enjoy making lists, reading definitions, and creating PowerPoint presentations?
• Do you prefer it when teachers make use of overheads and handouts?
If you answered yes to these questions, it is likely that you have a strong preference for
the reading and writing style of learning.

Kinesthetic Learners
Not sure if you’re a kinesthetic learner? Answer these questions to find out:
• Do you enjoy performing tasks that involve directly manipulating objects and
materials?
• Is it difficult for you to sit still for long periods of time?
• Are you good at applied activities such as painting, cooking, mechanics, sports, and
woodworking?
• Do you have to actually practice doing something in order to learn it?
If you responded yes to these questions, then you are most likely a kinesthetic learner.

Theoretical framework – what to teach and how to teach
In his paper, Gilbert (2010) discusses three characteristics of knowledge which it is important
for a science teacher to possess: subject matter knowledge, pedagogical knowledge and
pedagogical content knowledge.
König et al. (2011) recognize, when referring to general pedagogical knowledge, that ‘the
definition of what pre-service and in-service teachers have to know and be able to do is
no longer limited to institutional, regional, or national boundaries, although the term itself
is not used in the same way, in all countries and this will inevitably lead to the need for
clarification’ (p.188).
Shulman (1987) described pedagogical content knowledge as the knowledge that contains
‘the special amalgam of content and pedagogy that is uniquely the province of teachers,
their own special form of professional understanding’ (p. 8)3.
However, there are some general theories, well known worldwide, that will definitely be
taught in seminars and lectures in pedagogy courses which may not be taught in seminars
or lecturers on chemistry/science education courses. Theories of learning describe how
our students learn. Such theories can be separated into one of three general approaches (i)
behaviorism, (ii) cognitivism and (iii) constructivism. It cannot be said that one of these
approaches is wrong and another one right. Each of them depends on a teacher and her/his
3
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beliefs and attitudes, on the learning situation, on the learners (e.g. their learning styles) and
the teaching goals. Moreover all these factors are multi-dimensional, thus, while aiming
for the best learning outcomes for all students, all three approaches should be considered
and combined to produce efficient teaching methods. An overview and the characteristics
of the three theories are presented in Table 1 below.
Table 1: Three general learning theories
Behaviorism
Characteristics Behaviorism
is defined by
the principle of
“stimulus-response”.
A learner`s behavior
is caused by
external stimuli and
can be explained
without taking into
consideration internal
and mental states of
consciousness. At
school, therefore, a
learner is assumed to
take on a passive role,
merely responding
to environmental
stimuli.

Cognitivism
Cognitivism
starts with the
idea of the brain
as a “black box”
which needs to
be opened and
understood by
the teacher. The
learner is seen as
an information
processor, much
like a computer.

Most famous
proponents

• Jean Piaget
• Robert Gagne
• Lev Vygotsky

• Burrhus Frederic
Skinner
• Ivan Pavlov
• Edward Thorndike
• John B. Watson

Constructivism
Constructivism is based
on the belief that learning
is an active process in
which the learner assigns
meaning and constructs
knowledge from new
information. Learning is
built through experience
and the learner is
therefore a constructor
of knowledge. The
learner acts by
creating, interpreting
and constructing new
knowledge through
the linking of new
information to the
individual’s prior
knowledge and beliefs.
• John Dewey
• Jerome Bruner
• Lev Vygotsky
• Seymour Papert

Different educational innovators developed these learning theories and Table 2 lists
information about some of the key innovators and includes short overviews of their
perspectives and contribution to learning theory.
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Table 2: Some common general education theories relevant to science education

Lev Vygotsky

Jean Piaget

Short Description of a theory
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Jean Piaget (1896-1980) was a Swiss development psychologist interested in
the nature and development of human intelligence and in the process of the
qualitative development of knowledge – cognitive development. In his research,
Piaget set exercises for children, and observed their behavior and any comments
made while they were doing the exercises. Thus, he studied the development of
children’s understanding. There was a popularization of his ideas in the 60’s and
he is considered as the pioneer of the constructivist theory of knowing. The main
goal of this theory was to provide an explanation for the mechanism and process
by which children develop into individuals. In his research Piaget identified four
sequential stages in the psychological development of a young learner and believed
that teachers should be cognizant of these stages (Piaget & Inhelder, 1958).
a) During the sensory-motor stage, (before the age of 2) sensory experiences
and motor activities dominate. Intelligence and knowledge are essentially
intuitive in nature.
b) Knowledge is acquired through mental representations during the
preoperational stage (from age 2 to age 7).
c) At the concrete operational stage (from age 7 to age 11), intelligence is
logical, conserved, and dependent on concrete points of reference.
d) The formal operational stage (after 11 years of age) is the stage when abstract
thinking starts and the learner starts thinking about probabilities, associations,
and analogies.
We can find the results of the constructivist theory of knowing in today’s practice of
child-centered classrooms and “open education”. Further explanation and focus on
constructivism will be included later in this chapter.
Lev Vygotsky (1896 - 1934) was a Soviet
psychologist, who is known as the originator
of a cultural - historical psychology theory of
human cultural and bio-social development
of higher cognitive functions, in which social
environment plays a key role. Learning is
considered most effective when a child is being
taught in the zone of proximal development
(ZPD). This can be represented by three steps
(concentric circles): the inner circle is what
Figure 2: Zone of proximal
the learner can do unaided and the outer circle
development
is what the learner can’t do. Between them is
ZPD – what a learner can do, but only with (http://carlanderson.blogspot.de/2011/02/
wooden-nickels-part-2.html)
appropriate guidance and support (Figure 2).

Jerome Bruner

Lev Vygotsky
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Scaffolding is a concept which is closely related to the ZPD. Scaffolding describes
a process of changing the level of support to suit the cognitive potential of the child
(Vygotsky, 1934/1986).
According to Vygotsky, the basis for cognitive development is the system of
symbols through which children can reconstruct meaning from their environment.
The development of an individual child is seen as a product of (social) culture and
language, opinion and reasoning. Vygotsky also drew attention to the importance of
play and playing. Play - he suggested - expands imagination which encourages the
development of a child.
Jerome Bruner (1915) was an American psychologist best known for his contributions
to educational psychology: cognitive psychology and cognitive learning theory.
Accordingly to Bruner`s definition, learning is an active process in which new ideas
and concepts are constructed based upon the learner’s past and current knowledge.
He coined the term scaffolding. During the teaching process, the teacher, whose
role is to facilitate the learning, gives support to the learners so they can achieve
a deeper level of learning. The teacher is therefore required to create a lesson in a
way that will help learners to discover relationships between pieces of information
- discovery learning (Bruner & Goodman, 1947).
Bruner defined three stages of intellectual development:
a) enactive stage of action-based information (0-1 years)
b) the iconic stage (1 -6 years) or image-based information stage
c) crucial, symbolic stage (7 years and up) also known as the language-based
information stage.
According to Bruner’s theory, when facing something new we need to follow a
progression from enactive through iconic and on to the symbolic stage. Therefore
education should not focus on memorizing facts, but seek rather to develop symbolic
thinking in children.
Bruner suggests that a learner is capable of learning anything as long as the
instructions (personalized, with content structure, sequencing and reinforcement) are
appropriately organized. In accordance with this, he suggests a spiritual curriculum
in which each subject or area is revised at intervals: complex ideas are first taught
at simplified level, but subsequently revisited at a more sophisticated level. In this
way learners become able to solve problems by themselves using their existing
knowledge. Learners will learn best when they find information and knowing
interesting and appealing. Therefore the process of learning should be stimulated by
promoting interest in the subject, information or materials being considered.
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David Kolb (1939) was an American educational theorist interested in experiential
learning and professional education. He is known as the founder of the Experience
Based Learning System (EBLS), Experiential Learning Theory (ELT) and the
Learning Style Inventory (LSI) (Kolb, 1987).
ELT concerns active learning through experience. Since knowledge is gained
through experience (personal and environmental) it can exist without teachers.
There are four key abilities a learner must have if knowledge is to be gained from
an experience: active involvement in the experience, reflection on the experience,
conceptualization of the experience by using analytic skills and possessing decision
making and problem solving skills.
Whereas ELT consider the individual learning process, the main goal of LSI
is to determine an individual’s learning preference using two continua: active
experimentation-reflective observation and abstract conceptualization-concrete
experience. LSI identifies four types of learner (converge, accommodator, assimilator
and diverge).
These learning styles are influenced by various factors and are the basis for a fourstage learning cycle in which immediate and concrete experiences (Level 1) provide
the basis for observation and reflection (Level 2). According to Kolb there are
three development stages: acquisition (from birth to adolescence), specialization
(schooling, early adulthood) and integration (mid-career, later life).
Learners must involve themselves directly in the experience, but the crucial part
is the subsequent reflection. Besides experience, emotions and feelings also play a
great role in the ELT.
Paolo Freire (1921 – 1997) was a Brazilian educator and leading advocate of critical
pedagogy. His concerns and educational viewpoint were shaped by his childhood
circumstances and experiences. His most popular work is Pedagogy of the Oppressed
in which he proposes pedagogy with a new relationship between teacher, student
and society. His goal was to improve the life of the poor by regaining a sense of
humanity for the oppressed through education. He believed that education was a
political act that could not be divorced from pedagogy (Mustakova-Possardt, 2003).
He was against, the so-called, “banking model” of education in which teachers are
considered to pour knowledge into the ‘empty heads’ of their students. He suggested
an education in which people bring their own knowledge and experience, a “problemposing education” in which a main role is played by critical consciousness2. By
linking knowledge to action, people must become active participants and involved
in the problem-posing approach. He based the foundation for critical pedagogy on
these principles.

		 Critical consciousness focuses on achieving an in-depth understanding of the world, allowing
for the perception and exposure of social and political contradictions. Critical consciousness also
includes taking action against the oppressive elements in one’s life that are illuminated by that
understanding (https://en.wikipedia.org/wiki/Critical_consciousness)

Basil Bernstein
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Freire’s main theoretical contribution was in the field of non-formal education
which can take place in any environment and is based on dialog. According to his
opinion, popular education (in South America) was linked to political movements
and most focused on the educational groups who are initially excluded from the
political process.
His contributions to science education include conscientization, experience and
Christian metaphors, education based on dialog and mutual cooperation (focus on
dialog) and awareness of praxis (educational action based on certain values).
Basil Bernstein was a British sociologist known for his significant contribution to
the sociology of education and the study of communications with his sociolinguistic
theory of language codes. Language used in everyday conversation reflects and
shapes the assumptions of a certain social group and therefore provides a direct
relationship between social class and language (Atkinson, 1985).
People use codes; sets of organizing principles that symbolize their social identity.
There are two types of language codes: restricted and elaborated. A restricted code
is suitable for insiders because background information is not given and it can be
used among friends and family. It creates a feeling of belonging. On the other hand,
an elaborated code has longer sentences and spells everything out. It is more explicit
and doesn’t assume that the listener shares knowledge of the topic. Two factors
influence which code will develop: the nature of the socializing agencies and the
values within the system. A correlation, suggested by Bernstein, between social
class and the use of codes reveals that while a middle class individual uses both
codes, working class individuals tend to rely heavily on restricted codes.
Bernstein’s code theory can be used to examine the connection between
communication codes and pedagogic discourse and practice. This concept of
classification is the guiding light of Bernstein’s theory of pedagogic discourse. He
recognizes two classes of curriculum, a strong class which refers to a differentiated
and separated curriculum (traditional subjects) and a weak class, an integrated
curriculum with fragile boundaries between subjects. Due to the two types of
curriculum there are two types of curriculum code: an integrated code for weakly
classified curricula and a collection code for strong ones.
Bernstein spent his entire academic life mapping educational and curriculum change
with the process of social change. He provided a set of concepts and criteria for
understanding curricula which have been very useful in Curriculum Studies. These
concepts serve as a useful tool for reflection in school and can be very helpful to
pre- and in-service teacher education.
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Janusz Korczak (1878 - 1942) was the pen name for Henryk Goldszmit, a PolishJewish educator. He was the originator of the idea of promoting children’s rights and
the equality of children. His achievements included the founding of the first national
children’s newspaper, training teachers in moral education, introducing progressive
orphanages designed as just communities and working in juvenile courts to defend
the rights of children.
The key elements of his conceptions were rejection of violence, a model for the
educational interaction between adults and children, a believe that a child is a
human being equal in value to an adult, an emphasis on the individuality of each
child in the educational process, respect for the opinions of children due to a
confidence in their ability to understand their own needs, aspirations and feelings,
recognition of a child’s right to respect, ignorance, failure, privacy, personal opinion
and ownership and also an awareness that the process of developing a child is hard
work (Lewowicki, 1994).
He was also a writer, well known for his books which brought a new insight to child
psychology. In order to prepare children for the dilemmas and difficulties of real
adult life he wrote two fairy tales. His influence can be found in many educational
and pedagogical ideas such as the pedagogical school of moral education,
„ideology of normalization” (education of children with stunted growths) as well
as in „pedagogical love” which is based on Korczak’s model of teacher-student
relationships.
J. F. Herbart (1776 - 1841) was a German educator, pedagogical thinker and founder
of a scientific pedagogy. He made a major contribution to the reform of educational
and teaching practice by prioritizing what he called „... shaping the development of
character with a view to the improvement of man, education and teaching...” (Smith,
2012). Although it was unusual, at the time to combine education and thinking, he
defined teaching as the central activity of education. He believed that every child
is tabula rasa and that education and teaching are there to form a child. Teachers,
therefore, had a key role in the educational process. They needed to know how
to introduce subject material in a way so as to form and develop a child’s ideas
and thoughts. Herbart was the first to define educational process and lessons. He
suggested that the educational process had 2 stages: a stage of immersion divided
into distinctness and association and a stage of awareness divided into system and
method.
Herbartism, his theory of education whose central idea is educational teaching,
considers five formal steps in teaching. The first step is preparation, in which
material yet to be learned is related to past ideas and memories, so that learners will
develop an interest in the topic. The second step involves presenting new material
and this is followed by the step of association, during which new ideas are being
implanting in the mind. The fourth step, generalization, involves developing the
mind beyond the level of perception and the concrete. The final step requires the
use of knowledge in a way that newly learned ideas becomes a part of functional
mind - applications.
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John Dewey (1859 - 1952) was an American educational reformer, philosopher and
psychologist. He was one of the founders of pragmatism in which through practical
use most philosophical topics (language, science, nature of knowledge...) are best
viewed. (Ültanir, 2012)
He was a theoretician of, so called, free education. The centrepiece of the educational
process is the child, not the teacher, and this represented a major change to didactics.
He was against learning from books as the primary source of knowledge, verbal
knowledge, class classification of children, divided lessons (strict beginning and
end of activities) and classification of educational content into subjects. He believed
that children should be trained to solve problems by themselves. Therefore the
educational process and the teaching methods used have the role of meeting the
basic needs of the students: a need for communication, work and discovery.
Development involves constantly deepening and broadening of childrens’
experience. Teaching is based on the needs, values and requirements of real life as
a way to teach children how to think. He laid the foundations for a new pedagogical
understanding which says that the child is at the heart of the educational process and
should be the one and only criteria for selection of content and teaching methods child-centeredness.
Maria Montessori (1870 - 1952) was an Italian educator and the first woman
physician in Italy. She is best known for the Montessori philosophy of education
which is based on knowledge of the development phases of children. Children are
intrinsically motivated and they value the results of their work for themselves.
Montessori method of education allows children to develop at their own pace
(Montessori, 1966). This freedom, however also entails responsibility.
Montessori identified four distinct periods of development with different
characteristics and learning models. There is, therefore a need for different and
specific educational approaches depending on a child’s age. Thus, she modelled
the four phases of children’s development and sought to provide stimulating
environments and materials for each of them. Classrooms were customized to
suit children’s needs and age so they could develop in line with their abilities,
interests and potential to become the person they are destined to be. The heart of the
Montessori philosophy is reflected in the saying: Help me to do it by myself!
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Celestin Freinet (1896−1966) was a French pedagogue and educational reformer.
He is best known for his ideas about „open education” in which teachers implement
their programmes after meeting their pupils. Weekly activity plans, for both teachers
and pupils, play a central role in classroom management. Field trips to factories,
workshops, construction sites and other schools are used to promote exchange of
knowledge and discovery learning. He started making educational materials, using
a printing press and exchanging them with nearby schools as a replacement for
conventional school books. (Freinet, 1993)
Concepts embedded in Freinet’s pedagogy include the pedagogy of work, enquiry
based learning and co-operative learning. Children’s interests and real experiences
are taken as the starting point to promote authentic learning. By using democratic
self-government children learn to take responsibility for their own work.
He is also remembered for his classification, known as Freinet’s classification,
that is used in the libraries of some elementary schools, to facilitate easy finding
of documents. In order to change public education from the inside he founded a
teacher’s trade union C.E.L., a French teacher movement, nowadays known as
Modern School Movement in which his work still lives on through an international
network of educators and schools.

Teaching constructivism in our seminars
One of the most popular educational theories today is constructivism also known as a
philosophy of education. Constructivism is a theory of knowledge (Piaget, 1967; Bodner,
1986) which believes that each person generates knowledge and meaning by interpreting
new information in terms of their previous knowledge, experiences and ideas.
The theory of constructivism has been developed over many years by different educators
but the most famous educators that are connected with constructivism are Jean Piaget and
Lev Vygotsky (Ültanir, 2012).
This educational theory can be separated and thus described by different characteristics.
1.
Constructivist learning is learning where students are actively involved in their own
learning. This is truth for any teaching method.
2.
Constructivist learning also involves enculturation. Enculturation is a process
in which students learn the traditional content of a culture or discipline (here
chemistry) and assimilate its practices and values. Thus, students need to understand
the scientific culture and also to learn language of the domain (scientific language)
(Aikenhead, 2005).
3.
Constructivist learning takes place in a democratic environment.
4.
Constructivist learning is an interactive and student-centered process. The teacher
needs to offer teaching methods which encourage students to be responsible and
autonomous.
5.
In constructivist learning knowledge is constructed from and shaped by past
experiences. To learn is to understand as a personal interpretation of the world.
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Learning depends on the prior knowledge, beliefs and information that a person
possesses before learning takes place. Learning means that more information may
be added to prior knowledge or even that prior knowledge may have to be modified.
This can be encouraged by provoking a cognitive conflict.
The idea is to teach the different characteristics of constructivist learning separately
following the idea from the title of this chapter, “practice what you preach”. Thus, the aim
of the seminars and associated lecturers should be not only to lecture about constructivism
or just requiring pre-service teachers (PSTs) to read different papers about constructivism,
but rather about letting them experience what these different characteristics mean.
It is not possible, in the confines of this chapter, to present ideas on the teaching of all of
the six characteristics, however one example will be considered in detail.
6.

How to teach Characteristic No 6
Learning depends on the prior knowledge, beliefs and information that a person possesses
before learning takes place. Learning means that more information may be added to prior
knowledge or even that prior knowledge may have to be modified. This can occur by
provoking a cognitive conflict.
Step 1: Defining the word
It is important that pre-service teachers feel happy with their knowledge, especially when
it comes to knowledge about topics that are usually taught in high school. It can be useful
to let the PST define (just write a sentence) about an atom, or what is an element, or what
is meant by equilibrium. Pre-service teachers can be asked to write their idea of the word
“equilibrium”. Although we might expect that all of them will write the correct chemical
definition, this is not found to be so. Let the PSTs share their definitions. It is suggested that
a range of categories related to “equilibrium” are posted on the wall. Figure 3 illustrates
how the wall may look. The pre-service teachers are then asked to post their own definitions
under the appropriate category. It is interesting to note that a group of pre-service teachers
will usually have a definition from each of the six categories illustrated.

Figure 3: Possible interpretations of a definition of word “equilibrium”
Step 2: Discussion on why the definitions are different and not all of the pre-service
teachers wrote the chemical one.
Some of the pre-service teachers may find this result surprising. Some PSTs explain their
definition by suggesting that they see chemistry as part of their job, but they also have a

23

Lana Šarić, Silvija Markić

private life where equilibrium = balance between their work and their life is needed. They
may also try to find their own internal equilibrium (balance) by doing yoga.
Step 3: Working with different definitions
Pre-service teachers can be given typical teaching materials that are used in their country to
teach chemical equilibrium. This should include the complete learning materials; not only
work sheets but also examples of experiments or models that are used to explain chemical
equilibrium. PSTs should then start with a non-scientific definition given by one of their
colleagues and discuss in groups how this definition can be changed during the lesson into
a more appropriate one, using the given teaching materials. Pre-service teachers, in their
groups, should then write what happened with the definition of equilibrium at the different
stages of their discussions.
PSTs will see that sometimes the definitions from prior knowledge can help in understanding
and picturing the nature of equilibrium. However, sometimes prior knowledge can be an
obstacle that makes the understanding of the new definition difficult.
Step 4: Finding the ways where to start with cognitive conflict
The final step of the seminar should involve facilitating pre-service teachers to find steps
in the teaching materials which may cause cognitive conflict with their students` prior
knowledge. Furthermore they should discuss and consider ways to deal with this in their
future classes.
Finally, reflection on the seminar should be carried out.

Conclusion
Seminars like this could be done for each of the characteristics of constructivist learning.
Teaching methods for other subjects will often be the same as those used for teaching
chemistry classes at school. For example, when teaching characteristics 3 and 4 pre-service
teachers can be involved in any kind of activities where they depend on each other. These
do not necessary need to have a connection to chemistry. They can try to build something,
or to carry out a complex experiment. Thus, they will see that they may need help from
another person, but also they will see that the process of helping each other involves a
process of making decisions which should be taking place in any democratic environment.
Finally, to teach different educational theories, the best way is surely to allow the student
teachers to encounter these theories in their seminars, thus offering pre-service teachers
different ways of learning that can be matched to individual learning styles.
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Rationale for describing different types of learning
Pre-service teachers (PSTs) almost universally focus on the need to deliver content
successfully, often not realising that the pedagogy is as important as the content. However,
the PSTs’ focus on their transmission of a body of knowledge is at odds with the growing
focus on pupil assimilation of the material taught. Over the past decade, educational
practice has increasingly focused on the notion of demonstrating pupil progress. No longer
is it considered sufficient to describe lessons simply in terms of teacher input, the teaching,
or pupil activity or even the long term attainment, commonly measured in terms of exam
success. Instead, individual student progress is monitored and this forms a key part of the
evaluation of a school’s effectiveness (Ofsted web site).
This change in inspection focus has required teachers to be very much more sensitive
to the progress made and, correspondingly, the progress which is made possible by the
lessons they plan. As a result, teachers are required to make much more effective use
of carefully defined learning objectives to describe their lessons and pupils’ attainment.
They are also required to assess attainment against the specified learning objectives in
order to demonstrate progress. Hence, the universal deployment of learning objectives
has been accompanied by a revolution in assessment practices (Department for Children,
Schools and Families, 2008). This chapter will consider the different forms which learning
objectives commonly take, and how these objectives are differentiated to assess different
levels of learning. It will also consider some of the ways in which attainment of learning
objectives may be assessed. The major focus of the chapter will be on how progress
can be assessed by progression up a taxonomy, by which we mean a hierarchical list of
attainment; reference is also made to the use of non-hierarchical descriptions of different
types of learning, that is typologies of learning.

Describing learning, defining progress
The ways in which learning is described will, in turn, underpin the way in which progress
in learning is defined. Progress may thus be assessed in terms of the complexity of material
mastered, or the way in which a given learning task is processed, according to the theory
being used to define learning. The following section considers four learning theories which
are used to define learning and assess progress.

Piaget’s Stages
One of the best known theorists who considered the type of cognitive processing carried
out during a learning experience is Jean Piaget1. He described four distinct stages in
processing information in a hierarchical order, with each stage of development requiring
1

		 see also the chapter “Educational Theories and How Students Learn Chemistry: Practice what
you Preach”
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mastery before the next occurs (Inhelder and Piaget, 1958). The stages are characterised by
a decreasing level of physical interaction, as children move from the sensorimotor stage
to the preoperational, then the concrete operational, and finally the formal operational
stage, and a corresponding increasing level of symbolic representation. The availability
of these conceptual processes, which Piaget called schemata, will affect the learner’s
approach to new material. For pupils aged 11 upwards, the latter two stages, described below,
are the relevant ones. They describe how the learner perceives the relationship between
variables, in other words how they formulate patterns and connections and so extend their
understanding. The key distinction between their processing capacity at the two levels
is whether or not the learner can conceptualise material which is intangible, or abstract,
in nature. It is important to note that Piaget’s taxonomy focuses on the development of
understanding through the acquisition of the ability to recognise increasingly complicated
relationships between factors. This capacity forms the basis of higher order processing of
factors within Piaget’s taxonomy, which is summarised below.
At the concrete operational stage, which typically occurs between 11 and 13 years of
age but may persist into adulthood, the child can execute a series of mental processes
when considering concrete examples with which they are familiar. Learners are able
to undertake the following set of ‘schemata’, and work with them in a logical manner,
including representations of objects or phenomena, such as molecular models or atomic
symbols. This repertoire of processes renders the learner much more sophisticated in their
thinking, although they cannot yet handle utterly unfamiliar or hypothetical material.
Seriation: the learner can place objects in a valid order, such as the ease with which
different samples of a material can be bent.
Transitivity The learner can recognise trends which link elements in serial order, and
create a wider order using incomplete information. For example, the child can place a
series of solutions in order, from that with the least sugar added to that with the most sugar
added; they can also recognise that the most sugary solutions are the ones which will allow
a greater range of food stuffs to float in them.
Classification The learner can name and identify groups of objects, for example sort
common materials into a group of metals and another group of non-metals.
Decentring The learner can see a problem from more than one perspective and can see that
more than one variable may impact on a result. For example they can see that whether an
object floats in water depends on both its mass and its volume. Similarly, when a drop of
oil forms a layer on water, it simultaneously has a bigger surface but forms a thinner layer,
which are two, apparently contradictory, changes.
Reversibility The learner understands that objects can be changed, then returned to their
original state, and be the same as they were before. So they understand that water can be
boiled to make steam but that the same liquid water can be re-formed by condensation of
the steam.
Conservation They understand that the quantity or size of items is unrelated to the
arrangement or appearance of the object or items. So that when a solution is poured from
one beaker into two beakers, for instance, it is understood that neither the nature of the
solution, or the total volume of solution, has changed.
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Formal operational stage. This level of processing, which may be achieved at the age
of 11 onwards by some learners, but is not achieved by the age of 16 by almost half of all
pupils. (Shayer and Adey, 1981) . The learner who is able to carry out formal operations
can execute the schemata described above in the abstract, that is without requiring tangible
experience upon which to base a judgement. They are able to reason logically and draw
conclusions from the information available, and draw logical inferences. The major
development is the ability to apply all these processes to hypothetical situations.
The shift in cognitive capacity which is represented by the transition through the last two
Piagetian levels is especially relevant for Chemistry teachers, because to access much of
the subject matter in Chemistry, learners need to be capable of formal operational thinking.
Typically, however, many secondary school pupils have not made the transition in time
to engage fully with the material presented (Shayer and Adey, 1981). The pupils are,
therefore, often much more confident at processing concepts about everyday materials, of
which they have ample concrete experience, than of extrapolating their experience to more
general patterns. They will also be lacking the capacity to deal with abstract notions, such
as atoms or molecules. (Johnson, 1991). It should be noted that the requirement to render
mathematical and symbolic representation of material, makes the subject material even
more abstract and raises the cognitive demand of the material still further. The curriculum
will be most effective when shift in pupils’ thinking skills are broadly mirrored by the
content demand. The shift in the cognitive demands for the teaching of acids provides a
good example of this, as illustrated by the analysis of typical content used with different
aged pupils, as shown in Table 1.
It is self-evident that teachers are limited in their capacity to alter the state of cognitive
maturity of students, in a short sequence of lessons. However, Piaget did suggest how
this might be achieved over time through his account of how the process of learning, or
adaptation, is achieved through the assimilation of new material and its accommodation
into the existing schema. The schemata are thus modified to incorporate the new material;
this is what constitutes learning. The preeminent teaching scheme which deployed Piaget’s
ideas about work to describe the progress of pupils through the two successive levels
of cognitive processing was Cognitive Acceleration through Science Education, now
known as “Thinking Science”. This intervention was specifically designed to accelerate the
transition of 11 to 13 year olds from the concrete operational stage to the formal operational
stage, which is the level required by the assessment materials for school leavers’ Science
courses. Through a series of twenty lessons, it aimed to accelerate pupils’ thinking skills
by actively developing their understanding of the key schemata through the presentation
of material which challenged existing schemata, or ‘created disequilibrium’ in Piaget’s
words. It also made use of collaborative activities and encouraged metacognition, that
is recognition of thinking in order to enhance thinking. The result was that many pupils
achieved higher Piagetian levels of learning (Shayer and Adey, 1993). The scheme proved
very popular and provided teachers with an awareness of their pupils capacities and their
next targets for development. The cognitive skills it developed had a positive impact on all
areas of the pupils’ global learning, not just their Science. However, it did not bring about
the total learning revolution in Science that might have been hoped for, for a number of
reasons.
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Experimental aspects

Acids are sour.
Alkalis are bitter, feel soapy.
Acids and alkalis change the
colour of indicators.
Acids and alkalis ‘cancel each
other out’.

Macroscopic
properties

14 to 16 year olds (some pupils
covering all the material, other
covering some of the material)

As 11-14 year olds, plus:
Bases neutralise acids; alkalis are
soluble bases.
Acids react with metals to release
hydrogen, with carbonates to give
carbon dioxide.
Acids/ alkalis alter the activity of
enzymes.
Observing colour changes of
As 11-14 year olds.
indicators, use of indicators to
Reactions of bases other than
demonstrate that neutralisation
alkalis e.g. copper oxide.
takes place when acids and alkalis
Possibly titration.
are mixed. Carbonate plus acid
‘fizz’.

11 to 13 year olds (all pupils)

Aspect of chemical
knowledge and
understanding (pupils
learning the material)

As 11- 16 year olds, plus:
Titration.
Electronic pH probes/ data logging
of neutralisation.

16 to 18 year olds (for pupils who
have elected to study Chemistry
as a post-compulsory education
subject; potential Science
specialists at university)

Table 1: Typical material addressed in the teaching of acids to pupils between the ages of 11 and 18 in England and Wales
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Quantitative aspects

Word equations

Symbolic
representation

pH scale as a way of showing
whether is acidic or alkaline.
pH 7 as neutral

None

Submicroscopic
events

Word equations; water and ‘salts’
(ionic compounds) a product of
neutralisation.
Symbolic equations.
Prediction of type of products
from reacting acids e.g. ates from
sulphuric acid.
pH scale as a way of showing
whether is acidic or alkaline.
pH 7 as neutral.

Impact of dilution on rate of
reaction of acids/ alkalis.
Acids release hydrogen ions,
alkalis react with hydrogen ions,
usually contain oxygen.

Mole calculations for
neutralisation.
Interpretation of pH curves during
neutralisation.
Calculation of pH and pKa (acid
dissociation constant).
‘Weak’ acids as those with a
low (less than 1%) degree of
dissociation c.f. dilute acids.

Word equations
Symbolic equations
Ionic equations showing reactions
of H+ and OH- to form water

Acids are acceptors of lone
(unbonded) pairs of electrons;
bases are lone pair acceptors.
Water as a mediator of acidic
behaviour through the formation of
hydroxonium ions.
Acids can catalyse some reactions
of organic molecules e.g.
hydrolysis reactions.
Action of buffer solutions.
Basis of action of acids/alkalis on
organic molecules esp. proteins.
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There were practical barriers, chiefly the cost to the school of training teachers to implement
the scheme and the tendency of teachers to think that simply ‘doing the worksheets’ would
bring about positive shifts in pupils’ achievement, rather than understanding that it was
a change in their understanding of the learning engendered by the activities. The main
pedagogical barrier was that the scheme failed to develop a language about learning
amongst the majority of science teachers.

Bloom’s Taxonomy
The archetypal taxonomy, of learning is that associated with Benjamin Bloom2, who
devised a hierarchy of cognitive processes thirty years later than that of Piaget, and ranked
them from the least to the most demanding. There is some dispute as to whether the highest
three processes constitute a taxonomy or whether they are equivalent in demand; regardless
of this the taxonomy is helpful in the assignation of tasks as ‘lower order thinking skills’
or ‘higher order thinking skills’ (Newmann and Wehlage, 1993). The evidence which
informed the construction of the taxonomy has been subject to criticism, along with the
fact that many authentic learning situations combine several levels of cognitive processing,
rather than having them as distinctive elements. Nevertheless, its widespread deployment
is a tribute to its effectiveness as a means to describe learning. It is the basis of most of the
commonly deployed schemes used by teachers to devise hierarchical learning outcomes.
The repeated revisions of the taxonomy devised by Bloom and collaborators over several
years, are a testimony to its enduring value to educators. One of its advantages lies in its
ready correspondence to instructional terms and learning activities (See Table 1). Whilst
there are slight variations in the terminology, the cognitive processes are often listed as
follows:
Knowledge The ability to recall previously-learned material such as facts, vocabulary,
concepts and answers to questions.
Understanding The ability to grasp the relationship between facts and to place them in a
wider context, including the ability to make predictions based on what is already known.
Application The ability to use knowledge in unfamiliar situations to solve problems.
Analysis The ability to break down information into its components, identify causes and
outcomes, along with the ability to infer general patterns from specific information.
Synthesis (creating3) Grouping of information to yield further or an alternative meaning.
Evaluation Making judgements about information or ideas.
Associated with these processes are indicative instructional terms and learning activities,
shown in Table 2.
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Exemplar instructional terms
State, recall, match, identify,
define, describe, identify,
recognise, select, list, label,
define, recognise
Explain, interpret, classify,
discuss, distinguish, illustrate,
use, arrange
Solve, construct, choose,
apply, categorise, compare,
infer, interpret,
predict, relate, solve, summarise
Compare, contrast, differentiate,
contrast, infer, predict,
differentiate, investigate, explain
relationships
Compile, create, develop, collate
evidence
Assess, justify, prioritise, critique,

Cognitive process

Knowledge

Understanding

Application

Analysis

Synthesis

Evaluation

Table 2.Instructional terms, assessment

Open questions or tasks, with
many possible valid responses.

Semi-closed questions or tasks,
involving an unfamiliar example
or context.

Semi-closed questions involving
explanation using a few possible
explanatory clauses.

Closed questions demanding
specific answers.

Assessment strategies

Far less frequently assessed
because of the high demands
it places upon the assessor’s
judgement and the difficulty in
achieving a consensus on a valid
response.

A quite commonly assessed form
of learning because marking
requires a fairly low level of
judgement.

The most commonly assessed
form of learning; easy to assess
because marking requires little
judgement.

Notes
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Although Bloom’s taxonomy is usually regarded as distinct from Piaget’s stages, it should
be noted that Bloom too recognised the increasing demands of material according to its
specificity or generality; this is a comparable quality to what Piaget termed ‘abstractness’.
(Inhelder and Piaget, 1958). Thus, the cognitive processes described by Bloom were
further sub-divided by him and his collaborators, on the basis of the specificity of the
subject matter. The sub-divisions are listed in order of increasing generalisability and,
concurrently, in order of decreasing specificity, which is associated with a higher level of
cognitive demand. For example, the act of knowing can be put in sub-categories (Bloom,
1956: Krathwohl, 2002):
• Knowledge of specifics — technical vocabulary, facts specific to one context
• Knowledge of ways of dealing with specifics — trends and sequences, classifications
and categories
• Knowledge of the overarching principles — principles underpinning the ways of
dealing with specifics, generalizations arising from the ways in which specifics are
handled, general theories
For example, the ability to sort named materials into acids and non-acids, is a lower level
of knowledge than that to recognise that all acids turn litmus red, which is a lower level
than recognising that all acids react with the indicator molecule to give the colour change.
Similarly, the process of analysis may be classified as:
• Analysis of individual elements
• Analysis of the relationships between elements
• Analysis of organizational principles
Thus, a pupil who recognises that all the formulae of the acids he/she knows contain
hydrogen is working at a lower level than a pupil who recognises that all (Brønsted-Lowry)
acids contain hydrogen but that not all hydrogen-containing substances are acids. The
highest level of analysis is to recognise that those materials which are acids are substances
which can lose a hydrogen ion and leave a stable ion.
The examples above indicate that, according tom, the cognitive demand of learning which
is limited to one particular context, is less demanding than knowledge which incorporates
an awareness of the context of the learning within a wider body of knowledge and
understanding. Thus a taxonomy of learning can be created from the level of specificity or
generalisability of what has been learnt, as well as from the Bloomian level of processing.
The latter, contextualised and connected learning, which incorporates recognition of the
interconnectedness of knowledge, is described as ‘deep learning’, an idea defined by
Norman Webb (2005) and used to articulate four levels of learning in a taxonomy derived
from Bloom’s . Webb’s taxonomy modifies Bloom’s taxonomy in a manner that encourages
educators to challenge pupils to move on to deeper learning by reducing the proportion of
the hierarchy assigned to the less challenging, specific content and processes.
Webb’s levels are intended to support teachers in recognising and planning for progression
in the demands of the material they teach, the learning they intend to take place, and the
means by which they can assess the learning. He drew attention to the over-representation
of the two lowest Bloomian processes, knowledge and understanding, in much teaching
material. However, it should be noted that these are by far the most straightforward to
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test, since answers are less subject to individual judgement. As a result, assessments
can be readily standardised at school, regional or national levels which makes outcomes
(of a particular type) relatively easy to establish. Webb himself envisaged these levels
as stimulating the provision of opportunities and assessment of, deeper thinking being
which is incompatible with current U.K. pressures to demonstrate progress within a single
lesson. Nevertheless, the notion of engendering deep learning over a well-planned short
sequence of lessons, with concepts being re-visited, remains both achievable and desirable.
An example of such a sequence is given in Table 3.
Table 3: Webb’s four Depth of Knowledge Levels with the corresponding Bloomian Levels
Webb’s Level
Recall
and Reproduction

Description of Webb’s Level and example
The ability to recall and reproduce a piece of
information. E.g. Name three elements.

Bloom’s Level
Knowledge

Skill/ concept

Thinking which requires more processing
than simple recall, therefore requiring more
than one cognitive process. E.g. Name three
elements and classify them as metals or nonmetals

Understanding
Application

Strategic Thinking Requires a sequence of reasoning, developing a Analysis
complex solution to a question which has
more than one possible answer; uses higher
Bloomian levels than Skill/ concept.  
Extended Thinking As Strategic Thinking, but
Synthesis
requiring consideration of several different
factors in achieving a solution, requires
Evaluation
repeated revision over a period of time.
Just as previous theorists, most notably Webb, state that the handling of multiple elements
in an inter-related way is a mark of higher level cognitive processing, a similar notion
currently in common use, is the S.O.L.O. taxonomy (Structure of Observed Learning
Outcomes) (Biggs, Collis, 1982). This too is a system which considers the number of
elements which are incorporated into a piece of learning, and their relationship to each
other (see Table 4 for an outline of the SOLO taxonomy). Whilst this approach might,
in a possible unintended outcome, encourage the superficial learning of large numbers
of random facts in order to make some progress, further progress can only be made by
building connections between the facts. Thus, it can motivate pupils to execute deep
learning. In contrast to the earlier taxonomies described, it is aimed at pupils, being based
on a theory of teaching and learning, rather than a theory about knowledge (Hattie and
Brown, 2004). Pupils are able to use the symbolic representations and associated levels
both to self-assess and peer-assess; many of them find that having a way of describing their
learning, or undertaking ‘meta-cognition’, in turn improves their learning (Flavell, 1979).
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Description

Pupils have partial or
inaccurate grasp of the
material being studied, and are
unable to start constructing
meaning.

Pupils acquire a few pieces
of knowledge which bear no
relationship to each other or
any previous learning; they
can develop a line of reasoning
with respect to the selected
feature.

Multiple aspects of the study
material being studied are
recognised, but are treated
as distinct and unrelated. (A
similar quality of learning
as uni-structural but
encompassing more pieces of
information.)

SOLO level

Pre-structural

Uni-structural

Multistructural

Symbol

Piaget’s concrete operational
Bloom’s Knowledge/
Understanding
Webb’s Skill/ concept

Piaget’s pre-operational stage
Bloom’s Knowledge
Webb’s
Recall and Reproduction

Corresponding level on
other taxonomies

Pupils know a number of
Piaget’s concrete operational
everyday products which are
Bloom’s Analysis
made from the different Earth
Webb’s Skill/ concept
materials.
They are also able to categorise
Earth materials according to their
properties.

Pupils can identify which Earth
materials give iron, lime and
diesel.
Similarly, they can identify which
minerals we are likely to exhaust
supplies of first given appropriate
data.

Pupils have heard of a number
of useful materials, such as iron
ore, limestone, crude oil, which
are extracted from the Earth and
atmosphere.

Example

Table 4: An outline of the SOLO taxonomy (Structure of Observed Learning Outcomes)
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The relationship between
the different aspects of the
study material are understood;
this is the level of learning
that equates to an adequate
understanding.

The pupil is now able to
appreciate the significance
of the parts in relation to a
wider body of knowledge and
understanding and is working
at a higher level of abstraction.
At this level, the pupil is
working at a higher level
of abstraction and is able to
generate new ideas, based on
their mastery of the material.

Relational

Extended
abstract

Piaget’s formal operational
Bloom’s Analysis
Webb’s Strategic thinking

Piaget’s formal operational
Bloom’s Application and
Synthesis
Webb’s Extended Thinking

Pupils are able to identify that
crude oil is the most useful
because it is provides so many
fuels and polymers.

Pupils are able to understand
that the usefulness of crude oil is
the direct cause of its high rate
of use. They are able to suggest
benefits of reducing the rate of oil
extraction.
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Good practice: choosing the right learning taxonomy
As the preceding descriptions show, most taxonomies in current use are based on Bloom’s
taxonomy, so are valid to an equivalent degree. However, since pre-service teachers have to
engage very rapidly with the teaching culture in their placement school, it would certainly
be advisable to find out which taxonomy, if any, are being used in their school. Beyond this
practical consideration, it would be advisable to select the taxonomy which best enables
them to meet the learning needs of their pupils. If they wish to engender greater breadth and
depth of knowledge and understanding, and especially if their pupils are likely to struggle
to articulate their own learning, the S.O.L.O. taxonomy with its symbolic representation,
may be a useful starting point. If, however, the need is to improve pupils understanding and
analysis of variables in science, a systematic exploration of Piaget’s schemata may be more
appropriate. For the formulation of differentiated objectives and outcomes on a lesson-bylesson basis, Bloom’s taxonomy has been found to be reliably useful, whilst Webb’s Depth
of Knowledge provides a useful amalgamation of Bloomian levels with recognition of the
role of the complexity of the task in determing a task’s overall demand.
Whatever taxonomy or taxonomies are selected, it is crucial that teachers remember that
the greatest learning gains will be made where pupils are actively involved in their own
learning. This means that they need to understand the objectives and outcomes, have the
opportunity to select objectives and outcomes which are meaningful for them individually,
and given the opportunity to self- or peer-assess their progress against the target outcomes.
Critically, time needs to be allowed for reflection and dialogue about levels of thinking
and learning described by a taxonomy. Ironically, spending time on reflection often seems
wasteful or unnecessary to PSTs feeling under pressure to deliver a body of knowledge.
However, it is the undertaking of these meta-cognitive processes which will help pupils to
retain and build upon the subject matter most effectively (Flavell, 1979).

Assessing the achievement of learning objectives through learning outcomes
Learning objectives are statements of intent describing sustained transformations in the
learner’s brain which can be applied in contexts other than that of an individual lesson.
A typical example might be, ‘to recall the properties of a metal’ which does not depend
upon the specific metal investigated in a single lesson. However, these cannot be directly
ascertained, and pupils commonly agree that they have, indeed, learnt what was intended,
whether or not they have (Sung et al,2005). An alternative term for these outcomes, which
is commonly used, is that of ‘Success criteria’ which teachers find it motivates pupils since
they are able to tell when they have successfully mastered a concept (Williams and Black,
1998).
A direct corollary of the emphasis on progression through a taxonomy of objectives (or,
alternatively mastery of a range of typological objectives), is the need to assess whether
the intended objectives have indeed been achieved. Therefore a corresponding learning
outcome needs to determined, which is verifiable and more specific, such as ‘Can list five
features of a metal’. These outcomes can be used to construct a series of criteria which can
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be used to assess the extent of learning, and to which numeric values can be attached for
assessment purposes4. For example:
1 point: Can name five features of a metal.
3 points: Can explain why the five properties of metal make them useful materials.
5 points: Can recognise five useful features of metals and three features which limits to the
usefulness of metals.
8 points: Able to evaluate the usefulness of metals compared to other materials, such as
polymers.
10 points: Is able to select and justify a choice of material for a purpose e.g. building an
aeroplane.
By focusing on the intended learning objectives and the corresponding outcomes,
educators are pushed into careful consideration of the learning activities they ask students
to engage with. Activities are transformed from being a means of conveying information or
constructing meaning to the mechanism by which learning can be assessed as well. For the
effective deployment of learning taxonomies, it is essential that the learning objectives and
learning outcomes correspond to the planned activities and assessment tools. An example
of a lesson (which might be taught to 11-13 year-olds) planned according to learning
objectives, learning outcomes as well as by activity is shown in Table 55. (The format is
not that of a typical lesson plan, but has been set out to show the correspondence between
the elements of the plan. Nevertheless, the elements are those of a more conventional plan).

4
5

		 see also the chapter “Design of Learning and Assessment Tasks”
		 see also the chapter “Planning a Good Chemistry Lesson”
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Evaluate the usefulness Recognise and
of a different indicators. synthesise the relative
advantages, including
sensitivity and cost, of
a mixture of indicators
compared to a single
indicator.

Try mixing three
different indicators
from Activity 1 and
try adding increasing
amounts of a) an acid
and b) an alkali.

Choose three indicators
from Activity 1 and
test unknown liquids,
marked A-E.

Apply knowledge
of indicators to the
identification of
unknown of acids and
alkalis.

Apply the results from
Activity 1 to enable
the identification of
unknown chemicals as
acids or alkalis.

Complete results from
activity 1 on to a results
grid showing indicator
colours.

Know that different
Be able to name the
indicators give different colour of named
colour changes.
indicators with acids or
alkalis.

Learning Activity
Try out different
indicators, including
litmus, tea, cumin
extract, red cabbage
water, indigo with
hydrochloric acid and
sodium hydroxide.

Learning Outcome/
Success criteria

Know that indicators
Be able to state correctly
change colour with acids whether a substance is
and alkalis.
an indicator after testing
it with known acids and
alkalis.

Learning Objective

Ask how the behaviour
of the mixture of
indicators differs from
a single indicator,
and in what ways it is
similar.

Correct classification
of five unknown
solutions as acid/ alkali
or neutral.

Completion of a
results table showing
colour changes of
test substances and a
summary stating which
of them are indicators.

Assessment

Group discussion about
a series of ‘True, false or
don’t know’ statements,
and a completed group
answer sheet.
Teacher to use these to
inform the plan for the
subsequent lesson.

Self-assessment against a
completed table, or peer
assessment by comparison
of results.

Self-assessment against a
completed table, or peer
assessment by comparison
of results.

Delivery and verification
of assessment

Table 5. Exemplar learning objectives with corresponding learning outcomes for a sequence of learning activities during a lesson

Jane Essex

Apply their knowledge
of indicators to explain
why universal indicator
is a commonly used
indicator.

Explain what the
features of a useful
indicator are.
Recognise and
synthesise the relative
advantages, including
sensitivity and cost, of
a mixture of indicators
compared to a single
indicator
Apply your knowledge
of different indicators
and evaluate a selection
of indicators.

Given a range of
indicators, acids and
alkalis, and information
about cost and hazard,
investigate which
indicator is the best.

Ask pupils to choose
the best indicator to
tell the difference
between different sorts
of acids and alkalis. It
should be safe and not
too expensive.

A set of key points
and evidence would
be valuable for the
assessment of pupils’
answers. These could be
shared with pupils before
they write their final
answer (formative selfassessment) or used by the
teacher after completion
of the task (summative
assessment).
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Recommendations for future practice in Teacher Education
•

•

•

•
•
•

PSTs need to gather evidence on pupils’ prior attainment and use this to determine
Learning Objectives and Learning Outcomes which will give progress from their
starting point.
It is important that PSTs match the Learning Objectives and Learning Outcomes to
the current and projected capacity of the learners. Don’t let the setting of low level
objectives create a ceiling to achievement or aspiration. A suggested distribution is a
pyramidal one, with a greater proportion of lower order thinking skills and decreasing
levels of higher order thinking skills. This can be adjusted upwards, with a higher
proportion of higher order thinking skills, as the classes need dictate but should not be
adjusted downwards. Remember, low expectations generate low attainment.
Check pupils’ understanding of Learning Objectives and Learning Outcomes . Ensure
that they recognise what a suitable Learning Outcome looks like; involve pupils in
selecting suitable target outcomes.
Plan activities which enable pupils to demonstrate the target Learning Outcomes fully.
Consider the value of modelling successful fulfilment of the Learning Outcomes e.g.
through the provision of ‘model’ responses or show casing pupils’ work.
Devise formative assessments based on the graduated Learning Outcomes; enabling
pupils to use assessment against intended outcomes and then using this to shape
subsequent learning activities is very powerful tool for enhancing performance.
(Williams and Black, 1998).
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Understanding and Using Chemistry Curricula for Effective
Teaching
Mustafa Sözbilir, Paola Ambrogi
Introduction
Planning teaching/learning process starts with decision on the content what to teach
and how to teach it. A growing body of research focuses on investigating the ways in
which teachers use curriculum to design instruction. Research results indicate that
effective teachers hold an analytical stance toward curriculum materials, critiquing and
adapting them to achieve productive instructional ends (Beyer & Davis, 2012). Analysing
curriculum materials is essential for effective teaching at least from two reasons. First,
parallel to the recent developments in educational researches curriculum materials changes
regularly. To compete these changes teachers need to follow curricular materials regularly
and recognize the changes and adapt them to their classroom needs as well as considering
their knowledge and skills. Second, as curriculum developers take the stance of wider
audiences usually, teachers need to adapt the curriculum to their school environment and
student needs. For these two basic reasons teachers need to be cautious, perhaps ought
to be critical against the curriculum materials instead of directly applying them without
any questioning. Even though critiquing and adapting curriculum materials are essential
aspects of teaching practice, novice teachers encounter difficulties with these tasks (Beyer
& Davis, 2012). Teaching is commonly viewed as a craft (Eisner, 1983). Teachers, in
many ways, must perceive and interpret existing resources, evaluate the constraints of
the classroom setting, balance trade-offs, and devise strategies – all in the pursuit of their
instructional goals. Therefore it is essential to help teacher how to analyse the curriculum
materials and adapt them into their teaching circumstances such as student needs and
interest and his/her own knowledge and skills. Therefore in this chapter, we will focus on
how to help (future) chemistry teachers to analyse and understand the curriculum and adapt
into their classrooms.

Theoretical Framework
Although the concept of curriculum is complex and it often confused with the concept
such syllabus since the terms are used differently on either side of the Atlantic. A common
understanding of the term by those involved in education is essential. We would like to
share with the reader a common meaning of the terms used in this chapter: curriculum,
syllabus, standards, and lesson plan.
Curriculum is a very general concept, which involves consideration of the whole complex
of philosophical, social and administrative factors, which contribute to the planning of
an educational programme. Syllabus, on the other hand, refers the subpart of curriculum,
which is concerned with a specification of what units will be taught. The European term
syllabus and its North American counterpart curriculum often seem to be very close in
meaning and sometimes further apart, depending on the context in which they are used.
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Curriculum is usually designed at the State or National Level. It can also be designed at
the College or Institute level so that the teachers are aware of the content to be taught
throughout the year. It is a systematic representation of not only the content but also
upon the ideas of how to teach the students. It also acts as a guide for deciding about the
assessment criteria to be used and is also used as a roadmap to decide upon the subject
content by many educators.
Syllabus is created by the teachers for their respective courses and is usually focussed
upon a particular class. Syllabus provides the learners with an overview of the course
content in order to allow them to understand the expectations by the term end. Syllabus
generally provides the students with the schedule of teaching to be undertaken, with details
of submissions of projects, assignments, assessments, etc.
On the other hand it is common to hear yet another concept adjacent to curriculum is
standards. It is commonly used in places where there are several states that are free to
develop their own curricula. Standards are expectations that are set for the federal state
to ensure the quality of education throughout a country. For instance, we expect students
studying chemistry in schools to be able to learn and apply the laboratory safety procedures,
design and carry out an experiment to test a scientific fact, develop a scientific viewpoint
etc. In this sense, standards define what all students are expected to know and be able
to do, but not how teachers should teach. While, standards focus on outcomes1, in some
sense optimal learning objectives for a student, curriculum or syllabuses have to take
care of the standards that are established by the state. However, it is also common to see
standards embedded into a nationwide curriculum in places where education is centralised
and governed by a single authority as is the case in Turkey. To sum up, standards are
content free. For instance a standard such as “design and carry out an experiment to test a
scientific fact” could be achieved either teaching organic chemistry or analytical chemistry.
Therefore, in many cases large states focus on standards rather than content dependent
curricula.
Lesson plans are important part of instruction that are made by teachers in the line of
the standards, curriculum or syllabuses2. It is the teacher road map of what students need
to learn and how it will be done effectively during the class time. In other words it is a
teachers’ detailed description of the course of instruction for an individual lesson to meet
the objectives of the lesson. A successful lesson plan addresses and integrates objectives
for student learning, teaching/learning activities and assessment strategies to ensure student
understanding. Teachers need to identify concrete objectives from the more general and
abstract aims that set out by the standards or curricula. Therefore developing analyse skills
of curriculum is essential for the teachers.
To sum up:
• Curriculum is a complete plan of learning, to include all subjects and materials to
be studied in a given period. Typically this is for a semester, term or academic year.
Longer period i.e. a course of study and for educational perspective.
• Syllabus is a plan of action for one course, from beginning to completion. Typically
this is for a semester, term or academic year.
1
2
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•
•

Standards are statements. Standards define what is to be learned by the end of a school
year.
Lesson Plan is a plan of action for the teacher for one particular lesson (which may
encompass more than one class period).

The following table 1 summarizes the properties of standards, curriculum, syllabus and
lesson plan.
Table 1. Comparison of various curriculum related terms
Curriculum

Syllabus

Standards

Lesson Plan

Who
define?

Ministry or
central or local
education
authority

Teachers / head
of departments
in schools

Federal State or
Ministry

Teachers

Whom
for?

Awarding body,
educational
organisations

Teachers,
students

Awarding body,
educational
organisations

Teachers, head
of departments,
Principals

Contents

Broad, detailed

Simplified
version of a
curriculum

Broad, abstract

Detailed
guidelines for
teachers to carry
out a lesson.

Teachers’ Use of Curriculum:
Why the curriculum should be used by a pre-service teacher?
Researches (cited in Brown, 2009) have revealed a number of ways that teachers interact
with curriculum. First, they select materials to make their day-to-day decisions about
which of the program’s available resources to use. These decisions are dictated by their
knowledge, beliefs, skills, and goals. Second, they interpret these materials, both in
planning and during instruction. How they perceive and understand different features of the
materials is determined by both the quality of the designs and their own capacities, as well
as features of the context. Third, they reconcile their perceptions of the intended goals with
their own goals and capacities, as well as with the constraints of the setting. Fourth, they
accommodate the talents, interests, experiences, and limitations of their students. Finally,
they often depart from the intended plan to add their own embellishments, modify existing
structures, or omit parts that do not interest them or are beyond their own capacities or the
capabilities of their students (pp.22-23).
The curriculum and the educational standards, when present, provide teacher with guidance
to teaching and evaluating. To use the curriculum for an effective teaching the teacher must
know the components of the curriculum and must be able to analyse them because the
curriculum is the starting point for teaching planning. It provides inexperienced teachers
with suggestions to design the lessons, and gives experienced teachers information to
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keep up to date their teaching approach preventing them to offer students a well-tested
but pre-packed lesson that could be inappropriate to the new requests of the socio-cultural
educational context.

Analysing the curriculum:
How can the curriculum be analysed?
The curriculum provides teachers with useful information to design effective teaching. By
analysing the curriculum the teacher can find information about a) the educational aims,
b) the subject knowledge and cognitive and practical skills that students should develop
related to chemistry, and c) the assessment and the educational standards.
a. The educational aims
The corner stone of the curriculum is the part in which are presented the educational aims.
The teacher should start from the analysis of this part because here is described the cultural
vision of the education and the educational purposes assigned to chemistry. This aims
include the particular nation, state and institution priorities that intended to be transferred
to the future generations.
Concerning the aims, usually nowadays, the curricula take into consideration the
development of the individuals and their competences. EU has started to devote attention
to competence-based instruction in the 80’s and competence-based curricula are now
present in many counties. To prepare the future generation of citizen to take actively and
consciously part in the social life the main features of the socio-cultural environment must
be considered and school must address them. Our society and everyday life are deeply
influenced by science and technology and the knowledge of science and chemistry is
indispensable for the citizen who wants to make informed decisions.
Curricula are now student centred and the student is the active subject of the learning
process. The focus shifted from the subject to the person and teachers should bear in
mind this very important point. The students are not regarded as perspective scientists but
as citizens and the knowledge of and about science, should enable them to actively and
responsibly participate in the society. On those basis sciences education should merge the
specific contents and processes of science with the purposes of education but as Bybee
points out “science educators have tended to pay more attention to science and less to
education in their definitions and justifications of goals” (Bybee, 1987, p.671). Chemistry,
with its contents, concept and methods, should cooperate in the educational process
to enhance students’ functional competences, and we can say, inspired by Holbrook &
Rannikmae (2007) that teachers should provide students with education through chemistry
better than chemistry through education.
This paradigm shift in education and in school science as well calls for a renewed idea of
chemistry education. Pure knowledge is not more enough, if it ever was, and meaningful
knowledge and high order cognitive skills must be promoted to enable the students to
became active and aware citizen. In this perspective curricula have been changed and
consequently the teaching methodologies should change as well. The traditional mostly
transmissive, teacher-centred or subject-centred, approaches should give space to student-
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centred approaches that see the students actively engaged in constructing their knowledge
in a contextualized scenario that should prepare them to face the real life challenges.
Because teachers usually tend to teach the way they were thought it is very
important to make perspective and in service teachers conscious that the aims
of chemistry education change and consequently also the teaching methods
change. Teachers must be sensible and pay attention to the dynamic nature of the
curriculum that implies changes.
b. The subject knowledge and cognitive and practical skills
Concerning the subject matter, students should develop not only knowledge and conceptual
understanding of the key concepts and contents that are at the basis of chemistry, they have
also to understand the processes and methods that chemistry uses to develop knowledge.
The knowledge and understanding of the processes and methods of science can help
students to answer scientific questions about the world around them3. Students should
know the different types of science enquiries and should have the opportunity to put them
into practice, for example using the Inquiry Based Science Education (IBSE) approach in
chemistry lessons4.
Another important aspect, in the framework of competence-based curricula designed for
the education of conscious and active citizens, is to develop the students’ capability to use
scientific knowledge to recognize the use of chemistry. Students should understand and
evaluate the use of chemistry and its implications in the society and in the environment
both in the short term and in the future. The structure and the basic concepts of a subject
do not change as quickly as the cultural context and during the academic training teachers
should have built up a body of key foundational knowledge, concepts and contents that
are useful for school chemistry education. Furthermore, often the curriculum offers the
sequence of knowledge and concepts that must be covered in the different school grades.
Some curricula provide examples of what the teacher should teach, other provide examples
of what the students should be able to do with their conceptual and practical knowledge and
sometimes are released the description of the learning outcomes ranked into their standard
levels. If the curricula do not release compulsory contents or performance standards, it
could be more challenging for the teacher to select the contents, knowledge and skills that
are useful to develop the students’ competences at a specific school grade. In such a case,
like in the Italian situation, the cooperation with other teachers is indispensable to select the
components of a teaching path that can facilitate the students to develop meaningful basic
knowledge. Teachers should feel free to select some main subject topics among the ones
that are present in the core-content or the “lowest common denominator for contents areas
in chemistry curricula“. The focus is, not only to let students know the important contents
that are at the basis of chemistry but to bring the students to consider the fundamental
chemistry concepts and the methods typical of the discipline such as the use of models,
the capability to formulate and verify of hypothesis. In the perspective of the principle
“less is more” the main point, at compulsory school level, is not the amount of knowledge
but what students are able to do with their knowledge. So the very important point for
3
4

		 see also the chapter “Chemistry and Context”
		 see also the chapter “Inquiry Based Chemistry Instruction”
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teachers is to use the indications the curriculum gives to enable students to use skilfully
and sensitively their practical and theoretical chemistry knowledge. And because education
is for the fulfilment of the individual potentiality the mastery of chemistry knowledge and
the related cognitive and practical skills should not be disjoint from the social skills. The
teaching methods are as important as the contents taught. The very nature of the renewal
probably is in the shift of the focus from the discipline to the student.
When examples of contents, knowledge, skills and outcome standards are released
the teachers are provided with a clear guide of what the students should be able
to do to meet the national standards. When the standards are not present the work
of the teachers is more challenging; nevertheless the next point is: how to enable
the students to reach the standards? This question brings to consider the teaching
methods5.
c. The assessment and the educational standards.
Concerning the assessment, the assessment tools are tied to educational aims and
evaluation standards. When standards are released they guide the design of the assessment.
For the traditional assessment of knowledge, contents and cognitive skills there are well
known assessment tools like objective tests, false-true and multiple choice items6. For the
assessment of practical skills there are as well traditional assessment tools that usually are
the assessment of the results of the practical work and the assessment of the laboratory report
depending on the standard the curriculum gives. In the perspective of the development of
students’ competences the assessment tools should address the higher order cognitive skills
(HOCS)7. To asses HOCS and competences usually are requested complex assessment
tasks. It is not sufficient that students recognize the correct answer but they have to create
their answer. It could be a written report, a design of a project. Usually to design and carry
out a project is an activity that last some days of work. The students’ assessment usually
is based on an evaluation rubric, an assessment tool that suit the assessment not only of
the product but of the process that brought to the creation of the project. The assessment
of the process is important to allow the students to recognize the weaknesses and recover
as well as to become conscious of their stronger aspects. Therefore, the main goal of the
assessment should be not the mere ranking of students into their levels, but an opportunity
for student to learning and for teachers to gain feedback to redesign the teaching activity
and to scaffold the students.

Good Practice Example:
What indications give curricula to designing effective teaching?
Curricula usually provide, if any, just broad indications about the methods to use for an
effective teaching. Usually the teaching methods depend on the age of the students and the
context, as well as on the topic and the educative aims. Of course the description itself of
the educational aims and the topic gives hints about the appropriate methods. But at the
		 see also the chapter “Planning a Good Chemistry Lesson”
see also the chapter “Design of Learning and Assessment Tasks”
7
see also the chapter “Taxonomies of Learning”
5
6
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basis of an effective teaching approach is the student’s motivation. The motivation can
arise when students perceive the importance of the topic they have to master. The active
engagement of the students seems to be an important factor. In science and chemistry
education the active learning and the Inquiry Based Science Education approach is useful
not only to engage students but also to foster the students’ capability to formulate and
verify hypothesis. Another important point is to offer students activities and contents that
they can tackle. To do so the level of the students’ cognitive and practical skills, as well
as the knowledge they master, must be checked before designing the teaching activities.
The previous educational experiences of the students are very important and must be
considered as the starting point. It must be borne in mind that the traditional transmissive
methods can be useful to convey a great amount of information in a short time but usually
in the long term the students do not retain the information. Furthermore, the traditional
transmissive methods do not match the aims of the curricula that focus on the promotion
of students’ competences for which is much better the active learning. The active learning
and the student-centred approach is time consuming but the knowledge constructed is
long lasting because the students develop understanding of knowledge. Also the use of the
cooperative learning is recommended to promote social skills. While the use of multiple
languages and ICT is suggested to enhance the students’ communication skills, and the
argumentation is advocate to improve the capability of reasoning and judgment. Probably a
blended use of the two approaches, the traditional and the active learning could be helpful.
At the beginning the teachers could use just a few simple active learning activities to put
into practice the new indications present in the curricula and then they can add more. The
important is not to be afraid to try.
Teaching methods are tied to the educative aims and the subject topic, but the main
point is the student. Teacher must be aware of the students’ starting situation, of
their knowledge and of their interest to offer them engaging activities.

Adapting the General Curriculum to a Particular School Case:
How to make a lesson plan, unit plan, or yearly plan?
The analysis of the curriculum provides guidance, but how to put the indications into
practice? Usually the teacher has to design a teaching plan that covers a school year. After
setting the general yearly plan the teacher should split it into smaller units that last for a
shorter period of time. It is important to set the structure also of the single lesson. The
lesson planning is very important. It allow the teacher to clearly know what to do and at
what time. Every lesson should start with a clear exposition of its aims and themes. Teacher
should bring to the students’ attention to the concepts studied previously, that are useful to
approach the new ones. Then, at the end of the lesson, it is useful to briefly summarize the
most important points of the lesson.
The teacher, while setting the time devoted to each teaching module or unit, should schedule
extra time to the assessment activities. Furthermore, the teacher should provide not only
for the time that an average skilled student needs to understand the block of knowledge,
but also for the extra time needed by the less skilled students. While the weak students use
the extra time to recover, the skilled and talented ones can deeply study a particular aspect
of the current topic.

55

Mustafa Sözbilir, Paola Ambrogi

While designing lesson plans teachers could be tempted to find a short cut simply by
following the textbook. Textbooks are usually written by authors who should have analysed
the curriculum, nevertheless teachers have the responsibility for the lesson plan and they
should know how to analyse the curriculum in order to design a lesson plan suitable for
their students and even to select the textbook.
To design a lesson plan the teacher must be able to analyse the curriculum to decide what
to teach and how to teach it.

What to teach
To decide what to teach the teacher should answer the question:
Why is this particular topic/skill important?
This should be one of the first questions for a teacher to answer. Because while selecting
the topic/ability to teach the teachers must have clear the importance of the topic for the
student’s education. The curricula, in fact, presents the chemistry contents or contents areas
that are important for the students’ chemistry education considering their age and the type
of school. But the teacher should select the topics to teach and the sequence in which to
teach them to facilitate the students’ learning on the bases of the students’ pre-knowledge8
and their level of cognitive and practical skill.

How to teach
How can this topic be taught? How can this specific topic be used to develop students’
knowledge/skills/competences?
Those are the sequent questions that a teacher should answer. Because after selecting the
topic to teach, it is important to decide how to teach it. The teaching method, especially
in the perspective of a student centred approach, is strictly tied to the educative aims, the
student needs, and the facilities available. The decision should take into account, once
again, the students’ pre-knowledge and focalize on the skills and competences that they
should develop. The same topic can call for different teaching methods, i.e. the separation
of a mixture into its components can be carried out to improve the students’ practical
skills in using a specific laboratory apparatus or to enhance students’ problem solving
capabilities or to make the students conscious of the different properties of the matter.
Learning goals and students’ initial and final cognitive and practical skills will drive the
decision. But other important components are the time available at school and the facilities
offered, i.e. the type of classroom present at school, the presence of a laboratory and its
apparatus and instruments.
Not less important are the standards and the assessment criteria, when present they will
drive the design of the teaching /learning scenario.
The following is a schema to help teachers to design a teaching plan addressing all the
main points of the curriculum. The schema helps teachers to planning chemistry lessons
considering the educational aims of chemistry and its subject contents, the times to devote
to each part, the teaching methods to use and the assessment tools to employ to adapt
chemistry teaching to the context.
8
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A possible template is given below to help chemistry teachers to design a lesson plan:
• Learning goals/Learning outcomes
The learning goals could be grouped into different domains, i.e. knowledge, skills and
competences like in the table below:
Knowledge

Skills

Competences

____________________
____________________
____________________
• Teaching Modules/Units
The main contents of each modules or units are listed and described in sequence and by
duration
Module /Unit (name…………........) Period (from/until..................................)
1.
2.
3.
Module /Unit (name…………........) Period (from/until..................................)
1.
2.
3.
• Necessary prior knowledge:
The concepts, and contents should be listed and described
………………………………………
……………………………………….
• Students’ levels of knowledge and skills
-- tools to check the students’ levels of knowledge and skills:
-- objective tests, i.e. multiple choice tests, questionnaires, false/true items...
-- open ended tests, i.e. written production, reports, interviews, practical works, ...
-- direct observation, structured, i.e. using check lists, or not structured,
-- other
• Teaching activities to bridge the gap between the students’ knowledge and the necessary
prior knowledge
-- homework
-- lessons at school
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Teaching methods
• traditional lecturing
• interactive lecturing
• inquiry-based learning
• project based learning
• context and problem based learning
• workgroup, i.e. cooperative teaching,
learning, traditional group work
• use of ICT, i.e. virtual labs, web quests
• practical work, i.e. open-ended
experiments, group laboratory classes
• other

Teaching tools
• Text book
• Software for chemistry didactics
• Schemata and tables		
• Magazines, chemistry journals
• Videos
• Internet
• Other

Resources: Spaces and facilities
• Classroom
• Library 				
• Laboratories
• PC
• Overhead
• Videotape
• TV
• Other

Assessment
• formative
• summative

Assessment tools
• written tests
• oral examinations
• questionnaires
• workgroup products
• reports
• rubric for student’s presentations,
projects or deliverables
• other

The evaluation is based on:
• assessment marks
• assessment outcomes
• level of student’s engagement in
learning activities
• progression of the cognitive and
practical skills
• level of competences achieved
• other

An example of a Lesson Plan
To design a lesson plan first of all the teacher must address the curriculum and then all
the resources and constrains. An example can be useful to make more concrete what has
been presented, although only the presence of a real class and a real context can provide
sense. For example in Italy the teachers of the different schools have to design their own
Chemistry curriculum. The Ministry of Education set three competences for the Cultural
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Axis Scientific-Technological, of which Chemistry is part (MPI, 2007) and provided
guidelines for Chemistry. The Guidelines for the compulsory school (grade 9-10) of the
Technical Institute contain broad descriptions of learning outcomes and provide lists
of knowledge and skills useful to promote students’ learning outcomes (MIUR, 2010).
The knowledge and skills are purely indicative, because their selection, in order to draw
curricula, is up to the teacher; in fact “the articulation of the subject into knowledge and
skills is indicated as a guide for the teacher to design didactics paths in relation with the
choices that will be done in the collegial didactics planning of the Consiglio di classe
(Class Council)” (ibid. p.78), and it is not compulsory.
The following example is for a grade 9 course of chemistry. In Italy the 15 year olds take
their first course of chemistry at Grade 9. It is a three hours per week course for a total of
99 hours yearly. Only one hour per week is devoted to the practical work with the use of
the laboratory.
The curriculum the topic and the related subject contents. After selecting the topic, the
teacher should set the amount of hours to devote to teaching it on the basis of the annual
amount of hours and the importance of the topic. After this the teacher must consider how
many hours allocate to the practical works. The contextualization of the can be choice on
the basis of the educative profile

Module: properties of matter and its transformations.
This module can be split into units as showed in the table 1.

59

Mustafa Sözbilir, Paola Ambrogi

Table 1: The schema of a teaching module split into its units.
Module: properties of matter and its transformations. Time allocated: 24 hours
Unit Topic
Outcomes
The student should be able to:
The physical states of
-- Make measurement of mass, volume,
matter.
temperature, density, melting point, boiling
point (to be used in the identification of the
-- Phase transitions.
substances).
1.
Melting point and
boiling point.
-- Make investigations in small amount and with
non-hazardous materials, to protect the personal
safety and the environment.
Homogeneous and
-- Define a mixture both homogeneous and
heterogeneous mixtures.
heterogeneous.
-- Separation methods
-- Distinguish homogeneous mixtures from
of homogeneous
heterogeneous ones.
2.
and heterogeneous
-- Separate a mixture into its components
mixtures.
by filtration, distillation, crystallization,
centrifugation,
chromatography,
solvent
extraction.
Concentration of solutions. -- Calculate the content of solute in the volume of
solution from its percentage by mass or volume
3.
-- Percentage by mass
and vice versa.
and/or volume.
Pure substances, elements, -- Define a pure substance.
and compounds.
-- Understand the difference between elements
-- Names and symbols of
and compounds, and the difference between
the
elements.
compounds and mixtures.
4.
-- Ponderal laws
-- Understand the meanings of the ponderal laws.
-- IUPAC Nomenclature
-- The periodic table.

The example for Unit 2.
Title: Homogeneous and heterogeneous mixtures.
Topic: Separation methods for heterogeneous and homogeneous mixtures into their
components
Time: 9 - hours (3 hours of practical work, duration: three weeks) for the basic module. If
IBSE is implemented it will require 6 more hours.
-- Learning goals/Learning outcomes
Students should understand that many materials are mixture and mixture can be separate
into their components. Students learn to identify heterogeneous and homogeneous mixtures
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and how to separate heterogeneous and homogeneous mixtures into their components using
different techniques.
The learning goals could be grouped into different domains, i.e. knowledge and skills.
Here are not reported the competences because they should referrer to a longer period or a
module. Anyway this unit can contribute to develop the first of the three Italian competences
for Chemistry set at compulsory school level, which is: “To observe, describe, and analyse
phenomena that belong to the natural and artificial reality, and to recognize in their different
shapes the concepts of system and complexity.” In the example of unit plan showed below
in Italic type are the knowledge and skills selected among those released by the Italian
guidelines for chemistry and in normal type are those added by the teacher.
Knowledge

Skills

The student should be able to:
--

Separation
methods of
homogeneous
and
heterogeneous
mixtures.
Difference
between pure
substances and
a mixtures.

-Separation
of mixture
by filtration,
distillation,
crystallization,
centrifugation,
chromatography,
solvent
extraction.

--

--

----

Define a mixture both homogeneous and
heterogeneous.
Distinguish homogeneous mixtures from
heterogeneous ones.
Select the method of separation on the basis
of the properties of its components, i.e.
filtration to separate heterogeneous mixture
containing solid particles; distillation for
homogeneous mixture of components with
different boiling points.
Separate a mixture into its components
by filtration, distillation, crystallization,
centrifugation, chromatography, solvent
extraction.
Classify materials into pure substances and
mixtures
Use technical terms.
Make and report observations and draw
conclusions.

-- Teaching Modules/Units
The main contents of each modules or units are listed and described in sequence and by
duration.
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Unit: Mixtures and solutions 9 periods (1 hour each)
1.To look over the prior knowledge useful to learn the
new topic.
2.Introduction of the separation methods of mixtures and
explanation of the principles on which they are based.
Grouping the students with assigned roles.
3.Practical work in the laboratory.
The teacher shows how to use properly the separation
apparatus for filtration, centrifugation, and evaporation.
Then the students have to prepare the following mixtures:
Sand/water
Oil/water
Water/NaCl
Water/CaCO3
The students discuss and weigh the pros and cons of the
different methods of separation and with the help of the
teacher they select the proper ones:

Methods
-- Traditional Lecturing
-- Interactive Lecturing

--

Practical work or Group
Laboratory Classes

The students can work in
pair or to the class can be
divided into small groups with
assigned roles, i.e. coordinator,
secretary and technician. The
coordinator is responsible for
the respect of the time and to
ask information to the teacher,
the secretary has to collect
observations and to write
Sand/water
Filtration
the report; the technician is
Water/coffee powder Centrifugation
responsible for the correct use
Water/NaCl
Evaporation
of apparatus.
4.The students write a report of the practical work to Formative assessment:
communicate and motivate, with correct terms, what they reports
have done and what they have observed.
5.The teacher introduces the distillation and Traditional Lecturing
chromatography method s of separation and shows the
students the equipment.
6.Practical work in the laboratory.
-- Practical work or Group
Laboratory Classes
Separation of homogeneous mixtures
Ink
Wine

chromatography
distillation

7. Discussion of the results of the practical work.

Formative assessment:
☺☺ Oral examinations

8.Practical work in the laboratory.
Separation of mixture identified by the students, i.e.

--

Pulp from fruit juice

Centrifugation /filtration
Chromatography (plus
Caffeine from soft drinks wood lamp)
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9.Discussion and assessment

☺☺
☺☺
☺☺
☺☺
☺☺

Summative assessment
Written tests
Questionnaires
Workgroup products
Reports

☺☺ chosen option
-- Necessary prior knowledge and skills:
Knowledge

Skills
The student should be able to:

--

Safe use of substances and
apparatus
Hazard/safety labelling of
chemicals and pictograms

---

Fundamental and derivate
physical units, measuring
instruments.
The physical properties of
matter: mass, volume and
density
The physical states of matter
The particulate model of
matter
Melting point and boiling
point

Make measurement of mass, volume, temperature,
density, melting point, boiling point (to be used in
the identification of the substances).
Know the hazard symbols that are present on the
substances labels to use them safely.
Collect data, distinguish between observations and
hypothesis.
Understand the nature of models.
Use models.
Make investigations in small amount and with nonhazardous materials, to protect the personal safety
and the environment.

---

--

----

---

--

Apply the laboratory safety procedures.
Use safely and properly chemicals addressing
the label information.

Students’ levels of prior knowledge and skills
Tools to check the students’ levels of knowledge and skills:
-- objective tests, i.e. multiple choice tests, questionnaires, false/true items...
-- open ended tests, i.e. written production, reports, interviews, practical works, ..
-- direct observation, structured, i.e. using check lists, or not structured.
☺☺ other: the students’ outcomes, marks and direct observations collected during the
previous modules and units, provide information about their placement and they
needs
Teaching activities to bridge the gap between the students’ knowledge and the necessary
prior knowledge
-- Homework
☺☺ Lessons at school
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Teaching methods
☺☺ Traditional Lecturing
☺☺ Interactive Lecturing
• Inquiry Learning (IBSE)
• Project Based Learning
• Context and Problem Based Learning
☺☺ Workgroup, i.e. Cooperative Teaching,
learning, Traditional Group Work
• Use of ICT, i.e. Virtual labs, web
quests
☺☺ Practical work, i.e. open-ended
experiments,
Group
Laboratory
Classes
• Other

Teaching tools
☺☺ Text book
• Software for chemistry didactics
☺☺ Schemata and tables		
• magazines, chemistry journals
• videos
• Internet
• Other

Resources: Spaces and facilities
☺☺ Classroom
• Library 				
☺☺ Laboratories
• PC
• Overhead
• Videotape
• TV
• Other

Assessment
☺☺ Formative
☺☺ Summative

Assessment tools
☺☺ Written tests
☺☺ Oral examinations
☺☺ Questionnaires
☺☺ Workgroup products
☺☺ Reports
• Rubric for student’s presentations,
projects or deliverables
• Other

The evaluation is based on:
☺☺ Assessment marks
☺☺ Assessment outcomes
• Level of student’s engagement in
learning activities
• Progression of the cognitive and
practical skills
• Level of Competences achieved
• Other
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Planning a Good Chemistry Lesson
Silvija Markić, Peter E. Childs
Introduction
Planning a chemistry lesson is where the Content Knowledge (CK) and Pedagogical
Knowledge (PK) come together into Pedagogical Content Knowledge (PCK) i.e. how
to teach some particular topic (e.g. Shulman, 1986; Loughran et al., 2006). PK includes
Science Pedagogical Knowledge (SPK) based on Science Education Research (SER), of
which Chemistry Education Research (CER) is a subset. The student teacher is attempting
to bring their CK and SPK together in the design of appropriate learning strategies for their
students.
The planning of a lesson is a procedure involving a series of small steps, which should be
done one after the other. The planning pyramid in Figure 1 presents the different questions
which every teacher and future teacher (PST) should ask themselves before starting to plan
a lesson.
The main question that the (future) teacher should answer is a personal one about their own
personality and philosophy as a teacher. The (future) teacher should know, think and reflect
about own ideas, beliefs and attitudes toward teaching and learning chemistry. Questions
that can help here include:
• What kind of teacher do I want to be?
• Do I see myself more as a friend or more as a leader of the class?
• Do I feel myself more comfortable in student-centred or in teacher-centred settings?
• What do I see the aims of my lessons (e.g. the importance of content-learning versus
process skills)?
• How much time would I like to invest in experimental work in my lesson?1
The second step that the (future) teacher should think about is the content that is supposed
to be taught and covered in the lesson. The content (and the order of the topics) is something
that usually cannot be changed and is mainly given by the curricula of the country, state or
the school (this depends or the country you are from)2.
Having answered these questions, the next step is to think about their own students and
to see if their own beliefs matches those of the group of students one is teaching. The
questions that should be asked here will be presented later in this chapter, but are also
to be found in the third line of the pyramid. Finally the questions about the teaching and
learning materials to be used should be asked. Those questions are presented in the last line
of the planning pyramid. All in all, the idea which is important when planning a lesson is
interplay of pedagogy, content, outcomes and assessment (see Figure 2).

		 see also the chapter “Practical Work in Chemistry, its goals and effects” or Mamlok-Naaman et
al., 2013
2
		 see also the chapter “Understanding and Using Chemistry Curricula for Effective Teaching”
1
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Figure 2: Teaching and learning tetrahedron
Knowing – or at least having an idea about3 – the answers for the questions above, the
concrete planning of the lesson can then be started. The planning diagram is presented in
Figure 3.
Each step will be discussed and explained in more detail in this chapter. Furthermore for
each step an example from a scenario or lesson plan will be presented, together with some
questions to answer.

Figure 3: Steps of Planning a Lesson

Framing the Conditions
When talking about framing the conditions for the lesson, two things have to be kept in mind:
1.
Conditions and resources in the school
2.
The students’ background and prior knowledge.

Conditions and resources in the school
One of the main things to know before starting to plan a lesson is what is available in the
school e.g. the room where the lesson is going to be and what resources are available. It is
3

		 This depends on the stage of teacher education and teacher experience.
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worthless to plan a lesson to use modern equipment and plan experiments for each student,
if the school does not have the resources. Thus, the answers to the following questions are
important to know before starting to plan a lesson:
• When and where is the lesson taking place?
• What kind of equipment is available in the school?
• Do I have enough materials to make student experiments? How about the chemicals?
Does the school have what I need? Can I obtain alternatives?
• Is my room big enough for making student experiments? Do the students have enough
space to work on experiments?
• How about the safety environment while doing the experiments in the classroom?
• Are there enough books/printed resources for all of the students in the classroom4?
• What kind of media do I have in the classroom, (e.g. how big is the blackboard, laptop
and beamer, smart board, …)?
• In what kind of classroom am I going to teach? (Is it a laboratory or an ordinary
classroom?)
Example:
The class is having chemistry in the first two lessons on Monday (08:00 to 09:35). The
room is on the second floor and is facing the main street. By opening the window there
is a loud noise from the main street, so that the lesson can be disturbed by the noise. The
room has enough tables and chairs for all of the students. However, there is not enough
space to walk between the rows or for safe movement. The tables cannot be moved
from their place. In every row four students can be accommodated. Every row has one
location to access gas or electricity. Water can only be obtained at the teacher desk.
There are two blackboards in the classroom, which are behind the teacher desk. They are
one behind the other and can be moved up and down.
The students do not have their own books, however books can be given out to the
students during the lesson, but need to be collected at the end of it.
There are enough chemicals and equipment in the school to make student experiments.
Questions to ask:
• How can the lesson be conducted safely if experiments are done?
• How can the lack of water on the student’s table be allowed for?
• Is ventilation a problem in the class and can the class be conducted without opening
the windows and allowing the noise in?
• Are books needed in the class? Can instructions be given in another way?

The students` background and prior knowledge
It is important to know the students one is planning the lesson for. Not every teaching and
learning material is good and proper for every class. The teaching and learning materials
4 		
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and methods need to match not only the class, but more to the needs of every student in
the class. Depending on the make-up of the class, the teacher will have to make decisions
about what teaching and learning approaches are suitable.
By teaching the class over a longer period, the (future) teacher should know more about the
students that are in the class. For (future) teachers it is advisable to talk to the mentor and
the class teacher to get the answers to the following questions:
• What is the age range of the students?
• What is a cognitive level and ability of the students being taught?
• Are there any special factors that need to be taken into account e.g. gender, special
needs, linguistic diversity, cultural diversity?
• What is the mathematical and linguistic level of the students?
• Does any provision need to be made for non-native speakers with poor language
proficiency? This will affect the oral and written language used.
• What prior knowledge do the students have of the subject (Chemistry) and the specific
topic? What topic have they done immediately before? Can any links be made to this topic?
• How good can students at working on their own? How much support do the students
need while working alone?
• How good are students’ abilities to do experiments on their own and which laboratory
skills have they already mastered?
• How familiar are students with organized group work and collaborative learning?
• Thinking about the different students: are there any extremes between the students
considering any of the factors that are named in the diversity wheel (Figure 4)?
• Do I have any students with special needs in my class? Do I need to change the
materials and my planning considering the specific needs of these students?
Example:
The class contains 29 students: 15 boys and 14 girls. The students are mainly coming
from well-educated families and education and good marks seem to be important for
the parents.
All but one student are competent in the language spoken in the country. The one student
who is new in the class comes from a family who just moved from the other country.
This student is not very well integrated into the class. Though the other students tried to
help him during the lesson, the linguistic problems are still very severe so that the strong
assistance by the teacher is needed.
In general, one can say that the students in the class are good friends and are willing
to work in groups. They are also experienced in the group work and do not need any
assistance in group work.
The class is interested in Chemistry, however, about 1/3 of the class is not secure in
their pre-knowledge. Furthermore, those students usually do not do their homework as
well. The class is experienced in experimental work as well but have only done simple
experiments. Thus, the class needs more assistance and support to perform longer
experiments.
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Questions to ask:
• How will you allow for the student with poor linguistic skills (Markic, Broggy &
Childs, 2013)?
• What would you do to establish their prior knowledge in Chemistry and what
revision is needed?
• How will you help them move forward from simple to more complex experiments?

Figure 4: Diversity Wheel (http://web.jhu.edu/dlc/resources/diversity_wheel/)

Didactical/Educational Ideas
Legitimisation of the content by the curricula
Thinking about the topic to be taught, the (future) teacher has to be sure that it is also part
of the curriculum. In some countries the curricula differs from one side of the country
to another or from one region to another. Furthermore, every school has its own school
internal curricula. Depending on a type of school and the country, sometimes the curricula
are written not only for one school year but two. Thus, sometime if one topic is to be taught
in school A in grade 7 it could be that it is taught in school B in grade 8.

Content Analysis in Didactics
This part of the chapter could also be named content analysis in didactics as suggested by
Klafki (2000). The main question hidden in this chapter is “why is it worth it for students
to learn this content/topic?” The answer to this question gives the legitimisation for the
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topic that is planned to be taught. Thinking about this question, one should go back to
Klafki5 and think about the meaning, importance and the relevance (e.g. Stuckey et al,
2013; Eilks & Hofstein, 2015) of the topic (Klafki, 1963). There are five central points to
reflect about when doing a content analysis in didactics (e.g. Fischler, 2011). These points
are presented in Table 1.
Table 1: Content Analysis in Didactics by Klafki
Importance for the students now •
•

•
Importance for the students in •
the future
Importance on the meaning of an •
example

The structure of the content

•
•

•

Accessibility

5

•

How does the topic being taught in the lesson
build on previous knowledge4 of Chemistry and
of science in general?
What is the context and relevance of the topic
introduced in the lesson? How can the content be
related to the everyday life of the students? What
everyday context could be used to introduce the
topic?
What are the main misconceptions known to be
held by students about this topic?
What constitute the topic for the children`s future?
What general sense or reality does this context
exemplify and open to the learner? What basic
phenomena or fundamental principal, what law,
criterion, problem, method, technique or attitudes
can be grasped by dealing with the content as an
“example”?
How is the content structured?
What subject content is specified for the lesson
as part of the overall development of the subject?
Identify the main concepts and ideas introduced
in the lesson and the relevant information needed
to support them e.g. evidence, definitions,
experiments.
What is the logical framework of the topic? How
is it structured in order to build an understanding
of the topic? How does it connect to and build on
other ideas?
What are the special cases, phenomena, situation,
experiments, persons etc. in terms of which
the structure of the content in question can be
interesting, stimulating for the students in my
class?

		 see also the chapter “Students’ Alternative Conceptions and Ways to Overcome them”

75

Silvija Markić, Peter E. Childs

Example:
The lesson is planned on ‘Investigation on Ions on different beverage, especially those
that are used by athletes. ‘
This topic is important for the class since the majority of the students play tennis or is
actively involved in the rowing club. Most of the students are doing sports every day
and are also confronted with different drinks that are advertised in different media. The
students in the class have some pre-knowledge about ions and the function of the ions in
their bodies, since they are interested in healthy living.
Furthermore, health and health living is something that is important not only for the
students in this classroom but for everybody. School, and in this case the chemistry
lesson, should build a base for the future. Thus this topic could help students to decide
which drinks are healthy for them and good for their body after doing sports. They learn
what exactly their body needs to stay healthy.
To reach these aims, different drinks will be analysed for their ions. The drinks are those
that students find usually in the commercials in youth journals and in other medias.
Furthermore, these drinks are also low priced and can be bought in almost every store.
The drinks are also an example for the special developed drinks for athletes, which are
more expensive and not affordable for most of the students.
First the students will get to know the different compounds of sweat. This is the starting
point for the lesson. This is followed by the different tests for different ions that are
found in the drinks. Additionally, as well as analysing for every ion in the drinks, also
the function of the ions in the human body will also be investigated.
Questions to ask:
• What background chemistry is needed to understand this topic?
• What laboratory skills are needed to analyse for the different ions?
• If these have not been done before, how will the chemistry and/or skills be taught
before they are used in the investigation?

Aims and Objectives determined by the Content
Now we know the structure of the content and the main ideas being introduced in this
lesson, you now need to identify the overall aim(s) of the lesson6, e.g. if the topic is the
Periodic Table of the Elements, then the main aim of the lesson might be ‘To show that
there is a pattern in the chemical and physical properties of the elements.’
The next step is to specify the appropriate learning objectives/outcomes for the particular
lesson. The objectives might be cognitive, affective or psychomotor, depending on the
specific topic.
In addition to cognitive objectives, the student should also include, where relevant,
affective and psychomotor objectives6. A good help for this could be a Anderson and
6
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Krathwohl` s (2001) revision of Blooms` taxonomy (Bloom et al., 1956), where they
define a cognitive domain as an intersection of the cognitive process dimension and the
knowledge dimension7. A good overview of this topic can be found at the homepage of the
Iowa State University (see references).
The main objectives should be identified and specified clearly, in order of their appearance
in the lesson. Clarity in the objectives/outcomes is important in determining how the content
is taught and what activities the students do. They will also be linked to the assessments
used in the lesson8. The aim, objectives and assessment should be developed together as the
PCK framework of the lesson. It is helpful to do this in a table like the one below (Table 2).
Table 2: Aims, objectives and assessments
Aim(s)

Objectives/outcomes

Assessments

1.

1

2.

2.

3.

3.

It is sensible to have a limited number of objectives per lesson, depending on its length
and the content. For example, for a single lesson 3 objectives may be enough. Thinking
about the interplay of content, aim, objectives and assessments means that the teacher will
specify suitable objectives, which relate to the main aspects of the content and the overall
aim of the lesson, and which can be assessed (in appropriate ways) to monitor whether the
students have achieved the objectives.
Finally, not every aim can be reached in only one lesson. However, the single lesson should
be one step on the way to reaching the single aim. Here we talk about long-term aims. One
example for this can be “learning to organize laboratory work in a group”.
Example:
The students should:
• Remember the ions in human sweat
• Analyse different drinks considering their ions
• Summarize their results
• Represent the results of their detection reactions to the class
• Conclude the importance of ions for their own health
• Make decision about their own buying behaviour

Ideas about suitable Methods
We know what we want to teach the students and what we want them to know or do by
the end of the lesson. The most important thing to decide is how to deliver the content
7
8

		 see also the chapter “Taxonomies of Learning”
		 see also the chapter “Design of Learning and Assessment Tasks” and “Understanding and Using
Chemistry Curricula for Effective Teaching“
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i.e. what activities and what teaching approaches to use in the lesson. This is where the
students’ PCK is utilized to determine the most appropriate teaching method(s) and student
activities to use. The choice of method/approach will determine what the teacher and
students actually do in the lesson and the purpose of the chosen method/approach is to
achieve the lesson’s objectives in the most effective and efficient way, taking into account
the nature of the students.
In the past this would not present a problem to the teacher as the predominant method
used would be the didactic or traditional method. The content of the lesson (facts, ideas,
concepts, illustrations) would be presented to the students in a linear manner, structured
around the logic of the subject and presenting the student with a body of knowledge to
be learned, whether or not it is understood. Teaching was seen as the delivery of factual
scientific content from the teacher’s notes and blackboard to students’ notes and hopefully
to their brains. Assessment was mainly recall using familiar questions and algorithmic
exercises. Success in passing the examinations was seen as the measure of effectiveness.
Practical work, when done, was mainly of the recipe-type and the acquisition of practical
skills.
The modern chemistry teacher has a much wider range of methods and approaches at
their disposal and much more is known from SER/CER about the problems in student
learning and about successful methods of instruction (Eilks, Prins & Lazarowitz, 2013).
The same aims/objectives can be achieved in different ways, from the didactic/teachercentred approach at one end of a teaching/learning spectrum to an active learning/studentcentred approach at the other. In addition, various approaches can be taken to the delivery
of the content: for example, using a context-based approach9, a problem-based approach
(PBL), or an inquiry-based approach10. The pedagogic approach taken will determine how
the lesson is started and how it continues and develops and what types of student activities
are involved and their purpose.
Also the teacher has to make decisions about the learning environment and classroom
management: will the lesson involve group or pair work, and if so how will this be
structured? Should peer-learning or peer-teaching methods be used? This is especially
important when practical activities using chemicals and apparatus are involved. What are
the safety implications and precautions needed for practical work?
What sorts of student activities are consistent with the teaching approach chosen and the
aims/objectives of the lesson? Activities includes more than teacher demonstrations and
student practical work11, or closed or open-ended project work. In some countries the
equipment in school is not very good and not all of the experiments are possible to make,
however there are ways to solve this problem (Fernandez et al., 2013, SALiS-Project).
Anything where the students are actively involved in developing their own learning is a
potential learning activity: this could include, as well as conventional practical work, model
building, drama, devising posters, radio or TV scripts, Power Point presentations, writing
poetry, short stories, newspaper articles, using ICT for better visualisation12 etc. The range
		
		
11
		
12
		
9

10
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of possible approaches presents the novice and experienced teacher with a range of options
for the delivery of the defined content to achieve the specified aims/objectives. This is
shown schematically in the decision tree in Figure 4. The availability of different teaching/
learning approaches means that the student teacher is not limited to using one approach or
method exclusively. Although there are published curricula that use one guiding approach
exclusively e.g. context-based learning in Salters’ Chemistry (Homepage: The Salters`
Chemistry Club) or Chemie in Context (Bennet et al., 2005), this need not to be the case if
the teacher has the freedom to choose their own teaching and learning methods, even when
the curriculum content and the examination is externally determined. One of us (Peter
E. Childs) has developed with the Chemistry Education Research Group at the University
of Limerick, alternative teaching schemes for the Particulate Nature of Matter and the
Mole (ITS Chemistry, Sheehan and Childs, 2011) and Organic Chemistry (O’Dwyer and
Childs, 2012a; 2012b), which have introduced various ideas from SER/CER within the
confines of a prescribed syllabus and examination.
The start of a lesson is very important and often sets the tone for what follows (Bolte,
Streller & Hofstein, 2013). If the teacher presents a discrepant event or mystery at the start,
this can be used to stimulate questions and lead into inquiry (See the TEMI project website:
http://teachingmysteries.eu). A teacher could present a story based on some contextual
application of chemistry, which is used again to stimulate questions and a desire to find
out the science behind the example, which can be developed in the rest of the lesson.
Similarly the teacher could present a real-life problem that needs solving, and lead students
to identify the chemistry needed to solve the problem.
The important question in this part is thinking about the method that is suitable for the
students. In thinking about this it is useful to check again the notes done in the second step
and decide about the method. However, sometimes not every method matches the situation
that is given in the classroom, e.g. younger students are often not used to working on their
own or do not the right skills. In this case the solution is not to remove the student-active
phases, as the students need to practice this approach as well. The decision is more about
how long the student-active phase should be and how intensive the teacher’s support will
be.
In designing a lesson, (future) teachers should make an effort to think of higher order
questions that stimulate thinking and test understanding. These should supplement recalltype questions and can usefully be linked to real-world scenarios or contextual examples,
where students are asked to apply their chemistry to explain real phenomena (de Jong,
Blonder & Oversby, 2013). We have already said that assessment13 should be considered
up front when the learning objectives/outcomes are being decided, rather than being left
as an afterthought. The aim should be Assessment for Learning (AfL). We can distinguish
two main types of assessment (Harlen & James, 1997): formative assessment, whose
main purpose is educative and is done throughout a topic or course – to tell the teacher
and student how they are doing, what isn’t understood and what needs more attention;
summative assessment done at the end of a topic or course or for formal examinations,
and is mainly used for grading and comparison. Teachers need to develop a range of
assessment techniques that can be used for formative assessment, and at intervals for
summative assessment. All assessment does not need to be done in a lesson; it can be done
13

		 see also the Chapter “Design of Learning and Assessment Tasks”
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for homework or before the next lesson; or as a longer-term assessment e.g. preparing a
poster or concept map. Most teachers depend mainly on question and answer, and mostly
use recall-type questions. This is easy to implement but often ineffective in practice: the
questions are low level and don’t test understanding; teachers often don’t allow students
time to think and answer properly; questions may not be fairly distributed and only a few of
the class ever answers questions. Teachers should aim for a variety of assessments, many
of which are individual exercises, but group assessments are also valuable.

Conclusion
The (future) chemistry teacher has many things to consider when planning a lesson, as they
seek to apply their PCK to the particular class/topic they are teaching. There is no single
solution to teaching a particular topic at a specific level. Every teacher may well come up
with a different lesson to achieve the same goals, and they might all be equally successful
in achieving the lesson’s objectives. There are indeed many ways to skin a cat, and many
ways of teach any chemistry topic. It is worth experimenting with different approaches,
different activities, different assessments, so that their effectiveness can be evaluated with
different groups. Variety in approach and method is not only more stimulating for the
teacher, so that they are not doing the same thing year after year, but also for their students
who experience a variety of teaching and learning methods throughout their chemistry
course.

References:
Anderson, L.W., Krathwohl, D.R., Airasian, P.W., Cruikshank, K.A., Mayer, R.E., Pintrich,
P.R., Raths, J., & Wittrock, M.C. (2001). A taxonomy for learning, teaching, and assessing:
A revision of Bloom’s Taxonomy of Educational Objectives (Complete edition). New York:
Longman.
Bennett, J., Gräsel, C., Parchmann, I. & Waddington, D. (2005). Context-based and
conventional approaches to teaching chemistry: comparing teachers’ views. International
Journal of Science Education, 27(13), 1521-1547.
Bolte, C., Streller, S., & Hofstein, A. (2013). How to motivate students and raise their
interest in chemisty education. In: I. Eilks & A. Hofstein (eds.). Teaching chemistry –
a studybook. A practical guide and textbook for student teachers, teacher trainees and
teachers, (p. 67-96), Rotterdam: Sense.
Bloom, B. S., Engelhart, M. D., Furst, E. J., Hill, W. H., & Krathwohl, D. R. (1956).
Taxonomy of educational objectives: The classification of educational goals. Handbook I:
Cognitive domain. New York: David McKay Company.
De Jong, O., Blonder, R., & Oversby, J. (2013). How to balance chemistry education
between observing phenomena and thinking in models. In: I. Eilks & A. Hofstein (eds.).
Teaching chemistry – a studybook. A practical guide and textbook for student teachers,
teacher trainees and teachers (p. 97-126), Rotterdam: Sense.

81

Silvija Markić, Peter E. Childs

Eilks, I., Prins, G., & Lazarowitz, R. (2013). How to organise the chemistry classroom in
a student-active mode. In: I. Eilks & A. Hofstein (eds.). Teaching chemistry – a studybook.
A practical guide and textbook for student teachers, teacher trainees and teachers (p. 183212), Rotterdam: Sense.
Eilks, I. & Hofstein, A. (2015). From some historical reflections on the issue of relevance
of chemistry education towards a model and an advance organizer - A prologue. In: I. Eilks
& A. Hofstein (eds.): Relevant chemistry education - From theory to practice (pp. 1-10).
Rotterdam: Sense.
Fernandez, C., Holbrook, J., Mamlok.Naaman, R., & Coll, R. K. (2013). How to teach
science in emerging and developing enviroments. In: I. Eilks & A. Hofstein (eds.). Teaching
chemistry – a studybook. A practical guide and textbook for student teachers, teacher
trainees and teachers (p. 299-326), Rotterdam: Sense.
Fishler, H. (2011). Didaktik – an appropriate framework for the professional work of science
teacher? In: Corrigan, D., Dillion, J., & Gunstone, R. (eds). The professional knowledge
base of science teaching (p. 31-50). Heidelberg: Springer.
Harlen, W., & James, M. (1997). Assessment and learning: differences and relationships
between formative and summative assessment. Assessment in Education: Principles,
Policy & Practice, 4(3), 365-379. DOI:10.1080/0969594970040304
Iowa
State
University
(2012).
http://www.celt.iastate.edu/pdfs-docs/teaching/
RevisedBloomsHandout.pdf
Loughran, J., Berry, A., & Mulhall, P. (2006). Professional learning: Understanding and
developing science teachers’ pedagogical content knowledge. Rotterdam: Sense Publishers.
Markic, S., Broggy, J., & Childs, P. (2013). How to deal with linguistic issues in chemistry
classes. In: I. Eilks & A. Hofstein (eds.). Teaching chemistry – a studybook. A practical
guide and textbook for student teachers, teacher trainees and teachers (p. 127-152),
Rotterdam: Sense.
Mamlok-Naaman, R., Rauch, F., Markic, S., & Fernandez, C., (2013). How to keep myself
being a professional chemistry teacher. In: I. Eilks & A. Hofstein (eds.). Teaching chemistry
– a studybook. A practical guide and textbook for student teachers, teacher trainees and
teachers (p. 269-299), Rotterdam: Sense.
O’ Dwyer, A., & Childs, P.E. (2012). An intervention project to improve teaching and
learning of organic chemistry in Irish schools. In: P. Cieśla, M. Nodzyńska and I. Stawoska
(eds.): Proceedings of DIDSCI 2012, Chemistry Education in the Light of Research,
Krakow, Pedagogical University, 59-62
O’ Dwyer, A., & Childs, P. E. (2012). Organic chemistry in action! An action research
project to improve the teaching of organic chemistry by using findings of Chemistry
Education Research (CER). Chemistry in Action!, 95, 8-15.
SALiS-Project. http://www.salislab.org/
Schwartz, Y., Dori, Y. J., & Treagust, D. (2013). How to outline objectives for chemistry
education and how to asses them. In: I. Eilks & A. Hofstein (eds.). Teaching chemistry –
a studybook. A practical guide and textbook for student teachers, teacher trainees and
teachers (p. 37-66), Rotterdam: Sense.

82

Planning a Good Chemistry Lesson

Sheehan, M., & Childs, P.E. (2011), ITS Chemistry: An intervention programme aimed at
developing thinking skills in chemistry. Paper presented at European Science Education
Research Association (ESERA), Lyon, France. Retrieved from http://lsg.ucy.ac.cy/esera/e_
book/base/ebook/strand2/ebook-esera2011_SHEEHAN_02.pdf
Shulman, L. S. (1986). Those who understand: Knowledge growth in teaching. Educational
Researcher, 15(2), 4-14.
Stuckey, M., Mamlok-Naaman, R., Hofstein, A., & Eilks, I. (2013). The meaning of
‘relevance’ in science education and its implications for the science curriculum. Studies in
Science Education, 49, 1-34.
The Salters` Chemistry Club http://resources.schoolscience.co.uk/Salters/

83

5
Practical Work in Chemistry, its goals and effects

Practical Work in Chemistry, its goals and effects

Practical Work in Chemistry, its goals and effects
Hans-Georg Köller, Magne Olufsen, Marina Stojanovska,
and Vladimir Petruševski
The importance of practical work in chemistry in pre-service teacher
education
Practical work has had a central and distinct role in chemistry education (from school
to university) for more than a century. One of the features of chemistry as a subject in
school or university is that it involves practical work in the laboratory. It is not difficult
to see why. The aim of chemistry is to increase our understanding of the composition,
properties and change of matter. Claims and explanations in chemistry should be supported
by observational data (Hofstein & Lunetta, 2004; Millar, 2010).
What does the phrase ‘practical work’ mean? Based on science education literature
practical work “refers to any type of science teaching and learning activity in which
students, working either individually or in small groups, are involved in manipulating and/
or observing real objects and materials […] as opposed to virtual objects and materials as
those obtained from a DVD, a computer simulation, or even from a text-based account“
(Abrahams & Reiss, 2012, p. 1036). In this chapter, the emphasis will be on two types
of practical work: different types of laboratory experiments carried out by pupils and
teacher demonstrations.
Practical work has a prominent position in chemistry curricula1. The Norwegian curriculum
in chemistry includes these statements about practical work in the introductory paragraph
about the purpose of the subject (Udir, 2006):
• The development of the science of chemistry is the result of an interaction between
experiment and theory. This interaction is reflected in the programme subject Chemistry,
in which the planning and implementation of experiments play a key role.
• Training in chemistry shall link theory with practical laboratory work.
Many of the competence aims in the curriculum deal with practical work. It is stated
explicitly that practical work has to be done. Here are some examples (Udir, 2006).
The aims of the studies are to enable school students to:
• plan and carry out experiments and evaluate risk, sources of error and results;
• plan and carry out acid-base titrations; justify choice of indicator and interpret titration
curves
• carry out colorimetry analyses and interpret simple mass spectra and 1H-NMR spectra.
Practical work is an essential aspect of everyday practice in the chemistry classroom. Why
has practical work such a strong position in chemistry? Among other things it should be
mentioned that in chemistry, almost exclusively, one could ‘engage’ all five senses of a
school student (Petruševski & Najdoski, 2000, p. 8):
1

		 see also the chapter “Understanding and Using Chemistry Curricula for Effective Teaching”
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The results of an experiment can basically be seen (as in most of the other practical
educational activities used in the sciences or other disciplines).
2.
Often they can be heard in the form of bangs, pops, etc.
3.
On many occasions the result could be smelled (during generation of ammonia,
iodine, hydrogen sulphide, samples of various alcohols etc.).
4.
The system (a beaker or a flask where a chemical reaction occurs) can quite often
be touched, to witness that it is hot, warmer, colder or freezing cold when compared
with the temperature of the environment.
5.
Under special circumstances (when talking about different carbohydrates, presenting
samples of glucose, fructose, sucrose, … or during neutralization of sodium
hydroxide, with a slight excess of hydrochloric acid, and evaporation till solid NaCl
is obtained) it might be permissible to carefully taste the samples/product, under the
supervision of the instructor.
Indeed, teachers (and others interested in chemistry education) assume many benefits as a
consequence of school students engaging in laboratory activities and other practical work.
Practical activities are claimed to increase the interest for chemistry and to support learning
(Millar, 2010). In addition they contribute to a student-directed and inquiry-based learning
environment in contrast to more teacher-directed learning (Hofstein & Lunetta, 2004).
Researchers have questioned the role of laboratory work; particularly its effectiveness has
been a research focus. In an often cited review (Hofstein & Lunetta, 1982, p. 212) it is
concluded: “The research has failed to show simplistic relationships between experiences
in the laboratory and student learning.” (Abrahams, 2011, p. 12) concluded from several
reviews related to practical work: “When outcomes are measured using pen and paper tests,
[…] the use of practical work offers no significant advantage in the development of school
students’ scientific conceptual understanding”. Also Hodson (1990) was very critical about
the effect of laboratory work as it is carried out in many cases. It appears as unproductive
and confusing. He questions what the school students actually do and for what purpose.
Tobin (1990, p. 405) on the other hand was far more positive towards laboratory work:
“Laboratory activities appeal as a way to learn with understanding and, at the same time,
engage in a process of constructing knowledge by doing science”. He placed emphasis on
the possibility of achieving meaningful learning through inquiry-based activities in the lab.
1.

Pre-service (and many in-service) teachers are very surprised to learn that there is no
straightforward positive correlation between practical work and learning. Therefore it
is important that practical work and particularly reflections on the goals and effects of
practical work have a prominent position in pre-service teacher (PSTs) training.

Theoretical framework
Types of experiments
There is no unique way for the classification of chemistry experiments. The very classification
often depends on the ‘taste’ of the experimenter/instructor. Still, many chemists would
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agree that experiments as a tool of the chemical educator could conveniently be classified
into three groups:
1.
Teacher demonstrations
2.
Cookbook/recipe experiments
3.
Open-ended/inquiry experiments
One type, open-ended experiments, has received a lot of positive attention in recent years2.
Different terms like open-ended, inquiry-based or open-inquiry experiments are used in
the literature. They all refer to experiments where school students cannot follow a given
procedure. The experiments can be more or less open-ended in different ways: data may
be given or incomplete, methods can be familiar or unfamiliar and outcomes/goals given
or open (Wood, 2006).
Most laboratory work in school and higher education is of “cook-book” or recipe style.
This traditional way to do practical work has been criticized for several reasons (Berry,
Gunstone, Loughran, & Mulhall, 2001; Hart, Mulhall, Berry, Loughran, & Gunstone,
2000; Hofstein, Shore, & Kipnis, 2004) as follows:
-- Cook-book experiments are an ineffective way to learn science concepts and might
provide a wrong picture of how knowledge is developed in science;
-- Such experiments do not challenge the school students to think about the purpose of
the experiment or the sequence of steps involved
-- Both the practical work and the following written report are often of a ritualized or
formulaic nature. The school students’ focus is on following the given step-by-step
procedure and finishing the task (getting the “right” results).
Important general goals in secondary education are creativity, problem-solving skills, and
critical and independent thinking. Many science educators (Abd-El-Khalick et al., 2004;
Hart et al., 2000; Hofstein et al., 2004; Lunetta, 1998) have called for more open-ended
experiments to address these general goals. Other more specific benefits of open-ended
experiments are well documented in the literature (e.g. Barnea, Dori, & Hofstein, 2010;
Berg, Christina, Bergendahl, & Lundberg, 2003; Deters, 2004; Hofstein & Lunetta, 2004;
Hofstein et al., 2004; Lunetta, 1998) as follows:
• Learning of content knowledge (CK);
• Scientific process skills;
• Attitudes towards chemistry;
• Motivation to learn chemistry;
• Understanding of the nature of science and
• Communication skills.
As a consequence of reforms in chemistry education, more inquiry-based laboratory work
was introduced in high schools in Israel. Barnea et al. (2010) investigated the effects of
these changes. They reported an increased interest in chemistry, and both inquiry skills and
scientific understanding improved significantly. Similar results were found in a Swedish
study (Berg et al., 2003). Students in their first year of chemistry studies at university level
2

		 see also the chapter “Inquiry Based Chemistry Instruction”
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showed better learning outcomes and more positive attitudes when doing open-inquiry
experiments.
Comparing inquiry and confirmatory experiments, Katchevich, Hofstein and MamlokNaaman (2013) found that discourses were rich in arguments during inquiry-type
experiments. The construction of arguments was encouraged especially when students
discussed possible hypotheses, analysed their results and worked on conclusions.
Challenges associated with implementing inquiry-based laboratory work include:
a lack of time, shortage of instructional materials and class sizes (Chueng, 2007). The
implementation is specially demanding for novice teachers, who are inexperienced in
domains like pedagogical content knowledge (PCK), and knowledge of teaching, school
students and classrooms (Crawford, 1999). During open-ended experiments the following
undesirable behaviour might be observed (Berry, Mulhall, Gunstone, & Loughran, 1999):
• After school students have worked out a procedure, they follow it cook-book style;
• School students can work out and stick to an inadequate procedure leading to
meaningless results and
• Still, school students’ main goal can be to finish the task and get the expected results.
It is therefore particularly important to monitor the work of school students while they
are carrying out open-ended experiments. As mentioned before, one of the features of
chemistry as a subject in school is that it involves experiments. At least some of these
experiments should be open-ended.

Main goals for practical work
What are the main goals for practical work based on the research literature? Different
researchers have presented overviews of the main goals for practical work (Hodson,
1990; Hofstein & Lunetta, 2004; Lazarowitz & Tamir, 1994). Hofstein and Lunetta (2004)
suggest that the principal aims of practical work are to enhance students’:
• understanding of scientific concepts;
• interest and motivation;
• scientific practical skills and problem solving abilities;
• scientific habits of mind and
• understanding the basics of the nature of science.
Based mainly on Hodson (1990) and Hofstein & Lunetta (2004) we chose to focus on the
following four goals for practical work in chemistry in this chapter:
• enhancing school students’ interest and motivation;
• learning practical skills;
• learning of scientific knowledge and
• giving insight into the nature of science.
It is important to realize that all these goals are not likely to be achieved in any experiment
at the same time.
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Enhancing school students’ interest and motivation
Research from many countries confirms that chemistry experiments are popular.
Experiments are also what Norwegian and Macedonian school students like best about
chemistry. This is a good starting point for learning, when school students enjoy the
activities offered in lessons.
What are the consequences of this positive attitude? It is useful to start with a closer look
at the use of terminology. The terms motivation and interest are often not differentiated.
According to Bandura (1986, p. 243) “there is a major difference between a motive, which
is an inner drive to action, and an interest, which is a fascination with something.” Interest
might mean personal interest or situational interest. Personal interest is about dispositional
preferences or enduring preferences for certain activities. Personal interest in activities in
chemistry lessons is likely to influence school students’ engagement with the subject, their
efforts and the learning of content knowledge (CK). Situational interest is stimulated by a
certain situation or in a specific environment (Bergin, 1999).
In many cases school students only have situational interest in practical work in chemistry.
This is illustrated quite clearly in the following example from an interview (Abrahams &
Sharp, 2010, p. 113):
Student (aged 15): I really like practical work, it’s good fun.
Researcher: Oh, so are you going to study a science after your GCSEs?
Student: You must be bloody joking sir.
It is difficult to find a correlation between doing practical work and the motivation to go
on with chemistry (Abrahams, 2009). There are also many other factors influencing school
students’ choice to continue with chemistry post compulsory schooling (typically at 16
years). Doing a considerable amount of practical work is unlikely to have any negative
influence on this choice. On the contrary, chemistry education without any, or only very
few, practical activities would certainly not contribute to higher enrolment into chemistry
courses at any level.
School students’ declared positive attitude towards practical work might have other reasons
than those the teachers would prefer. Some school students like practical work because it
provides “welcome relief from listening to teachers and from writing, a task which many
school students report as being something they particularly dislike about science lessons”
(Bennett, 2003, p. 86).
School students, mainly boys, may have wrong expectations as to what chemistry is about:
“Teacher, can we blow up something today?” Surely, not all practical work is expected to
be spectacular. Pure entertainment is a legitimate goal for a chemistry show, for example,
in the last lesson before Christmas, but for the rest of the year the goals typically should
be those listed earlier. Motivation beyond situational interest might arise from learning
in exciting learning environments, which include inquiry-based activities, chemistry in
a context3 or more broad authentic learning environments (Hofstein & Lunetta, 2004;
Parchmann, Gräsel, Baer, & Nentwig, 2006; Schumacher & Reiners, 2013).
3

		 see also the chapter “Chemistry and Context”
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Learning practical skills
In general, chemistry courses have the focus both on CK in chemistry and practical skills.
In the laboratory the PSTs learn how to use practical chemistry equipment (from glassware
to sophisticated instruments). Not surprisingly, research studies show consistently that the
best way to learn practical skills is the “hands-on” approach (Millar, 2010). The PSTs
have to acquire a number of practical skills to be able to follow more advanced courses in
chemistry.
At the same time it is essential for laboratory safety that future chemistry teachers learn
how to use equipment and handle chemicals properly.
PSTs have to learn about safety and waste management in the laboratory, in accordance
with the new CLP-regulations (ECHA, 2009). No PSTs are allowed to work in a chemistry
laboratory on their own without having completed a compulsory safety course (which
could be a part of the chemistry course).
More details about teaching of different practical skills will be presented later as good
practice examples.

Enhancing the learning of scientific knowledge
As presented in the introduction, there is no clear evidence supporting the idea that practical
work gives a higher learning effect of CK than other methods, like teacher demonstrations
or non-practical teaching methods (Millar, 2010). The science laboratory settings can be
a very good learning environment; the social environment is usually less formal than a
classroom, the school students collaborate in small groups, the student-teacher ratio is
usually lower than in a classroom and most school students have positive attitudes towards
laboratory activities. Unfortunately, research has shown that during laboratory activities
much of the time is spent on reading recipes, following instructions and interacting with
equipment (Hodson, 1990). But if the practical work is well organized, then the school
student can learn CK, as illustrated by this quote (Lunetta, Hofstein, & Clough, 2007, p.
405):
“When well planned and effectively implemented, science education laboratory
and simulation experiences situate students learning in varying levels of inquiry
requiring students to be both mentally and physically engaged in ways that are not
possible in other science education experiences”
An important question is how teachers can enhance the learning of CK through practical
work. The literature describes several important factors which promote learning from
practical work:
-- the activity should interact with the prior knowledge of the student;
-- the activity should have a clear goal;
-- time for reflections and discussion and
-- the teachers’ role.
Information about the school students’ prior knowledge is essential to ensure learning in
general, also in the laboratory (Lunetta et al., 2007). If the prior knowledge is insufficient
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then the school students are not able to derive meaning from their results (Berry et al.,
1999) and the learning of CK will be poor. Thus, the timing of the experiment is important
(Southam et al., 2013), since the school students need to have the necessary CK for the
practical work to be effective.
During a laboratory session, school students often have to process a lot of information in
addition to carrying out the practical work. The school students are reading the laboratory
description, interacting with peers, activating their prior knowledge, getting messages
from the teacher, interacting with the equipment and doing the experiment. In such settings
school students can get a cognitive overload, with too much information at the same time
(Johnstone & Wham, 1982). A study from several European countries has identified that
embracing too many objectives in one laboratory session will give a poor learning result
(Sere, 2002). Ways to avoid this can be to give school students small qualitative laboratory
tasks (Gunstone & Champagne, 1990), activities with a clear goal and to clarify the
pedagogical purpose of the activity for the school students (Hart et al., 2000).
An important part of most learning processes is that the learner needs time to reflect, and
to embed the new knowledge into the existing cognitive networks. This is also true for the
learning of CK from laboratory activities. Findings from a study in England stated that
teachers need to be more realistic in terms of what they want school students to do and learn
in the laboratory session (Abrahams & Reiss, 2012). If there is a shortage of time, the school
students still have to finish the practical task, but the time for reflection and discussion is
reduced. This will result in a poor learning outcome. Short but high quality activities,
in which there is time for reflection and discussion, will enhance learning (Gunstone &
Champagne, 1990). In some cases, time-consuming laboratory activities could be replaced
with time-efficient alternatives, like teacher demonstrations or simulations (Lunetta et al.,
2007). The school students will then have more time to discuss and reflect about the results
of the experiments.
The teacher’s input is essential to achieve the desired learning outcome from practical work.
In addition to the more obvious aspects of the teacher’s role (like deciding the practical task,
how time is spent, etc.) the student-teacher interactions during practical work have been
shown to be especially important (Hogstrom, Ottander, & Benckert, 2010; Lunetta et al.,
2007). School students need help to develop the abilities of observation during experiments.
Quality discussions between the teacher and school students are effective in enhancing
the learning outcome from practical work (Millar, 2010). Laboratory activities including
“scaffolding” have also been shown to enhance learning (Abrahams & Reiss, 2012).

Giving insight into the nature of science
The construct of the nature of science (NoS) is complex and different definitions can be
found in the literature (Lederman, 2007). An introduction to the construct and why it is
important is given in another chapter4. We also refer to that other chapter for good practice
examples about teaching NoS. In this chapter we look briefly at contributions from practical
work to a better understanding of NoS.
4

		 see also the chapter “Designing Courses on the Nature and History of Science”
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Misconceptions about different elements of NoS should be addressed in teacher training,
in the context of practical work and/or in seminars. It is important that future chemistry
teachers have a sound understanding of key concepts like theory, law and hypothesis and
the relations between them. McComas (1998) presents different myths concerning these
key concepts, as follows:
-- hypotheses become theories that in turn become laws
-- scientific laws and other such ideas are absolute
-- a hypotheses is an educated guess
The performance of investigative or inquiry-based experiments helps school students to
get a better understanding of scientific methods. According to Trefil (2003) and McComas
(1998) the existence of a general and universal scientific method is a myth:
”The notion that a common series of steps is followed by all research scientists
must be among the most pervasive myths of science given the appearance of such
a list in the introductory chapters of many precollege science texts” (McComas,
1998, p. 57).
Instructional approaches which are mainly implicit (with learning about NoS as some
kind of by-product) are not sufficient. Lederman & Abd-el-Khalick (1998, p. 83) argue
that school students would not get enough understanding of a complex concept like NoS
“solely through learning about the content of science or its processes […] a concerted
effort on the part of science educators and teachers to explicitly guide learners in their
attempts to develop proper understanding of the scientific enterprise is essential.”
PSTs must be provided with an adequate understanding of NoS. Explicit instructions
about NoS aspects and active discussions about the practice of science with regard to
important aspects of NoS are essential.

Analytical framework
It does not make sense to look at the effectiveness of practical work in general. There is
a broad variety of different activities with different aims and objectives. It is more useful
to consider the effectiveness of a specific experiment with a specific goal. To develop an
analytical framework Abrahams and Millar (2008, p. 1947) started with a model based on
earlier work from Millar et al. (1999). The model (Figure 1) distinguishes between two
levels of effectiveness.
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Figure 1: Model of the process of design and evaluation of a practical task (Abrahams &
Millar, 2008, p. 1947).
Box A indicates the teacher’s learning objectives from a specific activity. The objective
might be the learning of a certain piece of CK in chemistry or a certain aspect about the
nature of science. Box B describes the activities that school students are supposed to carry
out in order to achieve the learning objectives from box A. Box C shows what the school
students actually do. This may, or may not, differ to some extent from the intention. Box
D then deals with the learning outcome of the activity. The effectiveness at Level 1 relates
to the relationship between boxes B and C, and whether the school students did what
they were expected to do. The effectiveness at Level 2 is concerned with the relationship
between boxes A and D: the actual learning outcome compared to the intended learning
outcome.
Practical work can be characterised “as trying to help school students make links between
two ‘domains’ of knowledge: the domain of objects and observables (o) and the domain of
ideas (i)” (Abrahams & Millar, 2008).

Figure 2: Practical work: linking two domains of knowledge (Abrahams & Millar, 2008,
p. 1948).
Abrahams and Millar (2008) combined the two-level model of effectiveness (figure 1) and
the model of two domains (figure 2) to produce an analytical framework. This analytical
framework (table 1) can help PSTs to analyse their practical work at the university and in
their school practice.
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Table 1: Analytical framework for considering the effectiveness of a practical task
(Abrahams & Millar, 2008, p. 1949).
Effectiveness
A practical task is
effective at Level
1 (the ‘doing’
level) if …
A practical task is
effective at Level
2 (the ‘learning’
level) if …

Domain of observables
… the students do with the
objects and materials provided
what the teacher intended them
to do, and generate the kind of
data the teacher intended.
… the students can later recall
things they did with objects or
materials, or observed when
carrying out the task, and
key features of the data they
collected.

Domain of ideas
… whilst carrying out the task, the
students think about their actions and
observations using the ideas that the
teacher intended them to use.
… the students can later show
understanding of the ideas the task
was designed to help them learn.

Good practice examples
Practical work is a substantial part of the teaching a chemistry teacher does during a day.
Thus, it is important that teacher educators focus on this part in the teacher education
courses. In this sub-chapter we will present good examples of how practical work is
included in the education of PSTs for secondary school.

Practical work – the importance of school practice
PSTs gain knowledge about how to do practical work both at the university and during
practice at schools. The PSTs will experience considerable differences between the
University chemistry laboratories and the laboratory facilities at schools, especially in
lower secondary schools. Some of the challenges are:
• less (or no) support by technicians;
• other (usually much less sophisticated) equipment;
• lack of important/necessary equipment and chemicals and
• responsibility for experiments, safety, storage of chemicals and waste management.
When it comes to practical work there has to be a different focus in teacher education
courses compared to University chemistry courses. The PSTs must be prepared to meet the
reality in school. This has to be addressed in the lectures and followed up during school
practice. PSTs spend a significant amount of time in schools (100 – 110 days in Norway).
Out in school they have the opportunity to test different types of practical work and get
feedback right away, both from school students and the tutor. The tutor is crucial for the
PSTs’ learning outcomes. Our experience is that PSTs find it difficult in the beginning
to conduct experiments in their school practice. There are a lot of things to consider in
addition to the challenges mentioned above: how to organize the experiment, clarify the
goals, getting familiar with the laboratory, guide the class, covering Environmental, Health
and Safety (EHS) considerations etc. Thus, it can be overwhelming for the PSTs to do
laboratory activities with a large group of school students. However school practice is
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an important arena for giving PSTs experience with experiments in a classroom setting.
We believe that our qualified PSTs will be well suited to organize practical work in a way
which arouses excitement and promotes learning for their future school students. We try
to achieve this by giving the PSTs the chance to try out different types of practical work,
both at the university and during school practice, combined with high quality reflections.

Laboratory safety
One of the goals when doing practical work is to learn laboratory safety. To be skilled
in this field one needs to have worked for a substantial amount of time in the laboratory.
Then one gets to know how to handle chemicals, learns important laboratory techniques and
safety rules. Environmental, Health and Safety (EHS) has increasing attention in education
in recent years. This is due to the new EU-regulation CLP (the classification, labeling
and packing of substances and mixtures) (ECHA, 2009). Closely related are the CLIPs
(chemical laboratory information profiles) of various substances (Young, 2001) that are
used in the laboratory (the latter are extensively in use in USA and could be easily found on
the Internet). In addition some countries have in recent years implemented regulations which
demand risk assessment of all laboratory experiments in school and in higher education.
Both in lower and upper secondary teacher education in Norway there is an increased
focus on laboratory safety. One of the challenges was that the EHS regulations are not very
easily accessible for PSTs. But lately the University of Oslo (UiO) has developed an online
resource for teachers, which gives an introduction to the CLP regulations, safety concerns
in school laboratories and risk assessments (Skaugrud & Hannisdal, 2014). These resources
are written in a language and a style that is well suited to be used by teachers in secondary
schools and PSTs. At the Arctic University of Norway (UiT) we use these resources in the
EHS part of the teacher education courses. The PSTs get a theoretical background about
safety issues concerning laboratory experiments at an appropriate level. The PSTs have
to apply this knowledge to work out risk assessments before they perform a selection of
experiments. The EHS is part of the curriculum and the PSTs know that they can be tested
in this area in the final exam, which contributes to more emphasis on EHS. We believe
that laboratory safety is best learned in context. By using appropriate teaching materials,
trying out some potentially risky experiments and discussing laboratory safety, we believe
the PSTs will become chemistry teachers who know the regulations and have good insight
into potential risks in the chemistry laboratory. In Macedonia, unfortunately, there isn’t
any systematic approach to this important issue, but some authors use somewhat arbitrary
estimates of the overall risks for a given demonstration, using signs to indicate the degree
of risk: 1 – being the lowest and indicating virtually no risk at all, and 5 – being the highest
risk, in which case the demonstration should be performed only by highly experienced and
skilled instructors (Najdoski & Petruševski, 2002; Petruševski & Najdoski, 2000).

Low-cost experiments
Experiments in science are associated with different challenges (SALIS, 2012):
• They cost money and the budgets for this kind of expenses are decreasing (no matter
how rich the country is).
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•

New regulations about safety in connection with chemicals (CLP) are introduced in
the EU.
• In many schools (especially lower secondary schools) experiments have to take place
in traditional classrooms.
As a consequence school students’ activities are reduced to a minimum in many cases.
Low-cost experiments provide several distinct advantages:
• Schools save money (less need of chemicals, cheaper materials from everyday life or
medical supply);
• Less room for storage is needed;
• Experiments take (much) shorter time;
• They offer higher mobility (transport without special needs);
• Fewer EHS concerns (less chemicals, easier disposal) and
• They can be done in an ordinary classroom.

Microscale experiments
Microscale chemistry is an environmentally-friendly, pollution-prevention approach
accomplished by using miniature glassware and significantly reduced amounts of chemicals.
Many schools (and teacher education institutions) use microscale-kits. It is not necessary
to buy all the equipment. Low-cost experimental kits can be developed in the classroom as
part of the experiments.
Learning outcomes associated with microscale experiments are likely to differ from LOs
using equipment of usual size.

Equipment from medicine
Syringes (with or without cannula) in different sizes and with different seals can replace
much more expensive burettes and gas syringes.
One example is a low-cost Hofmann apparatus (SALIS, 2012):

Figure 1: Low-cost Hofmann apparatus (illustration from the SALiS project)
Another example is the production of hydrogen (SALIS, 2012):
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Figure 2: Low-cost apparatus for hydrogen production (illustration from the SALiS
project)
In addition it’s possible to recycle waste (e.g. cans, glasses, pill packaging, film containers)
and to use chemicals from everyday life.
This paragraph gives just a very brief introduction to low-cost-experiments. A lot of
resources for low-cost-experiments are available in different languages from the web-page
of the SALiS project (Student Active Learning in Science) (SALIS, 2012):
• A lab-guide for low-cost-experiments;
• A large collection of low-cost-experiments;
• Experiments on video;
• More ideas for low-cost-experiments from the web.

Open-ended experiments
At UiT the experiments in the compulsory chemistry courses for PSTs (upper secondary
school) are almost exclusively of cook-book style. We address open-ended experiments in
our science education courses. We carry out examples of open-ended experiments adapted
for both lower and upper secondary chemistry:
• Electrochemistry: The laboratory exercise is organized as a competition: set up a good
galvanic cell (battery) from equipment available in the laboratory. This task includes
reflections on what a “good battery” means. And PSTs are asked to elaborate criteria
for the ranking of the galvanic cells produced by different groups.
• Solubility: How does the solubility of a certain salt change with temperature? The
PSTs have to elaborate hypotheses about the relationship between temperature and
solubility and to suggest procedures for testing their hypotheses. PSTs (and school
students) usually come up with many different hypotheses: solubility might increase,
decrease or not change at all; the correlation might be linear, exponential or vary in
another way. A suitable salt is potassium nitrate: its solubility increases exponentially
with rising temperature.
• Qualitative analyses: A very easy example with kitchen chemicals: what is what from
a selection of white solid substances, like citric acid, baking soda, baking ammonia
(NH4HCO3), sugar, table salt, flour? In addition to basic glass equipment, school
students may only use water, vinegar, pH strips and matches.
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The PSTs need experience to carry out these kinds of experiments. In connection with the
laboratory experiment we spend time to discuss different types of experiments, what the
intended outcomes could be and challenges the school students are likely to meet. These
discussions are based on the experiments, research literature and the PSTs’ experience
from earlier school practice. We want to give our PSTs ideas and a certain repertoire of
open-ended (and other) experiments. During school practice (at least in four of the five
years of the master’s programme) they are encouraged to try out their ideas.

Developing abilities to successfully present experiments
Occasionally the main goal for a teacher demonstration may be pure entertainment (e.g.
in chemistry shows). Usually other goals mentioned earlier are prevalent. A teacher
demonstration can be chosen in preference to experiments done by school students for
several reasons: safety aspects, costs, difficult experiments or to save time. The following
suggestions can be useful for performing and presenting the demonstration successfully
(Petruševski & Najdoski, 2000, p. 12):
• The experimental set-up should be prepared in advance and often it is necessary to try
it out before the lesson (certainly, if the teacher is unfamiliar with the experiment).
• The teacher is not supposed to talk in advance about the results of the experiment!
• While performing the experiment it is good practice that school students pay attention
to every change in the system (e.g. smoke, flame, light, sound, odour, bubbling, glow,
colour change etc.) as a basis for discussions and interpretations. It is advisable that the
teacher turns their attention to such events.
• It is never recommended to carry out too many experiments at the same time to prevent
school students from being confused and distracted.
• When working with older and more experienced students it is advisable to stimulate
students to ask questions regarding the experiments and to encourage them to predict
the outcome of such experiments. Each of these reinforcements represents a challenge
for the student and each successful prediction increase their motivation and selfconfidence.
• Secondary-school teachers usually work alone (without an assistant) so, at some point,
they can ask school students to assist.
• Real chemistry is very far away from acting, magic or show business. Still, experiments
should be as spectacular as possible. In that way they can evoke discussion among
school students and increase their interest in the subject. Usually loud explosions,
glimmering, spontaneous appearance of flame or light and sharp changes of colour
leave strong impressions on school students, engrave on their minds and make school
students fond of chemistry.
These are some of the advice that can help PSTs to get started with successful demonstrations.
They have to practice and modifications are inevitable. For example, it is not always easy
to cover all the time with suitable remarks, questions or comments. Moreover, the more
complex the experiment the less likely it is that an inexperienced teacher will successfully
activate the school students. Often he/she will be worried about the successful outcome of
the experiment. This is mainly a matter of routine in experimenting and teaching experience.
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Preparing lectures for fellow university students
At the UiT PSTs in chemistry (and biology and physics) have to follow a compulsory
module of 10 ECTS in science education in the fifth year of their master’s programme.
As one of the course work requirements during the module, each PST has to prepare a
lecture for PSTs in the third year. The PSTs responsible for the lecture have to provide
in advance a written documentation for that lecture. The lecture has practical work as a
starting point.
The main focus is on reflections about different aspects of practical work:
• How could this, or similar, practical work be done in school?
• How is the practical work linked to theory?
• What are the goals of this practical work?
• How can we reach those goals?
The PSTs get feedback both from their fellow PSTs and from the tutors. Lectures organized
like this provide a rich learning environment for all PSTs involved. The PSTs from the third
year get a well-prepared lecture, they are challenged to discuss important aspects of science
education and they practice peer assessment. The PSTs in the fifth year practice planning
of demanding lectures, initiate and lead discussions and get immediate and constructive
feedback.

Out-of-school lab days
This good practice example is from the Institute for Chemistry Education at the University
of Cologne, Germany. The out-of school lab days (Schülerexperimentiertage – SETs) have
existed for about 10 years. The focus of the SETs is on inquiry. The activities include much
experimental work, but also discussions on selected items (Schumacher & Reiners, 2013).
The SETs address three major fields:
• Chemistry classroom: Classes are invited to spend a whole day in the laboratories and
work on motivating, interesting topics
• Pre-service teacher education: the SETs can be integrated in chemistry education
courses and/or exam papers for PSTs
• Research in chemistry education: the SETs are used in different research projects
Table 2: An overview of the activities offered by SETs at the moment:
SET

Year

Method

Laboratory equipment & safety

6/7

Station learning

Indicators

6/7/8

Experiment orientated group jigsaw

Sport drinks

8/9/10

Experiment orientated group jigsaw

Soap & detergents

9/10

Classic group jigsaw

Fragrance

11/12

Classic group jigsaw
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PSTs get the opportunity to meet chemistry classes and their teachers. The PSTs get useful
experience with the preparation and organising of lab-days. They guide groups of school
students and get feedback from a supervisor.

Practice at the Science Centre of Northern Norway
Science centres are suitable arenas for PSTs’ practice (as a supplement to practice in
schools). The Science Centre of Northern Norway is located on the University campus
at UiT. One of the objectives for the Science Centre is to cooperate with the University
both for outreach activities and teacher training. The Science Centre wants to be a meeting
point where children and adults can explore Mathematics, Science and Technology through
“learning by doing”.
A popular Science club for children 10 – 14 years is arranged every year during school
vacations, both in summer and winter. PSTs are strongly involved in the one week Science
club in winter time. As part of their school practice, up to five PSTs run the club together
with staff from the Centre. Each day one of the PSTs is the leader, and the others are
assistants. Each assistant follows up a group of six children.
The PSTs get experience in planning and preparing laboratory activities for children. The
PSTs have to be creative and find suitable activities. Then they must try out the activities,
develop the teaching materials and work out risk assessments.
The Science club concentrates on the fun sides of science, where the children don’t have
to worry about stuff like writing, homework or assessment. The PSTs have close contact
with small groups of children over a whole week. They have the time to talk to each child,
to explain the activities and to follow up all kind of questions. During this week the PSTs
get insight into how young school students think about science, which is a very useful
experience.

Chemistry shows
In Macedonia there is a semiformal group of enthusiasts called by themselves ‘The Happy
Chemists Group’ (THCG). The group comprises PhD students and a few professors and
teaching assistants. The mission of the group is to spread ‘the chemistry virus’ into the
population of youngsters (high-school or secondary school students). Each year, the
members set up at least two chemistry shows at the Chemistry Department of Ss. Cyril &
Methodius University in Skopje, for curious and interested youngsters, hoping to increase
school students’ motivation to the point where they decide to devote themselves to the
study of chemistry. The group has existed for several years, but the last three years their
activities have intensified. It seems likely that their activity could be related to the change
in the trend of the decreasing number of chemistry students at Ss. Cyril & Methodius
University in Skopje (the number of chemistry students in 2013 is somewhat bigger than
that in 2012).
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Recommendations/implementations for teacher education/conclusions
This chapter is about the goals and effects of practical work in chemistry. The effectiveness
and role of practical work in science education has been focused upon, and questioned, by
researchers for over 40 years (Hofstein & Lunetta, 2004). After all, a lot of time, money
and effort is spent on practical work. Therefore it is important to study the goals and effects
of this practical work.
It is important to identify goals for the chemistry lessons, and to isolate and define goals
where practical work makes a unique and significant contribution in reaching these goals.
In some cases other activities than laboratory experiments might be a better option.
A clear message to PSTs in chemistry should be: “Do a substantial amount of practical work
in chemistry with your future school students”. Therefore, different aspects of practical
work must have a prominent position in PSTs training:
• Reflections on the goals and effects of practical work;
• Getting familiar with an analytical framework;
• Reflections on the role of the teacher before, during and after practical work;
• Getting experience with a variety of experiments (and other practical activities) both at
the university and in school practice;
• The importance of prior knowledge (CK) and
• Laboratory safety and EHS regulations.
Chemistry experiments can be supplemented, but not replaced, by computer animations
and simulations. There have to be hands-on activities in school chemistry; there have to be
sensations of smell, sound and smoke.
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Why is this topic important in Pre-service Teacher (PST) Education?
Many students of chemistry, particularly those who have already studied chemistry
and have decided to become teachers of chemistry, have grasped the three-dimensional
nature of the subject as described by the Johnstone triangle (Johnstone, 2000).1 They
are aware of transferring between the macro world of concrete materials and objects to
the sub microscopic level of atoms, molecules and sub atomic particles and are capable
of using the symbolic level for communicating these ideas through drawings, symbols,
graphical interpretations, etc. Their education in chemistry generally will have addressed
the difficulties that students of chemistry have in moving between these three domains
and many ideas and activities have been developed over the years to address these issues.
As well as considering the 3 dimensions in chemistry (macro-, sub-micro- and symbolic),
Mahaffy has added the fourth dimension of human activity – which recognises the human
involvement in chemical reactivity e.g. as teachers, researchers, industrialists, etc. (Mahaffy,
2004). Chemistry is an important activity for everyone; chemical reactivity is of utmost
importance to sustain our world and the people in it. Therefore the role of chemistry in
our everyday lives is an important issue that needs to be highlighted in pre-service teacher
education – not just as a ‘chemistry is all around you’ but to actually encourage the PST to
really grasp and internalise that fact and then to obviously make use of it in their teaching.
Our PSTs of today will be preparing students to live in a world that we (as PST educators)
can only imagine.
Therefore they must be prepared to teach and motivate their students in a world that needs
chemistry to understand and sustain it. There are sustainability issues facing our world
today e.g. global warming, water resources, clean water, energy, are just some of the issues
that dominate today. Strategies that are decided on now, will have far reaching effects on
future generations. Therefore if we are to prepare our future generation of scientifically
literate, questioning and discerning citizens for the future, then we must now prepare the
next generation of teachers with the skills and knowledge to help them enrich and develop
their students.
One such way of developing students in terms of their active engagement in chemistry and
to develop questioning and critical engagement is to engage students in an active teaching
pedagogy – such as inquiry based science education (IBSE).
IBSE needs to be included in the pre-service teaching programme as firstly, many PSTs
will not have experienced this pedagogy themselves as students and secondly, they may
be very uncomfortable with doing activities (or asking questions, or being questioned)
where they do not know the answer themselves, or whether the answer given is the ‘right’
answer – even if it does not exist!

1

		 see also the chapter “Chemistry and Context”
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While there are a number of active teaching pedagogies, this chapter will limit discussion
to IBSE only. However, there is no recommendation that a teacher should adopt only one
strategy in their teaching. Teachers have to be equipped with a ‘suitcase’ of methodologies
that they are comfortable with and that they can draw on in different situations to address
the learning needs of their students.

Theoretical Perspective of IBSE
But what is inquiry based science education (IBSE), what is its purpose and why should we
encourage our future teachers to teach through inquiry?
Many of the developments in science curricula internationally have focussed on
developments of competencies and skills in our school students. New pedagogies have
been suggested to aid in the development of these skills and competencies. International
reports have highlighted the required attributes and skills of school leavers such as problem
solving, critical thinking and scientific literacy. Inquiry based methods have been shown
to be suitable to develop these attributes. Many researchers have shown that inquiry-based
approaches to learning are able to increase student motivation, interest, and understanding
(e.g. Collins, 1997; deBoer, 2006).
Flick and Lederman (2006) state that ‘inquiry stands for a fundamental principle of how
modern science is conducted. Inquiry refers to a variety of processes and ways of thinking
that support the development of new knowledge in science. Thus inquiry is viewed as two
different student outcomes, ability to do scientific processes and the knowledge about the
processes’. Therefore for effective teaching by inquiry, teachers need to balance both the
understanding about scientific inquiry and the ability in doing scientific inquiry. Scientific
inquiry is both a learning goal as well as a teaching strategy.
Llewellyn (Llewellyn, 2013) states that the purpose of inquiry is ‘not to instil curiosity in
students, but rather to discover it’. He further states that we aspire to teach though inquiry
as ‘inquiry opens the mind to question the natural world…and to instil in students an
appreciation for learning science’.
Over the last decade, several models of the inquiry process have been suggested; the inquiry
cycle is shown in Figure 1 (from Llewellyn, 2002) while inquiry instructional phases as
described by Bybee et. al. (2006) are shown in Figure 2. A recent review of phases of
inquiry – based learning has been published in Education Research Review (Pedaste et.
al., 2015).
Building on a constructivist learning theory2, the inquiry cycle has been further elaborated
into the constructivist learning cycle (Llewellyn, 2013) which shows the many opportunities
for students to search for and construct meaning from the real worlds and to reflect on their
experiences (Figure 3). In this approach, students can create their own mental models as
they make sense of their experiences. They can develop many research abilities and other
competencies that are useful throughout their entire life.

2
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Figure 1: A 6 stage inquiry cycle (from
Llewellyn, 2002)

Figure 2: The 5 Es – instructional model
showing inquiry phases (Bybee et. al., 2006)

Figure 3: Constructivist Inquiry cycle (Llewelyn, 2013)
There is no one model of IBSE but there are recognised features of the classroom activities
and students’ actions that indicate that IBSE is taking place, such as:
• “engaged in observation and, where possible, handling and manipulating real objects;
• pursuing questions which they have identified as their own even if introduced by the
teacher;
• taking part in planning investigations with appropriate controls to answer specific
questions;
• using and developing skills of gathering data directly by observation or measurement
and by using secondary sources;
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•

using and developing skills of organising and interpreting data, reasoning, proposing
explanations, making predictions based on what they think or find out;
• working collaboratively with others, communicating their own ideas and considering
others’ ideas;
• expressing themselves using appropriate scientific terms and representations in writing
and talk;
• engaging in lively public discussions in defence of their work and explanations;
• applying their learning in real-life contexts;
• reflecting self-critically about the processes and outcomes of their inquiries.” (Harlen
& Allende, 2006)
The practice of inquiry requires the inquirer to pose questions, search for answers, probe
counterintuitive phenomena and act inquisitively; in scientific inquiry, the student is
involved in activities such as thinking critically and reasoning, while conducting a scientific
investigation.

Teaching Chemistry through Inquiry - lessons for PSTs
Through many European projects (see resources and repository at www.scientix.eu),
programmes to introduce and support PSTs in inquiry teaching in the classroom have been
developed. Several key recommendations for the introduction of PSTs to inquiry have been
noted as:
• PSTs must experience inquiry activities themselves as students;
• PSTs should trial inquiry lessons within the classroom;
• PSTs should reflect on their classroom experience, sharing the essence of inquiry with
colleagues, how they managed particular activities etc.
• PSTs should, if possible, watch video evidence of inquiry classes in comparison to
more traditional formats and discuss.
Barriers that teachers claim make it difficult to implement inquiry such as time, curriculum
content and student’s prior experiences, need to be recognised and discussed with PSTs
after they have trialled inquiry activities in the classroom. Advantages of IBSE in terms of
conceptual understanding and increased interest and engagement of the students should be
discussed and the gains in time over a longer period discussed.
The next section will describe three good practice examples of inquiry activities to carry
out with PSTs to allow them to experience inquiry themselves as learners (Good Practice
Examples – Activity 1, 2, 3). Following these are two good practice examples which show
how PSTs can be supported and helped to reflect on their experiences of inquiry in the
classroom (Good Practice Examples – Programme 1, 2).

Good Practice Example – Activity 1
Super absorbing polymers (SAP) have many uses, but particularly in nappies and other
hygiene products. This context is known and familiar to many students and so it is a good
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context for an inquiry activity. This activity was adapted from FP7 ESTABLISH unit –
Exploring Holes (http://establish-fp7.eu/resources/units/exploring-holes).
A typical sequence of the inquiry activity, as used with PSTs in Ireland, is outlined below.
Following an initial discussion on the absorbency of nappies and the use of SAP within the
nappy, the students are given the initial question and task:
How much water does SAP absorb? Devise an experiment to determine an answer
to this question.
Note: It is important not to have any equipment out on the student benches at this time, as
this can limit the students thinking in terms of the experimental process.
In small groups, students work together to devise their plans (for approx 5 mins). At this
point many students suggest a procedure that involves addition of water to a known amount
of SAP until they observe an ‘end point’, where no more water is absorbed, and hence the
amount of water absorbed can be measured – see Figure 4 for plans.

Figure 4: Student plans to determine the absorbency of SAP
Figure 4 shows a flow through method, where saturation is indicated by water flowing into
the conical flask and an addition method where saturation is observed when no more water
is seen to be absorbed.
Without class discussion, after devising their plans, the groups then select the appropriate
equipment to use and commence their experiment. At this point, I ask the students to do
a fairly quick test on their procedure to check that their method is a good method (so e.g.
use approximate mass of SAP and approximate quantities of water). As the groups carry
out their procedures, they are asked to discuss their procedures within their groups and to
generate an approximate answer.
The whole class group then come back together after about 15 mins to share and discuss
their findings. When asked for their approximate answers, generally a wide range of values
are obtained (in ml/g of SAP). In discussion, several issues are raised by the students,
based on their observations, including:
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•
•

No obvious ‘end-point’; leading to the question how do we know it is saturated.
Time is an issue; if some un-absorbed water is left in contact with the SAP, then over
time it seems to be absorbed.
• Contact; differences between a flow type apparatus and an immersion process seems
to give varied readings.
These issues are then discussed by the whole class group; the groups can modify / redesign
their experiment now informed of the additional parameters that affect the absorbency.
They then discuss and agree practical criteria to define the total adsorption, either agreeing
on different criteria (leading to maybe a wide range in the final answers) or agreeing on
one set of criteria (leading to closer answers by the different groups). Note that methods
involving absorbance from an excess of water seem to work well – such as putting a known
amount of SAP in a tea-bag and immersing it for a known amount of time (say 5 mins) in
a known volume of water; then remove the tea-bag with the saturated SAP and determine
the volume of water remaining.
This activity can be extended to determine the effect of salts on the absorbency – e.g.
NaCl, CaCl2, the effect of pH, effect of sugars etc as mimicking the content of urine. The
chemistry behind the absorbency can then be discussed in terms of H-bonding.
The key feature of this approach to an inquiry activity is that firstly it is a non-threatening
activity to start with (little prior knowledge of chemistry is required to design the experiment)
in a context that is familiar to most students. It is also an activity that the PSTs can readily
see that they could use in their own practice in their classrooms. The SAP is readily available
from chemical suppliers - e.g. Sigma-Aldrich (432784 ALDRICH Sodium Polyacrylate
cross-linked) or may be extracted from a nappy (e.g. www.stevespanglerscience.com/lab/
experiments/water-absorbing-crystals).
However, a key part of this inquiry shows that students need ‘play time’ with apparatus
and materials BEFORE they can finalise their experimental investigative procedures. This
step is often neglected in laboratory teaching, as equipment is already set out and the
particular procedures are given or range of quantities/values are given. Many teachers also
give the investigative question to students and then expect them to devise a perfect plan
for their investigation before the students have familiarised themselves with the materials/
experiment. Quick laboratory trials can readily inform the students on the necessary
equipment to use, the parameters that can be tested and the range of data that can be
measured.
This activity allows students to generate their own criteria to determine the absorbance
of the SAP; they can consider the accuracy, reliability, and reproducibility of different
methods and criteria. So it is a really good activity to show PSTs the need for:
• Student ‘play-time’ in generating investigative plans
• Generating criteria for those experimental plans.
In terms of content knowledge, the main understanding is looking at a structure of
SAPs and, from the data measured in the presence of salts, the role of H-bonding can be
discussed with the students.
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Good Practice Example – Activity 2
This inquiry activity focusses on development of skills of observance and inference; the
initial question leads students to design an investigation, systematically changing a number
of factors. The activity uses an everyday context to determine the factors that can influence
the rate of a reaction. This activity is adapted from FP7 project SAILS (sails-project.eu).
The activity starts with the teacher or student taking an effervescent vitamin C
tablet, and dropping it into water; students are asked to observe what happens and
then generate a question that they wish to investigate.
Many observations are possible, including:
-- Colour change in the water
-- Formation of bubbles in the water and froth on top of the liquid
-- Formation of bubbles on the tablet
-- Movement of the tablet in the water etc.
Questions that students may generate include:
Q1 Why does the tablet move in the water?
Q2 What is in the bubbles that are formed?
Q3 Can I change the rate at which the bubbles are forming?
Q4 Will the colour get deeper if more tablets are added?
The discussion can then take place in student groups or a class group as to how we can
find the answer to these questions by carrying out experiments in the school laboratory.
Some of the questions initially raised will require re-phrasing into new questions that
can be investigated. So the student groups must re-phrase their question and then plan
an investigation to obtain answers to their question. For example, Q4 above is easily
investigated and the students will be able to devise an investigative plan and determine
an answer to this question. Likewise Q2 and Q3 can be extended and a plan produced.
Q1 starting with ‘why’ is a difficult place to start and does not lead on to an investigation
immediately. Questions that start with verbs such as ‘why’ and ‘how’, generally encourage
student to ‘google’ answers rather than investigate!
PST should be encouraged to examine their own questions and note that questions that
demand action are generally easier starting points for students to develop an investigation,
rather than the ‘why’ questions. Getting PST to discuss what they would do to determine
the answer to the above questions is a good starting place for them to be able to generate
investigative questions with their students. Good questions to investigate have action verbs
so the students know where to start the investigation.
This activity can then be extended to determine factors that affect the rate of a reaction by
asking the question:
I am in a hurry in the mornings- can I speed up this reaction so that I can drink my
vitamin C more quickly?
Again students need to plan an initial experiment to determine the rate and then trial that
experiment; they then must discuss as a group and again must agree on criteria as a class or each
group select their own criteria. Many questions arise when they trial their experiment, such as
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‘How can I determine the end of the reaction?
which leads to suggestions of:
-- Waiting to the end of the reaction when no
more bubbles formed
-- Can I measure the rate of bubble formation
e.g. adding a drop of detergent will catch the
bubbles?
-- Can I capture the gas evolved and measure its
volume or pressure?
Figure 5: Determining the rate of
reaction (photo CASTeL)
Once the criteria are agreed and the experimental
set up is agreed, the students can then determine and
investigate different factors that can influence the rate of the reaction, such as investigation
of effect of particle size, temperature, and/or concentration.
Focussing on their initial observations, they can generate questions that they wish to
investigate. The range of questions produced may be discussed with the whole class in terms
of classification of the questions into those that can be investigated in the school classroom
(and are therefore good investigative questions) and those that cannot be investigated or
are not appropriate in the school classroom. Determining the rate of the reaction can be
carried out in many different ways; possibly the easiest way is to add a drop of detergent
to a known amount of water in a measuring cylinder and then add the effervescent tablet;
then measure the height of the bubbles formed in the measuring cylinder with time. Figure
5 shows activity in action. The data can be plotted to determine an instantaneous rate or the
overall rate. Again ‘play time’ is required to allow the students to become familiar with the
apparatus required, the quantities of materials required and the rate of the reaction.
This activity allows students to generate their own criteria to determine the rate of a
reaction. It is a good activity to show PSTs the benefits for:
• Turning questions into ones that can be investigated in a school laboratory
• Generating criteria for experimental plans
• Everyday context for mathematical modelling

Good Practice Example – Activity 3
As discussed3, cognitive conflict is a necessary step to further the development of models
and student ideas and knowledge. In this activity, the everyday use of a product may be
‘at odds’ with the experimental observations (this activity was informed by ESTABLISH
http://establish-fp7.eu/resources/units/exploring-holes).
Initially the PSTs are presented with a range of everyday polymer films (e.g. plastic bags,
recyclable bags, food wraps, cling film, jam jar covers) and asked to write down the
property of the film that supports its use. Answers such as shown in Table 1 are typical.

3
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Table 1: Student answers on properties of polymer films that support their use
FILM
plastic bags given out in the
supermarket
cling film

Property
material does not react with
food
can stretch it, protect
sandwiches from air
cellophane covers for jam jars strong

strength of bonding in the
film
food stability
air tight

The PSTs then select a variety of films and use them as a barrier between two solutions
(iodine and starch) e.g. as shown in Figure 6. Note, asking students to put iodine solution
in the polymer film and starch solution below will give rise to two alternative set-ups as
shown in Figure 6.

Figure 6: Alternate set-ups for polymer film
After a few minutes, in some cases, the starch is seen to turn blue. Students must then
investigate the properties of the films to determine how the iodine has ‘passed through’ the
film. It is interesting to also note that even when the starch is not in contact with the film, it
can also turn blue, suggesting that the iodine has passed through the air gap, to react with
the starch. Students then can develop models to describe and explain their observations.
This is a good activity:
• to encourage, especially senior students, to develop their models of solid films and
for developing questions; e.g. if the solutions are placed in the opposite positions,
are the results the same; what is actually passing through the membrane; what size
then are these molecules? are there spaces or ‘holes’ in the film? then how can cling
film keep my sandwiches ‘fresh’?
• to create cognitive conflict as students often perceive polymer films as impervious to
gases/liquids and that they are all the ‘same’. The activity is suitable for all student
levels e.g. within the context of models of solids/liquids and gases or dealing with
polymer structure.

Good Practice Example – Programme 1
As well as teaching PSTs what IBSE is about, it is equally important for them to be
convinced to use IBSE while on teaching practice (internship), and then in their careers
as science teachers. To support the argument for IBSE, two main ways used in this Good
Practice Example at the Jagiellonian University are by:
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1.

Reference to existing educational documents, such as the core curriculum, statements
of the Minister of Education, guides/recommendations for teachers published by the
Ministry of Education etc.
2.
Reference to the needs of the graduates, associated with their entering the labour
market and functioning as adults.
After performing activities such as those described above or equivalent, PSTs work using
the carpet of ideas method. The students, in small groups, make a list of what they have
learned during these classes conducted in accordance with the IBSE strategy. They write
their ideas on post-it cards, then read the ideas and stick the cards on the board, possibly
in the vicinity of the ones that are already hanging there that focus on similar issues. A
discussion is then held with the entire group on the possibility of grouping the statements
on the post-it cards. Then, the group is divided into two.
The first group examine the chemistry core curriculum for the knowledge and skills set
out in the previous discussion. An extract from the current curriculum in Poland is given
in Box 1, showing many examples of knowledge and skills that can be developed through
IBSE.
The other group meanwhile performs a similar task, examining the results of research on
the requirements of employers in a given country, in Europe (e.g. Piloting a European
employer survey on skill needs, European Centre for the Development of Vocational
Training, RESEARCH PAPER No 36, www.cedefop.europa.eu/files/5536_en.pdf) or
outside Europe (e.g. 2014 EMPLOYER NEEDS SURVEY, North Carolina’s Commission
on Workforce Development, August 2014, https://www.nccommerce.com/ ) and initiatives,
such as Partnership for 21st century learning (www.p21.org).
PSTs then present to the rest of the groups the results of their analysis and draw conclusions.
They also consider what other methods could be possibly used to achieve the same learning
outcomes.
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Box 1: Extract from current curriculum in Poland (men.gov.pl/wp-content/
uploads/2011/02/5d.pdf)
Core curricula:
‘The most important skills acquired by a student in the course of general
education at the third and fourth level are as follows: (...)
3) scientific thinking - the ability to use the knowledge of a scientific nature
to identify and solve problems and draw conclusions based on empirical
observations of nature and society,’
Chemistry:
4th educational level – basic range
General objectives: (...)
II. Reasoning and application of the acquired knowledge to problem solving.
‘A student gains knowledge in the field of chemistry by way of research – s/he
observes, tests, verifies, draws conclusions and generalizes; (...)’
Science:
‘1. The scientific method and explaining the world.
A student:
• indicates the difference between observation and experiment (in physics,
chemistry, biology);
• describes the conditions for the proper conduct of observation and observation
documentation;
• describes the conditions for proper planning and carrying out experiments
(one test parameter, repetition, control tests, standardization of experimental
conditions) and the method of documenting their results;
• plans and carries out selected observations and experiments;
5. Science and pseudoscience.
A student:
• makes use of scientific methods of verifying information (e.g. a source of
information, data analysis, analysis of results and conclusions according to the
current scientific knowledge);
• evaluates information and arguments in scientific terms, distinguishes between
reliable and pseudo-scientific information;
• points out inconsistencies in selected pseudo-scientific texts;’
After the classes held at the premises of the Jagiellonian University, PSTs, in groups of 8,
take classes in schools under the supervision of a university teacher. They first observe two
lessons conducted by the school teacher, and then each of them conducts one lesson which
is observed and discussed (based on the structured observation sheets) by the rest of the
group, the teacher and a teacher educator (university teacher). The classes are conducted
using various methods and strategies, and in at least one of them IBSE is used. During the
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discussion of the lessons carried out by PSTs, special attention is paid to the following aspects:
• Were the planned content and methods implemented correctly (i.e. according to what
PSTs have learned during teaching classes)?
• Did the lesson proceed according to the plan? How did a PST react to unforeseen
teaching and educational situations?
• Was a context, known to students, applied and was it relevant to the chemistry topics
discussed?
• How did the students work? – To what extent did they have an opportunity to
demonstrate their independent learning, and to what extent did they become interested
and motivated to work?
• Did the stage of clarifying and expanding proceed correctly? Did the cognitive conflict
introduced at the beginning of the class, and the generalization of the concepts learned
at the end of the lesson, result in the creation of new misconceptions?
• Did the methods used make it possible to achieve the desired learning outcomes?
• Did the evaluation of the learning outcomes that was carried out deliver reliable results
(did it actually allow testing of what was possible to be tested)?
• What was the contact/relationship of the PST with students?
• What changes would the PSTs introduce to the lesson plan if they were to conduct the
lesson again?
After a one-year course, PSTs have a 5-week practice at school under the supervision
of a school teacher. At that time, a university teacher runs an on-line discussion forum,
encouraging the PSTs to describe the experience gained, ask questions, share their doubts,
and look for ideas and help. One of the discussion topics relates to IBSE.
After the end of the month of practice, when PSTs are back at the Jagiellonian University,
one session is dedicated to teh discussion of the practice. Then, the university teacher has
to deal with the barriers that are usually presented by school teachers when implementing
IBSE, i.e. lack of time, lack of laboratory equipment, lack of preparation and independent
thinking among students etc. The tasks of PSTs include, among other things:
• Describing the practice in terms of compliance between what they have learned during
the classes at the university and during the practice in the middle of the academic year
and the reality of schools
• Clarifying the reasons for possible deviations, difficulties that they had to face,
obstacles in implementing specific solutions, including IBSE
• Suggesting possible counter-arguments or solutions for issues, for example, experiments
in the IBSE conventions that do not require sophisticated equipment, reference to the
knowledge acquired during pedagogical and psychological courses detailing the stages
of human psychosocial development, and so on.

Good Practice Example – Programme 2
This example describes the forms and frameworks of implementation of teacher educational
programmes (TEP), which was important for education of teachers in how to use IBSE in
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their practice. This has been implemented by Charles University in Prague, Czech Republic
and funded by the ESTABLISH FP7 project (http://establish-fp7.eu) and further modified
by the TEMI FP7 project (http://teachingmysteries.eu).
In 2009, a new era of school and curricular reform began. All of the second level schools
were obliged to start teaching in accordance with the Framework Educational Program
(FEP), which in outline defined the content and recommended the forms, methods and
attributes of education. The outcomes of the school programme were evaluated not just on
the basis of knowledge acquired by students, but, also, by development of student´s key
competencies. The key competencies ‘are a set of knowledge, skills, abilities, attitudes and
values which are important for the personal development of an individual, his/her active
participation in society and future success in life’.
The educational and curricular reform (and hence the FEP) supported the implementation
of new strategies of teaching which involved students more in active-learning. With
respect to that, IBSE was shown to be a suitable approach to fulfill the requirements of the
FEPs. However, in the Czech Republic, in 2010, when the ESTABLISH project started,
the IBSE approach was not evident in schools and teachers had very little knowledge of
IBSE pedagogy. In particular, there were only a few courses on IBSE in the curricula of
pre-service teachers and very few, if any, IBSE courses for inservice teachers. There was a
lack of suitable educational resources and materials and teacher guides, which could help
teachers in their implementation of IBSE in regular science education. The ESTABLISH
project provided the necessary support to introduce the IBSE approach into primary as well
as second level school education and helped, to some extent, to address some of the issues
mentioned above.
Teacher education programmes (TEP) were the key to the development of teachers’
knowledge and skills. The ESTABLISH TEP was modified to suit the Czech conditions and
was implemented for groups of both pre-service and in-service teachers. For pre-service
teachers, the programme ran for two hours per week for 6 months, while for in-service
teachers, the programme ran during weekends. Despite the different time schedule, the
content and methodology of both programmes were the same. As the main aim of the
TEP was to introduce the IBSE methodology to teachers, the teachers were taught through
inquiry themselves. So during the TEP, the teachers were suddenly in the role of their
students. This helped teachers to develop a deeper understanding about the benefits and
disadvantages of teaching through IBSE. Figure 7 shows the workshops in action.
During the TEP, the scientific ideas of the teachers were determined and developed. The
TEP also included cooperation with various industries at various levels. For example,
companies provided materials from their own sources for the teachers (for example
Synthesia – manufacture of inorganic and organic compounds, Silon – polymer processing,
etc.); or there were several excursions for the participants, not only to the industries in
the local area (including Madeta – milk processing and cheese manufacture, Coca-Cola
Czech Republic – soft drinks), but also to museums and state institutions (SÚRAO – State
institution for treatment of radioactive waste repository, Water treatment museum or Police
museum, where they also participated in a seminar about forensic biomechanics).
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Figure 7: Teachers carrying out/discussing IBSE during TEP (photo Haba)
These activities were considered to be very important for the teachers, not only because
of their educational aspect, but also because they provided the necessary contacts
for teachers. Another important aspect of the TEP was that the teachers discussed and
developed their own IBSE activity. Specialized ‘discussion’ activities were organized and
markets of ideas for chemistry teachers took place. Teachers also met within the framework
of a local project ‘Making Science Is Easy’, where the teachers presented their ideas and
educational methods. In the framework of these activities, the elements from the TEP were
successfully implemented and these activities further supported implementation of IBSE
into the science education.
Based on reviews with teachers, at first, the Czech teachers (pre-service as well as inservice) were suspicious and they did not believe in the efficacy of IBSE. Regarding the
activities, they suggested some likely questions that students would ask and they wanted
answers to these questions from the TEP tutors. However, as the students are expected
to find the answers to the questions, the teachers had to focus on how they could support
the students to find the answers. Finally, the majority of the teachers understood that to
implement IBSE, they had to change their attitude and begin to work in a different way;
the task of the teacher is not just to reveal the fact but to help the student to explore,
explain and understand. Some of them started to introduce the ESTABLISH units in
their lessons, at least some of the activities. The majority of the teachers after the TEP
understood the principles of IBSE and evaluated the course positively. Nevertheless, the
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teachers highlighted the disadvantage of IBSE as it takes too much time and that it requires
the students to be motivated to some extent for science.
Materials and resources are now available for IBSE from several FP7 and other projects.
Local adaptation of these are required to help teachers to implement IBSE in their
classrooms. As teachers become more adept at teaching through inquiry, they further
develop and devise their own inquiry activities. Within TEP programmes, perceived
barriers to implementation of IBSE need to be addressed, such as the time required for
implementation.

Conclusions
Within this chapter, an overview of IBSE has been given in relation to its implementation
in the classroom. As many PSTs have not themselves experienced this pedagogy as a
school student, they must be given the opportunity to act as students in exploring the
methodology. Sample activities that are used with PST to help them to understand the
essence of inquiry are given. These activities put the PSTs in the role of students in
developing their own inquiry skills. Additionally, the PSTs must be supported as they
develop their understanding of the benefits of IBSE, and trial and implement this pedagogy
with class groups. Two programmes have been outlined in this chapter that are effective in
supporting and enhancing their understanding.
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Dragica Trivić, Odilla Finlayson, James Lovatt, Lorraine McCormack
Why is this topic important in Pre-Service teacher (PST) education?
In previous chapters, the complexity of perspectives on learning and the challenging
abstract nature of chemistry concepts have been highlighted. It is clear from these
discussions that teaching and learning of chemistry is multifaceted and not simplistic. In
order to teach effectively, PSTs need to be able to design and plan learning sequences that
help learners construct an understanding of chemistry concepts. Furthermore, as part of
these learning sequences, they need to embed opportunities to determine whether students
have constructed or understood these concepts in a meaningful way. In this chapter we will
provide a theoretical background as well as practical examples demonstrating how these
essential teaching skills can be developed by PSTs.

What is covered in this chapter?
This chapter builds upon what has been discussed in other chapters such as ‘Educational
Theories and How Students Learn Chemistry: Practice what you Preach’, ‘Understanding
and Using Chemistry Curricula for Effective Teaching’ and ‘Students’ Alternative
Conceptions and Ways to Overcome them and focusses on enabling the chemistry PST to
develop competence in planning appropriate teaching/learning/assessment processes for
their classes.
In the first section of this chapter a theoretical framework gives background information
on designing learning and assessment tasks. Learning and assessment are fundamentally
entwined, thus rich learning tasks can also serve as valuable assessment tasks. It is important
to realise that the triumvirate of assessment practices, curricula and learning pedagogies
are all inter-related and that each must complement the other for effective learning. One of
the challenges in PST education is to break down their prior experiences of schooling in
terms of learning and assessment and to ensure that PSTs experience varied approaches and
assessment practices within their education programmes.
In the second section of this chapter, four examples of good practice will be provided. These
will outline strategies to introduce PSTs to learning and assessment task design. All four
demonstrate the interrelatedness of learning and assessment, though in the discussion, the
first two will be predominately explained in the context of learning task design (planning,
sequencing, cognitive development) and the emphasis in the second two examples will
concentrate on assessment (peer-learning, criteria-based and assessment of discourse).

Theoretical Framework
This section highlights the importance of design of learning tasks and the basis of
assessment.
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Learning Tasks
Learning science is associated with constructing meaning and developing an understanding
of the world around us. Teachers need to engage students in interesting scientific scenarios
(situations, events, tasks and activities) that provide opportunities for development of
questioning / investigation skills, conceptual understanding and thinking skills through
reflection on the process.
A core teacher competence is the ability to plan and design such learning tasks. In the process
of planning, the teacher combines knowledge and skills from various fields of chemistry,
chemistry didactics, pedagogy and psychology. The teacher selects the chemistry facts,
concepts and examples, decides on the level of explanation and determines the teaching
and learning methods, experiments, necessary equipment and other aids according to the
teaching and learning aims and outcomes. They design learning tasks according to their
teaching and learning aims and outcomes and deploy extensive repertoires of skills and
strategies, bearing in mind the particular student class (ability level, prior knowledge, class
size etc). They must also be aware of having to change and modify their tasks, making
decisions and acting in unplanned situations.
In order to design learning tasks teachers need to be cognisant of learning theories and the
specific challenges in learning chemistry due to its abstract nature. Specifically they need
to understand how to appropriately sequence learning tasks so students can make coherent
and logical links between concepts and to foster students’ conceptual understanding.
The process of construction of scientific knowledge and the cognitive development
of the students are dependent upon the interaction of his / her cognitive structures, and
the structures of scientific knowledge organized into systems that are provided by the
curricula. It is difficult to apply approaches suitable for the needs and learning styles of
each individual, but the application of a wide range of teaching and evaluation strategies
brings the contents and learning process closer to the interests and styles of a larger number
of students.
Teachers require the ability to adapt their plans and practices to meet students’ learning
needs within the field of science teaching (Vogt and Rogalla, 2009). Chemistry teachers
need a deep knowledge of both their subject and of teaching chemistry (PCK) as well as
an ability to adapt practice in diverse and inclusive learning environments (Bindernagel
and Eilks, 2009; Yakmaci-Guzel, 2013). Epistemological awareness is also necessary: the
knowledge and understanding of historical, cultural and structural features of chemistry
linked with other subjects across the curriculum. Knowledge of education theories,
school curricula, class management, teaching/learning methods and assessment should be
connected with the chemistry teaching/learning aims and general aims of second level
education. Also, reflective, interpersonal skills for learning in professional communities
are important.
Developing students’ thinking is an essential part of teaching/learning. A number of
pedagogies have been developed to encourage students’ engagement and thinking in science
such as Inquiry methods (see also the “Chapter Inquiry Based Chemistry Instruction”) and
Concept based methods. This chapter gives examples and theoretical backgrounds of other
approaches including concept mapping, discourse and cognitive acceleration.
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Assessment Tasks
Quality teaching requires systematic assessment of knowledge and skills/competencies
according to education theories, research, professional experience and evidence. PSTs thus
need to have an understanding of theoretical and practical underpinnings of assessment.
The term assessment has many meanings and interpretations. In its broadest sense, it
can be used for two main purposes to evaluate students: (a) for grading, tracking or
to give comparisons between student sets, locally, nationally or internationally; (b) as
diagnostic to give feedback (both to the student and the teacher) on achievement of
learning outcomes.
Assessment is often labelled as being either summative or formative where the distinction
between the two relates to what the output of the assessment is used for and not the type
of assessment. Assessment of learning (summative) is used as a final evaluation of
the learning that has occurred and is often presented in the form of grades. Summative
assessments are habitually conducted by external bodies and hence teachers are inclined to
use a similar type of assessment within their teaching, hence influencing strongly both the
teaching methods and the content (Harlen, 2007). This can lead to the overuse of frequent
summative assessments within teaching (Black and Wiliam, 1998).
Formative assessment (assessment for learning) is assessment that is used throughout the
learning process in order to advance the learning and provide students with feedback that
should direct and encourage further learning. This type of assessment both enhances the
student learning but also informs teachers of their next steps in instruction. It is an integral
part of the teaching and learning process. It is continuous and actively engages students in
peer- and self- assessment. Formative assessment supporting learning, involves the process
of seeking and interpreting evidence for use by learners and their teachers to decide where
the learners are in their learning, where they need to go and what is the best way to get there
(Klassen, 2006; Hattie and Timperley, 2007).
Key features of formative assessment are that it takes place during the learning process and
not after it; it provides an immediate and detailed feedback for the students and/or teacher;
and the assessment information is used to modify the learning process to make it more
effective. It is important to note that the time between collecting information on learning
outcome and feeding back to learners has to be short to maintain and improve learning
process (Wiliam, 2013; Havnes, Smith, Dysthe & Ludvigsen, 2012).
A good assessment should provide information that is useful for diagnosis, feedback and
the design of the next steps for the instruction (Pellegrino et al., 2001). Assessments that
make students’ thinking visible and explicit, engages students in the self-monitoring of their
learning, makes the features of good work understandable and accessible to students and
provides feedback specifically targeted towards improvement, are effective assessments
(Shepard, 2003). Therefore, when designing and planning learning tasks, it is important for
PSTs to think about the opportunities within the learning experience for both teachers and
students to review and challenge their understanding.
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PSTs should be exposed to a range of assessment methods and techniques including
questioning, observation, peer-assessment, portfolios (including student artefacts such
as laboratory reports examples of writings, models etc.), student presentations, how to
provide feedback, how to design tests, how to design assessment criteria, how to use
rubrics etc.
PSTs should also be made aware of common pitfalls when assessing learning and progress.
For example, PSTs tend to rely on lower order, recall or ‘initiate-response-evaluate’ style
questioning and transmission style activities and often make the assumption that if their
students can recall a fact or give one word responses, that they have grasped the concept.
Other common issues include: over assessing and/or collecting too much information
that is not realistic to evaluate, using a limited range of assessment types thus preventing
students with opportunities to show their learning, not being clear on what evidence they
are looking for, and not matching the assessment to the learning outcomes. For example, if
critical scientific reasoning is an important goal in chemistry teaching, then monitoring and
testing achievements require adequate tasks which will determine the level and the quality
of student’s reasoning (Cloonan and Hutchinson, 2011).

Entwined Nature of Learning and Assessment Tasks
Learning and assessment are totally entwined and often it is the assessment that drives
learning. Therefore it is important that assessment practices actually assess what needs to
be assessed rather than what is easy or convenient to assess and that assessment practices
actually promote the learning. This point emphasises the importance of assessment
practices being considered within the planning phase and that the tasks and activities
planned develop content knowledge but can also be used in assessment. Where formative
assessments are used, the teacher needs to use assessment evidence to plan and design the
follow on learning tasks to help students’ development. To this end, it is important to help
PSTs realise that the triumvirate of assessment practices, curricula and learning pedagogies
are all inter-related and that each must complement the other for effective learning.
Therefore in PST education, tasks that clearly show learning processes with assessment
are important to highlight a range of assessment opportunities possible within lessons.
Several excellent reviews of assessment in science are available and recommended for
reading such as Black & Wiliam, 2009, Harlen, 2013. A good general practical guide to
assessment can be found in A Guide to Teaching Practice, Cohen, Manion and Morrison,
2004.

Examples of good practice
In this section, four examples of good practice are provided to offer PST educators
possible strategies for introducing PSTs to learning and assessment task design. The first
two examples concentrate on design of learning tasks and the remaining two emphasise
assessment strategies. All four examples highlight the entwined nature of learning and
assessment.
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PSTs need to experience a variety of pedagogies themselves so that they can internalise
them and then develop them into their own practice. We advocate this perspective on PST
education and therefore the examples offered have a common implementation in that:
a) PSTs complete the tasks as learners,
b) they critically reflect on the tasks and
c) they consider how the tasks can be adapted and integrated into their own practice.

Good Practice Example 1: Exploring concept mapping as a tool to help
effective sequencing of learning tasks
The selection of teaching/learning content, examples, and experiments in a lesson plan
preparation is based on a concept map. In the process of thinking, concepts are the most
important because they serve as organizers of all intellectual and cognitive activities, as
well as of all kinds of communication (teacher-students, students-students, students-taught
topics). Since they are the main thinking tool, their organization in cognitive structures is
of great importance. In this example, concept maps are used to plan, design and sequence
learning tasks.
A concept map is a teaching tool in which connections and relations, as well as the
hierarchy of concepts, are presented in an obvious way. The development of concept maps
can help PSTs understand how chemistry concepts are linked, resulting in a deepening of
their knowledge of the disciple. The task gives PSTs a systematic approach to the planning
process of lessons, focuses them on the choice of illustrations (examples), experiments,
explanations that help their students to build an understanding of concepts and establish
connections between them, i.e. the formation of the basis for understanding chemistry.
The opportunity to construct a system of chemistry concepts based on experimental
observation is an important part of chemistry teacher preparation associated with the
transformation of chemistry knowledge into pedagogical chemistry knowledge. Through
development of these concept maps PSTs can see that different experiments could be used
for the formation of certain concepts and based on this experience, make decisions on
which experiments are more appropriate in a particular teaching situation.
The task also has a formative assessment component in which peer learning and teacherfeedback are used. Critical reflection on this aspect of the task allows PSTs to appreciate
how formative assessment can be beneficial in enabling students to receive feedback from
the teacher or other students when faced with insufficient understanding of concepts and
their interrelationships.
The use of the concept map also allows teacher educators to monitor PSTs reasoning, and
their ability to determine the chemistry concepts that are important within that lesson plan.
The completion of the task helps to enhance PSTs chemistry conceptual understanding,
ability to observe regularities among data and to determine a system of chemistry concepts
necessary for formulation of explanations.
The main features of this approach to develop PSTs’ competence to plan teaching and
learning tasks are:
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•
•

developing a model for planning lessons in a systematic way;
clarification of the chemistry concepts system, i.e. the students’ knowledge organization
necessary for understanding the content of a lesson;
• using a concept map as a tool for systematic lesson planning and the basis for choosing
lesson content, examples and experiments;
• using a concept map as a basis for deciding upon appropriate adaptions of content and
student activities according to students’ learning needs, interest and abilities;
• using peer-learning and peer-assessment as a method of formative assessment in the
process of developing the competence to plan lessons;
• using student collaboration in the process of lesson planning, exchange of knowledge
and ideas related to the elaboration of chemistry concepts;
• systematization of previously acquired knowledge in different chemistry courses as
well as chemistry didactics, pedagogy and psychology courses;
• demonstrating a model of collaboration that could be used with colleagues in future
schools when planning teaching and learning situations, and a model for future
chemistry teachers to organize their work with second level school students in the
classroom.
The task itself is divided into three key steps:
Step 1:

PSTs observe experimental demonstrations and then individually construct a
concept map that includes all concepts relating to the observed experiments.

Step 2:

After making their own concept map, they exchange them among themselves
and are then asked to evaluate the quality of responses: the number and
organization (the relations and hierarchy) of concepts in maps. After that, the
whole group is involved in discussion on the given maps.

Step 3:

PSTs are asked to plan appropriate teaching and learning tasks for elaboration
of a particular theme in chemistry classes. On completion, the prepared plans
are presented and discussed within the class.

The experience gained in Step 1, especially if the task is performed several times with
different demonstrations, may help in future selections of experiments according to the
lessons’ aims and outcomes. Step 2 and Step 3 involve peer-learning and peer-assessment
of the outputs of work. It enables students to compare and contrast different concept maps,
to learn from each other, to reflect critically on the selection and hierarchy of concepts in
their own solution and draw conclusions about what makes certain concept maps effective
for understanding the experiments presented. The process of generating a solution to this
kind of task enhances the development of students’ ability to observe regularities among
the data and to determine a system of chemistry concepts necessary for formulation of
explanations. During this process, PSTs integrate their knowledge acquired in different
chemistry courses during their study in order to create a conceptual framework.
In Box 1, an example of an activity to be used with PSTs is outlined. Figure 1 shows two
examples of concept maps developed by PSTs during Step 1 of this activity.
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Box 1: Example from chemistry didactics classroom
Step 1. PSTs observe demonstrations and individually construct a concept map as
conceptual framework for the next experiments:
• Experiment 1: dissolution of ammonium nitrate from cold pack
• Experiment 2: dissolution of sodium hydroxide
• Experiment 3: hydration of sulphuric acid − ether cannon
• Experiment 4: explosion of the soap bubbles fulfilled with the oxygen-hydrogen
gas mixture
• Experiment 5: hydration of unslaked lime - melting of ice
Step 2. PSTs exchange their concept maps among themselves and evaluate the quality
of the conceptual framework for the demonstrated experiments presented by each map.
Two students’ maps are shown in Figure 1 as an illustration of different approaches to
the same set of demonstrations: one student has started from the concepts of substances
and changes of substances (Figure 1a), while another has started from the concept of
enthalpy (Figure 1b). The first map (Figure 1a) offers a broader conceptual framework
than the second (Figure 1b). Such differences in the maps provide a good basis for
discussion with the whole group on the organization of knowledge and which map better
contributes to it.
Step 3. PSTs plan the teaching/learning situations that enable second level school
students (age of 15) to understand the energy exchange between a system and its
surroundings. PSTs individually prepare a teaching/learning situation.
The teaching/learning situations are then presented and discussed:
• which situations are more appropriate in relation to the teaching/learning goal and
expected outcomes from second level school chemistry curriculum
• which situations are more appropriate for students with particular interests or
special needs
• which situations are more appropriate when using standard equipment in second
level schools and require cheaper equipment and substances, etc.
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Figure 1: Sample of completed PSTs concept maps (Step 1)

Figure 1a

Figure 1b
This type of task has the potential to support development of PSTs’ competence in relation
to planning teaching/learning situations, to determine the relevant conceptual framework
for understanding of a particular topic from the curriculum, to choose appropriate examples,
illustrations and experiments. The opportunity to construct a system of chemistry concepts
based on experimental observation is an important part of chemistry teacher preparation
associated with the transformation of chemistry knowledge into pedagogical chemistry
knowledge. Students can see that different experiments could be used for the formation of
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certain concepts and, on the basis of this experience, make decisions on which experiments
are more appropriate in particular school situations.
In Figure 2, a proposed assessment activity is presented. This activity can be used to
evaluate PSTs progress in developing their competencies to plan teaching and learning
tasks. The assessment specifically examines their progress in selecting experiments for
supporting formation of certain chemical concepts and their inter-relationships. These tasks
are associated with the transformation of chemistry knowledge (conceptual knowledge and
procedural knowledge) into pedagogical chemistry knowledge (the selection of appropriate
experiments to support knowledge development of learners).
1)

Suggest a concept map as a conceptual framework for the following experiments:
• Obtaining hydrogen from zinc and sulphuric acid
• Obtaining oxygen from KMnO4
• Synthesis of water
• Electrolysis of water

2)

Which of the experiments are appropriate for establishing the conceptual
framework with focus on acids and bases as shown in the following map?

a)
c)

Determination of copper in a coin
Titration of sodium hydroxide with
hydrochloric acid
Making a mixture of iron and sulphur
and separating them from each other
Obtaining oxygen from KMnO4
Combustion of magnesium and
reaction of the oxide with water
Mass conservation

e)
h)
j)
l)

b)
d)
f)
g)
i)
k)
m)

The oxidation of hydrogen
Separating a sand and salt mixture
Determination of the pH range of a
substance
Determination of the reactivity of
acids with metals
Combustion of sulphur and reaction
of the oxide with water
An oscillating reaction
The effect of temperature on
reaction rate
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3)

Which of the experiments are appropriate for the following concept map?

a)

Making a mixture of iron and
sulphur
Preparation of saturated solution of
table salt
Determination of heat of reaction
Preparation of supersaturated
solution of sodium acetate

c)
e)
g)

b)

Dissolving of table salt in water

d)

Separating a sand and salt mixture

f)
h)

Making a crystal garden
Determination of the reactivity of
acids with metals
The effect of temperature on
reaction rate

i)
Figure 2: Sample of PST Assessments

Good Practice Example 2: CASE – Cognitive Acceleration in Science
Education
In Chapter “Educational Theories and How Students Learn Chemistry. Practice what
you Preach”, the work of Piaget relating to cognitive development has been introduced.
Students at lower second level should be developing formal operational thinking, implying
they are able to organise data, reason scientifically and generate hypotheses. Problems that
were deemed impossible to solve at the concrete operational stage such as those involving
combinatorial thought, complex verbal problems, hypothetical problems, proportions and
ratio, are possible at the formal operational stage. In this case study, activities aimed at
introducing PSTs to strategies that raise learners’ cognitive level based on the Cognitive
Acceleration through Science Education (CASE) programme are outlined.
The CASE programme, Thinking Science (Adey et al., 1989) was designed to increase
the proportion of second level students capable of formal operational thinking. The
CASE lessons were designed around the schema of formal operations – which include
control and exclusion of variables, ratio and proportionality, equilibrium, compensation,
correlation, probability, compound variables and the construction of formal models – and
build on five “pillars” (namely concrete preparation, cognitive conflict, social construction,
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metacognition and bridging). Three of the pillars (cognitive conflict, social construction
and metacognition) will be elaborated on in relation to the design of tasks for learning and
assessment.
Cognitive conflict is a term used to describe a dissonance that happens when a student is
faced with an event/experience that he/she cannot explain using their current conceptual
framework or reasoning skills. In each CASE lesson learners are presented with scenarios
that induce cognitive conflict (these are different for learners according to their level of
cognitive development) and they are supported in the construction of formal operational
reasoning patterns to help bring new perspective to the event/experience. A cognitive
conflict scenario must be within a context that is somewhat familiar to learners and it must
not be too far ahead of their cognitive abilities while still making a real cognitive demand.
This can be difficult to implement and one of the reasons that Adey (2004) cites for this
is that teachers often find it difficult to watch their students struggle and possibly become
frustrated or uncomfortable so they rush in with answers, which they feel are helpful. This
of course defeats the purpose of the CASE pillar.
If cognitive conflict has disturbed the student’s equilibrium, construction is the process
that follows, where equilibrium is re-established through the development of a more
powerful and effective way of thinking about the problem/event. The overall aim of the
construction zone is to maximize the opportunity that each student has for constructing
his or her reasoning patterns which he/ she will rely on for more powerful thinking in the
future. Good CASE lessons include a great deal of on-task discussion and constructive
argument in small groups and between groups, thus helping learners to verbalise their
thinking and therefore making it explicit.
The third pillar focused on in this task is metacognition. This is an important part of
developing thinking skills where learners become conscious of and articulate about the
thinking they employ to solve different problems. This usually happens at the end of a
task where learners think back on the steps they took and become aware of how their own
conceptualisation changed during the earlier part of the lesson.
In order to appreciate the methodology and philosophy of CASE it may be useful to
compare CASE against characteristics of instructional teaching. Table 1 below shows some
ways in which the two are different. Both offer outcomes that are unique and valuable in
terms of the learning experience.
Table 1: Comparison of CASE approach and high quality instructional teaching
CASE approach

Instructional teaching

Lesson follows direction of argument

Lesson is carefully ordered and planned

Virtual objectives set

Specific objectives set

Students are often confused/ puzzled

Information is sizable and re-enforced

No/ limited content is delivered

Lots of content delivered

No obvious notes taken by students

Students have notes to review/ revise

No specific outcomes for the group of students

Very specific outcomes from lesson
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In Box 2, the PST activity is presented. As with all of the activities in this Chapter it is
envisioned that PSTs will experience the learning task as learners so that they can reflect
on it and more effectively adopt it into their practice.
It is intended that through this example, PSTs will:
• Develop an understanding of the three pillars of CASE
• Enhance their own learning of the chemistry topic being taught
• Reflect on their own learning strategies used during the task and discuss the role of
social collaboration in the development of their understanding of the concepts
• Critically reflect on their experience and through discussion with facilitators further
explore how CASE could be translated into a classroom situation
It is noted that CASE methodology is complex and one experience won’t fully prepare
PSTs to use or understand this approach. If teacher educators are interested in using CASE
they are recommended to read the following publication: Adey & Shayer, 1994.
Box 2: Outline of PST activity to introduce them to CASE
One example from CASE materials, Thinking Science (adapted from Adey, Shayer
& Yates, 2001)
Lesson 23 “Explaining states of matter”
Step 1. PSTs observe stearic acid being heated (cognitive conflict). They discuss their
observations in groups (social construction). They are provided with a list of words to
help them describe their observations: melt, boil, freeze, gas, solid, liquid, condense,
evaporate, solidify.
Step 2. PST (in groups) heat up other substances (ice, wax, lead, sulphur, iodine
(demonstration only), and they record their observations for each one (cognitive conflict).
Step 3. PSTs are given some questions and activities to complete (social construction):
• You saw each substance in three different forms. What are they?
• Can you think of a way that all of the substances are made up, that would explain
how they can melt and boil, condense and solidify?
• Write a story and/or draw pictures (in groups) to explain how substances can change
from solids to liquids, from liquids to gases and back again.
Note: The ‘explanation’ part is really the whole point of the exercise, and yet one cannot
prescribe how to manage it. [Give out poster paper and/or overhead transparencies.
Encourage creativity.] If PSTs have already met particles, they may suggest this as
an explanation but usually they cannot go on to explain how thinking about a particle
model explains melting, boiling, condensing, solidifying etc. so facilitators should be
prepared to push them to do more than just say ‘particles’.
We simply want them to struggle with the idea of looking for an explanation, whatever
they come up with. Facilitators should not suggest particle theory if it does not arise
anyway. They should be ‘non-directive’ in discussing ideas, accepting virtually anything,
but asking questions and pushing their models a bit.
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Step 4: PSTs are asked to reflect individually on the learning experience. This should
specifically focus on their thinking processes during the activity (Metacognition).
Examples of questions in this pillar include: how did you find the solutions? how did
you decide what to do at particular points? did you change your mind at any stage? what
changed your mind? what idea(s) helped you solve the problem? could you use these
ideas in other topics?
Step 5: Whole class discussion is held to consider the merits of this learning task design
and how it could be adopted into a school classroom scenario

Good Practice Example 3: Using criteria-based peer assessment through
modelling to assess understanding of chemistry phenomena
In the theoretical framework it has been noted that peer-assessment is an important feature
of formative assessment. In Example 1 (Step 2) we have already seen one approach to its
use where PSTs compared their concept maps. It is beneficial for PSTs to examine peers
work and experience commenting on it or even grading it based on provided criteria. A
further extension is to provide PSTs opportunities where they develop the grading criteria
to be used. During both of these processes PSTs learn to appreciate what constitutes quality
work and they can further use this to self-assess their own learning and progress.
Modelling has been selected as a teaching strategy to highlight the entwined nature of
assessment and learning previously discussed. Modelling is an effective approach to
elicit and develop learners’ conceptual understanding of real word phenomena. Indeed,
in Example 2 (Step 3) we have already seen one variation of modelling where PSTs were
asked to draw pictures to explain/model their observations. The process of modelling
involves learners constructing and refining models that explain their understanding of
scientific phenomena. An advantage of using modelling in an assessment context is that it
readily allows for teacher- and peer-formative assessment to be used to develop learning.
A detailed analysis of effective use of modelling is beyond the scope of this chapter (refer
to reviews such as Windschitl & Thompson, 2013).
It must be noted that a model is more than a simple representation of a system or a
phenomenon. Modelling in this context refers to the process of constructing, evaluating
and revising models. The use of modelling can help teachers ‘see’ student ideas, how
they pull together different ideas and monitor development of conceptual understanding.
Models allow teachers to work with student ideas, building on their understanding. The
goal of modelling is not to produce the ‘right answer’ or the textbook explanation, but to
represent science ideas.
Conceptual understanding of chemistry can be challenging to both teach and learn. Much
of what needs to be understood in chemistry is unobservable and requires explanations
and learning to be conducted at a microscopic abstract level. Often however, concepts can
be described using unrelated surface representations thus students may not develop an
atomic vision of the world that is essential for understanding chemistry. In this example,
the concept of changing states of matter is used to highlight to PSTs the importance of
developing their students’ ability to negotiate learning of new chemistry concepts at a sub-
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microscopic level. The use of modelling in tandem with this topic is appropriate as students
are encouraged to create pictorial explanatory models of the observable and unobservable
aspects of the phenomena presented, hence providing an opportunity to develop their own
abstract understanding.
This task (Box 3) is developed to enhance PSTs awareness of the benefits of using criteriabased assessment and modelling as a tool for developing students’ understanding of
chemistry concepts.
By the end of the activity PSTs should be able to:
• Develop assessment criteria for a range of learning activities (content knowledge,
process skills etc.)
• Describe how modelling can be used as a tool to elicit and build upon students’ thinking
and learning
• Explain the importance of enhancing students’ ability to examine chemistry concepts
at an atomic level
• Critically reflect on the completed tasks and identify how the strategies experienced
could be translated into a classroom situation.
Models are particularly useful in this topic of conservation of matter as many students
and sometimes PSTs struggle with this concept. In discussions, the models should clearly
reflect the following:
• State of substances at various temperatures
• Conservation of atoms in the example provided i.e. before, during and after changing
state of matter
• Particle energy of different states at the same and different temperatures.
This activity can be used to develop criteria based assessment but also in the use of models
in designing teaching and learning sequences. This task can pull together ideas that can
be used together to inform the development of the model and particularly to see how the
model changes with time.
In step two of the activity, it’s suggested that PSTs generate a list of criteria to identify
qualities required for a good explanatory model. Each time you use this activity PSTs
will highlight different criteria, while there is no exhaustive list of criteria, Windschitl &
Thompson (2013) provide a list of five key criteria, which are an excellent starting place
to build from:
1) The model should represent an event or process rather than things such as text book
representations
2) The phenomenon in the model should be set in a specific context (place, time,
conditions etc.)
3) Diagrams and pictures help to make links between the phenomena and representations
of the event or process being modelled
4) Models should include observable and unobservable features
5) Models need to be revisable.
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Through experiencing the activity PSTs will learn how teachers can work with students to
construct meaningful explanations that can be communicated in different forms to others.
They will also see how students when completing a similar task are evaluating models,
constructing meaning and developing their own self confidence as teachers to elicit student
thinking.
Box 3: PST activity to introduce criteria based peer assessment through modelling
(Conservation of matter / changing state)
Step 1: (Session One) PSTs are divided into groups. Each group is given a photograph
of an example of changing states of matter e.g. burning coal fire, water evaporating from
a kettle and melting ice caps. Each group is tasked to create an initial explanatory model
of the phenomenon they’ve been given. These examples are chosen as they are about
phenomena (rather than things), yet are specific but change with time and include both
observable and non-observable phenomena.
Step 2: PSTs exchange their initial models with other groups. They are asked to make
written comments on their colleague’s model noting areas where it could be improved.
The facilitator conducts a whole-class discussion to collate the nature of comments
made and through agreement, uses this to generate a list of criteria to identify qualities
required for a good explanatory model. A scheme for feedback or grading is then
produced.
Step 3: (Homework Task) PSTs refine their models based on generated criteria.
Step 4: (Session Two) In this session PSTs comment on each other’s models using the
criteria generated from the first session and can give feedback or grade. The facilitator
then uses a mix of group and whole-class discussions to guide the PSTs through a
reflective process analysing the learning and assessment sequence they’ve experienced.
During these discussions they highlight aspects such as:
• Role of the facilitator and learners at the various stages of the activity;
• Discuss the advantages and disadvantages of receiving comments on their work
initially as opposed to being given a grade;
• Experience of refining their model based on agreed criteria;
• Nature of assessment used during the different stages of the activity;
• Using models as a tool to develop conceptual understanding;
• Understanding of states of matter;
• Challenges of teaching and learning abstract concepts.
Step 5: (Homework Task) PSTs are tasked with writing a reflection on the experience of
generating criteria, using the criteria to refine their work and using models for teaching
science. Additionally, they are asked to design a learning sequence that shows how
aspects of this workshop could be translated to teaching science in a classroom situation.
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Good Practice Example 4: Examining student discourse to assess conceptual
understanding
In designing learning and assessment tasks, PSTs need to be fully aware and plan for the
use of classroom discourse to formatively assess students’ learning. They need to recognise
the importance of embedding opportunities for classroom discourse in their practice and to
examine questioning and discourse strategies that foster student talk.
Discourse is one strategy that is beneficial in providing students opportunities to put
forward their ideas and to discuss and challenge each other on scientific issues. In this
regard discourse supports students to reason about science concepts, observations and
evidence.
Looking back at chapter “Educational Theories and How Students Learn Chemistry:
Practice what you Preach”, it was noted how students construct understanding and how
social construction plays a key role in this perspective on learning. Discourse is at the heart
of strategies that follow a constructivist standpoint. Articulation of ideas through talking
helps students formulate their knowledge as it forces them to think about their conceptions.
It also lets them share their knowledge with peers so that their current understanding become
a source that can be used by the group to co-construct their conceptual understanding.
Furthermore, discourse is useful for teachers to assess students learning. Given that student
talk is a representation of their thinking, encouraging them to converse is one way of
making their thinking visible.
The quality of and frequency of student talk is fundamental to the success of developing
and assessing learning. Unfortunately, discourse in classrooms tends to be dominated by
the teacher acting in an authoritative position, who directs when students can and can’t talk
(Cohen, Manion and Morrison, 2004). Encouraging the use of discussion and discourse is
challenging and issues around its use are multifaceted. Newton, Driver and Osborne (2004)
highlight several barriers raised by stakeholders that limit the use of discussion in classrooms
including time, amount of curriculum content, managerial issues, teacher confidence, and
perceptions and models of learning science. The latter issue is interesting in as far as it’s
shown that teachers’ beliefs around how science is learned has an influence of the nature of
talk in their classrooms. These beliefs are difficult to change, as teachers are encultered by
their own learning experiences, which are often centred on transmission strategies. It thus
becomes the responsibility of teacher educators to demonstrate the merits of using discourse
(supporting a social constructivist perspective of learning) and support PSTs to develop the
skills (facilitation, effective questioning etc.) required to use the pedagogy in their practice.
The activity outlined below is a starting place to tackle this challenge.
Box 4 outlines the approach used in PST discourse activity, while Box 5 is an example of a
Vignette of Classroom Dialogue that was used for this activity. Box 6 outlines some of the
starting points for the discussion on the analysis of the dialogue. This section gives ideas
for the discussion and PSTs with their educators will add more points than noted here. On
completion of the activity PSTs should be able to:
• Analyse transcripts of classroom discourse to assess student conceptual understanding
• Analyse transcripts of classroom discourse to identify opportunities to assess student
conceptual understanding
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•
•

Outline and describe teacher strategies that encourage effective discourse in a
classroom setting
Describe how discourse can be used as an effective learning and assessment strategy
to build and elicit students conceptual understanding

Box 4: PST activity on assessing conceptual understanding through discourse
Step 1: PSTs are given a vignette of classroom discourse (Box 5). They are asked to
(individually) read it and identify students’ conceptions of the chemistry topic being
discussed and note their evidence for making this judgement. When completed they
are divided into groups and asked to compare their responses. This is followed by a
classroom discussion particularly focused on the evidence they used to evaluate
students‘ conceptions
Step 2: PSTs are asked to complete a think-pair-share activity where they answer the
following questions on the vignette provided:
1) Critique the teachers questioning regarding its success in eliciting student ideas
and cognitive demand (higher order, lower order etc.)
2) Identify opportunities where student conceptions could have been probed further
3) Make a list of questions the teacher could have used to elicit student ideas
4) How can students be encouraged to use scientific language during classroom
exchanges
5) How can students be encouraged to base with their contributions on evidence and
not opinions
Step 3: PSTs engage in whole class discussion on the importance of encouraging student
discourse in the classroom and how it is beneficial in eliciting student understanding.
Step 4: Based on the vignette provided and the follow on discussions (Steps 1-3), PSTs
are asked to design a learning task that will address the misconceptions or questions
identified.
Note: In Box 6, some key points that should be addressed are highlighted
Box 5: Vignette of Classroom Dialogue
In this example a teacher is introducing the concept of pH and pH curves. The students
have encountered acids and bases in lessons in a previous year in which they examined
the properties of acids and bases, looked at everyday examples and related those to a
position on the pH scale.
Dialogue 1: Eliciting prior knowledge
This class starts with a refresher of what was covered previously. The teacher develops
a concept map to ascertain students’ prior knowledge and to help them to recall their
knowledge so they can prepare for the activities in this class.
[Teacher] What can you remember about acids and bases from what you learned
previously?
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[Jack] They’re sour tasting
[Teacher] What are, Jack?
[Jack] Acids, they’re sour. They dissolve things quickly and they burn through things
[Teacher] Thanks Jack (Teacher notes Jacks comments on the board)
[Melissa] Does pH have something to do with it?
[Teacher] Thanks Melissa, Yes, (He notes it on the map). Sarah can you add any more ideas?
[Sarah] Yeah, we looked at different examples of acids and bases, so like, acid rain,
vinegar and your stomach would be acids and drain cleaner, toothpaste and soap would
be bases. I think bases are sticky or thicker liquids compared to acids.
[Teacher] Ok, Sarah some good examples there, we’ll add them to our map. Peter, going
back to Melissa’s point about pH scale, can you say anything more on that?
[Peter] Sure, it goes up to 14 and 7 means things are neutral.
[Teacher] Right, where are the alkali and acidic parts of the scale?
[Peter] Below neutral, things are acids and above it they’re bases
[Teacher] Good Peter, (He adds to the concept map). Alright thanks, Ok so I’m going
to write a list of chemicals on the board and in your pairs I want you to list which ones
are acids and bases.
Teacher puts up a list of acids and bases on the board including HCl, H2SO4, HNO3,
LiOH, NaOH, Ca(OH)2, Mg(OH)2. In pairs the students sort them into acids and bases.
[Teacher] So Jane, what have you and Peter come up with? Which are the acids?
[Jane] We said that HCl, H2SO4 and HNO3 were acids
[Teacher] Ok, (he notes this on the board) Does everyone agree with this? Jack, what
about you and Sarah, do you agree?
[Jack] Yes
[Teacher] Ok, Melissa you were working with Paul right? What bases did you pick out?
[Melissa] Hmm, we weren’t sure about HNO3 so we left that out but we said all of the
remaining ones were bases.
[Teacher] Adds Melissa’s note on the board. Ok, so we’ve sorted them into acids and
bases correctly, but why did you choose this categorisation? What pattern do we see?
[Sarah] All of the acids have Hydrogen in them?
[Teacher] Ok, Sarah are there Hydrogen’s in the bases too?
[Sarah] No that’s different that’s bonded to the oxygen so it’s like an OH something
[Teacher] Ok Sarah, I think what you’re saying is that in the acids we have a H+ ion and
in the bases we have an OH- ion released when they’re in solution
[Sarah] Yeah ions
Dialogue 2: Discussing the pH scale and Predicting shape of pH curve
The teacher finishes off his initial eliciting of students previous knowledge and starts the
next part of the class. He introduces the idea of quantitatively measuring pH.
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He explains the practical activity that students will complete in pairs. They are tasked
with carrying out a neutralisation reaction where they will react HCl and NaOH.
They are requested to monitor the pH using phenolphthalein indicator and a pH probe
connected to a data logger, which produces a live graph. Before they start, the students
are asked to work in pairs to predict what the graph will look like. They draw their
graphs on mini-white boards and raise them so everyone can see.
[Teacher] Ok so lets get some of your ideas, hmm we’ve got a few different looking
graphs. Lets start with you Jane, can you explain your graph to the class.
[Jane] Peter and I think that the reaction is a 1:1 ratio so we drew a linear graph
[Teacher] Ok, so where does your graph start and where does it go to?
[Jane] Well it starts at around 2, shouldn’t it? it’s an acid right?
[Teacher] Yes, HCl is an acid
[Jane] Yeah, so yeah it starts there and goes to 14 because NaOH is a strong base and
it’ll end up an alkaline solution
[Jack] Our graph is different, we went with a curve, I was thinking it was going to be a
straight one first but Sarah pointed out that you’re only adding in the base little by little
so it’ll take ages for it to have an effect so it’ll be an acid first and then it’ll shoot up
when it’s getting neutralised, right?
[Teacher] Ok, so Jack, what happens after neutralisation
[Jack] It’ll just be the opposite, it’ll be fast and then level off when it hits pH14
[Paul] Now I’m confused, we had a straight line too, we thought that it can only react
with one molecule at a time so it doesn’t really matter if there is more or less of the bass,
I’m not so sure now, I can’t visualise it.
[Sarah] It can’t be straight, what Jack said is right. I’m not fully sure how steep the
curve is but it has to have a long flat bit at the top and bottom because at the start we’ll
have excess acid and at the end there will be excess base. I think the neutralisation
will happen fast, kind of like a tipping point as there’s only going to be a little acid to
neutralise at the end.
[Teacher] Ok, we’ll come back to the shape later after the experiment, what about the
start, I notice Sarah that your graph starts at 0 and everyone else’s starts at 2. Can you
comment on that?
Sarah] We just figured that HCl is a strong acid so it’s got a really low pH, I think it’s 0
in the book
[Teacher] Ok, so just remind us what pH is measuring?
[Sarah] How strong an acid is, the amount of Hydrogen’s it gives off
[Teacher] Yes, it’s the concentration of the Hydrogen’s that’s important and you’re
correct strong acids will have more Hydrogen ions in solution. Ok, lets leave it there,
we have a few ideas that we need to explore in our experiment and we can chat about
them further later.
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Dialogue 3: Discussion of experimental findings and concept models
The students complete the experiment and share their findings. All students obtained
the same pH curve. The teacher arranges the class in six groups of four students. He
asks them to trace their graphs into their copies and annotate them with three diagrams,
which model what’s happening inside the reaction vessel (1) at the start, (2) at the
neutralisation point and (3) at the end of the reaction. The teacher circulates around the
groups and discusses their models. The first group includes Jack, Sarah, Peter and Jane.
[Teacher] Ok so we’ve seen the graph has a shape that is more like the curve that Jack
and Sarah proposed and we linked this to amount of the acid and base so how are you
representing that at a molecular level.
[Peter] At the start it’s all acid so we’ve drawn a lot of H+ and Cl- ions in the solution
because it dissociates readily as it’s a strong acid
[Teacher] I get that, so what happens at neutralisation? Jack, at pH7 the number of H+
and OH- will be the same, won’t they?
[Jack] Yes
[Teacher] So after that we’re still adding OH- aren’t we?
[Jack] Yes
[Teacher] That’ll neutralise the H+ won’t it?
[Jack] Mmm, yeah,
[Teacher] Good you’ve got it. Now Jane, What happens when the curve starts to change
shape after neutralisation? Can you explain it? What happens just after, will it have a
small amount of base, equal amount or will there be lots more?
[Jane] There’ll be a little bit of base
[Teacher] Great, well done!
Box 6: Getting started with the analysis
A lot of discussion can be generated from this dialogue particularly during Step 2 and
Step 4 of the activity. A few things are noted below to help you get started with the
activity.
• The teacher was haphazard when trying to elicit student ideas, sometimes he pressed
for deeper understanding and at other times, he didn’t challenge students to explain
or justify their answers with evidence, e.g. when questioning Jack in Dialogue 3, the
teacher used closed questions that only required yes/no answers
• Some students don’t appear to fully understand what the pH scale measures,
‘strength of an acid’ and ‘acidity of a solution’ appear to be used interchangeably
e.g. in Dialogue 2 Sarah seems confused about what the pH scale measures
• Sometimes the teacher paraphrases students answers and adds scientific terms to
help their literacy e.g. in Dialogue 1, the teacher introduces the term ‘ion’
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•

•

Possible questions the teacher could have used include: Is pH constant? Is the pH
of HCl always pH1 or can it change? What is the difference between a strong acid
and a concentrated acid? How is this identified on the pH scale? Can a solution
containing a ‘weak acid’ and a solution of a ‘strong acid’ measure the same pH?
How could we determine the relative ‘strengths’ of acids using the pH scale?
A possible follow on activity could be to ask students to do serial dilutions on 1M
HCl and measure its pH at different concentrations.

Conclusions
In this chapter, the need for designing good quality learning and assessment tasks has been
highlighted. Learning and assessment are fundamentally entwined and so four approaches
highlighting different aspects that can help PSTs to broaden their skill sets are presented
in this chapter. Each of the examples given can be used to support the PSTs’ development
of their own knowledge of chemistry and also can be used by teacher educators in the
assessment of the PST.
The concept map as a technique to draw together and consolidate both their understanding
of chemistry concepts and also how to link and develop concepts was given in Example
1. The CASE example given in Example 2, highlights the importance of building on
students’ own ideas and so the PSTs have an opportunity within this example to examine
the language used in social construction and the power of that within their lesson. Building
of models is important in a subject as Chemistry as it is important to present their ideas.
Frequently, mental models differ between individuals and it is important to use the power
of modelling to elicit ideas. Finally, in the design of learning and assessment tasks, PSTs
need to be aware of the power of discourse. By examining vignettes of teacher-student
dialogue, PSTs will be more aware of building it into their planning process and also of
providing opportunities for assessment for learning.
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Pedagogical Content Knowledge and its Importance in Teacher Education
The term pedagogical content knowledge (PCK) was coined by Shulman (1986) to
encapsulate “the special amalgam of content and pedagogy that is uniquely the province
of teachers, their own special form of professional understanding’’ (p. 8). In the literature,
PCK has been used as an analytical framework for designing elementary science teaching
methods courses (e.g., Abell, Appleton, & Hanuscin, 2010), designing educative curriculum
materials (e.g., Davis & Krajcik, 2005), and examining NSTA professional papers (e.g.,
Aydın, Demirdöğen, Muslu, & Hanuscin, 2013). PCK is also a practical construct that can
easily be used as an organizing framework in teacher education and research. PCK is not
only a beneficial framework for pre-service teacher education but also for science teacher
educators in developing their expertise in teaching teachers (Abell, Park Rogers, Hanuscin,
Gagnon, & Lee, 2009).
PCK provides a useful focus for developing teaching ability, and research has mainly
focused on “exploring concrete examples of how teachers teach particular content topics in
particular ways that promote understanding” (Loughran, Berry, & Mulhall, 2006, p.14). In
this chapter we are going to show how PCK can be used to design courses and practicums
in science teaching methods, and introduce strategies to support the development of PCK
in teacher education (e.g., mentoring). In other words, our purpose is to make clear how
PCK has been used in teacher education in practice rather than merely reviewing the
PCK literature (e.g., reviewing the research regarding the design, technical details, or the
results). By doing so, we hope that science teacher educators will be able to appreciate the
applications and implications of PCK for training teachers. Furthermore, Loughran and his
colleagues highlighted the importance of documenting concrete examples of PCK because
“a shared language is needed to access and support the ideas foundational to PCK so that
the concept (and underlying knowledge) might be better understood and valued” (p. 19).
Teachers start their career with very little knowledge about teaching and learning, however,
through time, with experience and other professional development activities, they develop
their own repertoire for effective teaching. Unfortunately, when they retire their wisdom
tends to be lost. Van Driel, Verloop, and de Vos (1998) suggest that this results in the need
for every new teacher to reinvent the wheel. To avoid this, the practices of experienced
teachers’ and teacher educators should be open to novices who are likely to benefit from
their examples of good practice. Bucat (2004) suggests that by offering concrete examples
of PCK we may be able to provide a cure for this ‘professional amnesia’ within the teaching
profession.
Teachers’ knowledge and practice are important factors in determining learners’
achievement in science (Clotfelter, Ladd, & Vigdor, 2007). To increase learners’ success,
teacher education programs should focus on how to enrich courses to train better teachers
(Aydın et al., 2013). PCK is valued in this respect and viewed as a vital element of teacher
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education by National Research Council [NRC] (1996). In the development of researchbased practice, researchers can use PCK as an organizational framework and a shared
language with PSTs (Loughran, Mulhall, & Berry, 2008). Sandra Abell, the writer of the
PCK chapter in the Handbook of Research on Science Education published in 2007, stated
that she used PCK for designing a teacher education program, an alternative certification
program, and for writing the handbook chapter focusing on pre and in-service science
teacher education (Abell, 2008). Although PCK is far more than the sum of its separate
components (Abell, 2008), its sectional nature can be helpful in determining the aspects that
teacher educators should address in particular method courses, practicum, or professional
development (Friedrichsen, 2008). Because of the complex nature of teaching, PCK can be
beneficiary in thinking and talking about the facets of teachers’ professional practices (Borko
& Putnam, 1996). PCK can identify issues demanding attention when either designing a
course or subsequently assessing the effect of the program on teachers’ knowledge and
practice. PCK can thus be used “as a kind of heuristic device to help student-teachers gain
insight into the complex nature of learning about teaching” (Loughran, et al., 2008, p.
1302).
Since its introduction to the field of education, scholars have developed different PCK
models (e.g., Grossman, 1990; Magnusson, Krajcik, & Borko, 1999). One of the most
frequently cited models, which identifies five components, namely, orientation to science
teaching (OST), knowledge of learners (KoL), knowledge of instructional strategy (KoIS),
knowledge of curriculum (KoC), and knowledge of assessment (KoA), was developed
by Magnusson et al. (1999). OST is the overarching component and “represents a way of
viewing or conceptualizing science teaching” (Magnusson, et al., 1999, p. 97). To illustrate
this model, a table showing PCK components and examples for an Electrochemistry unit
is included in Table 1.
Table 1. PCK Components and Examples for Each Component from Electrochemistry
Unit
PCK
components

OST
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Subcomponents

-

Examples
Chemistry teachers who have process orientation help
students develop the “science process skills [SPS].”
(Magnusson et al., 1999, p.100). Therefore, their
teaching includes emphasis on developing SPS (e.g.,
using an activity on factors influencing cell potential, in
which students hypothesize, design a procedure, decide
which type of data to collect, etc.). OST is described as
grade-specific.
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Students need to know types of chemical reactions,
what oxidation number and charge are, how to calculate
oxidation number, ionization of salts, etc.
Students may have difficulty in:
• following the steps necessary to balance redox
reactions;
Difficulty
• assigning the sign of anode and cathode in
electrochemical and electrolytic cells;
• understanding the reason why scientists use Standard
Hydrogen Electrode (SHE).
• The identification of the anode and cathode depends
on the physical placement of the half-cells.
• Anodes, like anions, are always negatively charged;
Misconception
cathodes, like cations, are always positively charged.
• No reaction will occur if inert electrodes are used.
(Sanger & Greenbowe, 1997)
Subject-specific Learning Cycle (i.e. 5E) for teaching electrochemical
strategies
cells.
Representations (e.g. models, analogies1).
An analogy for addressing students’ difficulty in
understanding Standard Hydrogen Electrode (SHE): When
we want to talk about the distance from sea level, we use
the altitude concept. The difference between the sea level
(a reference point) and a particular point is altitude. When
we talk about altitude, we have to determine two levels
Topic-specific and measure the height between the two. SHE is similar to
altitude concept. It is not possible to measure the potential
strategies
for a half-cell. Hence, scientists assume that standard
potential of SHE is zero, which is very similar to sea level
part of the altitude example (reference point). Then, when
scientists want to determine the potential of zinc electrode
(Zn0 - Zn2+ reaction happens), they use SHE and read the
value from Voltmeter. Because they assume that standard
potential of SHE is zero, the value read from the voltmeter
is the potential of (Zn0 - Zn2+) half-cell (Aydın, 2012).
For instance, in the 11th grade of the Turkish Chemistry
curriculum, it is stressed that students should learn about
Goals and
cells used in daily-life. Hence, chemistry teachers should
objectives
possess the appropriate knowledge and integrate examples
of the use of cells in everyday life into their teaching2.
Prior
knowledge

KoL

KoIS

KoC

1
2

see also the chapter “Students’ Alternative Conceptions and Ways to Overcome them”
see also the chapter “Chemistry and Context”
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Specific
curricular
programs

It includes “knowledge of the programs and materials that
are relevant to teaching a particular domain of science
and specific topics within that domain” (Magnusson et
al., 1999, p. 103). In light of recent research, there have
been many changes to the curriculum in all countries.
Also, there have been specific curricular programs for
teaching specific disciplines (e.g., Biological Sciences
Curriculum Study at http://www.bscs.org/). Teachers are
required to know details of specific curricular programs
and also of previous, recent curricula3.

Method of
assessment
(i.e., how to
assess)

In order to assess to what extend students understand
how to determine anode, cathode, the direction of
electron flow, writing half-cell reactions etc., an openended assignment asking all the details should be used
(see Appendix4).

Dimensions
of science
learning to
assess (i.e.,
what to
assess)

Assessment of SPS, nature of science (NoS), science
understanding, etc.
If a chemistry teacher wants to assess SPS, s/he can ask
students to design an activity about factors affecting cell
potential of the Zn-Cu electrochemical cell, and present
their results by preparing a poster.

KoC

KoA

PCK Integration into Teacher Education
In this section, we introduce some research that explicitly used PCK in science teacher
education. Table 2 shows four studies, how they used PCK to teach teachers, instruments
used to collect data for analyzing PCK development of teachers, and results from the
studies. Practical details of these studies will be described in the next part of this chapter.

3
4
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Table 2
Summary of some studies involving PCK as a Part of Teacher Education

Loughran et al. (2008)

Loughran et al. (2008)

Study How to use PCK & Instruments

5

Results

Used
“PCK
(through
CoRes5
[Content Representations] and PaPeRs5 [Pedagogical and Professionalexperience Repertoires]) as a kind of
heuristic device to help student-teachers
gain insight into the complex nature
of learning about teaching through
access to experienced science teachers’
thinking” (p.1302).

The prompts in the CoRe helped
pre-service teachers to focus on
structuring the lesson planned.

Instruments: A resource folio consisting
of a CoRe and PaP-eRs about teaching
a particular topic (i.e., chemical
equilibrium). (For the CoRe, please see
the next part).

Pre-service teachers are able to use a
shared language of teaching owing to
the CoRe prompts.

PCK helped PSTs see the relationship
between teaching and learning.

		 CoRe and PaP-eRs are tools that originally developed for the purpose of uncovering, documenting,

and portraying science teachers’ PCK in relation to particular science topic. They will be explained
in the next section in detail.
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Introduction of PCK, the CoRes, and
PaP-eRs.
First phase: In the design, pre-service
chemistry teachers examined the
CoRes and PaP-eRs prepared by expert
teachers, discussed them, and then
prepared their own CoRes and PaP-eRs
Second phase: Included the PSTs
designing their own CoRes, using
learners’ misconceptions in chemistry,
NOS, purposes of teaching science, to
inform PCK. The CoRe construction
was supported through scaffolding
provided in a 3-hour workshop:
a) Group work (collective CoRe)
on learners’ pre-concepts about
Atomic structure and Bonding,
b) Determining concepts that learners need to learn about Atomic
structure and Bonding,
c) As a group, preparing a CoRe for
teaching Redox reactions
d) Collective CoRe for teaching
Quantitative Chemistry.
Instruments: A resource folio consisting
of CoRe and PaP-eRs about teaching
a particular topic (i.e., chemical
equilibrium),
reflective
journals,
audiotaped interviews, and field notes.
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Lack of teaching experience limited
PSTs’ CoRe preparation. However;
the scaffolding provided proved
useful in compensating for this lack
of experience.
Collective CoRes displayed some
well-developed PCK components
(e.g., curriculum and assessment
components of PCK).
PSTs stated that “awareness of how to
design CoRe resulted in heightened
awareness of the components of PCK,
like knowledge of curriculum and
instructional strategies for example.”
(Italics are original, p.352)
This action research was also useful
for the chemistry teacher educator
to progress her PCK for teaching
chemistry teachers.

Aydın et al. 2013
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Introduction to PCK and the CoRe at
the beginning of the practicum. Then
mentoring support was provided to
all PSTs while they planned a CoRe.
PCK was used in two reflection papers
(one involved observing the PCK
demonstrated by experienced teachers
and the other required reflection on one’s
own PCK development throughout the
practicum by considering each of the
PCK components.
Please see the assessment part of the
chapter for details)
Pre-service teachers undertook microteaching and teaching practices in
cooperating high-schools.
Instruments:
The
CoRe,
semistructured interviews, reflection papers,
observation of pre-service teachers’
teaching.

Nilsson & Loughran (2012)

Introduction of PCK and the CoRe at
the beginning of the science teaching
methods course.
Use of revised CoRe as a tool for
designing both the lesson and the
assessment of pre-service teachers’
competence in addressing each CoRe
prompt. Ascertaining to what extend
the PSTs find the prompts meaningful
for their teaching.
Instruments:
Individual
CoRe
preparation as pre- and post-CoRe.
After post-CoRe, PSTs had a chance
to reflect on their PCK development
by comparing the two CoRes. A focus
group interview was held to determine
what progress had been made.

When PSTs are supported, they are
able to develop PCK. They were able
to use PCK and the CoRe successfully
to enhance their teaching of the Rate
of Reactions topic and used all PCK
components in harmony.
Pre-service
chemistry
teachers
highlighted the value of mentoring
enriched with PCK and the use
of CoRe. When help is provided
with the design components, PSTs
rapidly develop their simplistic
view of teaching to a more detailed
and sophisticated one incorporating
different aspects of teaching (i.e.,
strategies, learners, assessment, and
curriculum).
Development in all PCK components
for teaching the topic was observed.
CoRe methodology was useful
for developing PSTs’ teaching in
determining what to teach (i.e., big
ideas in the CoRe), how to teach, and
the reasons why they preferred to
teach in that way.
Participants debated the reason why it
is important to teach a particular topic
to the learners and developed more
detailed reasons in the process.
PSTs came to see how they could
address learners’ misconceptions by
implementing appropriate teaching
strategies.
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In summary, PCK was introduced to PSTs in order to help them to understand key parts
of instruction and to develop a shared language. Furthermore, to assess their PCK and the
development of PCK, the CoRe was used either individually or in peer groups. Another
important point was that researchers collected different types of data (e.g., through the
CoRe preparation, interview, and observation), focused on PSTs’ PCK for teaching a topic
or topics (e.g., air, redox reactions, and rate of reaction) over a long time (i.e., through a
semester long science teaching methods or practicum course).

Good Practice Examples: Practical Approaches to Introduce Key Aspects of
PCK to Pre-service Teachers
When PSTs start their teaching careers, they are expected to be able to design effective
instruction that will nurture meaningful learning by their students and to pursue activities
to promote their continuing professional development. This requires that PSTs have a
strong knowledge base for teaching, which includes PCK. However, at present, many
teacher education programs do not appear to fully reach their intended objectives in
terms of preparing PSTs for their future career6. Several reasons lie behind this problem;
PSTs see a large gap between the theories they learned during their education and the
reality of teaching in practice (Holt-Reynolds, 2000), tacit nature of teachers’ knowledge
(Loughran, et al., 2004), lack of shared language for PSTs’ thinking about teaching (Carter,
1993), PSTs’ unsatisfactory experiences during practicum that do not appear to support
what they have learned (Borko & Putnam, 1996). However, teacher education programs
could fully solve these problems “…if preservice teachers were offered meaningful ways
of defining, assessing, and explicitly developing PCK” (Nilsson & Loughran, 2012, p.
700). We can hear the voices of teacher educators asking, “How can teacher educators
best make use of PCK in their courses? What are the important clues for applications?
What are the vital aspects of PCK use in pre-service teacher education? What are the
strategies supporting and enriching PCK use?” In this part, we will present good examples
of practical approaches that introduce several key aspects of PCK to PSTs and hence aim
to answer teacher educators’ questions and hopefully lead them to change their practices.
Publications dealing with the use of PCK in PST education are quite rare but we have
selected four examples of good practice (Aydın et al., 2013; Hume & Berry, 2011;
Loughran et al., 2008; Nilsson & Loughran, 2012), which explicitly used PCK as a device
for helping Pre-service Teachers to internalize PCK. More importantly, the purpose of
these examples is to help PSTs to apply PCK to their future science teaching practices.
There are two common characteristics of these examples: Firstly, PCK is made explicit
during all the activities and secondly, they describe tools for promoting the development
of PCK. These tools are CoRes and and PaP-eRs (Loughran et al., 2004, 2006). Therefore,
we will introduce these tools first, to help readers understand the approach meaningfully
and then apply it effectively.

6
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2. Why is it
important for
students to
know this?

1. What big
ideas/concepts
do you intend
students to
learn?

Grade level
for which
this CORE is
prepared: 11

•

•

•

•

•

•

To understand the relationship
between ionization in water and
acid strength.
List weak acids (H3PO4, HNO2, HF,
CH3COOH, H2CO3).
To draw weak acid solution at
microscopic level (considering
ionized and non-ionized particles).
To relate acid strength with
electrolyte strength.
To apply equilibrium knowledge to
weak acids’ ionization.
To write the equilibrium equations
for weak acids’ ionization.

Weak Acid ionizes partially in water so
some HA structure remains in solution.

Big Idea #3

Importance for learning the acid strength:
• For differentiating acids in terms of their strength.
• For calculations of pH of acidic solutions.
• For learning the structure of indicators.
• For learning the working principle of buffer solution.
• For calculations of titration and buffering.

Strong Acid (HA) completely (or
almost completely) ionizes in water
and forms A- and H+ ion.
• To understand the relationship
between ionization in water and
acid strength.
• To discriminate acid strength
from concentration of acid.
• List strong acids (HClO4, HCl,
H2SO4, HNO3).
• To draw strong acid solution at
microscopic level (considering
ionized particles).
• To relate acid strength with
strength of electrolyte concept.

Acid strength is related to the
percentage ionization of an acid
in water.
• To understand what acid
strength means.

Importance for explaining daily life events:
• For explaining why we use vinegar (acetic acid)
in salads but not HCl.
• For explaining how it is possible to eat an orange
even though it contains an acid.

Big Idea #2

Big Idea #1

IMPORTANT SCIENCE IDEAS/CONCEPTS

Table 3. An example of CoRe for acid-strength topic
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•

•

4. Difficulties/
limitations
connected with
teaching these
concepts.

•

•

•

•
•

Difficulty in understanding •
what strength is because
they
generally
relate
strength with how much
harm acids cause. This arises
from their experiences in •
everyday life.
Children think that acids
are very dangerous and they
cause damage.

Self-ionization of water.

3. What else
do you know
about this
idea (that you
do not intend
students to
know yet).
pH calculation for strong acids.
Ionization of polyprotic strong
acids in water.
Comparison of acid strength
considering electronegativity
and bond length.
Prediction of occurrence of an
acid-base reaction with different
strength (e.g., weak acid-strong
base).
Comparison of conjugate acidbase pair’s strength.
Another difficulty may be
discriminating pH and strength.
In the literature studies
indicated that students relate pH
and strength.
However, pH topic is the
following topic. So, at this point
pH should not be mentioned.
But during teaching pH, teacher
should make learners think
about pH and strength as a
solution for preventing this
misconception.
•

•

•

•

•

•
•

Difficulty in visualization of
strong and weak acid-base solution
at microscopic level because
chemistry is generally taught at the
macroscopic level.
Difficulty in writing acid ionization
equilibrium constant of a weak acid
since students might not learn the
equilibrium topic meaningfully.

pH calculation for weak acids.
Ionization of polyprotic weak acids
in water.
Comparison of acid strength
considering electronegativity and
bond length.
Prediction of occurrence of an acidbase reaction with different strength
(e.g., weak acid-strong base)
Comparison of conjugate acid-base
pair’s strength.
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Prior experiences:
In elementary school they learn
about acids (and bases).
Moreover, they hear something
about acids from advertisements
on TV or read about them in
magazines. Additionally, many
products that we use in our daily
lives provide information about
pH of the product such as water,
soap, orange juice etc.
Misconceptions:
• Strength and concentration
are the same.
• The strength of an acid
depends on the number of
hydrogen atoms.
6. Teaching
• Giving homework about
procedures
investigation of daily life
(and particular
usage of acids.
reasons for
• At the beginning of the
using these to
lesson, getting their ideas
engage with
about what they think about
this idea).
acid strength.

5. Knowledge
about students’
thinking that
influences your
teaching of
these concepts.

•
•

Provide examples of strong and weak acids.
After discussion and description, use (flash) animation related to
ionization of strong and weak acids to help learners to visualize the topic
at a microscopic level.

Misconceptions:
• Strength and concentration are the same.
• The strength of an acid depends on the number of hydrogen atoms and
base depends on the number of hydroxides.
• Strong acids have a higher pH than weak acids.
Using Pedagogical Content Knowledge in Teacher Education
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6. Teaching
procedures
(and particular
reasons for
using these to
engage with
this idea).

POE (Predict-Observe•
Explain):
Use conductivity apparatus
including 100 mL, 1 M acetic
acid solution (CH3COOH) and
1 M hydrochloric acid solution
(HCl) as electrolyte, a bulb,
wires, and battery. Before the
activity, ask students what they
expect. After students observed
what happened, ask students why
the bulb’s brightness is different.
Discuss about the differences
in brightness (Students might
say that concentrations of
acids are the reason). Provide
all necessary information to
students (concentration and
volume of solutions, etc.) to
overcome this idea.
During discussion ask several
questions; “Why does the bulb
light? If we put sugar solution
into the beaker, does the bulb
light? Why? Please, remember
the previous topic that you
learned (i.e., electrolytes), How
do solutions conduct electric
current?” With the help of these
questions, students will be able
to think about ions in solution.
Then ask them about the weak acids’ ionization; their solutions include all
the substances in the ionization process. So, ask them whether they can
see similarity between equilibrium and weak acids’ ionization (help them
to remember equilibrium). After discussion about it, make them write
an equilibrium constant for a weak acid. Then name it “acid ionization
constant”. Then, provide examples of weak acids and they will try to show
equilibrium and write their ionization constants.
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Then conclude by explaining
to students that 100 mL of 1
M, HCl and CH3COOH have
different ion concentrations.
Ask why they use the electrolyte
concept and this conductivity
apparatus. Help students relate
acid strength and ionization
percentage of an acid. Then
explain what acid strength is.
7. Specific ways • Giving homework about
of ascertaining
daily life usage of acids.
students’
• At the beginning of the
understanding
lesson, getting their idea
or confusion
about what they think about
around this
acid strength.
idea (including • Students’ ideas expressed
likely range of
in the explanation phase of
responses).
POE.
3.

2.

1.

What happens when sulphuric acid and acetic acid spill on your hand?
Do they cause the same effect or not? What do you think? Why?
Asking students to draw a concept map including the concepts of
“acid, strength, electrolyte, ionization, strong acid, weak acid, electric
conductivity, acid ionization constant”.
The following diagrams represent aqueous solutions of three acids,
HX, HY, and HZ. The water molecules have been omitted for clarity,
and the hydrated proton is represented as a simple sphere rather than
as a hydronium ion. a) Which of the acids is a strong acid? Explain. b)
Which acid would have the smallest acid-dissociation constant, Ka? c)
Which solution would have the highest pH?
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The CoRe and PaP-eRs are tools that were originally developed for the purpose of
uncovering, documenting, and portraying science teachers’ PCK in relation to particular
science topics (Loughran et al., 2004). The CoRe is a two dimensional matrix which
includes components of Magnusson et al.’s (1999) PCK model in one dimension and
important concepts (i.e., the big ideas) in the topic to be taught in the other (see Figure
1 for an example of a CoRe). The teacher, taking into account curriculum objectives and
instructional time, determines important concepts or big ideas. Prompts in the vertical
dimension help to uncover a teacher’s PCK component in relation to a particular idea. For
instance, prompt three and four which relate to difficulties and students’ thinking about
acid-base strength reflect a teacher’s knowledge of the learner’s difficulty in understanding
the concept of acid-base strength. Although the CoRe provides access to a teachers’ PCK,
PaP-eRs provide much more detailed narrative accounts of a teacher’s PCK for a particular
piece of science content. One PaP-eR is not sufficient to capture all the components of PCK
in action. Rather, a collection of PaP-eRs linked to different areas of the CoRe is needed to
uncover a teacher’s PCK in relation to the science topic for which a CoRe was prepared.
For instance, a PaP-eR can be prepared on a teachers’ instructional planning about how s/he
used a predict-observe-explain activity to remedy the misconception7 that the concentration
and strength of an acid are the same. A further common aspect among these four studies
which introduces PCK to PSTs, is that they are explicit in their approach to teaching PCK.
Considering the tacit nature of teachers’ knowledge (i.e., PCK) (Loughran et al., 2004)
and absence of shared language for PTSs’ thinking about teaching (Carter, 1993), being
explicit while developing pre-service teachers’ PCK is unavoidable. Being explicit can
basically be achieved by introducing PCK at the beginning of a semester with the help of
a presentation and then continuing to use the language of PCK throughout the course with
the help of various tools (e.g., using the CoRe as a lesson plan format and reflection papers
on PSTs’ development of their own PCK). In the following part we consider possible ways
to explicitly enhance pre-service teachers’ PCK.
A recent study that provides a good practice example of the introduction of PCK to PSTs
used reflection, introduced an explicit PCK framework, used a CoRe as lesson plan, and
provided mentoring during a practicum course (Aydın et al., 2013). The explicit use of
PCK was achieved in several ways;
1.
Introduction of an explicit PCK framework: At the beginning of the semester,
a presentation was made on PCK. Several questions were asked at the beginning
of the presentation to elicit PSTs’ knowledge on teachers’ practical knowledge.
For instance: What differentiates a science teacher from a scientist? What does a
teacher need to know to be able to ensure that students learn science meaningfully?
After discussing these questions, a definition of PCK, Magnusson et al.’s (1999)
PCK model, and the components of PCK were introduced to PSTs. During the
introduction, specific examples for each PCK component in relation to a particular
topic were provided to PSTs. A handout, including specific examples to promote
PSTs’ learning about PCK components, was prepared and shared with PSTs.
For instance, for knowledge of the learner’s situation, the handout included the
following example;
7
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a)

2.

3.

4.

8

Knowledge of the requirements for learning the topic of chemical
equilibrium requires that a teacher should be aware of what his/her
students need to have learned about the rates of reactions to understand
chemical equilibrium meaningfully. Also, a teacher should assess what the
students know about reaction rates and review if necessary before teaching
equilibrium.
b)
Knowledge of areas, in the topic of chemical equilibrium, where students
have difficulties or form misconceptions: The teacher should be aware
that his/her students might believe that equilibrium is static, not dynamic
(Gorodetsky & Gussarsky, 1986) and that equilibrium involves two
independent reactions (Gorodetsky & Gussarsky, 1986).
Using CoRes as a lesson planning tool8: Instead of using a traditional lesson plan
format in which PSTs are expected to write their objectives, instructional strategy,
and assessment methods without any coordination among them, a CoRe, which has
several advantages, was used. Firstly, this helped to make PCK explicit to PSTs
as the prompts refer to PCK components. Secondly, PSTs were able to connect
PCK components to the topic they were teaching since the CoRe employs a matrix
format. After introducing the concept of PCK, the CoRe was introduced to students
using a CoRe prepared for teaching a specific topic (i.e., acid-base strength, see
Table 3).
Reflection: Students are required to submit two reflection papers. One of these
required PSTs to evaluate themselves with respect to their development for each of
the PCK components throughout the course. An example question from this reflection
paper that evaluates PSTs’ knowledge of assessment is: So far, have you noticed any
change or development in your knowledge of assessment? Please explain in detail
with the use of specific examples and considering the sub-dimensions of what to
assess (e.g., knowledge, application of knowledge taught, NoS understanding, SPS,
etc.) and how to assess students’ understanding (e.g., quiz, informal questioning,
concept map, etc.). The other reflection paper asked PSTs to evaluate the PCK of an
experienced teacher with regard to a specified topic. An observation form, including
questions related to all components of PCK, was provided to PSTs. For instance,
two main questions were asked regarding knowledge of the instructional strategy
component: Does a teacher use any subject-specific strategy? (e.g., 5E, conceptual
change, inquiry). Explain how? Does a teacher use any topic-specific strategy?
(e.g., analogy, models, simulations, daily-life example, demonstration, discussion,
questioning, etc.). Explain how? Also, instructors on the course evaluated PSTs’
PCK by asking several reflection questions (e.g., how did you assess students’
understanding of the rate of the reaction on the basis of the concentration and
time?), immediately following their microteaching and real teaching practices in
cooperating high schools.
Mentoring: Teaching assistants (TAs) provided mentoring to PSTs throughout the
practicum course. Their role was to enrich PSTs’ microteaching and real teaching
practices by explicitly using the PCK framework. A PST was assigned to a mentor (i.e.,
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a TA) at the beginning of the course and the mentor and PST worked collaboratively
throughout the course. Whenever a PST was expected to prepare a CoRe for his/her
teaching practice, the mentor and the PST met. The PST was expected to come to this
meeting with his/her draft CoRe about the particular topic s/he would teach already
prepared. During mentoring sessions, mentors did not play a director role; rather
they asked guiding questions to PSTs to elicit their PCK responses. For instance,
they always asked whether PSTs had reviewed the curriculum, whether there was
prerequisite knowledge from previous studies or in other domains to be considered,
whether students were likely to have any difficulties or misconceptions related to
the topic, whether they were using appropriate instructional strategies to ensure
students’ meaningful learning, whether they were using appropriate strategies to
assess the students’ knowledge of the identified big ideas, and what they would do
after assessing the students’ learning.
Another good practice example involved introducing key aspects of PCK to PSTs in two
phases (Hume & Berry, 2012). The first phase involved PSTs’ writing an essay on PCK,
reading and discussing experienced science teachers’ CoRes and PaP-eRs on a specific
science topic, developing their own CoRes and PaP-eRs on a science topic that they teach
during school practicum, and the course instructors’ preparing and presenting a CoRe on a
science topic which was then evaluated by the PSTs (Loughran et al., 2008). Explicit use
of PCK was ensured by using the following approaches:
1.
Utilizing experienced science teachers’ CoRes and PaP-eRs: Experienced science
teachers have robust PCK since one of the most important sources of PCK is teaching
experience. Experienced science teachers’ CoRes and PaP-eRs on a specific science
topic were provided to PSTs, who read them and discussed them in terms of PCK
components related to the topic.
2.
Developing CoRes and PaP-eRs: PSTs developed their own CoRe and PaP-eR on a
particular science topic that they teach during their school practicum, and presented
them to the class. The instructor and other PSTs in class assessed CoRes and PaPeRs in relation to PCK components.
3.
Presenting a CoRe on a science topic: The instructor of the course prepared a CoRe
and presented this to the class. PSTs read and assessed the instructor’s CoRe.
4.
Writing an essay on PCK: PSTs wrote an essay on PCK based on their teaching
experiences and their observations on their mentors’ teaching in a cooperating
school.
The second phase of this practice included, first building a foundation for the components
of PCK, and then working collaboratively in a group to prepare a CoRe. Activities utilized
in the second phase were as follows:
1.
Building a foundation for the components of PCK: Magnusson et al.’s (1999)
PCK model consists of five key components (e.g., knowledge of learner) each of
which consists of a number of sub-components (e.g., prior knowledge, difficulty,
and misconception). PSTs should know the content of each component so that they
can effectively put these components into play in their CoRes. Therefore, PSTs
were engaged in several course activities to help build this foundational knowledge.
These course activities included critically analyzing and reflecting on:
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a)

2.

purposes of science education, the NoS, the national science curriculum
statement (for eliciting PSTs’ science teaching orientation by revising theirs
and for enriching PSTs’ knowledge of the curriculum),
b)
learning theories and misconceptions in science (for developing PSTs’
knowledge of the learner),
c)
pedagogy and teacher beliefs about teaching and learning (for cultivating
PSTs’ knowledge of instructional strategies),
d)
assessment including national qualifications (for improving PSTs’
knowledge of assessment),
e)
the worth of various science education websites and texts (for developing
PSTs’ knowledge of curricula).
Collaborative group work during a CoRe preparation: PSTs experience difficulty
in integrating all PCK components effectively to ensure meaningful learning in
preparing their first CoRe. Therefore, collaborative group work was introduced to
provide support for the PSTs as they seek to overcome their earlier difficulties.
(Hume & Berry, 2012). The group work was conducted in several progressive steps
to scaffold ore-service teachers’ PCK development. The steps were as follows:
a)
First step: Each PST, individually, conducted a preliminary study for the first
five prompts in the CoRe (see Figure 1 for the prompts). That is, they were
expected to identify prior knowledge and skills including misconceptions for
the given topic. The instructor selected “Atomic structure and bonding” at
Year 11 school level (15-16 years old) as the topic for PSTs’ CoRe preparation.
Then, they held a class discussion to identify several sources that might help
PSTs to establish what students already know and can do regarding this topic.
The sources used included the national science curriculum statement; texts
commonly used in schools; and reputable Internet sites (e.g., BESTCHOICE
at Bestchoice.net.nz, ChemSource at intro.chem.okstate.edu and the Royal
Society of Chemistry at www.rsc.org).
b)
Second step: The PSTs were asked to brainstorm to identify important
concepts and skills that students in Years 11- 13 should be expected to learn
about Atomic structure and bonding. PSTs worked in three small groups for
this task and each group concentrated on one school level. After working
independently as three groups on three grade-levels, a class discussion was
conducted to gain insight into how best to order key concepts over the 3 years.
c)
Third step: A new topic, “Redox Reactions”, was now suggested by the
instructor and PSTs worked in their groups to determine the concepts and
skills that grade 12 students should learn about Redox Reactions. Then each
group was asked to write down 5-8 big ideas on a blank CoRe.
d)
Fourth step: PSTs continued to study in groups on other CoRe prompts.
In this step, groups identified common misconceptions and difficulties
that students might have in learning Redox reactions. They also selected
appropriate subject and topic-specific instructional strategies that would help
students learn big ideas meaningfully and overcome their misconceptions.
At the end, groups shared their CoRes with the class for discussion.
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These examples of good practice succeeded in generating a shared language between the
science teacher educator and the PSTs because they dealt explicitly with the introduction
of PCK. The shared language fundamentally included the essence of PCK, the knowledge
it and its’ components include, and the synthesizing of all these knowledge bases together
in a way that ensures students’ meaningful learning of a particular topic. An advantage of
these practice examples was that PSTs built a strong knowledge base that they will be able
to apply and build on in the future. Another advantage was that PSTs’ professional learning
and growth was promoted since pre-service teachers were able to continue to develop their
PCK components during the teaching of different topics to different students.

Recommendations and Implementations for Teacher Education
Recommendations can be provided for teacher educators in the light of the framework and
research on examples of good practice using PCK described above. These recommendations
can apply to different teacher education courses in different teacher education programs.
A teacher educator can select different strategies depending on the prevailing conditions
(e.g., having teaching assistants as mentors) to design a course to introduce PCK to Preservice Teachers. We present the following suggestions for teacher educators.
1.
Be explicit throughout the course, which means introducing key aspects of PCK to
pre-service teachers
a) At the beginning
-- Elicit PSTs’ prior ideas on what makes a good teacher, what constitutes a teacher’s
professional knowledge base, and what differentiates a teacher from a content
specialist (i.e., a chemistry teacher from a chemist), and what a teacher should know
in order to design instruction that ensures that students learn a topic meaningfully.
-- Present PCK construct and its model (e.g., Magnusson et al., 1999) to PSTs by
using pertinent topic-specific examples. Power point presentations, readings
explaining PCK, and handouts can all be beneficial for this purpose.
-- Introduce the CoRe tool to PSTs as a lesson plan format and self-assessment
tool that can help them to use and integrate all PCK components meaningfully.
Both blank and filled-in versions of the CoRe should be introduced to PSTs. The
filled-in version of the CoRe should be prepared on a specific topic (e.g., rate of
reaction, acid strength).
-- Build a knowledge foundation for PCK components. Critically analyze and reflect
on the purposes of science education, the NoS, the national science curriculum
statement, learning theories and misconceptions in science, pedagogy and teacher
beliefs about teaching and learning, assessment including national qualifications,
and the various science education websites and texts.
b) Throughout
-- Conduct collaborative group work in steps that scaffold PSTs’ CoRe preparation and
PCK development. As a first step, get the PSTs to study the first five prompts in the
CoRe. Select a particular topic (may be with the agreement of PSTs). Discuss with
PSTs the sources they will need, such as curricula, reform documents, textbooks,
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reliable websites, and articles on students’ misconceptions and difficulties on the
selected topic and provide these. Allow the groups to work collaboratively during
several class sessions on this task. During these group sessions, pose challenging
questions such as “How did you determine the big ideas? What were your criteria?
How did you sequence them? What had the students learned about this topic in
previous grades and what will they learn in future grades? How did you determine
what students should know and be able to do in relation to the big idea? What
do you know about this topic (i.e., your subject matter knowledge)? What are the
sources of students’ difficulties and misconceptions with regard to this big idea?
(e.g., lack of prior knowledge and skill, and nature of topic). At the end, ask groups
to share their CoRes with others in a whole class discussion. In the second step,
have students engage in collaborative group work to determine their subject and
topic instructional strategies (prompt six in the CoRe), and assessment methods
(prompt seven in the CoRe). The instructional strategies should ensure that students
will learn the related big idea and overcome difficulties and misconceptions that
students might encounter when studying this. Identify information sources for
preparing key prompts with PSTs. Curricula, textbooks, reliable websites, and
articles on effective instructional and assessment strategies are all likely to be
useful for the groups to use. Allocate several class sessions to group working.
During these group sessions ask questions such as “Why did you choose these
instructional strategies for this big idea? How did they help students to learn
the big idea, and overcome their difficulties and misconceptions? Did you elicit
students’ difficulties and misconceptions? Which assessment method did you use
for this purpose? How did you assess whether students had learned the big idea?
What use did you make of the assessment results?”
Conduct mentoring with PSTs individually while they are preparing their CoRe
for teaching. Teaching assistants and the instructor may provide mentoring. As
teaching assistant and/or the instructor, be prepared for the counseling session.
Ask which topic the PST is teaching, review the curriculum, and look for possible
difficulties, misconceptions, instructional strategies, and assessment tools. Ensure
that PSTs come to the mentoring sessions with their draft CoRes prepared. During
mentoring always ask explicit and reflective questions related to each prompt
and each PCK component. Example questions might be: Did you review the
curriculum? How did you determine the order in which the big ideas should be
taught? Is one of them a prerequisite for another? What should students already
know and what will they learn about a big idea? How will you determine what they
already know about this big idea? What would you do if students do not have the
prerequisite knowledge and skills? Such thought provoking questions should help
PSTs to integrate the components of PCK. For instance, the question about what a
PST would do if a student does not have the prerequisite knowledge and skills is
beneficial for the pre-service teacher to link his/her knowledge of the learner with
his/her knowledge of instructional strategy.
Ask PSTs to critically read and analyze an experienced teacher’s CoRe and PaP-eR
on a particular topic. This can be done individually or in groups. Each prompt in
the CoRe and related narrative in PaP-eR should be considered separately. During
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this analysis, PSTs should be provided with questions that engage them in critical
analysis of PCK components. The questions should also seek to integration and
link these components. Conduct a class discussion on each CoRe prompt one by
one. This reading and analysis session can consider several CoRes and Pap-eRs
prepared for different topics.
-- Provide opportunities for reflection. PSTs should reflect on their own PCK
development throughout the course. Reflection papers can be used. These may
include questions related to each PCK component and its sub-components. Preservice teachers should be encouraged to give specific examples from their own
experience. PSTs can keep diaries throughout the course. These diaries should
record what they have learned in relation to PCK and its components as a result
of their various experiences throughout the course (e.g., group work, mentoring,
microteaching, teaching practice, observation of others such as peers and
cooperating teachers in schools).
-- Include observation of an experienced teacher’s PCK on a particular topic. Prepare
an observation form which includes questions on each PCK component and its
sub-components for this purpose. Observations should be conducted during the
teaching of a particular topic (e.g., intermolecular forces). After observation, PSTs
can ask explanatory questions related to the teacher’s PCK.
-- Use a range of the evaluation tools, described below to identify pre-service
teachers’ PCK development.
2.
Use the language of PCK for creating a shared language between PSTs throughout
the course. From the beginning and throughout the course, explicitly name all PCK
components (e.g., knowledge of learner and instructional strategies), demonstrate
their interrelationships and flag instances where they are used. Instruction in class,
feedbacks provided to PSTs in and/or out of class, and assessments can all provide
contexts that enable you to use the language of PCK. For instance, when a preservice teachers uses a specific analogy to overcome students’ misconceptions on
a particular concept during his/her teaching ask the PST and his/her classmates
“What components of PCK are being used in this case? How are they integrated?”
Based on the responses given to these questions, explain to the PSTs that the use
of analogy indicates PST’s knowledge of instructional strategy (i.e., topic specific),
misconceptions show his/her knowledge of learners, and the use of analogy to
remedy these misconception indicates a PST’s ability to integrate his/her knowledge
of instructional strategy with his/her knowledge of learners.
3.
Encourage PSTs to internalize PCK and its components as professional knowledge.
4.
Emphasize that PCK initiate the PSTs’ professional learning for teaching throughout
their careers.
5.
Encourage them to use the components of PCK and the CoRe as a frame of reference
for their teaching throughout their careers.
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and Solveig Karlsen
Introduction: Why are interest and alternative conceptions important in
pre-service teacher (PST) education?
Chemistry is a conceptual subject based on a number of abstract concepts with many of
these concepts being hard to grasp and learn, especially when school students are put in
a position of having to believe without seeing. It is likely, therefore, that school students
may have difficulties in understanding and explaining such concepts. Unfortunately this
includes some basic concepts that are required, in one way or another, at all levels of
chemistry teaching, from first exposure in elementary schools and upwards.
On the other hand, school students are familiar with a number of relevant concepts as
a result of their prior learning (Fisher, 2004; Roschelle, 1995). Prior learning plays an
important role in determining the levels of understanding that can be achieved by school
students and the quality of their subsequently learning. Prior learning is also likely to
influence the levels of interest toward chemistry; however it can be responsible for the
appearance of many discrepancies that occur during the teaching and learning process.
There are numerous examples of widespread erroneous notions, present among school
students that are due to previously formed concepts engraved into their mental schemes.
Once formed, faulty or imprecise interpretations and naive beliefs tend to be extremely
persistent and hard to change, creating obstacles to further learning (Canpolat, 2006;
Pabuçcu & Geban, 2006). Let us acknowledge that false or imprecise beliefs can generate
problems for everybody, including advanced researchers. However, here we will only
consider the specific issue of school students.
A large number of school students and even some of their teachers believe that their
established concepts are correct because they make sense, meaning that they correspond to
their understanding of the phenomenon in question. School students holding deep-rooted
misbelieves often construct new knowledge on a faulty base to which further mental
connections are made. Consequently, when they face new information which, unlike their
alternative conceptions, does not fit their previously established mental framework, they
may ignore it or reject it because it seems wrong (Horton, 2007, p. 1). They attempt to
solve problems in chemistry without real understanding of a process or a phenomenon,
often failing to make connections with their previous information and concepts, which may
not be scientifically correct anyway. School students can be very successful and intelligent;
they may obtain high grades, but still retain certain alternative conceptions. Thus, it is of
the utmost importance to identify, confront and correct the different alternative conceptions
that school students have. Identifying weaknesses in concept-building is especially
important during their first exposure to chemistry. Concepts built in the early stages of
development are most resistant to change during subsequent instruction. The knowledge
of school students’ preconceptions is useful in deciding where to start and how to continue
teaching.
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Theoretical framework
There are many terms that refer to school students’ misbeliefs. Some authors use the words
preconceptions, pre-concepts, preinstructional beliefs, intuitive ideas or naïve beliefs
to emphasize the importance of ideas developed before and during children’s early school
years; others use misconceptions, misunderstandings, misinterpretations of facts,
non-scientific believes etc. The expression “alternative conceptions” is considered by
many authors as some kind of compromise that incorporates students’ faulty views during
science teaching (Abimbola, 1988; Horton, 2007, p. 5). Another reason for usage of this
term is that it does not have such a negative connotation as do terms like misconceptions
or misunderstandings. Thus, many educationalists prefer it.
In the interest of greater clarity for the reader, it is useful to distinguish between the erroneous
notions (alternative or wrong conceptions) of school students that are formed before the
formal instruction in school begins, (often named as pre-concepts), and those that stem
from the elements of the teaching process itself (textbooks, teachers and their knowledge
and attitude etc.). The teaching process aims to help students to acquire and understand
various key concepts, however, in some cases they be misled. Alternative conceptions that
originate from the teaching process are referred to as school-made misconceptions (Barke
et al., 2009, p. 21). Moreover, pre-concepts about the ‘world we live in’ can influence
what is learned in chemistry lessons and can easily lead to misconceptions. The various
erroneous notions (alternative or wrong conceptions) described in this chapter are listed in
Appendix 1. (www.ec2e2n.net)
One can encounter other terms for pre-concepts and school-made misconceptions in
the science education literature. Taber (2002, p. 59) suggests that there are two types of
substantive learning impediment:
intuitive science conceptions –
ontological learning impediments

mis-learnt science conceptions –
pedagogical learning impediments

term used for alternative conceptions that
arise from the learners’ experiences of the
world.

term reserved for alternative conceptions
that derive largely from the teaching
students have received.

One could use the term “alternative conceptions” as an acceptable one, as it covers both
pre-concepts and school-made misconceptions and does not denigrate school students’
thinking. It is our belief that the term wrong conception is also suitable and unambiguous.

Pre-concepts
Self-developed concepts of school students, known as pre-concepts, often do not
correspond to scientifically accepted ideas. They usually result from common-sense
reasoning and the ambiguities of everyday language. Young learners appear to rely solely
on sensory information when reasoning about different phenomena, thus pre-concepts tend
to be formed as a result of their observation and experience of everyday life. Sometimes,
school students do not reason consistently; they use sensory reasoning in some cases and
logical reasoning in others. They often use colloquial language or slang when giving their

178

Students’ Alternative Conceptions and Ways to Overcome them

explanations. For instance, although they have heard (learned in school) about the law of
conservation of matter, they continue to rely on previously ingrained concepts and believe
that “the acetone disappears” or that “the stain vanishes”. Pre-service teachers, therefore,
need to be aware of the importance of helping school students to reflect on their use of
everyday language when describing scientific events.
Some more examples of pre-concepts of school students are given below:
-- Gas weighs less than liquid.
-- Solute (salt, sugar) disappears when dissolved.
-- Fuels are destroyed in burning.
-- Combustion is a change of state of matter – solid or liquid to gaseous.
-- Air has no mass.
-- Weight (mass) is lost in dissolving.
-- A rusting nail will not change weight because the rust was already in the nail.
-- A kilogram of lead weighs more than a kilogram of water.
-- An acid is something which eats material away or which can burn you.
Pre-concepts can usefully be divided into two categories: concepts that are true, or nearly
true, in restricted contexts, and those that are mere prejudices. The statement “Air has no
mass” is nearly true in the sense that the weight of air is often negligible when weighing
objects on a balance. On the other hand, “Fuels are destroyed in burning” is completely
false, and such a prejudice may be linked, for instance, to burning being used to destroy
paper documents (destroying here means making the information non retrievable).
It is quite clear that school students do not enter the classroom without any knowledge of
certain phenomena and of the Universe in general. They have many experiences and their
own explanations about the way in which the Universe works and these need to link to the
scientific concepts being learned in advanced courses. These naïve children’s experiences
should form the starting point for a lesson to enable each school student to express his/
her pre-concepts, face and confront them, and if they are erroneous construct correct and
scientifically acceptable alternatives. In such a way, school students become uncomfortable
with their own ideas and realize they need an improvement in their thinking in order to
overcome discrepancies in explanations they offer.
Ideas that school students have held for many years tend to be more deeply rooted than
the newly acquired concepts learned at school, so the pre-concept may well be retained
instead of new scientific idea. School students must construct their own understanding by
confronting any faulty views and work to connect old and new concepts to produce more
sophisticated interpretations.
Teachers have an important role to play in the process of helping school students to move
beyond previously held naȉve ideas by promoting conceptual change activities aimed at
establishing critical thinking as a general attitude toward both science and their everyday
life activities. It is impossible to correct all wrong concepts students have because of
two main reasons: a) each student’s thinking is different, so he/she transfers the ideas
from the teacher in his/her unique way thus constructing the knowledge in his/her own
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mental scheme and b) pre-concepts are generally different from one student to another.
The teacher’s approach should, therefore, be to identify some pre-concepts and use them
as examples, stressing the necessity for school students to be critical about all items in their
thinking that do not have a sound basis. PTSs should be aware of it.
A lot of time and effort is needed to change someone’s thinking and one should not expect
that school students will be able or willing to do it overnight. Even famous scientists in
the past had faulty views about certain phenomena, some of which helped them to make
important scientific discoveries. The important thing for teachers is to appreciate that preconcepts are likely to exist from the beginning of science lessons in school, so that that
steps can be taken to reduce erroneous notions to a minimum. This is important not only
for teachers, but also for pre-service teachers.

School-made misconceptions
Students often develop wrong conceptions about the chemistry (science) they are taught
in school. The nature of these ideas can be different – they can be quite specific or more
general; readily changed and labile or very stable; widespread or not etc. School students
may misinterpret the taught material because they have inadequate previous knowledge,
because the complexity of the material overloads their working memory space, or there
might be other obstacles which prevent learners from constructing the teacher’s meaning.
Whatever the reason, the version adopted by students does not match what was intended
by the teacher.
Several examples of school-made misconceptions are given below:
-- The space between atoms and molecules is filled with air.
-- Particles may have macroscopic properties: they may burn, contract, expand or
change shape.
-- Gold atoms are gold in color; mercury atoms are liquid; molecules of ice are hard and
frozen; glue molecules have sticky surfaces; gas molecules are round and molecules
of solids are cubes, oxygen atoms are red.
-- Physical changes are reversible while chemical changes are not.
-- Mass is not conserved. The products of chemical reaction need not have the same
mass as the reactants.
-- The H2 bond is not broken in forming H2O.
-- The sodium chloride lattice is composed of diatomic molecules.
-- H+ and Cl– ions form molecules in HCl solution.
-- Sodium ion should be Na6+ because it is surrounded by six Cl– ions in the lattice.
-- Mixing an acid with a base (irrespectively of the quantities) neutralizes the base
resulting in a neutral solution.

The origin of alternative conceptions
School students themselves are not entirely to blame for the development of alternative
conceptions. In addition to self-developed concepts based on everyday observations
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and colloquial word usage, alternative conceptions about chemistry can emerge from
imprecise statements, illustrations and animations presented in chemistry textbooks
(and, in general, in other science textbooks and learning materials), illogical chapter
organization, teachers and their teaching practices, and problems with specific terminology
and wording. Problems are likely to arise whenever abstract concepts like substances, the
particles of which they consist and the chemical symbols used for their representation
(macroscopic, sub-microscopic and symbolic level of representation/thinking in chemistry
respectively) are introduced. Wrong conceptions can originate from ideas expressed to
school students by other people such as relatives and friends, magazine articles, television
and radio programs, etc. While all of the above are likely sources of information for school
students, information provided is not necessarily scientifically correct or authentic. Hence,
the informal sector plays an important role in building a student’s understanding of the
world which can be transferred and connected (properly or not) to their understanding of
scientific concepts.
Confusing the three levels of representation/thinking in chemistry
Let us briefly elaborate and stress the importance of distinguishing between and using
properly three levels of representation (or thinking) in chemistry. According to Johnstone
(2000), chemical knowledge is acquired at three distinct levels:
a) the macroscopic and tangible (what can be seen, touched and smelt);
b) the sub-microscopic (atoms, molecules, ions and structures)
c) the representational or symbolic (symbols, formulae, equations, mathematical
manipulation, graphs etc.). None of the above aspects is superior to another; on the
contrary, they rather synergistically complement each other.
There are, at least, two possible reasons for the emergance of alternative conceptions when
dealing with these three levels of representation. The first one is the risk of “overloading
the working memory space” (Sirhan, 2007) when school students meet all three levels
simultaneously. An experienced chemist (either teacher or researcher) can deal with this
easily, but one should not expect the same from young learners who may feel confused
and insecure. Secondly, neglecting the sub-microscopic level during teaching may also
lead to the appearance of certain wrong conceptions. A possible approach might be to start
with macroscopic observation, but use sub-microscopic interpretations and then move on
to the role of symbolic representations. Of course other approaches may be completely
legitimate and we leave this to the discretion of individual teachers.
Poor understanding of the particle theory concepts affects school students’ thinking about
many chemistry concepts. Throughout the education process many of the notions held
by students originate from observations of the macroscopic properties of substances and
erroneously transferring these properties into the sub-microscopic world.
Misunderstandings and vagueness are present even in the presentations of the periodic
table of elements. If one looks closely, it can be noticed that some data refer to the atoms
of the elements (e.g. electronic configuration) and others are related to the elementary
substances that are composed of these particles (e.g. density) (Šoptrajanov, 2002, p. 91).
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All three levels of representation are present and mixed in the periodic table, undoubtedly
leading to some confusion among school students.
Examples of statements made by school students include: “When a gas is being
compressed (macroscopic representation), the particles (sub-microscopic representation)
are not only pushed closer together but also compressed themselves.” (Treagust et
al., 2011), “Sulfur particles are yellow; sugar particles are sweet; water is a fluid and
consists of liquid particles; ice particles are solid; carbon particles burn and turn to ash
etc.” (Barke et al., 2009, p. 76), “Butadiene reacts with one molecule of bromine.”,
“Copper(II) sulfate from aqueous solution crystallizes as a solid substance composed of
copper(II) sulfate molecules.” [students frequently fail to distinguish ionic from covalent
substances, so they refer to all building particles as molecules], “Molecules can expand
and stretch when a substance is heated.”, “CuSO4·5H2O can be formed if five drops of
water are added to CuSO4.” (Stojanovska et al., 2012a), “There are small and big oxygen
atoms (for example, in CoO).”
Common-sense reasoning
Scientific concepts are required to understand such everyday phenomena as evaporation of
a puddle or rusting of a nail. Proper explanations usually involve particle theory concepts
and the recognition of submicroscopic particles such as atoms, molecules or ions.
One can often hear students say “the acetone disappears”, “the stain vanishes”, “gasoline
loses its mass upon evaporating”, “the puddle is gone” etc. Furthermore, opinions that when
matter disappears from sight it ceases to exist (e.g. “the salt disappears upon dissolving”)
or that matter can disappear whereas its properties, such as smell and taste, continue to
exist (e.g. “the sugar is destroyed when dissolved in water, only the sweet taste remains”)
are very popular among school students. Some of them are convinced that the mass of
water would not change, when a solution is formed, because the solute added simply ceases
to exist. These and similar statements are based upon school students’ observations and
common-sense reasoning, especially in cases where matter is not visible. For example,
the atmosphere (including oxygen) is invisible to the eye, so school students often fail to
appreciate the role of oxygen in their explanations for open system reactions regarding
combustion and claim that “something disappears” or that what remains (meaning the ash)
“is lighter than the original”. They observe the phenomenon and offer the most logical
explanation. We shouldn’t merely dismiss these statements as mistaken, but should
recognize them as alternative concepts formed in their developing mental frameworks.
Naïve ideas that originate back in childhood are often well established in students’ minds,
and are therefore persistent and hard to change. Thus, younger school students may think
that the water has disappeared; the sun is responsible for its disappearance; water soaks
into the vessel or turns into air. On the other hand, older school students (15 years and
older) still very often fail to realize that matter is conserved upon evaporation. This could
be linked to confusion about density and weight. Some recent research (Stojanovska et
al., 2014) found that 41 % of school students claimed that gas (water vapor) weighs less
than liqiud and 30 % that a sealed container with a bit of acetone in it weights less after
the liquid (acetone) has evaporated, thus explaining evaporation in terms of weight change
rather than density change.
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Many of the above observations may be attributed to a belief that what is seen exists, and
what is not seen does not exist. This general but erroneous concept should be addressed by
teachers stressing that experimental evidence can be derived not only by seeing, but also
by using any of the other senses.
Definitions in textbooks
Definitions are very important in chemistry (and in science in general) and play a significant
role in learning. Unfortunately, wrong conceptions can arise directly from textbooks and
the teaching process, as many questionable definitions, which confuse school students
instead of helping them, can be found in textbooks. Some definitions are too simplified to
be entirely correct while others are too complex or abstract, to be understandable by school
students. They may also be incomplete or not applicable in every case. The definitions of
many chemistry concepts given in textbooks “either lack precision, or invoke ideas that
beginners are not familiar with, and have to accept on trust” (Nelson 2003).
An issue with many textbook is the definition of molecules (think about the “copper sulfate
molecules”). Many textbooks teach that “all substances are composed of molecules, and
molecules are composed of atoms”. This incorrect statement should be strongly challenged,
and substituted with something like “All matter is composed of atoms; atoms can aggregate
in several ways, and one of these is to form molecules”.
Definitions must be simple, but true. In some cases, depending on the age of the students, a
simplified definition may be introduced but the temporary nature of such definitions should
be emphasized. Teachers must understand the limited application of these definitions and
use them very carefully.
Firstly, let us consider the definition of chemical reaction that is offered to school students:
“A chemical reaction is a process that leads to the transformation of one set of chemical
substances into another. Chemical reactions are usually characterized by a chemical
change, and they yield one or more products, which usually have properties different from
those of the reactants.” (Wikipedia, 2013). In chemistry teaching chemical reactions are
distinguished from physical processes. The various changes of state, dissolution and color
change are usually regarded as physical processes. This means that the dissolution of NaOH
is considered as a physical process. However, some school students, especially analytical
thinkers, may disagree with this. They might compare the properties of the system before
and after adding sodium hydroxide and conclude that they differ, for example, heat is
released and the new solution has a higher pH value and conducts electricity; so, according
to the definition, a chemical change (or a reaction) must have taken place. Sure enough,
there are textbooks where such a process is considered as a chemical reaction. A further
possibility is to consider such changes as physicochemical processes. This question,
therefore, remains open to discussion.
Other examples of learning difficulties that stem from definitions in chemistry are related
to oxidation and reduction processes. School students might come across four definitions
(see Table 1) of oxidation/reduction during schooling.
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Table 1: Different definitions of oxidation and reduction encountered at school.
Oxygen definition
(Lavoisier 1777)
Hydrogen definition
(Liebig 1837)
Electron definition
(Lewis 1916)
Oxidation number definition
(Pauling 1932)

Oxidation

Reduction

Addition of oxygen

Removal of oxygen

Removal of hydrogen

Addition of hydrogen

Donating of electrons

Accepting of electrons

Increased oxidation number Reduced oxidation number

These four definitions can’t be used successively. As the following examples show, only
the oxidation number definition and one or two of the others might apply (Table 2).
Table 2: Definitions of oxidation and reduction applied to examples.
Example of chemical reaction

Applying definitions

2 C(s) + O2(g) → 2 CO(g)

Oxidation number and oxygen definition

2 Li(s) + Cl2(g) → 2 LiCl(s)

Oxidation number and electron definition

CH3OH(l) → HCHO(l) + H2(g)

Oxidation number and hydrogen definition

4 Na(s) + O2(g) → 2 Na2O(s)

Oxidation number, oxygen and electron
definition

CH4(g) + 2 O2(g) → CO2(g) + 2 H2O(g)

Oxidation number, oxygen and hydrogen
definition

There are even examples where the reactant is oxidized or reduced depending on the
definition used:
2 F2(g) + O2(g) → 2 OF2(g)
In this reaction fluorine is oxidized according to the oxygen definition and reduced
according to the oxidation number definition.
School students will also meet the following definitions (Brady & Holum, 1988):
-- The substance that is reduced is the oxidizing agent.
-- The substance that is oxidized is the reducing agent.
The oxygen definition might be used in primary up to lower secondary school and the term
oxidation has its origin from that definition. The hydrogen definition is typically used in
organic chemistry. In upper secondary school the electron and oxidation number definition
are prevalent. All this can easily confuse school students. Many terms are similar and
difficult to distinguish. Concept maps can be helpful to structure the different concepts and
definitions and the relationships between them.
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Terminology and scientific language
Chemistry uses specific terminology to explain scientific concepts. Sometimes the used
wording is exactly the same as in everyday life, while other terms are abstract and
unfamiliar. In any case, school students may misinterpret the meaning of such words and
develop wrong ideas. Consider the term “particle”. In everyday life it presupposes a small
portion of matter, so sugar crystals become sugar particles. Later, when the subject of the
atom is introduced sugar molecules or C, H and O atoms represent the smallest particles of
sugar (for sake of clarity, however, the preferred term for atoms, molecules and ions should
be submicroscopic particles, as mentioned earlier). This term can generate many vague
ideas and arouse alternative conceptions among school students such as “the smallest
particles of water are hydrogen (H) and oxygen (O) atoms”. This statement can also give
rise to another alternative conception, that “hydrogen and oxygen will escape when water
is boiled” or “bubbles from boiling water consist of oxygen and hydrogen gas” is common
among the school students. It is necessary to revisit newly acquired concepts in order
to engrave them in the minds of school students, and also to provide them with relevant
experience of both practical work (in the lab), and problem solving.
Another point that is important to note is that newly acquired scientific concepts are not
sustainable forever and can be easily replaced with old ideas. It is well known that people
have a tendency to remember what they have learned earliest and so these ideas are the
most resistant to change and easiest to return to. As pre-concepts, therefore, tend to be more
deeply rooted than new ideas learned in school it is important to repeat newly acquired
concepts in order to engrave them in the minds of school students.
We will mention one example that can lead to confusion. Many school students think
that mixing an acid with a base (irrespectively of the quantities) neutralizes the base
resulting in a neutral solution; thus a neutralization process always produces a neutral
product. The problem is easy to percieve – the term “neutralization” suggests that the
process should give a neutral product. For the sake of clarity, it is important to appreciate
that, even stoichiometric quantities of acids and bases will not produce a neutral product,
where either the base or the acid is a weak one. With this in mind, one should try to avoid
generalizations whenever possible.
Generalizations
Generalizations can often lead to erroneous conclusions and the creation of wrong ideas.
PSTs must be aware of exceptions that can mislead students in their subsequent education.
For example, if an idea that “everything is made of atoms” is presented to school students
without further clarification, they might think that all reactants in all chemical reactions are
made of atoms. So, they consider, for example, sodium chloride to be made up of atoms
and assume that the chlorine atom takes an electron from the sodium atom so the chlorine
atom will have a negative electrical charge and the sodium atom a positive one (Barke,
2009, p. 24; Taber, 2002, p. 131).
Similarly, the already mentioned “molecules of copper(II) sulfate” may simply be a result
of a statement found in a textbook (see below) saying that “All substances… are composed
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of molecules”. Another example might be the statement that “when the temperature of a
solid increases it first melts and then boils”. This contains a double error: 1) not every solid
may withstand high temperatures, like a piece of wood for example; 2) some solids (like
CO2) will not melt, but rather sublime.
Overlapping concepts in chemistry, physics and biology classes
Chemistry is not an isolated science discipline and shares many mutual concepts with
biology and physics. Different representations in textbooks and different approaches by
teachers of the different disciplines can undoubtedly cause difficulties for school students,
who often store knowledge obtained in the different sciences separately; they learn concepts
in isolation and fail to see the connection between similar or even identical concepts being
taught in different disciplines. Thus, scientific concepts can be explained in various ways
and when transferred from one subject to another may be misinterpreted.
A school student may think that “a hydrogen bond is a covalent bond to hydrogen” rather
than a type of intermolecular bond (Taber, 2001) simply because students learn about the
hydrogen bond in biology classes before it is introduced in chemistry. In biology classes
it is mentioned simply as a bond, not specifying its meaning. Usually, it is drawn using a
line, which is enough for school students to believe that it is a covalent bond, as the other
type of bond with which they are familiar would be an ionic bond which includes positive
and negative charges.
In an investigation regarding misconceptions about the particulate nature of matter
(Stojanovska et al., 2012a) a statement that “the atom is the smallest particle that
possesses the same physical and chemical properties as the substance it originates from”
was noted. This opinion was expressed by a third-year high-school student (classified as
high-achiever, meaning a school student with good chemistry grades). This indicates that
erroneous chemistry concepts can be formed in the teaching of physics, since imprecise
definitions are found in some physics textbooks in Macedonia. Material learned in other
subjects can, therefore, lead to the development of wrong conceptions that can lead to a
misunderstanding of important chemistry concepts. For example, one Macedonian physics
textbook states: “All substances are composed of small invisible particles that possess the
same properties as the parent material. These particles are called molecules.” (Gešoski &
Nonkulovski, 2009). With respect to the atom, the authors have written: “The atom is the
smallest particle of a chemical element that retains its physico-chemical properties.” It is
clear that adjustments are needed to help clarify similar concepts present in the teaching
of chemistry and related subjects (biology and physics). At the very least, it is important to
discuss teaching strategies in sciences between all the teachers involved before the courses
start.

Efficient strategies to challenge and correct alternative conceptions
One of the most effective strategies for correcting school students’ alternative conceptions
is the creation of a cognitive conflict (Demircioğlu, 2009; Barke et al., 2009, p. 30).
School students, who are deeply convinced of the correctness of their previously formed
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concept are put in a position where they must either change their rather naïve view into
a scientifically accepted one (for this to happen, a conceptual change must be occur) or,
otherwise, reject or ignore this new information because it seems wrong. Once school
students begin to doubt their present ideas they are more likely to show conceptual growth
(Barke et al., 2009, p. 29) and to construct new scientifically correct knowledge. That is
why it should be the aim of every researcher and educator to identify students’ alternative
conceptions using diagnostic tests, and to confront any erroneous notions identified by
applying appropriate intervention programme(s) in the expectation that they will be
eliminated, corrected and replaced with ones that are correct and stable.
Among the techniques used to promote conceptual change are active experimention,
discussions, analogies, use of drawings, sketches and illustrations, concept maps, molecular
models, video-animations and other visualization techniques (Coll & Treagust, 2003; José
& Williamson, 2005; Kabapınar, 2009; Milne, 1999). Using such techniques correctly will
encourage school students to confront and revise their naïve concepts. All these techniques,
when appropriately applied in the teaching process, can also enhance school students’
interest and motivation, leading to higher quality of learned concepts in school.
It is important to understand that it is not possible to identify all erroneous conceptions.
Therefore, besides identifying and correcting certain misconceptions, a teacher should
strive to introduce a general critical attitude based on the bottom line that no scientific
knowledge is given once forever! Thus students should realize that anything they have
learned may be subject to revision.

Examples of good practice
The second part of this chapter outlines some useful suggestions and strategies to address
and challenge alternative conceptions, in such a way as to reduce them to a minimum and
thus improving learning. The given examples include some of the most prevalent erroneous
believes of school students that have been identified by chemistry education researchers.
Several alternative conceptions are considered in terms of their correction and elimination.

Experiments
In this section we describe a few suitable demonstrations that contradict alternative
conceptions held by school students. There is, of course, an enormous number of experiments
that could be used in chemistry teaching to help correct wrong conceptions held by school
students, some of which have been developed by authors of this chapter (Monković et al.,
2007; Petruševski et al., 2005, 2006; Petruševski et al., 2007a; Petruševski and Stojanovska,
2010; Stojanovska et al., 2012a, 2012b, 2012c, 2012d, 2013).
A. Rusting of an iron nail
Rusting is a process that can be witnessed in everyday life, even in the childhood. It
is interesting to point out some naïve believes about rusting. Some research findings
(Stojanovska et al., 2014) show that 38 % of the school students (14–15 years) tested
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thinks that a rusting nails won’t change weight; some of them further suggest that “there
are exceptions to the law of conservation of matter”. The opinion that the rust eats up the
metal was characteristic of the responses for 25 % of the tested group. Similar results have
previously been found by other researchers (Kind, 2004). According to Kind (2004) the
most prevalent opinions of school students are those in which they claim that the mass of
a rusty nail would be less than that of the original nail because the rust “eats away” the
metal, or that the mass of the nail would not change, because the rust was simply “part of
the nail”. Thus, it is important for school students to understand that a new substance is
formed as a result of the reaction of iron with water and oxygen from air. For this reason,
the following experiments have been developed.
The importance of water in the process of rusting: Place dry and wet iron wool respectively
in two glass dishes and leave them for a couple of days. One will notice that the wet iron
wool has changed its color to brown. This suggests that the wet iron rusts faster than the
dry one.
The importance of air in the process of rusting: Place a few drops of water and a small
amount of iron powder or wool in a test-tube. Leave the test-tube inverted in a beaker filled
with water for a few days. One can then observe a brown substance and a raised water level
inside the test-tube. The conclusion is that both water and air are participants in the process
of rust formation. This experiment can also be used for determining the content of oxygen
in air (Petruševski & Najdoski, 2000, p. 104).
Rust and the iron are distinct chemical substances: Scrape off the rust and pulverize it with
the help of a mortar and pestle to obtain a fine powder. Then compare properties such as
porosity, color and magnetism of rust to those of iron powder. Once it is realized that the
properties are different, it should be quite clear that rust and iron are two distinct substances.
From a chemical point of view, rust is a mixture of iron oxides and iron hydroxides. If an
analytical balance is available in the lab, one can demonstrate that the mass of the nail used
in the experiment has increased in the process of rusting.
B. Burning iron wool or iron powder
Reactions of burning can be carried out in many ways. If one works with a closed system
it is possible to demonstrate the law of conservation of mass. On the other hand, if the
experiment is performed open to the atmosphere one could measure an increase in mass
which is attributed to the amount of oxygen in air that reacts with the starting material or a
decrease in mass, in cases where the gases generated as products are not collected (again,
a precise analytical balance is needed).
Burning iron wool in an open test-tube (open system) leads to an increase in mass. On
the other hand, the mass change in a sealed ampoule (closed system) is smaller than 0.1
mg, depending on the accuracy of the analytical balance (Petruševski & Najdoski, 2000,
p. 108) and is entirely due to experimental errors of various kinds. It is quite easy to
prepare an ampoule by heating a test-tube with a burner (see Figure 1). Standard test-tubes
(160 x 16 mm) are entirely appropriate and safe for this role and are superior to the “testtube and stopper” system; in the latter case there is a risk that the stopper can be propelled
out of the tube due to increased pressure in the test-tube, raising questions about safety.
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Figure 1: Preparing an ampoule from a test-tube
C. Oxidation of monosaccharides
Research devoted to examination of the conceptions regarding oxidation reactions of glucose
and fructose among high-school students in Macedonia (Stojanovska et al., 2013) clearly showed
that incorrect/incomplete explanations are present in some Macedonian textbooks leading
to the occurrence of faulty ideas among readers. For example, some authors (Aleksovska
& Stojanovski, 2003, p. 155; Aleksovska & Stojanovski, 2005, p. 42) mention only the
reaction of the Tollens’ or Fehling’s reagent with glucose but not that with fructose, while
others (Aleksovska, 2010, p. 113) state explicitly that reaction with the Fehling’s reagent is
possible only with glucose, but not with fructose as the latter substance does not contain an
aldehyde group in the molecule. However, if the teacher carries out these reactions in front
of the students, he/she will be faced with the unexpected and somewhat embarrassing result
that both glucose and fructose will react. The experiments are quite simple to perform. One
needs only the corresponding solutions, test-tubes and a heater. The observation of the
orange-red precipitate of copper(I) oxide when working with the Fehling’s reagent and ele
mental silver (in the form of silver mirror or black powder) in case of the Tollens’ reagent
is confirmatory evidence that fructose too is a reducing sugar (Sikirica & Holenda, 2000). Once
again, it is clear, that the experiment (or a demonstration) can be an effective tool for correcting
and eliminating erroneous notions, especially when it is accompanied by other activities that
stimulate higher mental processes in school students.

Analogies
The purpose of using analogies in chemistry teaching is to make the unfamiliar familiar
via comparisons with things that are already known. When faced with abstract concepts
that cannot be directly related to existing ideas, teachers and textbook authors often resort
to using comparisons and metaphors involving familiar content. A selected analogy should
be explicit, easy to understand and familiar to all school students. However, selecting a
suitable analogy is only the first step in the process of explaining and interpreting a new
phenomenon. PSTs must be aware of the limitations of any analogy they use and focus on
both aspects of the analogy – where the analogy works and is effective and where it breaks
down.
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One of the most popular and widespread analogies used in many textbooks is that of an
atom as a miniature solar system, with the nucleus and electrons being compared to the sun
and planets. This so-called planetary model of the atom is claimed to be useful for giving
school students an image of an atom as it indeed shares some similarities with the solar
system. However, its many limitations and differences with respect to the target should
be stressed, in order to obtain sound understanding and avoid the development of wrong
conceptions in school students’ minds. For example, one should discuss their size, nature
of attraction forces (electrical or gravitational), repulsion of electrons versus the attraction
of planets, equality of electrons against diversity of planets, the quantum behaviour of the
submicroscopic particles that has no classical counterpart and so on. In our opinion, the
difficulties of avoiding misconceptions suggest that this analogy is best avoided.
An analogy that we have successfully used with PSTs is related to the process of mixing
water and ethanol (Petruševski and Najdoski, 2001). Here a volume contraction can be
observed on mixing due to the more compact molecular arrangement in the resulting
solution compared to the arrangement of molecules in the pure substances. A useful
analogy that involves bean and rice grains can be employed to explain the process. The
bean grains symbolize the ethanol molecules and the rice grains represent the smaller water
molecules. If one has a beaker half filled with beans and another beaker half filled with rice
and mixes them, the result will not be a full beaker, as the smaller rice grains will fit into the
gaps between the larger bean grains, thus mirroring the volume contraction noticed when
performing the experiment.
We offer two further analogies from our teaching practice (Petruševski et al., 2007b), in the
belief that these are useful aids for facilitating a basic understanding of oscillating chemical
reactions. These reactions are truly spectacular phenomena, and their demonstrations are
always appreciated by the class. However, explaining such reactions to high school or
even first-year university students can be difficult, because it may seem that no rational
explanation is possible unless the students have profound knowledge of both physical
chemistry and mathematics. To some high school and first-year university students these
reactions might look like “a kind of magic.”
The Belousov-Zhabotinsky reaction is a very attractive and easy-to-perform demonstration.
(Scott, 1995; Shakhashiri, 1985; Summerlin & Ealy, 1988). The chemicals used are malonic
acid, manganese sulfate, potassium bromate and dilute sulfuric acid, with manganese(II)
ions acting as a catalyst. The catalyst oscillates between two oxidation states: the colourless
Mn(II) and the brown Mn(IV). Below we provide a guide for teaching using analogies.
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Concept

Periodic or oscillating reactions. These may occur even
in simple reaction systems and result from a series of
consecutive autocatalytic reactions. The precondition is that
the system is far from equilibrium, in the thermodynamic
sense of the word. Changes in composition are often
monitored visually.

Students

Students (even those of first-year university level) are
not prepared to understand the mechanism of periodic
reactions, due to the lack of knowledge of both calculus
and physical chemistry. On the other hand, they are familiar
with the properties of both sticky and elastic polymer balls,
and do understand the way a wall clock works, including
the transformation of gravitational potential energy into
oscillatory motion of the pendulum.

Analogy 1

A sticky polymer ball is used to demonstrate the reactants
(ball held in hand) and products (ball dropped onto a glass
surface) in an ordinary chemical reaction. An elastic rubber
ball dropped on the same surface goes up and down many
times, resembling an oscillating reaction.

Analogy 2

A wall clock with a pendulum is used to demonstrate the
oscillations in a chemical system. The left-to-right periodic
oscillations resemble the brown-to-clear color changes
during an oscillating reaction.

FOCUS

ACTION

SIMILARITIES – Mapping the analogy to the target
Analogy 1: Sticky & elastic
balls

Target: Periodic reactions (closed
system)

Sticky ball held in hand

Reactants: NaCl(aq) and AgNO3(aq)

Sticky ball falling (fast process)

Reaction upon mixing (instantaneous)

Sticky ball dropped onto glass
surface

Products: NaNO3(aq) and AgCl(s)

Elastic ball held in hand

Reactants: KBrO3 and malonic acid

Elastic ball bouncing

Oscillating reaction

Ball up

Mn2+

Ball down

Mn4+

The ball itself

Catalyst (manganese)

Ball at rest

At least one chemical is exhausted
(oscillations cease)
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ACTION DIFFERENCES – Where the analogy breaks down
---

The bouncing ball touches the ground (equilibrium position), unlike
the oscillating reactions that never pass through equilibrium.
The period between successive bounces of the ball decreases (a
consequence of energy dissipations). The period of an oscillating
reaction (in a closed system) increases (a consequence of decreasing
concentration of reactants).

SIMILARITIES - Mapping the analogy to the target
Target: Periodic reactions (closed
system)
Pendulum oscillates
Oscillating chemical reaction
The pendulum itself
Catalyst (manganese)
Pendulum left/pendulum right
Colour of medium: Colourless/brown
Pendulum left/pendulum right
Mn2+/Mn4+
Load
Reactants: KBrO3 and malonic acid
Load is up
High concentration of reactants
Load is down
Low concentration of reactants
At least one chemical is exhausted
Load touches the ground
(oscillations cease)
DIFFERENCES – Where the analogy breaks down
-- The pendulum of the wall-clock passes through equilibrium point,
unlike the oscillating reactions that never pass through equilibrium.
-- Pendulum moves symmetrically. No symmetry exists in the colour
change.
-- The clock pendulum has a constant period. The period of an oscillating
reaction (in a closed system) increases (a consequence of decreasing
concentration of reactants).
Analogy 2: Wall clock

When using analogies, one needs to be cautious not to overextend the conclusions
drawn. Analogies are only similarities and for a deeper understanding good knowledge of
mathematics, thermodynamics and chemical kinetics are often needed.
Nonetheless, from our experience, the approach can be useful one achieving low-level
understanding of many phenomena. On occasion, it has proved to be a very stimulating
one, with several pre-service students claiming later to have decided to graduate in this
field owing to the demonstrations performed and the explanations offered.

Molecular models
Experts in the field of chemistry (teachers, instructors, textbook authors, scientists) “know”
the reality, so they can prepare molecular models such as spheres to represent particles.
Thus, for the process of mixing water and ethanol (discussed above) one can use small
and big spheres to distinguish the water molecules from the ethanol ones respectively. If
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these are shaken together in a bowl, the moving spheres show the moving particles in the
solution. Note that salts are not suitable because they are composed of at least two types of
ion and this can lead to confusion among chemistry learners.
This is a very attractive model to use for representation and has a lot of advantages, but also
many limitations. For other purposes, one can use red spheres for oxygen atoms and white
spheres for hydrogen atoms to make a model of a water molecule. Often we use the generic
term particle for atoms, molecules and ions and the true meaning must be determined from
the context. This can be a very difficult task for school students, especially at the beginning
of their studies.
PSTs must admit that even experts do not actually know the reality because the smallest
particles such as atoms, molecules and ions cannot be seen. Scientists have created such
models based on the interpretation of properties and reactions of different substances.
Although chemistry experts can easily deal with this approach, school students need
concrete models to be able to develop mental models for abstract concepts. However, such
models must be used with caution and future teachers need to be able to anticipate any
possible confusion among their students that could lead to wrong conceptions. Teachers
ought to point out the irrelevant items of models, such as color, shape, hardness, the
material spheres are made of, glue, gaps, movement of the bowl with hands, the space
between spheres etc. It is important that PSTs are able to explain these details to students
to try to prevent notions such as “oxygen atoms are red”, “sulfur atoms are yellow”, “atoms
are hard, like billiard balls”, “covalent bonds are like sticks”, “the space between atoms
and molecules is filled with air” being constructed in the minds of school students. In
order to prevent students from confusing features of a model with the real characteristics
of matter, it is often useful to use different types of model. For example, when using
molecular models, it might be advisable to use a mix of stick-and-balls, space-filling,
skeleton-only and electron-density models, depending on the issue being discussed1. This
can help students to recognize the specific features represented in a model and also the
limitations offered by models,
There are many topics, besides those already discussed, that can be taught using molecular
building sets. Experiments investigating phenomena such as changes of states of matter,
diffusion, distillation, different chemical reactions and many others can be used to show
macroscopic properties of the involved substances and then molecular building sets can be
used to represent the sub-microscopic world. In this way, school students may develop an
awareness of abstract mental models from consideration of concrete ones. For example, a
teacher can use these models to show that water molecules occupy a much larger volume
in vapor than they do in liquid; they do not enlarge of course but move faster.

Drawings, sketches and visual images
One aspect of the teaching of neutralization that needs attention is the way in which it is
presented to students. The commonly used symbolic representation chemistry using the
equation HCl + NaOH → NaCl + H2O does not give students a chance to develop a mental
model that includes thinking about ions as the smallest particles. Instead, such an approach
1

		 case study “The use of molecural models in chemisty education” <http://www.ec2e2n.net/>
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encourages school students to think in terms of H–Cl and Na–O–H molecules. The reaction
could, of course, have been written as H+ + OH– → H2O, which would allow the teacher
to discuss both the existence of ions and the further issue of spectator ions (Na+ and Cl–).
Diagrams and sketches can help to clear up any misunderstandings and to afford school
students the opportunity to develop the right mental model and correct scientific vocabulary.
This approach is generally effective for reactions represented by chemical equations. It can
be used to teach many chemistry concepts, including the dissolution of molecular and
ionic substances, phase changes and precipitation reactions. Students can be encouraged
to create 2D model drawings to represent the 3D molecular structures of phenomena in
question, so they will construct their own mental models and develop sound understanding
of relevant chemistry concepts.

Concept maps
A concept map is a diagram that shows the relationships and hierarchy between the various
concepts that contribute to a particular topic. This graphical tool helps to organize and
structure the concepts of a topic. Concepts are represented in boxes or circles which are
connected with arrows in a hierarchical structure. Linking phrases (typically written above
or beside the arrows) articulate the relationship between the concepts. Figure 2 shows an
example of a simple concept map.
Concept maps are based on a constructivist view of learning and the technique of using
concept mapping goes back to work by Novak and his research team at Cornell University
in the 1970s (e.g. Novak 1977, 1990; Novak & Gowin 1984).

Figure 2: Concept map showing the main structure of atoms
Concepts maps are suggested to be a suitable tool for helping teachers to identify and
address alternative conceptions in their chemistry classroom (Novak et al., 1983). PSTs
should therefore be familiar with concepts maps and their potentials. A brief recipe for
constructing concepts maps has been provided by Novak & Cañas (2008):
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--

Identify important key words (concepts) about a certain topic (all or some of the key
words might also be provided by the teacher);
-- Classify the key words (hierarchy) and
-- Construct a concept map with linking phrases between concepts (cross links may
emerge between different parts of the concept map).
School students can be set the task of constructing concept maps and providing both
connections and linking phrases. The teacher will get information about his/her school
students understanding of those concepts from these concept maps. Although a lot of
software (either free or commercial) for drawing concept maps is now available (Coggle,
2013; FreeMind, 2013; Freeplane, 2014; MindMup, 2013; Wikipedia, 2014), paper and
pencil is often an equally good option.
The PSTs should also be aware of the difference between concept maps and related tools
like mind maps. A mind map is more the result of a brain storming session, where different
concepts are not linked or organised. A mind map can be the start of a concept map.
Concept maps can be used to assess school students’ understanding as part of both formative
and summative assessment2.

Recommendations/implementations for teacher education/conclusions
Recommendations/implementations for teacher education/conclu-sions
School students hold many alternative conceptions about different topics that influence
their thinking and learning. For this reason, PSTs need to learn how to employ a variety of
techniques to explore school students’ interpretations in depth. Therefore, we give some
guidelines as a helpful tool in lesson planning for future teachers. PSTs should be familiar
with the following suggestions when dealing with alternative conceptions:
• Try to reduce your own alternative conceptions and misconceptions to a minimum.
Use the appropriate literature to educate yourself first.
• Inspect schools students’ previous knowledge and experiences. Get insights into their
common-sense reasoning.
• Recognize and diagnose the alternative conceptions in school students and take them
very seriously. Check (and never assume) whether school students comprehend the
meaning of the phenomenon in question.
• Address these conceptions. Challenge the erroneous notions by creating a cognitive
conflict.
• Give enough time to accept the new explanation and to develop meaningful connections
between the old and new information.
• Make use of analogies, molecular models, experiments or different kinds of drawings
to challenge any alternative conception identified.
• Be cautious when using analogies as they are referred to as “two-edged swords.”
Analogies always provide somewhat simplified explanations, which is why the PSTs
must point out their limitations and warn the school students not to draw too farreaching conclusions.
2

		 see also the Chapter “Design of Learning and Assessment Tasks”
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•
•

Plan activities employing various techniques.
Use appropriate chemical terminology and be aware of the abstract nature of many
chemical terms (such as atoms, molecules, ions, electrons etc.). Guide school students
through the levels of representation (and thinking) in the right order and make clear
the distinction between sub-microscopic entities and macroscopic phenomena in
chemistry.
• Permanently educate yourself and consult other teachers for exchange of ideas and
school experiences.
Finally, it needs to be pointed out that no one is “immune” from making errors or
misinterpreting certain statements. The important things are: 1) to address and try to correct
such statements, and 2) to organize all participants in the teaching process (school students,
PSTs, teachers, textbook authors and researchers) to work together to eliminate alternative
conceptions and embed scientifically correct concepts in the minds of school students.
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Appendix 1: Erroneous concepts encountered in this chapter
Examples
The acetone disappears.
The stain vanishes.
Gas weighs less than liquid.
Gasoline loses its mass upon evaporating.

Gas (water vapor) weighs less than liquid.
A sealed container with a bit of acetone in it weights less after the liquid (acetone) has
evaporated.
Solute (salt, sugar) disappears when dissolved.
Weight (mass) is lost in dissolving.
Pre-concepts

Erroneous notions (alternative or wrong conceptions)

The puddle is gone.

The salt disappears upon dissolving.
The sugar is destroyed when dissolved in water, only the sweet taste remains.
Fuels are destroyed in burning.
Combustion is a change of state of matter – solid or liquid to gaseous.
In the process of combustion something disappears.
In the process of combustion the remaining (meaning the ash) is lighter than the original.
Air has no mass.
A rusting nail will not change weight because the rust was already in the nail.
A rusting nails won’t change weight.
The mass of a rusty nail would be lighter than the original nail because the rust eats away
the metal.
The mass of the nail would not change, because the rust was simply part of the nail.
A kilogram of lead weighs more than a kilogram of water.
An acid is something which eats material away or which can burn you.
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Examples
The space between atoms and molecules is filled with air.
Particles may have macroscopic properties: they may burn, contract, expand or change
shape.
Molecules can expand and stretch when a substance is heated.
When a gas is being compressed, the particles are not only pushed closer together but
also compressed themselves.
The atom is the smallest particle that possesses the same physical and chemical properties
as the substance it originates from.

Sulfur particles/atoms are yellow.
Sugar particles are sweet.
Gold atoms are gold in color.
School-made misconceptions

Erroneous notions (alternative or wrong conceptions)

Atoms are hard, like billiard balls.

Oxygen atoms are red.
Mercury atoms are liquid.
Molecules of ice are hard and frozen.
Glue molecules have sticky surfaces.
Gas molecules are round and molecules of solids are cubes.
Water is a fluid and consists of liquid particles.
Ice particles are solid.
Covalent bonds are like sticks.
Carbon particles burn and turn to ash etc.
Butadiene reacts with one molecule of bromine.
CuSO4·5H2O can be formed if five drops of water are added to CuSO4.
There are small and big oxygen atoms.
Hydrogen and oxygen will escape when water is boiled.
Bubbles from boiling water consist of oxygen and hydrogen gas.
Physical changes are reversible while chemical changes are not.
Mass is not conserved. The products of chemical reaction need not have the same mass
as the reactants.
The H2 bonds are not broken in forming H2O.
A hydrogen bond is a covalent bond to hydrogen.
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Examples
The sodium chloride lattice is composed of diatomic molecules.
H+ and Cl– ions form molecules in HCl solution.
Sodium ion should be Na6+ because it is surrounded by six Cl– ions in the lattice.
Mixing an acid with a base (irrespectively of the quantities) neutralizes the base resulting
in a neutral solution.
Copper(II) sulfate from aqueous solution crystallizes as a solid substance composed of
copper(II) sulfate molecules.
All substances… are composed of molecules.
Increasing the temperature of a solid it first melts and then boils.
The reaction with the Fehling’s reagent is possible only with glucose, but not with fructose
as the latter substance does not contain aldehyde groups in its molecules.
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Jan Apotheker
Introduction
Using contexts in science education enriches knowledge and competencies of students as
they learn concepts in one context and are then required to apply them in another. Research
suggests that while a context based educational approach does not lead to better learning
results, it does make education more attractive for students (Bennet et al, 2006).
Context based science education allows the teacher to introduce modern research into the
science classroom. Modern research for example in the field of nanotechnology has many
applications in society. The on-going developments in medicine provide an important
example, as does the use of the lotus effect in specific situations (see for example: https://
youtu.be/uoN5EteWCH8 and https://youtu.be/IPM8OR6W6WE ). Using such contexts to
demonstrate exciting new innovations allows a teacher to show a little of the research that
is going on in university and to show students how exciting science research can be.
Of course there can be drawbacks to using contexts. It is not always easy to find contexts
that can be used easily, as they are normally not to be found in a textbook. This means that
(future) teachers may have to develop some of the material themselves. In this chapter
some methods used in designing context oriented learning are discussed and compared.
The outlines of some examples of good practice will also be discussed.
Realistic contexts are used to demonstrate the relevance of science and technology in
society. By using realistic contexts students are confronted with the fact that a particular
branch of Science and Technology, such as chemistry, physics or biology, only provides a
specific way of looking at a problem. Biogas, for example, is interesting from a biological
viewpoint in the way it is formed by microorganisms through anaerobic digestion. For a
chemist the composition and identification of the different compounds in biogas provide
a point of interest while for a physicist the caloric value of natural gas produced is likely
to be of particular interest. An engineer, on the other hand would be looking to build a
plant that would be capable of producing biogas in the large quantities needed to make it
economically viable.

The development of chemistry and context
Problems
At the beginning of this century serious problems with chemistry education were identified
throughout Europe. Interest in chemistry dwindled and numbers of first year university
students dropped dramatically (Osborne & Dillon, 2008; Rocard et al., 2007). Analysis
showed, that especially in secondary education chemistry, little or no societal issues were
being discussed. There was thus a huge difference between the chemistry being taught in
secondary schools and the chemical research and innovation practices that characterised
university and industry. Rocard’s report suggested several options to improve chemistry
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education. One of these was the development of context oriented chemistry education,
using modern educational techniques such as cooperative learning (Bowen, 2000). As
indicated above context oriented science education appears to be one way of improving the
appreciation of science by students.

Reports
About the same time discussion about learning science developed around the world.
An important report about learning, ‘how people learn’ (Bransford, J.D., Brown, A. L.,
Cocking,R., 2000) was issued by the National Science Foundation in the US. The report
discusses in detail the way students learn new material. A subsequent report by Bybee
(Bybee, 2002) focused specifically on science education.
In Europe Johnstone (Johnstone, 1997) was one of the people who started to discuss
chemistry education and formulated his triangle (Figure 1), relating different aspects of
chemistry education, which he used to explain the nature of chemistry.

Figure 1. Triangle formulated by Johnstone
Chemistry tries to explain macroscopical phenomena, using properties and processes on
the microscopical scale. The term microscopical is, however, somewhat misleading as he
really meant the atomic and molecular scale and it does not refer to micrometers. By now it
has become clear that chemistry also studies phenomena on a somewhat larger scale, when
looking at quantum dots for example. In order to describe these properties and processes in
a meaningful manner symbols are used.
These structure property relationships between the macro and micro scale are the heart of
chemistry and should play an important role in chemistry education. He argues that when it
is made more explicit which aspect is being discussed, students will understand chemistry
better. By now it has become clear that chemistry also studies phenomena on a somewhat
larger scale, when looking at quantum dots for example
The triangle can also be used to demonstrate the difference between physics and chemistry.
Where chemistry relates the relationship between macroscopical phenomena and the atomic
and molecular scale, physics uses symbols and formulae to describe and gain insight into
the macroscopical world. In biology the scale studied can vary from organisms that are
macroscopic to processes in molecular biology that are also on the atomic and molecular
scale.
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Developments
Following on from this earlier work several groups in Europe started working to improve
chemistry education. In Germany ‘Chemie im Kontext’ (Parchmann & Ralle, 1998) was
started, in the UK the University of York which already had its ‘Salters method’ ((Hill,
Holman, Lazonby, Raffan, & Waddington, 1989), now also published ‘21st century science’
(http://www.nuffieldfoundation.org/twenty-first-century-science). In the Netherlands work
was started on ‘new chemistry’ ((Driessen & Meinema, 2003), which for a large part was
based on the earlier work of Bybee (Bybee, 2002) and Parchmann (Parchmann & Ralle,
1998).

Another triangle introducing contexts
In pedagogy Kansanen (Kansanen, 2003) introduced the didactic triangle (Figure 2), which
discusses the need for novice teachers to learn not only scientific content, but also the ways
in which they can guide the learning process of their students. At the centre of the triangle
is pedagogical content knowledge, which is basically the knowledge needed to effectively
teach a certain topic. Mahaffy (Mahaffy, 2004) coined the term ‘tetrahydral chemistry
education’, by introducing a third dimension to the triangle. He called the third dimension
the human element. We have called this extra element context.

Figure 2. The schematic representation of the didactical triangle (A) and the Tetrahydral
chemistry education (B).
There has been some discussion about a definition for context. For example, Oers (Oers,
1998, p.481) defines context as follows:
‘Context, then, is essentially conceived in terms of a sociocultural setting, calling
for tool-mediated actions, operations, and goals that are to be valued in the
framework of that activity.’
In both in Holland and Germany context was considered to be any authentic situation that
involved chemistry. An authentic situation being something from real life that is neither
made up nor simplified. An often used example is the use and study of cosmetics.
A context can also be placed in an industrial or a research setting, as long as the situation
is authentic, meaning it is a real problem, not something made up. In one of the Dutch
modules for example the production of titanium dioxide is taken as a context.
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This leads to a new pedagogy and to a new way of teaching chemistry using several
techniques from the literature in order to improve motivation and learning. (King, 2012).
One of the main ideas within the pedagogy is to give the students more responsibility in
their own learning process. They have to determine for themselves what they need to learn.
When they do this they are also more motivated to learn. Techniques from cooperative
learning (Johnson, D.W., Johnson, R.T., 1999) can therefore, also play an important role
within the design of learning activities.

Two examples of context oriented chemistry education
I will now focus on two developments with some similarities which have a strong base in
inquiry based science education.

Chemie im Kontext
In an article in the ‘Journal of Chemical Education’ (Nentwig, Parchmann, Gräsel, &
Ralle, 2007) Chemie im Kontext is discussed. It is a design philosophy, in which a certain
structure is maintained in all educational material. ‘Chemie im Kontext’ is based on three
pillars (Figure 3.). It starts out with a context, in which certain basic principles of chemistry
are identified, discussed and learned. After learning these basic principles, concepts are
related to a chosen methodology of chemistry, which is more related to a scientifically
coherent way of scaffolding chemical knowledge.

Figure 3. The three pillars of Chemie im Kontext
One of the first examples used in Germany was called, ‘Der Vorkoster in Not’ (the food
taster in anguish) taken from a cartoon by Goscinny and Uderzo (Figure 4.)
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In one of the scenes the food taster in the story tastes
a cake offered to Cleopatra that is poisoned. He then
becomes ill. That is taken as the context. The main
question derived from this issue is how you could find
out whether food is poisoned without using a food
taster. This leads to questions about how we may detect
the presence of certain substances and the determination
of their amounts. Basically this can be used to introduce
the molecular model, and if needed the atomic model.
Specific properties of food components can also be
studied. One of the basic ideas of having a context
like this is that the concepts that are learned are not
scaffolded as they usually are. However, things can
be learned about organic chemistry, biochemistry,
separation methods etc. Normally these would be taught
Figure 4. Cover of Asterix
in different chapters. This can make teaching more
and Cleopatra (Goscinny &
challenging for the teacher as it is all coming at once
Uderzo, 2004)
for the student.
This is schematically illustrated in Figure 5. Different (chemical) themes, in which students
learn subject matter at different levels, are discussed in context.

Figure 5. Methodology of ‘Chemie im Kontext’
At the end of the module these chemical concepts are linked to other concepts the students
learned about earlier. In this way they can be linked together in a ‘chemically speaking’
more logical manner. In Chemie im Kontext (CHIK) six major chemical concepts are used
to link the chemical knowledge together:
• Particulate nature of matter
-- Molecular model
-- Different atomic models
• Structure – Property relationships
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•
•

Relation between molecular structure and macroscopic properties
Donor-acceptor reactions
-- Acid base theory
-- Redox reactions
-- Substitution reactions
• Energy and entropy
-- First law of thermodynamics
-- Second law of thermodynamics
• Chemical equilibrium
-- Dynamic equilibrium
-- Steady state
• Reaction rate
-- Kinetic theory
While studying the different modules students learn more and more about these major
concepts. What is important is that they can see that their knowledge can be used in several
different situations.
In a Chemie im Kontext module students go through four phases:
• The contact phase in which the context is presented to the learners and their prior
knowledge about the topic is activated.
• In the curiosity and planning phase students ask questions about the context and more
specifically identify the chemistry associated with the topic. Questions are formulated
and possible research is planned.
• In the elaboration phase students carry out the research, acquire knowledge in order
to be able to answer the questions. Results are exchanged and discussed.
• In the nexus or integration phase the chemical knowledge in the unit is linked to other
ideas and brought to a higher level of knowledge by linking it to the basic concepts.
The idea behind these phases is clear. In the first phase students are motivated to look at
a certain topic. In the second phase they decide themselves which questions they want
to answer. In the third phase they are either guided by the teacher or actually learn by
themselves. In the final phase their newly acquired knowledge is linked to previous
knowledge.
Some examples of contexts that have been used as guiding themes in modules are given
in Table 1.
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Table 1. Some contexts used in ‘Chemie im Kontext’
Context

Chemical
concepts

Chemical
methods

Communication

Assessment

the chemist as
today’s food taster

mixtures and
solutions

separation
methods
using reagents

research
methods

assess the
quality of
food, food
technology

safety measures

fire hazards

household cleaners
alcohol
combustion

cars and polymers

acid- base
reactions
fermentation,
other alcohols
equations,
chemical
reactions
molecular
structure of
polymers and
metals

separation
reactants
reactions,
formation of
polymers

Most modules were developed by groups of teachers working together with an expert
from the CHIK-group. This ensured that material could immediately be tried out in the
classroom. The modules developed were easily transferred from one colleague to another.
Some of the materials can be found on the website of CHIK: http://www.chik.de/Englisch/
index2.htm.

The Dutch ‘Nieuwe scheikunde’ (New Chemistry)
In the Netherlands the state of chemistry education was analyzed by a committee
(Driessen & Meinema, 2003; Koten, G. van, Kruijff, B. de, Driessen, H.P.W., Kerkstra,
A., Meinema,H.A., 2002) that identified a number of problems similar to those found
elsewhere in Europe (Osborne & Dillon, 2008):
• the image of chemistry is negative,
• there is no relationship between the content of chemistry in secondary education and
chemistry in research and industry,
• the current high-content chemistry curriculum leaves teachers and students with too
little time to make chemistry education more challenging and interesting.
As a result the chair of that committe Gerard van Koten was asked to develop a new
curriculum. The steering committee was installed in 2003. The first thing it did was to
formulate a number of basic principles to be used in teaching and developing the new
curriculum.
In their first report (Driessen & Meinema, 2003) the steering committee indicated that the
new curriculum should be:
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• based on a context concept approach,
• based on achievement of scientific literacy,
• developed by networks of teachers coached by professionals.
A pilot, in which a total of seven groups of teachers worked on slightly different ways
to develop the new curriculum, was started in 2003. New materials were designed, and
a special examination, in which one third of the questions was traditional, one third was
focused on the new curriculum and one third was a mix between the two, was developed.
By September 2007 sufficient material had been developed to enable the new curriculum to be
trialed in 20 schools. In these schools the curriculum was introduced into both pre-vocational
and pre-university streams of secondary education. By 2011 the steering committee was able
to report progress to the minister of education (Apotheker et al., 2011) and the new exam
programme was finally introduced into secondary schools in September 2013.

Figure 6. The logo of ‘nieuwe scheikunde’ (in the outer circle societal, focused on
profession, theoretical and experimental; in the second: use, products and innovation; in
the third molecular and macroscopical properties; in the centre: molecular structure)

Basic principles of ‘nieuwe scheikunde’
The logo of ‘new chemistry’ illustrates the basic principles, linking properties at the
molecular atomic level (magenta) to macroscopic phenomena (blue and yellow), linking
again to more societal issues, chemical professionals as well as experiments and theory
(green). With the introduction of nanotechnology a new size level was introduced into
Johnstone’s triangle (Figure 1). When studying properties of polymers for example the
meso-structure was important.
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Development of the new curriculum
Teachers started by adopting the scheme of ‘Chemie im Kontext’ and this worked well
in the beginning. Most teachers started out in 9th grade. In the Netherlands this is a level
linking lower secondary education and higher secondary education, which does not have a
very detailed curriculum. To prepare for higher secondary education, the molecular model,
the atomic model of Dalton, as well as chemical reactions should be covered and some
aspects of combustion are usually also discussed. This made it possible to design modules
in which the learning outcomes were rather loosely defined, and could be varied from
student to student.
Titles of modules developed included:
• the magic of chemistry
-- introduced chemical reactions, by looking at different properties,
• cleaning
-- looked at acid base theory and hydrophobic and hydrophilic properties,
• combustion
-- looked at combustion with a focus on kinetics,
• cosmetics
-- looked at hydrophobic and hydrophilic properties and emulsions.

Problems encountered
In 2007 a pilot was started to introduce the new methodology into higher secondary
education. One of the problems encountered was that with a number of the chemical
concepts that needed to be addressed, it is not easy to find a suitable context. Although
this was resolved it was sometimes found necessary to steer the students towards certain
research questions instead of allowing them to determine the research questions for
themselves.
One of the ways in which this was done was by using role-play. Students would receive
a letter purporting to come from their employer asking them to find answers to specific
questions. In the module ‘chemistry and medicine’ for example they were asked to
determine the best way to administer a certain drug. This required them to learn about acid/
base theory, about partition equilibrium, and about enzyme kinetics.
We also wanted to have some sort of common ground for the development of the new
learning materials. One of the problems with the CHIK steps was that the fourth phase was
actually too long, and contained different components.
Another issue was that we wanted the students to use their knowledge in different contexts.
Unfortunately students often did not have enough time to practice their knowledge.
Specifically this arose with precipitation reactions, and with acid base reactions. In an
effort to address this problem we came up with the 5E-methodology.
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The 5E-methodology
In the modules developed at the University of Groningen in new chemistry certain schemes
were followed. One of these is the 5 E-method, developed by Roger Bybee ((Bybee, Powell,
& Towbridge, 2007). This model has five steps that have been given in Table 2:
Table 2. The 5 E-model
Engage

Teacher engages the students by introducing the context

Explore

Teachers and students explore the scientific questions students have
concerning the context and plan on how to answer them.

Explain

Students explain the answer to the questions by acquiring the scientific
knowledge needed to answer the questions posed.

Elaborate

Teacher and students elaborate the knowledge the students have by
using the knowledge in a different context.

Evaluate

Teacher and students evaluate how knowledge was obtained and
whether the answers and the procedure was satisfactory.

This scheme was made more explicit for the design of modules as indicated in Table 3.
Table 3. Phases in a module
Phases in module
Phase 1: Engage

Introduce context

Formulate context question

Phase 2: Explore

Derive relevant scientific questions

Define needed knowledge

Phase 3: Explain

Collect knowledge, acquire skills
Exchange and scaffold knowledge
Answer context question

Phase 4: Explore

Can other context questions be
answered?

Phase 5: Evaluate

Evaluate process, take final tests

Connection to following
module

Basic structure of the curriculum
In order to give teachers and students more time to practice and discuss theory a basic
structure of learning lines was developed in which two modules, each about twelve lessons,
are followed by three to six of lessons called a bridge. This gives teachers the opportunity
and freedom to decide for themselves the sequence of the modules. The bridge is used to
discuss the knowledge gained by the students. Students also have the opportunity to further
develop skills acquired in the modules. Finally the bridge can be used to demonstrate that
the knowledge gained can be used in a different context. At the end the bridge is used as a
step up to the next two modules.
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In Table 4 a sequence of modules used in this experiment is given. This sequence gives the
titles of modules used in the pilot study.
Table 4. Example of a sequence of modules used in the second phase of secondary
education (years 10,11 and 12)
Period Year 10
prevocational
1
Unbreakable
mugs, ceramic
materials

Year 11
prevocational
Antibiotics,
synthesis in
industry

Year 10 pre
university
Perfume (esters,
alcohols,
carboxylic
acids)

Green
chemistry

Growing (salts,
fertilizer and
pesticides)

2

Superslurpers
(polymers,
special side
groups)

3

ECO-travel
Chemistry
Swallow or
of
life
shoot, the route
(stoichiometry,
(biochemistry)
of Medicine
biotechnology)
(influence of
pH on organic
substances)
Growing
Training
Artificial
(salts, fertilizer for central
sweeteners,
and pesticides) examination
stereochemistry,
peptides and
biotechnology

4

5

Nobel prize,
(the atom and
the periodic
table)

Nobel prize,
(the atom and
the periodic
table)

Year 11 pre
university
ECO-travel
(stoichiometry,
biotechnology)

Year 12 pre
university
Chemistry
in the mouth
(buffers,
receptors,
polymers in
dentistry)
Energy to take Gasification
away (redox) (technology,
alternative
fuels, electro.
technology)
Smart
Own research
materials
project

Moving
chemistry,
(polymers
energy in the
cell)

Exam
training

Green
Chemistry

Formulating the curriculum
Towards the end of the pilot the teachers involved in the pilot developed a common set of
concepts and skills that they felt they were able work with. This set was discussed with
a large group of other teachers, university teachers, people from industry. Based on these
discussions the final curriculum was formulated (Apotheker et al., 2011).
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Material
Most of the material has been made available on line. One of the things we found was
that the material used in the pilot schools lacked the quality of regular school books. Six
modules were therefore revised and edited by a professional publisher. These are available
through www.nieuwescheikunde.nl. Other units have been reworked by another publisher.
They have been adapted for online use and are available on http://www.vo-content.nl/
stercollectie/scheikunde. A few modules have been made available in English: http://www.
studioscheikunde.nl/havovwo_bb/Module_Equilibrium/index.html
http://www.studioscheikunde.nl/havovwo_bb/Module_Green%20Chemistry/index.html
http://www.studioscheikunde.nl/havovwo_bb/Module_How can we eat healthily/index.
html

Implications for teacher education
When teachers start using this material they will experience some problems. First is guiding
groups of students. There are several instruction texts for using cooperative learning.
Johnson and Johnsons book ‘Learning together’ (Johnson, D.W., Johnson,R.T., 1999) is
one of these texts, but there are many more.
Another factor is consciously giving your students more and more responsibility in their
learning process. Roger Bybee argues that very nicely in his textbook ‘Teaching secondary
school science’ (Bybee et al., 2007) (Table 5).
Table 5. Essential features of classroom inquiry and their variations along two continua
Learner
sharpens
Learner engages
Learner
or clarifies
in scientifically Learner poses a selects among
question
oriented
question
questions, poses provided
questions
new questions
by teacher,
materials, or
other source
Learner gives
Learner
priority to
determines
Learner directed Learner given
evidence in
what constitutes to collect
data and asked
responding to
evidence and
certain data
to analyze
questions
collects it
Learner
Learner guided Learner given
Learner
formulates
in process of
possible ways
formulates
explanation
formulating
to use evidence
explanations
after
explanations
to formulate
from evidence summarizing
from evidence explanation
evidence

216

learner engages
in question
provided
by teacher,
materials, or
other source
Learner given
data and told
how to analyze

Learner
provided with
evidence
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Learner
connects
explanations
to scientific
knowledge

Learner
independently
examines other
resources and
forms the links
to explanations

Learner directed
toward areas
Learner given
and sources
possible
of scientific
connections
knowledge

Learner given
steps and
procedures for
communication

Learner
communicates
and justifies
explana-tions

Learner forms
reason-able
and logical
argument to
communi-cate
explanations

Learner
Learner
provided broad
coached in
guidelines to
development of
use to sharpen
communication
communication

Learner given
connections
to scientific
knowledge

Some ways to introduce the use of contexts to both in service as well as preservice teachers.
The structure I chose is something between a workshop or a tutorial. Teachers work on the
assignments I bring up during the workshop. I tend to work interactively.
In my classes for pre service trainers I introduce the 5E method by taking a chapter form
a textbook, that the (future) teachers use in their classrooms. Step one is determining the
subject of the lesson series we will be working on. (Future) teachers need to decide that
themselves, after I have put them in groups of three. To check this at the appropriate level
we first look at Silberberg’s textbook (Silberberg & Amateis, 2015) . We then determine the
science content the class needs to learn.
Once that is established the (future) teachers need to formulate learning goals. I stress
the need to formulate these SMART (Specific, Measurable, Attainable, Realistic, Timely).
Normally I also discuss the need to formulate learning goals broader than than just concept
knowledge, but stress the need to think about competencies as well as affective goals.
Another thing that needs to be discussed at this time is the level of knowledge and competencies
the students need to attain. I normally discuss the taxonomy of Bloom1 (Bloom, 1984) at this
time to introduce levels of knowledge and skills. By now other options of defining levels are
available as well (see for example: (Anderson & Krathwohl, 2001).
When introducing the 5E methodology you describe the 5E’s fairly shortly:
It is important to indicate that in the first step, engage, students need to become
enthusiastic about the subject they will be studying. Putting the content into a societal
situation also demonstrates the link between science and society. Outcome of the first
step should be some indication of the scientific concepts that link to the societal situation.
Brainstorming is the work form that works best here with the (future) teachers.
For the Explore phase the teachers need to come with the scientific questions that will
be answered in the Explain step. They need to find some way with the students to reach
these questions. Depending on the level of the students teachers should be able to let the
students formulate their own questions. Preferably How-questions, not Why-questions.
1

		 see also the chapter “Taxonomies of Learning”
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In the Explain phase scientific answers are looked for by the students. Their textbook
can play a role, as well as the teachers.
(Future) teachers should realize that they are the organizers of the learning activities.
They are responsible for the learning process of the students. So this phase needs close
attention to the design of the learning process of the students, determining accurately how
autonomous they will be. The Explain phase will be closed by the teacher together with the
students, by looking back on the questions in the Explore phase.
Teachers will need at least several hours of work to set up those three first steps. If you plan
workshops, this would be the morning session. For regular in-service teachers this would
be the end of lecture 1.
In the afternoon session, or lecture 2 you let the teachers present their design and ask them
to give feedback to each other. Your own feedback should focus on the role of the first
3E’s.
You can now let them work an incorporate the feedback they have received, or you can
proceed to the next E’s. That means you will need a second day of workshops or at least a
third lecture.
I would like to stress once more that this first part should be finished more or less before
starting on the second part.
The fourth E Elaborate means the knowledge gained in the first part is used in
other settings than the primary context. In order to do that it can be linked to other
knowledge the students already have, or subjects they have studied before. This can
be the introduction to another context in which they can apply the knowledge learned.
The design of this second phase often takes the form of a project in which student groups
work independently on questions of their own choosing or questions posed by the teacher.
For the design of this step teachers need to think of different subjects in which the
knowledge can be applied, that can be introduced to the students. Also in this step the
role of the teacher is that of a director/ coach helping the students take responsibility for
themselves.
In the Evaluation step students normally present their findings to each other from the
elaborate phase. But also take some sort of final exam, so both students and teachers
can get an idea of the the learning results of the whole project. So, evaluation is more
than just looking back.
In the third part of the workshop or the third lecture, the design of these last two steps can
be discussed and evaluated.
Normally pre-service teachers would be asked to carry out the lesson series and report back
on the problems and successes of the lessons. For a workshop this is more difficult, unless
you can reconvene the workshop several weeks later.
Finally when implementing any kind of renewal in your lessons it very important to
give yourself room to fail. Some teachers indicated it took them two years to finally feel
comfortable with this way of teaching. That includes the same feeling with their students.
You should be aware that students will complain that they have to work al of a sudden
instead of passively leaning back listening to a teacher recite material for them.
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Designing Courses on the Nature and History of Science
Bernard Leyh, Gustavo Avitabile, Orla Kelly
Although science is ubiquitous in all our lives, we often fail to appreciate that doing science
is not simply a matter of reading and understanding textbooks or implementing high
technology applications. Doing science involves a complex network of human activities
which includes the highly debated domain of validity and its associated limitations. The
education of responsible future citizens requires that they become knowledgeable not
only about scientific content but also about what science actually is and the nature of
scientific thinking and reasoning. This requires in turn an appropriate education for future
secondary school science teachers. The following chapter aims to provide pre-service
teacher instructors (i) with a theoretical, research-based framework, dealing with teaching
approaches and curriculum definition, and (ii) with detailed information on a practice-based
approach which has been developed and assessed at the University of Liège (Belgium) for
several years. A brief discussion on the role of history of science in this context is also
included.

Introduction: why it is essential to teach about the Nature of Science
Developing scientific literacy is more and more recognized as an essential goal of secondary
school education (Further Reading: McComas et al., 1998) (American Association for the
Advancement of Science, 1989, 1993; Matthews, 1994; National Research Council, 1996;
Kremer & Mayer, 2013)1.
Scientific literacy is usually considered to involve two independent aspects: (i) a
reasonable knowledge and understanding of the most important ideas of contemporary
science, in particular those which are pertinent issues for society; (ii) an understanding
of what is generally called the Nature of Science (NoS) and which encompasses
epistemological issues (What is the scientific world view? What are the characteristics
of scientific knowledge? Where are its limits? What distinguishes science from nonscience?) as well as procedural aspects (How is scientific knowledge gained? How does
scientific inquiry take place?).
These ideas will be further developed in the Theoretical Framework part. In other words,
scientific literacy is not simply knowledge of science but also – and many would say,
more importantly – knowledge about science. McComas et al. (Further Reading: 1998)
emphasize clearly the importance of a sound NoS understanding in general education:
“… few individuals even have an elementary understanding how the scientific enterprise
operates. This lack of understanding is potentially harmful, particularly in societies where
citizens have a voice in science funding decisions, evaluating policy matters and weighing
1

		 The bibliography has been organized into two parts. In the “Further Reading” section, we selected
a limited numbers of books and review articles on the Nature of Science, on its teaching and
assessment and on the history of science. Reference to these works in the text is preceded by the
mention: “Further Reading”. The other research articles referred to in the text are listed in the final
Reference Section.
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scientific evidence provided in legal proceedings. At the foundation of many illogical
decisions and unreasonable positions are misunderstandings of the character of science.”
(p. 511)
This latter citation highlights an essential aspect of scientific literacy: understanding the
relationships between science and society and the importance of scientific issues in often
complex societal decision-making where many different and partly conflicting aspects,
including ethical questions, must be considered. Funtowicz and Ravetz (1994) coined
the term “post-normal science” to refer to such situations “where system uncertainties
and/or decision stakes (or both) are high”. To clarify these different aspects of scientific
literacy, Roberts (2007) distinguishes between what he calls vision I and vision II (see also
Dillon (2009)). Vision I focuses on science itself, both on its procedural aspects and on its
products (laws, models, theories). This corresponds broadly to the definition of NoS that
we proposed in the previous paragraph. Vision II concentrates more on the societal role
of science, in particular for decision-making, and therefore overlaps with the concept of
post-normal science. We will examine later how to include science-to-society links into a
NoS curriculum.
The previous introductory considerations imply that school students should become aware
of NoS through various school activities. This pedagogical tendency is not new and dates
back at least to Dewey who advocated the importance of understanding how science
develops in 1916 (Further Reading: McComas et al., 1998). Key developments occurred in
the 1960s but the major impetus came in the 1980s and 1990s, as illustrated by Matthews’
book Science teaching. The role of History and Philosophy of Science (Matthews, 1994),
and also by calls from scientific associations like the American Association for the
Advancement of Science (1989, 1993) and the National Research Council (1996). This
pedagogical evolution is paralleled by a development of the associated research focused
on NoS. A bibliographic survey using SciFinder shows a steady increase in the rate of
research publications involving epistemological issues, proving that reflecting upon NoS
is of increasing concern and interest.
This evolution must be considered in a more general frame. All over the world, a general
tendency is observed in secondary school education to move from a teacher-centred to a
student-centred approach. This is evident in science where the development of scientific
competencies and promotion of scientific attitudes play a more and more significant
role. School students are then expected to learn – at least partly – by engaging with and
solving specific scientific problems or tasks, using an inquiry-based scientific approach.
Whether this can be attributed to policy, best practice in science education or to requests
from employers’ for more skills to be developed in secondary school remains an open and
debated question.
Developing a sound scientific approach in the classroom together with critical thinking
therefore requires future teachers – and, through them, hopefully school students – to
be aware of the ways in which scientific knowledge is built. The epistemologies of the
different scientific fields, such as chemistry, physics, biology and earth sciences, display
specific aspects which have to be addressed in order to guide secondary school students in
their efforts to solve a given task. For example scientific modelling has acquired an ever
increasing importance in student-centred education so that the use, the role and the status
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of models need to be well understood by both teachers and school students (Van Driel &
Verloop, 1999; Justi & Gilbert, 2000; Justi & Gilbert, 2003; Gilbert, 2004; Treagust et al.,
2004; Prins et al., 2008; Pluta et al., 2011).
Given these arguments, it is then clear that science teachers need to have reflected upon
how their field has developed, what its present status is, what the major characteristics and
limitations of the methods used to solve scientific questions are etc. In other words, it is
essential that they themselves are literate in NoS in order to guide their students towards
acquiring adequate scientific literacy.
This is where the task of teacher instructors at university level starts. Many difficulties are
faced. First, the history of science and of chemistry in particular, is usually not part of the
curriculum for chemistry bachelors or masters degrees. Teachers, therefore, frequently lack
the knowledge of adequate examples,e.g.on science controversies, on which they can build
their own reflection on how science has developed. Although chemistry bachelors are taught
an historical introduction to philosophy, sometimes centred on the philosophy of science,
in some countries, this is by no means general. In most cases, the philosophical background
of future science teachers is quite limited. An obvious consequence of this situation is
that future teachers, including 1st year teachers in higher education schools, usually hold
somewhat limited and poorly developed conceptions of the epistemological dimensions of
their discipline. This has been analysed in many studies (Van Driel & Verloop, 1999; Lin
& Chen, 2002; Justi & Gilbert 2003; Bartholomew et al., 2004; Chen, 2006; Liang et al.,
2009; Niaz, 2009; Buffler et al., 2009; Mugaloglu & Bayram, 2010; Karakas 2011; Markic
& Eilks 2012; Bektas et al., 2013; Ozgelen et al., 2013; Vásquez-Alonso et al., 2013; AbdEl-Khalick 2013; Roth & Weinstock 2013; Briell et al., 2013; Mazzarone & Grove, 2013;
Topcu, 2013; and references cited in these papers).
Furthermore, chemistry students and pre-service teachers are often reluctant to reflect about
philosophical issues which they feel remote from real-life chemistry. It is therefore essential
to convince them of the relevance of this. As will be discussed later (Case Study section),
this can be achieved by having them work in interdisciplinary groups to foster discussions
among peers, by identifying their preconceptions about NoS, by selecting topical examples
oriented towards physics, chemistry and biology to infer or illustrate abstract concepts, and
by showing them possible applications in their future roles as teachers.

Theoretical framework
Approaches for teaching Nature of Science and assessment methods
Research on developing NoS understanding among secondary school students and among
teachers (at either pre-service or in-service stage) has evolved mainly along the following
lines with obviously some overlap between related fields:
a) development of quantitative and qualitative tools to assess learners’ epistemological
views (Further Reading: Lederman et al., 1998; Deng et al., 2011) (Chen, 2006;
Liang et al., 2009; Mugaloglu & Bayram, 2010; Karakas 2011; Markic & Eilks,
2012; Vásquez-Alonso et al., 2013; Briell et al., 2013);
b) analysis of the learners’ NoS views and of the factors influencing them (Further
Reading: Deng et al., 2011) (Van Driel & Verloop, 1999; Hogan, 2000; Osborne et
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al., 2003; Treagust et al., 2004; Liang et al., 2009; Buffler et al., 2009; Mugaloglu
& Bayram, 2010; Karakas, 2011; Markic & Eilks, 2012; Bektas et al., 2013; Roth
& Weinstock, 2013; Briell et al., 2013; Mazzarone & Grove, 2013; Topcu, 2013;
Metallidou, 2013; Kremer & Mayer, 2013) ;
c) analysis of epistemological views transmitted by textbooks, either at secondary or
higher education level (Further Reading: Niaz & Maza, 2011) (Bensaude-Vincent,
2007; Abd-El-Khalick et al., 2008);
d) curriculum definition, design and critical analysis of learning activities focussed on
improving the learners’ epistemological literacy (Further Reading: McComas et al.,
1998; Abd-El-Khalick & Lederman, 2000a; Abd-El-Khalick & Lederman, 2000b;
Vesterinen & Aksela, 2013) (Matthews, 1998; Turner & Sullenger, 1999; Justi &
Gilbert, 2000; Lin & Chen, 2002; Gilbert, 2004; Bartholomew et al., 2004; Dass,
2005; Holbrook & Rannikmae, 2007; Taber, 2008; Prins et al., 2008; Niaz, 2009;
Pluta et al., 2011; Reiners, 2012; Eastwood et al., 2012; Ozgelen et al., 2013; Abd-El-Khalick, 2013; Duschl & Grandy, 2013, Wan et al., 2013);
e) comparison between NoS views recommended by philosophers of science and those
adopted by science practitioners (Van Der Valk et al., 2007; Schwarz and Ledermann, 2008; Wong & Hodson, 2009).
It is not possible here to review even briefly all this research. We propose to focus on selected
aspects relevant for our purpose and therefore related to good practice in developing NoS
understanding and competencies in pre-service secondary school teacher education.
The first question which arises when designing a NoS course is: What should be taught?
We leave this essential question for the next subsection, which is devoted to the curricular
aspects. We would just like, as a preview, to mention here that we share Matthews’ opinion
(Matthews, 1998), in its “Defense of Modest Goals When Teaching about the Nature of
Science”.We are convinced that transforming chemistry teachers into science philosophers
is utopian. If we wish to succeed in motivating future science teachers towards NoS we
should rather focus on essential but reasonable (“modest”) goals.
As discussed by Abd-El-Khalick and Lederman (Further Reading: 2000a), the different
approaches used to strengthen the NoS understanding for future secondary school teachers
belong to two categories: implicit and explicit methods. Implicit approaches assume that by
having learners (either secondary school students or pre-service or even in-service teachers)
solve tasks requiring scientific approaches (e.g. inquiry-based approaches), they will
necessarily acquire the adequate epistemological understanding, which appears therefore
as a natural affective learning outcome. Explicit approaches require, as the word implies,
that the epistemological concepts (tentative nature of scientific knowledge, evidence-based
nature, role of models and theories etc.) be explicitly discussed in the learning situations.
The latter can be of various types: theoretical lectures, inquiry, or analysis of historical
cases. NoS understanding appears here as a cognitive learning outcome. The conclusion
reached by Abd-El-Khalick and Lederman in their literature review clearly advocates the
explicit approach: “… even though any attempt to foster better understandings of NoS
among science teachers should be framed within the context of the content and activities
of science, these attempts, nevertheless, should be explicit and reflective. It is essential
that teachers be provided with conceptual frameworks that should help them to construct
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better understandings of certain aspects of NOS.” (Further Reading: Abd-El-Khalick &
Lederman, 2000a, p. 691) Examples and discussion of explicit approaches are developed
in several references (Further Reading: McComas, 1998; Vesterinen & Aksela, 2013) (Lin
& Chen, 2002; Dass, 2005; Niaz, 2009; Reiners, 2012; Duschl & Grandy, 2013). Some of
the methods proposed and discussed in these studies refer to the analysis of historical cases
or controversies (Further Reading: Abd-El-Khalick & Ledermann, 2000b) (Lin & Chen,
2002; Dass, 2005; Niaz, 2009). History-based approaches seem also more efficient when
the epistemological aspects are explicitly reflected upon. In the next section, we describe
a practical explicit approach developed at the University of Liège for pre-service biology,
chemistry and physics teachers.
The many studies cited above which have examined the NoS views of pre- or inservice teachers reach similar conclusions. The observed level of understanding is
usually inadequate, which means, more precisely, too simplistic and not consistent. The
epistemological views of assessed and/or interviewed teachers do not fully correspond to
the present accepted view of philosophers of science (usually denoted in the literature
as “informed view”), which will be tentatively summarized in the next subsection.
Teachers’ beliefs are in fact quite diverse and mixed. While some overlap is observed
between the actual and the informed conceptions, the most significant conclusion is that
there is a lack of consistency about the views expressed by teachers, a situation which
makes it difficult to assign them to recognized philosophical schools of thought e.g.
positivist versus constructivist. A few of the cited studies focus specifically on the teachers’
understanding of the nature and function of models. For example, Van Driel and Verloop
(1999) conclude that “… experienced teachers, though they share the general notion that
a model is a simplified representation of reality, may have quite different cognitions about
models and modelling in science.” (p. 1150) These authors add that “Some functions and
characteristics of models were rarely mentioned by these teachers (e.g. using models to
make predictions, or perceiving a model as a tool for obtaining information about a target
which is inaccessible for direct observation).” Justi and Gilbert (2003) emphasize the lack
of “coherent ontological and epistemological views [of teachers]” (p. 1382). They also
note that the chemistry and physics teachers interviewed in their study showed a more
comprehensive understanding of the notion of model than their biology colleagues. For
example, most of the biology teachers but none of the physicists or chemists believed that a
model cannot be modified. The authors suggest that the reason may lie in the more frequent
contact with models in physics and chemistry education. Liang et al. (2009) investigated
pre-service science teacher views in China, Turkey and the United States of America. Their
study reveals common patterns (the tentative nature of science is better understood than the
concepts of theories and laws) but also some culturally-anchored differences: e.g. theories
have a more respected status in Chinese culture than in the U.S.A. where the hypothetical
aspect of a theory is likely to be overemphasized.
Many quantitative and qualitative tools exist for assessing the NoS views of the different
categories of learners and teachers. They are extensively used in most of the works cited and
discussed above. They have been critically reviewed by Lederman et al. (Further Reading:
1998). The current tendency is to favour qualitative approaches based on interviews and
open-ended questions which, despite a more complex and less objective data handling
procedure, have the following advantages: (i) contrary to multiple choice questions, they
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avoid pre-orientating the answers of the assessed people; (ii) oral interviews may remove
ambiguities and misunderstandings and allow the interviewees to be more explicit. Some
studies combine both approaches.

Nature of Science curriculum for pre-service teachers
The first problem which arises when trying to define a curriculum for NoS teaching and
learning at the pre-service teacher level is to find a consensus view of NoS. It must be
emphasized that a consistent, consensus-based view of the Nature of Science, does not exist
at the present time. Even worse, as noted by Turner and Sullenger (1999), “Educational
theorists have turned their attention to the nature of science at a moment of minimal
consensus, when science appears to have many natures rather than one. Equally curious,
educators have done this in a dangerous period of mounting public controversy, as strongly
entrenched defenders of science square off against postmodernists real and imagined.”
(p. 6) As mentioned in the introduction, the literature on epistemology and philosophy of
science is extremely rich, which makes it difficult to have a unified view appropriate for
teaching. Most textbooks available are, in addition, relatively theoretical and not adapted
for an audience of future science teachers. A few recent textbooks in English which could
be appropriate for the interested reader are mentioned in the Further Reading Section:
Chalmers (2006), Losee (2001), Okasha (2002) and Gimbel (2011).
Nevertheless, despite the controversies among philosophers of science, there exists some
kind of a consensus about common characteristics of all scientific approaches, which
are agreed upon by basically all science education specialists. These common features
are summarized in several papers and are given in Box 1, based on selected publications
(Niaz, 2009; Abd-El-Khalick et al., 2008). We intend to restrict our considerations to keyconcepts which are likely to be useful in real classroom situations.These are listed in Box 2.
A possible methodology will be discussed in the section describing a case study.
Box 1. A minimal consensus about the Nature of Science
1)
2)
3)

4)
5)
6)
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Science is tentative and subject to change and evolution.
Scientific knowledge relies on both empirical evidence (observation and
experience) and rational inferences.
Science is theory-laden. Theory affects the definition of the research questions
and also the experiments, that is, how they are designed and how the data are
handled.
There is no unique, universal, algorithm-type scientific method but rather different
approaches depending on the research field and the problem to be tackled.
Theories are the result of the creative, speculative imagination of scientists.
Competition among theories drives scientific progress.
Theories and laws are different concepts which do not possess any hierarchical
relationship. A law is not a confirmed theory.
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7)
8)

Accurate recording of the data, reproducibility tests and peer-review are essential
guard rails.
Social, political, economic and cultural conditions influence the way scientific
ideas are developed.

Box 2. What should be taught to pre-service teachers?
1)
2)

3)

4)

5)

Definitions: Nature of Science, epistemology, philosophy of science
Nature of knowledge
a) Kant’s constructivism as a synthesis of rationalism and empiricism
b) Piaget’s constructivism
c) Socio-constructivism2.
Scientific approaches: important philosophers of the 20th century
a) Can the scientific method be defined? P. Feyerabend
b) T.S. Kuhn: “The structure of scientific revolutions”
c) K. R. Popper: “The logic of scientific discovery”
Scientific approaches: the most important “ingredients”, i.e., the most important
concepts used daily by a scientist
a) Questioning in science
b) Central role of observation and experimentation – Reliability of experimental
data
c) Hypotheses
d) Models
e) Theories
f)
Confrontation between models/theories and reality (respect of evidence)
g) What do we mean when using the words “explanation” and “understanding”?
Relationships between the scientific development at a given period of history and
the social, political, economic, and cultural situation at that time.

A few comments are appropriate here. Considering the importance of socio-constructivism
in the present theories of education2, it seems important to show where its roots lie. This
also gives the opportunity to discuss important trends in the evolution of western ideas
about science. References to the history of science can be made at different points in such
a presentation. As an example, the way Galileo Galilei combined the design of relevant
experiments (astronomical observations using telescopes, or experiments on kinematics)
with mathematical modelling based on Euclidian geometry illustrates perfectly the two
aspects of modern science which the word “constructivism” implies (even though this
word did not exist at Galilei’s time): rationalism, that is, mentally constructing scientific
2

		 see also the chapter “Educational Theories and How Students Learn Chemistry: Practice what you
Preach”
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objects (models and theories), and empiricism, that is, confronting these models or theories
with the experimental evidence (for more detail, see the case study and Figure 1).
An adequate, informed understanding of the major concepts used by scientists is an essential
part of scientific literacy. We share Matthews’ view that “It is unrealistic to expect students
or prospective teachers to become competent historians, sociologists, or philosophers of
science. We should have limited aims in introducing epistemological and nature of science
questions in the classroom.[…] Philosophy is not far below the surface in any science
classroom. At a more basic level any text or scientific discussion will contain terms such
as law, theory, model, explanation, cause, truth, knowledge, hypothesis, confirmation,
observation, evidence, idealization, time, space, fields, and species. [...] A professional
teacher should be able to elaborate a little on these matters.” (Matthews, 1998, p. 168)
Finally, a discussion on the relationships between the scientific development and the sociopolitical situation can open interesting questions on the absolute (or not) nature of scientific
knowledge and on the relationships between science and society.

Case Study: a practice-based approach to introduce key aspects of the
Nature of Science to pre-service biology, chemistry and physics teachers
This practical approach aims to take into account the various goals and constraints described
in the previous sections.The present proposal is inspired by the experience of teaching the
Nature of Science to a mixed group of future biology, chemistry and physics secondary
school teachers (between 30 and 50 students each academic year) at the University of
Liège (Belgium). The course has been assessed (and has evolved accordingly) over the last
nine years. A particularly strong constraint is the limited time available (8 hours), which
represents about 10 % of the total time devoted to the course in science education for preservice secondary school teachers in Liège3. In the following, we present a chronological
description of the four successive seminars (about 2 hours each) devoted to this topic.
Box 3 gives an overview.
Box 3. Organization of the NoS seminars at the University of Liège (Belgium)
1st seminar:
a) Presentation of the general framework of the seminars
b) Teamwork based on questions presented in Table 4: each group works on
one question
nd
2 seminar: Status of science, scientific truth, philosophical basis of socio-constructivism

3
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		 The pre-service chemistry teachers, e.g., follow 75 lecture hours devoted to chemical education,
also called “didactics for chemistry”. Equivalent courses are organized for biologists and
physicists. In addition, they have school placements (40 hours) and courses on general didactics,
psychology, sociology, ethics, class management etc.
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3rd seminar:
a) Some key-concepts of science (I) with a focus on hypothesis, model, theory
b) Kuhn’s theory of scientific revolutions
th
4 seminar:
a) Some key-concepts of science (II) with a focus on discovery, explanation
and understanding
b) Science is socially, politically, economically, and culturally embedded.
In addition to what is done in practice at the University of Liège, supplementary material
has been added for the purpose of the present paper. It is clear that the coverage is
probably too broad for 8 to 10 hours teaching but as the seminars are designed to be
largely interactive, the developed content can be varied – within limits – depending on the
attendees’ preconceptions and reactions.

1st Seminar
The first part of the seminar is a general presentation which aims at defining the objectives
of the seminars: why is the topic important, what are the legal requirements for secondary
school teaching, how will the seminars be organised.
Four questions (Box 4) are then submitted to the pre-service teachers, subsequently referred
to as participants in the following discussion, in order to assess their preconceptions on the
topic “Nature of Science”. These questions are first presented in detail by the lecturer using
concrete examples. The participants are then asked to work in interdisciplinary teams of
4 to 6 people, each group dealing with one question during approximately 80 minutes. If
there are too many participants, the same question can be dealt with by several teams. At
the end of the seminar, each team hands in a report of about one to two A4 pages. These
reports will be used as reference points in the following three seminars. The advantage
of this procedure is that the participants will already have thought about the questions
before they are discussed in the seminars, and interactions between the lecturer and the
participants are therefore likely to be more spontaneous: whenever theoretical concepts are
discussed, reference can be made to the participant reports.
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Box 4. Questions for interdisciplinary team work
For each question, the future teachers are requested to illustrate their ideas with practical
examples.
1) What are the specific contributions of science courses to the education of
secondary school students? Why are they essential? How would you defend them
in front of a minister for education? What does the expression “scientific truth”
mean, to you and to the general public?
2) How would you characterize scientific approaches or methods? What are, in this
framework, the essential points you want to make your school students aware of
and confident with? How would you define or describe a model and a theory?
3) What do the verbs “discover”, “explain”, and “understand” mean in a scientific
context?
4) Argue in favour or against the fact that science is politically, economically,
socially and culturally embedded.

2nd Seminar
The second seminar is mostly devoted to the first question in Box 4, which leads to a
discussion of the status of science and its relationship to the problematic concept of truth.
How the seminar evolves depends on the reports of the participants, which vary from year
to year, but, usually, they reach the conclusion that the generic aim of science courses is
twofold:
1) teaching a scientific approach to consider the world;
2) providing the secondary school students with tools that make them better able to
understand the world and to be responsible citizens.
The pre-service teachers usually agree that science is part of the culture of a civilization
and that science has the ambition to say “something true” about the world, or at least
about phenomena. This leads naturally on to a discussion of whether we are tending to an
absolute knowledge or whether our knowledge is a construct of the human mind. This has
obvious consequences for both the status of science and the way in which it is taught, as
illustrated by socio-constructivist approaches.
Different questions may arise at this point. Whether they are discussed briefly or extensively
is guided by the reactions of the participants. For example, the question of absolute truth
or variability of theories with time can be discussed in more detail, arguing that we can
distinguish between theories that are completely wrong and have been discarded, and
theories that need to be modified over time but contain a central nucleus of truth that
becomes more and more corroborated. The phlogiston theory is an example of the former,
Dalton’s atomic theory of the latter. Alternatively, this question can be dealt with in the
third seminar, after the presentation of Kuhn’s view of the development of science.
The previous discussion is the starting point for a more theoretical presentation by the
lecturer, which aims at organizing the somewhat diffuse ideas of the pre-service teachers
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into a more logically consistent and rigorous framework. The major goal is to show how
a constructivist approach reconciles the empirical and rationalist approaches of acquiring
knowledge, leading to the current conception that (see Box 1, item 2) scientific knowledge
relies on both empirical evidence (observation and experience) and rational inferences.
Figure 1 below summarizes the major concepts discussed at some length in this second
seminar.

Figure 1.Empiricism, rationalism and constructivism: a synoptic view
This may be the place to discuss the reliability of experimental data. Who controls this? The
answer might be that a definitive control is actually impossible, that unreliable data have
been published and will likely continue being published, but the strength of the scientific
methods is that false data are recognized and rejected in the long run, though they can be a
source of much trouble and confusion in the short term. Alternatively, this essential aspect
can be dealt with in the third seminar.

3rd seminar
The third seminar deals with the 2ndquestion in Box 4, which is concerned with the
scientific methods themselves. These are usually presented in secondary school or
freshman textbooks as “the scientific method” using an algorithmic approach with several
feedback loops involving elements like “observations”, “hypotheses”, “laws”, “models”
and “theories”. This also corresponds very often to the spontaneous representations of the
future teachers. The first step is to question this somewhat simplistic approach, by making
a short reference to the work of P. Feyerabend (2010; the original edition was published
in 1975).
Quite often, the participants emphasize the following aspects:
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1)

The scientific method is oriented toward solving defined problems. This raises the
essential point of questioning in science, which is also linked to its theory-driven
nature.
2) The approach must be structured: as already mentioned, the future teachers favour
an algorithm-like scientific approach.
3) Experimental data must be reproducible.
4) Nothing has to be accepted a priori.
5) Scientists have to be critical and open to criticism or review from peers.
6) Scientific theories have to be interpreted in the space and time contexts of their
development.
Based on these preconceptions, which contain many interesting elements, it is suggested
that one might continue with two further steps. First, some of the above-mentioned
characteristics of the scientific approaches can be discussed in more detail. We emphasize
two of these in the following paragraphs. We leave for the last seminar the discussion on
the links between science and its societal context. In a second step, a more conceptual
discussion based on T.S. Kuhn’s views is presented (Further Reading: Kuhn, 1996;
originally published in 1962).
As stated above (2nd seminar), this might be the appropriate place to analyse how – and how
efficiently – the reliability of experimental data is controlled.This is of course linked to
our understanding of the nature of uncertainties in the measurements. Buffler et al. (2009)
propose that there is a relationship between the NoS views of students and the way they
consider the reliability of scientific measurements.
A central point is the questioning nature of science. This is a key first step in developing
scientific theories, as scientists question the world around them. This is a step that is too
often neglected in school and university level science, as teachers tend to dictate the kinds
of questions and investigations that the students look into. This is understandable from
a practical point of view but it can mean that school students are denied the opportunity
to follow their own questions and interests, although this is the approach that tends to be
employed in primary school science. The importance of questioning as part of the nature of
science and the role it plays in scientific practice must thus be emphasized and reasonable
approaches to combine the curiosity and the freedom of thought of school students with the
requirements of the school curricula need to be discussed. Questioning in science is directly
linked with the theory-laden nature of science. The scientific situation at a given time and
in a given field is always analysed based on the existing conceptual explanation frames,
that is, on the existing theories, which are part of what Kuhn calls a paradigm. Questioning
has therefore two facets: a cognitive one linked with an adequate mastering of the relevant
paradigm(s) and a psychological one, which is much more difficult to address. Questioning
in the classroom cannot be compared directly with questioning in the laboratory because
the scientific culture of school students and experienced researchers are incommensurable.
It is therefore recommended, when the teaching goal is to promote questioning skills, to
carefully select the inquiry context. In a research report on the “Selection of Authentic
Modelling Practices as Contexts for Chemistry Education”, Prins et al. (2008) note, based
also on previous work by different authors, that “there is no fundamental difference between
the thinking of children and adults (experts), except when accounting for domain specific
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knowledge” (p. 1872). They further suggest criteria for choosing contexts for inquirybased modelling practices:
• school students’ interest and motivation;
• possibility for the students to develop autonomy;
• required modelling for the specific context in line with common sense and pre-existing
modelling capabilities;
• complex task but with some familiarity with the issues the school students are used to;
• relevant laboratory work compatible with the classroom environment.
Even though this report focusses on the development of modelling skills, we believe that at
least some of the proposed criteria are also relevant for questioning skills.
These different preconceptions call for a deeper analysis, which can be performed, e.g., in the
framework of T.S. Kuhn thesis on the structure of scientific revolutions (Further Reading:
Kuhn, 1996). Important concepts like “paradigms”, “normal science”, “crisis”, “scientific
revolutions” are then discussed. This theoretical presentation needs to be illustrated by
different examples. One of them, particularly appealing for future physics teachers if they
are part of the audience, is the foundation of quantum mechanics, when science was able
to take into account new facts and data without renouncing long-established theories,
but rather framing them in their proper field of validity, and developing completely new
concepts. This leads to a pedagogical question: should quantum-mechanical principles be
taught by analogies with classical systems, or should they simply be presented as axioms?
For chemists, the historical example of the analysis and synthesis of water by Lavoisier is
a very good illustration of the role of a paradigm (quantitative conservation of matter). The
quality of the experiments of Lavoisier (role of the evolution of the experimental tools,
high quality balances) can also be emphasized here, in relation to the previous discussion
on the reliability of experimental data. This theoretical presentation and the associated
examples, illustrate, in a complementary perspective, the problems of ‘questioning’ (in
“normal science” or in a “crisis period”).
The last part of the seminar is then devoted to deepening of important concepts, mainly
concerning the different kinds of models and theories4. Pre-service teachers’ understanding
on these two central concepts is, in agreement with the research literature (see Theoretical
framework section), generally very simplistic. They are usually unable to deduce from
actual models the general criteria which a good model has to fulfil. Emphasis is therefore put
on discussing several examples and on identifying the differences and similarities between
the use of models in physics, chemistry and biology. Examples in biology include the
eukaryote cell, the lock-and-key model in enzymology, or animal models in pharmacology.
In chemistry, models like the electronic shell model for atoms, the oxidation numbers, the
ideal gas, the transition state model, the Brønsted-Lowry model (also called theory!) are
discussed, with a special emphasis on the ideal gas, which is also relevant for pre-service
physics teachers. In physics, the harmonic oscillator model is discussed in detail. This
model also has important applications for chemists in molecular spectroscopy. It must be
emphasized here that an important difference between chemistry and other sciences is that
significant discussions in chemistry necessarily involve the use of sub-microscopic views.
4		

case study “The use of molecural models in chemisty education” <http://www.ec2e2n.net/>
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This theme is developed in the book devoted to teaching chemistry in higher education that
was published in 2009 by ECTN through the Royal Society of Chemistry (Floriano et al.,
2009).
The aim of this discussion is to identify, through an analysis of the different mentioned
examples, a series of common properties which define a model and the following kind of
definition should emerge: A scientific model is a simplified representation of a real system
or mechanism (called “the target”), which allows organizing and generalizing empirical
data, which has an explanatory power when it is associated with a relevant theory, which
allows making predictions that can be confronted with the experimental evidence, and
which can then possibly be refined. This definition can, in a further step, be compared with
different definitions given in the literature. We chose to confront our definition with the
common characteristics of models given by Van Driel and Verloop (1999) but other papers
could also form the basis for such a comparison (Van der Valk et al., 2007, e.g.). We should
also mention at this point a paper by Pluta et al. (2011) which reports on an experiment
with secondary school students who were given the task of defining epistemic criteria
for adequate models based on specific examples of models. When considered globally at
the class level, the results were very encouraging, because at least three key criteria were
identified in more than 80% of classes: accuracy, explanatory scope and parsimony5.
The next step consists in discussing the concept of theory and differentiating it from
that for model. The main conclusion to be reached is that a theory establishes, based on
assumptions often called postulates, internally consistent relationships between effects and
causes which make it possible to derive from them scientific laws which are quantitative
formulae relating measurable physical quantities. Theories account for a large number of
various empirical data. Theories are predictive and are therefore testable and fruitful in
allowing the researchers to propose new or alternate investigations. As a consequence, they
are also tentative and subject to improvements or possible rejection based on empirical
evidence. These different aspects are summarized in Figure 2.

Figure 2. Main features of a scientific theory
As a conclusion to this third seminar, the distinction between scientific and non-scientific
approaches and proposals can be dealt with. The ideas of K. R. Popper on the “Logic of
5
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		 In the work of Pluta et al. (2011) “parsimony” means, following T.S. Kuhn, an appropriate choice
of the simplification level of the model.
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Scientific Discovery”, originally published in German in 1934, can be mentioned in this
context (Popper, 2002). If insufficient time is available, this point can be discussed in the
last seminar.

4thSeminar
The final seminar is concerned with the last two questions submitted to the pre-service
teacher teams (see Table 4), that is, scientific explanations and the relationships between
science and society.
The contributions of the students are analysed in such a way that the nomo-logico-deductive
character of the scientific explanations can be emphasized. The scientific explanation is
presented as the translation of a series of empirical data (example: haemophilia affects
the sons but is transmitted by the mothers) in a vocabulary composed of abstract terms
(genes, chromosomes etc.), whose definitions are known from the science practitioners (cf.
Kuhn’s paradigms) and whose interrelations are explicitly developed in an accepted, but
always provisory, theory (cause-effect relationships, cf. Kant’s a priori concepts). Such a
theory is also part of Kuhn’s paradigm. The concepts defined and discussed in the previous
seminars can thus be fruitfully re-applied here. It is also possible to deal at this point with
the distinction between scientific and non-scientific approaches and proposals.
Practical didactical implications are deduced. In assessment tasks in a competency-oriented
framework, secondary school students are often asked to provide a scientific explanation for
an original (at least for them) series of data, based on their previously acquired knowledge.
The definition proposed above helps the teachers to identify the important steps in the
explanation, providing them with specific checkpoints for grading (Is the right vocabulary
used? Did the school students identify the appropriate cause-effect relationships? Etc.)
As a final but essential point, the relationships between science and society are dealt with.
Many questions could be addressed in this quite broad field but we focus on one aspect: is
the way people do science (which science they do, how they do it) influenced by the general
political, social, economic, and cultural conditions which determine the society at a given
place and at a given time? The so-called “sociology of scientific knowledge” began to
develop in the late seventies and eighties with the work of Bloor (1976) and Collins (1983).
An historical perspective of the development of science studies during the last 30 years is
given by Pestre (Further Reading: 2004). When asked about examples of science-society
relationships, the teachers usually emphasize the conflicts between science and religion
and focus on contemporary examples or on famous historical events (Galilei). Geography
and economy are also identified as influential.
Spontaneous comments by the students on these issues can be used to introduce ideas
on the ethics of science. Historical examples (Galilei) can be developed but also more
contemporary issues, such as global warming, animal testing, genetically modified
organisms etc.
A different, less obvious but complementary perspective on the complex interrelations
between science and society results from a detailed analysis of key-periods of history.
The following three periods have been selected for the course at Liege, but these are only
examples.
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1)

The birth of philosophy in Ionia in the 6th century BC: relationships between the
organization of the city and the understanding of nature (”physis”);
2) The first signs of a new view of the world in the 14th century AD: relationships
between the nature of knowledge, social organization and art (symbolism,
representation of nature, perspective).
3) Research on the properties of light in the 17th century: science and painting.
A quotation, concerning the birth of philosophy in the 6th century BC, by J.-P.Vernant
(2007) illustrates our purpose: “To build the new cosmologies, they [the Greeks] have used
the concepts that moral and political thought had developed, they projected on the natural
world this conception of order and law which, by triumphing in the city, had transformed
the human world into a cosmos.”6 The basic idea which we intend to transmit here is that our
way of doing science and the basic concepts that we develop for this, e.g. laws, have their
roots in very ancient history and are embedded in the cultural and political environments
that prevailed at that time. The success of scientific enterprises over the centuries allows
us to unravel the link to specific historical conditions and to free the scientific approaches
from their ancient origins. However, in reality this represents a profound example of how
science is invariably embedded in a more general context.

Assessment
It might be necessary, depending on the system adopted in each university, to assess the
pre-service teachers on the topic developed in this chapter. EChemTest® questions are
certainly useful to check the understanding of the students about key-concepts, like those
discussed above. It is important, however, that questions be as contextualized as possible,
and we refer back to our earlier discussion regarding quantitative and qualitative tools for
assessing NoS conceptions (Theoretical framework section).
It is also important to make teachers aware of the need to deepen their understanding of this
topic. This can be achieved by reading in the specialized literature chemistry (or biology,
or physics) papers which are focused on very practical, education-oriented topics. A few
examples are given by the recent work of Taber (2010), Graulich et al. (2010), BensaudeVincent (2007), and Buskirk & Baradaran (2009). Such papers can form the basis of an
oral examination or of an assessed seminar, where the pre-service teachers could be invited
to give a review presentation based on these papers. The oral examination alternative has
been used at the University of Liège.

		 Original text in French : « Pour construire les cosmologies nouvelles, ils ont utilisé les notions
que la pensée morale et politique avait élaborées, ils ont projeté sur le monde de la nature cette
conception de l’ordre et de la loi qui, triomphant dans la cité, avait fait du monde humain un
cosmos.»
		J.-P. Vernant, Les origines de la pensée grecque, Quadriges, Presses Universitaires de France,
Paris (2007), p.106 The English translation has been done by the present authors.
6
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Using ‘History of Science’ (especially chemistry) to teach NoS
Secondary school students can become aware of the nature of science by practicing it7 but
also by learning from history how science develops.
As already mentioned in the theoretical overview and advocated by many authors (Further
reading: Abd-El-Khalick & Lederman, 2000b) (Justi & Gilbert, 2000; Lin & Chen, 2002;
Dass, 2005; Niaz, 2009; and references cited therein), having students and pre-service
teachers investigate selected periods of the history of science can lead to positive effects
on the learners’ understanding of NoS, provided reflection on the relevant epistemological
aspects is explicitly promoted.
Teaching systematically the history of science per se is of course not the aim of a secondary
school science class. It is, however, important that future science and chemistry teachers
have a reasonable knowledge of the historical development of their scientific field. This
gives them the opportunity to look at the nature of science through an historical lens which
magnifies how science is evolving and developing in reality and not only in the minds of
science philosophers. Alluding to specific historical events and steps in a science classroom
can make the course lively and at the same time reveal some important aspects of scientific
inquiry methods.
There are currently few books on the history of chemistry which are suitable as texts for
future chemistry teachers. It is, in fact, important to recommend books which deal not
only with historical aspects but also with recent developments. The work of T. H. Levere
“Transforming Matter” (Further Reading: Levere, 2001) performs well in presenting a
good-balanced story starting with alchemy and ending with new frontiers. In addition, its
“Further Reading” section is well-developed. Another, somewhat more difficult textbook
which focuses more on the way the identity of chemistry progressively evolved is “A
History of Chemistry” by B. Bensaude-Vincent and I. Stengers (Further Reading: 1996).
History of Science textbooks are not generally well illustrated and therefore tend to appear
quite dry. This, however, can provide a good opportunity to organize seminars, where the
future teachers are required to illustrate selected chapters from a chosen book. The book
defines the content to be covered but the teachers are strongly encouraged to try to make it
as interesting as possible. The aim of these seminars can be twofold:
1) to make pre-service teachers better informed about key historical issues in chemistry,
for example how controversies were solved, and their relationships to NoS;
2) to give them, in addition, the opportunity to reflect about concrete ways to implement
these historical aspects into secondary school teaching to promote the understanding
of NoS issues.
If time is limited, the focus may be restricted to the first of these two instruction goals.
To make the link between questioning and the nature of science, it is recommended that the
participants put forward considered responses to the following questions when analysing a
particular stage in the history of chemistry. This list is certainly not exhaustive.
1) What was the starting question, what was its origin, its roots?
2) What facts were available?
7

		 see also the chapter “Practical Work in Chemistry, its goals and effects”
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3)
4)
5)
6)
7)
8)
9)
10)

Which hypotheses have been formulated?
How did one come to these hypotheses, in what context? (cf. the influence of
Malthus’ ideas on Darwin)
How did people react to the possible refutation of this (these) hypothesis(-es)?
How have the methods of investigation evolved (cf. atomic structure, molecular
biology, e.g.)?
Which consequences of this evolution can be identified?
Why did one stop to consider (sometimes only temporarily) a given idea, a given
concept?
Was that for scientific reasons (e.g. corpuscle nature of light)?
Or for ideological reasons (e.g. the atom, the vacuum)?

Conclusion
Promoting informed conceptions on the Nature of Science, a key aspect of scientific literacy,
is a central goal in secondary school education. An obvious prerequisite is that secondary
school teachers themselves hold an adequate understanding on the major characteristics
of NoS and that they are able to elaborate on key-concepts like models and theories. Most
research directed towards assessing teacher views on NoS pinpoint simplistic and non
consistent conceptions (see Theoretical framework). There is therefore much to be done
to improve pre-service teacher education on NoS, taking into account several constraints:
• lack of philosophical background;
• limited background on the history of science;
• lack of interest of chemists for philosophical issues;
• usually a limited availability of time within the pre-service teacher education
curriculum.
Analysis of the literature also reveals that explicit approaches to NoS have the highest
efficiency.
Seminars organized in the framework of the pre-service education for biology, chemistry
and physics teachers at the University of Liège (Belgium), details of which are illustrated
by the concept map displayed in Figure 3, attempt to solve at least partly these problems
• by first identifying the preconceptions of the learners through team work,
• by introducing and discussing explicitly key theoretical concepts based on the identified
preconceptions
• by promoting an inductive approach, which starts from practical examples (specific
models, e.g. from biology, chemistry and physics), to infer key abstract concepts,
• by highlighting the pedagogical applications,
• by making frequent references to the recent research literature.
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Figure 3. Concept map for the NoS seminars at the University of Liège (Belgium)
Our discussion, up to now, has been mainly concerned with pre-service teacher education.
This approach could, however, be easily adapted to in-service education. We would
recommend organizing four half-day seminars with the same partitioning as described
previously. Compared to our four two-hour seminars, a four-afternoon option would
allow the teachers to spend more time on the collaborative work and to elaborate more
deeply on their preconceptions. This would also leave enough time to discuss in more
detail pedagogical issues linked to NoS. Ideally, a fifth afternoon could be devoted to
further collaborative work, where teachers would design learning activities which aim at
promoting the epistemological understanding of their secondary school students.
The present authors believe that less than four two-hour seminars is not an appropriate
option. If time constraints are really unavoidable, we would suggest skipping the final
topic, that is, the socially embedded character of science (Vision II of scientific literacy as
defined by Roberts (2007)).
Probably, the most difficult aspect of teaching chemistry learners about NoS is to convince
them that it is important, not merely esoteric and without any relevance. In other words,
it can be difficult to keep them on board. Our experience has convinced us that fostering
an on-going dialogue with the learners, based on their preconceptions, and adopting an
inductive approach (from the secondary school teaching examples to the abstract concepts)
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certainly help to cross the activation barrier. Even though the height of the pedagogical
activation barrier is hard to reduce because the NoS philosophical concepts are intrinsically
difficult to grasp (but remember that clarity of the instructor’s discourse can doubtless help),
motivation to learn can nonetheless be substantially improved by adequate scaffolding and
by emphasizing relevance in the classroom.
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Why is Continuing Professional Development important for (future) teachers?
A new graduate of teacher training studies assumes that s/he knows all that is needed for
him/her to function as a professional teacher. S/he has developed an image of the teaching
profession and the place of teachers in school and has seen what teaching looks like on
many occasions. The problems occur when such a graduate has to stand in front of a class,
relinquish the role of a student and take on a new role, that of the teacher. The previously
familiar environment has suddenly turned into something alien and the novice feels
abandoned to deal with a new and stressful situation on their own (Fabis, 1998). Conscious
and unconscious expectations held by the beginner towards the profession and towards
themselves may not be met and are likely to remain unconfirmed during initial teaching
experiences. Negative thoughts such as:
‘Nothing of what I have learned while studying is useful to me at work.’
‘Daily work at school is totally different from that described during classes or teaching
practice,’
‘I am absolutely not cut out to be a teacher.’
can easily start to appear in the graduates’ minds.
Of course, even, when a new teacher has acclimatized to school life, become comfortable
in their teaching role and mastered the necessary skills, there is a danger that they may
‘rest on their laurels’ and approach their tasks routinely and unimaginatively. Yet neither
chemistry, nor pedagogy or even the teaching of particular topics remain unchanged, but
are continually evolving. Thus in the report of the Committee for Education in the 21st
Century, established by UNESCO, entitled ‘Learning: the treasure within’, we read that
by 2020 knowledge, in many scientific disciplines, is likely to need to be updated every
76 days (International Commission, 1996). Simultaneously, school management, the
organization of school work, ICT, and above all, the students themselves, are constantly
changing (cultural diversity, changes in the approach to learning, changes in the approach
to the sciences, etc.).
Therefore, it is important, during pre-service teacher training, to develop an awareness of
the need for lifelong learning in PSTs and to show them what opportunities are available
after graduation and starting work, where they may seek information and support, and
how to assess the value of various educational courses. This is considered further in Good
Practice Example No 1.
While in some countries, in-service teacher training is conducted by the same units that
carry out the pre-service training; in other countries universities have little involvement
in ongoing in-service training, which is rather available on the free market. A review of
the literature on Continuing Professional Development (CPD) is given below and Good
Practice Examples No 2 “Teachers communities” and 3 “Qualification programme“ also
refer to CPD.
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Theoretical framework
The literature on the topic of Continuing Professional Development is quite vast.
Relatively new and extensive studies include a global OECD report (OECD, 2009) and
one concerning the USA: Gates Foundation report (Teachers know best, 2014), Center for
Public Education report (Gulamhussein, 2013).
The development of teachers beyond their initial training can serve a number of objectives
(OECD, 1998), including:
• to update individuals’ knowledge of a subject in light of recent advances in the area;
• to update individuals’ skills, attitudes and approaches in light of the development
of new teaching techniques and objectives, new circumstances and new educational
research;
• to enable individuals to apply changes made to curricula or other aspects of teaching
practice;
• to enable schools to develop and apply new strategies concerning the curriculum and
other aspects of teaching practice;
• to exchange information and expertise among teachers and others, e.g. academics,
industrialists; and
• to help weaker teachers become more effective.
A number of different forms of Continuing Professional Development are distinguished in
Figure 1 below.

Figure 1. Various forms of Continuing Professional Development
Courses and workshops may deal with subject matter (chemistry), pedagogy (e.g. teaching
methods) or pedagogical content knowledge, while education conferences and seminars
allow teachers and/or researchers to present and discuss topical education problems. A
qualification programme usually involves a period of long-term training e.g. a degree
programme, which is likely to include a variety of components (workshops, observations,
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mentoring). Teachers can, and should be encouraged to, engage regularly in informal
dialogue with peers on how to improve their teaching.
A dominant feature of conferences, seminars, observations of the work of other teachers in
schools and of numerous courses, is the presentation of ready-made solutions. The forms
are geared towards message-passing and passive reception of knowledge, only rarely
is this combined with any critical reflection and discussion. In contrast, forms such as:
workshops, coaching and research require personal involvement and independent learning
from a teacher and usually also contribute to the acquiring of new skills. In most cases,
programmes leading to a qualification include elements from both of the groups discussed
above.
All of the above can contribute to a formal structure of LLL (lifelong learning); they may
be organized and conducted by components of the education system, higher education,
accredited commercial companies or non-governmental organizations, such as teachers’
organizations or scientific associations. Participants often receive certificates confirming
attendance and the achievement of specified learning outcomes.
Of course, good teachers will also seek to develop their qualifications and skills in more
informal ways, at times most convenient for them, in response to changing needs and
circumstances. They may achieve this, for example, by reading specialist literature (e.g.
periodicals, publications, websites) or by discussing relevant issues in groups of teachers
of the same or similar subjects, at the same level, or from the same school.
The percentage of teachers undertaking the various forms of CPD is quite diverse. Among
the more formal approaches, courses and workshops dominate, with over 80% of teachers
in the OECD countries having participated in such forms of training, and in the US this is
even higher (Darling- Hammond et al., 2009). Some results are presented below (Figure 2).

Figure 2. Participation rates by type of professional development activity (OECD, 2012)
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Effectiveness
Research findings
Studies have demonstrated that the effectiveness for the different types of Continuing
Professional Development is varied. Teachers reported that the most effective forms of
development were often the more informal ones such as, “Individual and collaborative
research” and “Informal dialogue to improve teaching”, but programmes leading to
qualifications were also likely to be effective. In the researchers’ opinion, effective
professional development programmes require that at least 50 to 80 hours be devoted to
the various activities e.g. workshops, practice, and coaching (French, 1997; Yoon et al.,
2007) Short workshops appear to have little effect on teacher practice and it was found,
for example, that programmes shorter than 14 hours produced no observable benefits
(Gulamhussein, 2013).
However, effectiveness depends not only on the selection of an appropriate form of training,
but also on its quality. Although research (OECD, 2009) has shown the greater effectiveness
for long-term training, professional learning communities and coaching, have been used
and promoted by the educational authorities in the USA. However studies commissioned
by the Gates Foundation (Teachers know best, 2014) suggest that the American teachers
are not happy with these approaches, and would prefer longer courses and conferences.
This might of course be due to the fact that the manner in which such forms of training
as coaching and collaboration are implemented is far from ideal. The same studies show
that the people responsible for CPD, in the USA, would like to increase the use of lesson
observation, coaching and professional learning communities. Teachers, on the other
hand indicate that observations rarely lead to effective coaching, as one-off feedback
from an unprepared school administrator is not useful. Similarly, according to teachers,
cooperation within a community of practice requires really good planning, structuring and
preparation for meetings, systematic management of forums, clearly defined goals and
active involvement of participants, which does not happen often enough.

Challenges
The problem for education is not that teachers do not participate in Continuing Professional
Development, but that it is frequently ineffective. It tends to be ineffective not because
teachers lack knowledge (of new methods, strategies, content), which can easily be
remedied, by for example, a lecture, but because it is difficult for the teachers to bring this
new knowledge or approach into the classroom.
Moreover, there is also often the problem of changing deep-rooted yet outdated or incorrect,
stereotypical teachers’ beliefs. These will only change once the teachers have seen the
benefits of changes to their students learning (Quattlebaum, 2012).
In many countries, participation in CPD is seen as a duty. Teacher development is demanded
either generally by the system of granting promotion (e.g. in Poland), or the obligation to
participate in a certain number of hours of training per year (e.g. Bulgaria, Spain, Italy).
However, where the participation in CPD is not accompanied by interest from the teacher
its effectiveness will be severely limited. The research literature is clear on the benefits
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of intrinsic motivation to learning (Stipek,1996). Extrinsic motivation on the other hands
has some serious limitations. First of all “it’s not sustainable - As soon as you withdraw
the punishment or reward, the motivation disappears.“. Furthermore “If the punishment or
rewards stay at the same levels, motivation slowly drops off. To get the same motivation
next time requires a bigger reward.“ (Kohn, 1999).

Recommendations
There has been a clear change in the approach to CPD over recent decades “Professional
development can no longer just be about exposing teachers to a concept in a one-time
workshop, or giving teachers basic knowledge about a teaching methodology. Instead,
professional development in an era of accountability requires a fundamental change in a
teacher’ s practice that leads to increases in student learning in the classroom” (Teaching
the Teachers, 2014).
Richardson (2003, p. 402) proposed a list of characteristics for effective professional
development. Such programmes should:
• be statewide,
• be long term with follow-up;
• encourage collegiality;
• foster agreement among participants on goals and visions;
• acknowledge participants existing beliefs and practices;
• have a supportive administration;
• have access to adequate funds for materials,
• involve outside speakers.
Subsequently the National Staff Development Council (Professional development, 2007)
proposed a set of nine criteria that should form the basis for all professional development:
• content knowledge,
• quality teaching,
• research-based,
• collaboration,
• diverse learning needs,
• student learning environments,
• family involvement,
• evaluation,
• data-driven design, and
• teacher learning.
A number of non-governmental organizations, such as the Centre for Public Education
(USA) have also developed their own standards or recommendations based on many years
of experience and research. They imply, among other things, that:
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“In order to truly change practices, professional development should occur over
time and preferably be ongoing. During the implementation stage, initial attempts
to use a new teaching strategy are almost certain to be met with failure, and mastery
comes only as a result of continuous practice despite awkward performance and
frustration in the early stages.
Coaches/mentors are found to be highly effective in helping teachers implement
a new skill. Getting feedback on their implementation of a newly learned teaching
skill is very important.
Professional development is best delivered in the context of the teacher’s subject
area. Teachers don’t find professional development on generic topics useful.
Teachers can establish professional learning communities - communities of
teachers in the same content area who create instructional innovations, support each
other during the implementation stage, and reflect on the results. The community of
teachers serves as coaches for each other.“ (Gulamhussein, 2013)
Active learning and content knowledge are the top two characteristics of professional
development. Unfortunately, a common mistake is to apply the methods of passive
knowledge reception and use lectures to try to educate teachers in the field of active
training, PBL and IBSE, whereas the focus should rather be on teacher application of
learned material in the form of active learning (Richardson, 1998).
Gulamhussein (2013) has suggested 5 principles:
1.
The duration of professional development must be significant and ongoing to allow
time for teachers to learn a new strategy and struggle with the implementation
problem. Mastery of a new skill is a time-consuming process.
2.
There must be support during the implementation stage to address the specific
challenges of changing classroom practice. Those teachers who received coaching
along with introductory workshops are more likely to use a new teaching strategy/
method/ technique in their classes than those who only attending the training
workshop.
3.
Teachers’ initial exposure to a concept should not be passive, but should engage
teachers through varied approaches so they can participate actively (e.g. role play,
discussions, modelling, visits to classrooms) to help them to understand a concept
before going on to apply it.
4.
Modelling (an expert demonstrates a new practice in a classroom) has been found to
be highly effective in helping teachers understand.
Where a new e.g., strategy must be implemented in a large number of schools and
educators do not want to work with large numbers of participants in a single session, the
cascade system of CPD may be introduced. This was used in Poland to help to implement
a previous educational reform. A group of experienced teachers was assembled and given
detailed training on the new ideas. Subsequently these teachers took on the role of trainers
for other teachers in their local environments.
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Good practice examples
GPE 1 – Pre-service teacher education
One class of the teaching profession preparatory course at Jagiellonian University in
Krakow is dedicated to Continuing Professional Development. It consists of several
activities:
1.
Types of Continuing Professional Development
Pre-service teachers are asked to prepare a list of skills which they believe are necessary
(based on qualification standards as well as on their previous limited experiences in school)
to be a good teacher. Usually they list: communication (a dialogue with students and
parents, presentation); motivation; time, stress, project and classroom management; ICT;
etc. On the basis of their 6-weeks teaching practice in a school, they point out, among other
things, the problem of motivating students to learn and to actively engage in class. They
note how the learning environment is changing as a result of the introduction of IT and
various teaching aids (electronic journals, interactive whiteboards) in the classroom, and
appreciate that CPD will be necessary to keep up to date. They experience levels of stress
which they would like to be able to deal with. They have no experience of supervising
project work, although this is now mandatory at the lower secondary school level, and
during their university studies in Poland. Here the role of a teacher is drastically changed
as compared to the traditional one. The teacher must now be able to delegate some of his
or her roles to the students, trust them, and let them become more active and independent.
For new teachers this can appear to be extremely challenging.
In the next step PSTs are required to look on the internet for opportunities to develop
chosen skills and share new knowledge with colleagues. Unfortunately in Poland, apart
from formal qualifications and some EU programmes, no significant provision of on-going
or coaching or mentoring currently exists. In general only short, narrow topic focused
courses are available and teacher educators find it necessary to draw attention to teacher
networks and NGOs such as the Polish Association of Science Teachers, and also to
encourage peer observation.
2.
Resources
PSTs have an opportunity, in class, to become familiar with various sources that can help
teachers to raise their professional qualifications: articles in journals, proceedings, websites,
discussion forums and guides published by the Ministry of Education or the commercial
sector. The PSTs are then required, in their own time, to prepare a review of one article
from a journal dedicated to teaching and a second one on an educational website, and to
share them with others using an educational platform. In their reviews PSTs seek to answer
the following questions:
• What new did they learn from the examined material?
• In what way does the new knowledge relate to what was already known? Does it
complement or extend what they already know, or is it in fact contradictory?
• How can this knowledge be used to improve school practice?
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3.
Teachers’ promotion/career pathways
PSTs, in pairs, consult available sources (e.g. the website of the Ministry of Education), to
become acquainted with the requirements for a particular grade in the teaching profession
in Poland and then to present this information and relevant comments to other PSTs.
The teacher uses the discussion to point out the increasing demands and the degree of
independence placed on a teacher and stresses the importance of the transition from ‘I
learn’ (“trainee” teacher) to ‘I share my experience with others’ (“certified” teacher). The
PSTs are then asked to prepare preliminary plans for professional development during
their first 2 years in the classroom (based on their previous experience of resources and
activities). These plans are then discussed and evaluated by the whole class.
4.
Observation & participation
Twice a year, the Department of Chemical Education JU organizes several hours of
scientific sessions for teachers as the general public. The sessions include an introductory
lecture, concerning recent changes in education in Poland or chemistry from a PCK point
of view. The lecture is followed by a series of short oral presentations or a poster session,
where teachers present their own concepts, innovative ideas, lesson plans, examples of
students’ projects, ideas about scientific clubs, tests, scientific excursions, etc. PSTs are
invited to participate in these sessions, and every year a few of them present their own
posters. It seems to us that observing the active participation of experienced teachers in
CPD is likely to be motivating for pre-service teachers. The PSTs also welcome receiving
feedback concerning their own ideas from the experienced teachers.

GPE 2 – Teachers communities
Participation in all kinds of communities may be an alternative to the standard model of
acquiring new skills and professional development (Vescio, Ross and Adams, 2008). Such
an approach places greater emphasis on transformation/development of participants than the
transfer of knowledge (Rogoff, 2010). Depending on the purpose of creating a community
and selection of its participants, we may distinguish several types of communities:
• Community of Learners,
• Community of Practice,
• Community of Interest.

The use of the Community of Learners in the example of the IRRESISTIBLE
project
The IRRESISTIBLE project (Including Responsible Research and Innovation in Cutting
Edge Science and Inquiry Based Science Education to Improve Teacher’s Ability of
Bridging Learning Environments) combines formal and informal education, inquiry
based methods and elements of Responsible Research and Innovation (RRI). The project
involves teachers who participate in the creation of educational materials as well as in the
practical use and application of the developed materials. The learning model is based on a
Community of Learners (CoL). The community created is not homogeneous and includes
not only teachers, but also other educators, scientists specializing in a specific area of
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chemistry and museum representatives. The elements ensuring successful outcomes based
on CoL include, among other things, selecting and developing the key objective of the
group activity. In the case of the IRRESISTIBLE project, the main task for the team is to
develop teaching materials applicable in lower and upper secondary schools.
Moreover, the equality of the members of such a community should be stressed. All
participants in the IRRESISTIBLE project bring in a wealth of knowledge and skills and
each participant should know for what purpose s/he has joined the team and what his/her
required contribution is expected to be. Therefore:
• The role of researchers is to provide knowledge, current research results, modern
research methods and models describing the issues discussed. In addition, researchers
outline the academic approach to the issue of RRI.
• The task of museum representatives is to outline a framework of informal learning
based on the creation of interactive exhibitions and exhibits.
• The task of subject educators is to provide knowledge and skills related to the use
of inquiry based methods. Educators supervise the overall consistency of the created
materials and their reference to core curricula and teaching programmes, they also
provide essential guidance in the field of Information and Communication Technology
(ICT).
• The task of the teachers is to adapt the developed teaching materials into their
classrooms by reflectively piloting and implementing them.
Due to the specialization of the group members in various areas, the activity of a community
is not limited to teacher training, and the transfer of knowledge can be multidirectional
(Maciejowska & Apotheker, 2015). Each participant has an opportunity for professional
grow, while at the same time acting as a leader, supporting the development of other
community participants.
The work of IRRESISTIBLE CoL has a blended character. Such an approach involves
alternating face-to-face classes and elements of distance learning. During the face-to-face
classes, a variety of techniques, ranging from traditional lecturing methods to open inquiry,
may be used. A major part of the classes included discussions and group work on solving
minor problems and developing content for components of the materials being prepared. In
the remote community work Web 2.0 technologies were used, to help generate cooperative
contributions from the members. In the case of the CoL being described a private Facebook
was used. Such an arrangement is particularly useful for communication in asynchronous
mode and as a repository for working files and teaching materials.
Each IRRESISTIBLE Community of Learners included 4 to 5 teachers. After the
professionalization in the initial phase of the project, each of these teachers goes on to act
as coach to another Community of Learners with 4 to 5 new teachers who are introduced to
the modules from the first round and coached to use them in their own classrooms (Figure
3). In this way, after the first two rounds, at least 25 teachers in the partners’ region will be
familiar with Responsible Research and Innovations, cutting edge science, Inquiry Based
Science Education, and the informal learning setting of the partners’ science centre.
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Figure 3. Two phases of IRRESISTIBLE Community of Learners (IRRESISTIBLE
home page)

The applications of the Community of Practice based on the example of the
SAILS project
Another model for teacher training based on a community model, was used in the SAILS
project (Strategies for Assessment of Inquiry Learning in Science). The project aimed to
promote inquiry-based learning and appropriate assessment of students. Teacher education
was therefore one of the main objectives of the project. In this case, teachers taking part
in the training are associated in a so-called Community of Practice (CoP). This type of is
that community is made up of people who are enthusiasts and practitioners in a given field
(Holmes, Meyerhoff, 1999). This fact distinguishes CoP from e.g. Community of Interest
(CoI), since in the latter case the association is formed by people interested in a given topic,
but not necessarily having practical experience in the field. The overall objective of CoP
is to create conditions for the professional development of teachers. The education model
employed may be divided into two stages:
I.
Face-to-face teaching implemented during workshops, summer schools, etc. The
purpose of this stage is to transfer the basic knowledge and skills in the use of
Inquiry Based Science Education (IBSE). At this stage, a community is also formed,
and teachers have an opportunity not only to gain knowledge but also to meet other
people who, just like themselves, want to develop and apply the above mentioned
methods in practice.
II. Teaching based on the Web 2.0 platform. The platform shared with the community
is a place where community members can collaborate in solving problems and share
experience and materials.
Thanks to the first stage, teachers have an opportunity to become experts and practitioners
in the use of IBSE. Obviously, their practical experience is initially minimal, and generally
the community is at the same level. Over time, the teachers gradually acquire the required
skills and experience. The community activity is monitored and stimulated by moderators.
In the case of any visible slowdown in the group development, a good stimulus may be
provided by challenges mounted by the moderators. A key aspect in the case of the CoP
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discussed above is that any teaching materials developed as part of the project are made
available to all members of the community, who are asked to pilot their implementation.
Conferences organized as part of the project offer further encouragement for members to
become more active. CoP members are invited to present their experience at national and
pan-European forums. The preparation of presentations is accompanied by consultation
and exchange of materials within the CoP.

GPE 3 – Qualification Programme
At the Charles University of Prague the education of teachers does not end with graduation
from the college. Further education of pedagogical workers (FEPW) is not only a matter
of their interest; it is actually required under the Pedagogical Workers Bill of 2004 and
its amendments that teachers have to reinforce renew and supplement their qualification.
There are three kinds of further education defined as part of these post-graduation studies:
a) studies in order to fulfil qualification prerequisites,
b) studies in order to obtain further qualifications,
c)
studies in order to deepen their professionalism (continuous education).
Programmes that have been developed and offered to chemistry teachers as part of their
continuing education belong mainly to the first and third type of studies. To fulfil any
qualification prerequisites various types of supplementary pedagogical studies (SPS) of
chemistry are presented to professional chemists in order to allow them to gain the necessary
qualifications for teaching. The content is very similar to that followed in magister studies
of teaching of chemistry: apart from the pedagogical and psychological topics there are
mainly covered within the discipline of the didactics of chemistry. The main difference is
that a combined form of study is used in the case of SPS.
Continuing the education of chemistry teachers, in order to deepen their professional
qualifications, is becoming more important, especially today when, as many ‘Frame
Educational Programmes’ (FEP) goals imply, there needs to be major changes to chemistry
education and these changes need to be introduced mainly by the teachers themselves.
Many chemistry teachers, currently teaching were trained for a different approach to
teaching and are unfamiliar with the new requirements, often leading to uncertainty and
stress. FEP, in the general, offer innovation of teaching content, the opportunity to use
active methods and forms of work and the use of modern technologies, unfortunately these
aspects are often not reflected in the changes that the teachers subsequently make in their
School Educational Programmes (SEP). The teachers have to be better prepared if they are
going to be able to realize the aims of the SEP well in practice. Currently, it is they who will
decide how best to change the way of teaching, what methods to use, how best to capture
and hold the interest of their students and motivate them to learn both at school and in their
future lives. The problem, at present, is the absence of any unified concept of continuing
education, with a range of views being offered by colleges, secondary and primary schools,
FEPW facilities, civic associations and foundations, companies and private individuals.
Currently the main forms of training offered take the form of lectures, practical classes,
tutorials and workshops, which are often interconnected into courses of varying length
(Vašutová, 2004a a 2004b; Čerňanská 2011).
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The content of educational programmes tends to be varied but is likely to reflect new
knowledge from the disciplines of pedagogy, psychology and general didactics, and new
knowledge from the scientific disciplines and their didactics. The programmes also include
coverage of the use of ICT in teaching, environmental protection, advice on working with
various groups of students, language education for the teachers and much more. The goal
of the chemistry didactic activities in these postgraduate studies is mostly to ensure that
course content will correspond to the current needs for scientific education development.
The continuing education of teachers should be focused on current theoretical and practical
problems in chemistry education, especially in the area of innovations of contents and
teaching methods. Staff from faculties that prepare chemistry teachers to have both the
theoretical background and practical experience needed in the area of chemistry education
are committed to providing these forms of continuing education for chemistry teachers
over the long-term (Vašutová, 2004a a 2004b; Čerňanská 2011). During the 1990s, this
mostly took the form of solitary lectures by experts and excursions, which were followed
by cycles of classes dealing with topical issues such as health and safety in the school
chemistry lab, or the use of ICT in chemistry education. Over the past 10 years there have
been a number of FEWP courses organized with the help of the European Social Fund
(ESF) or with direct support from the EU as a part of 7th FP projects:
• One example of an educational programme realized with the help of ESF was the
chemistry courses offered between 2005-2007 as part of the projects Modular System
of Further Education of Primary and Secondary School Teachers, Scientific Literacy –
Development of Key and Specific Competences in Science Subjects and Open Science –
Improving the Quality of the Education of the Secondary School Teachers in Technical
and Scientific Subjects.
• In the period 2008-2014 there were the projects Programme for Pedagogues of Scientific
Subjects and Science and Mathematics at Secondary Schools: Actively, Currently, and
with Applications. The names of these projects alone show that the goal of these courses
was first and foremost to inform the teachers about the new conception of the contents
of the subject matter of chemistry and the new active methods and forms of chemistry
teaching. As far as new subject matter goes, it involved mainly current applications of
chemistry and introduced topics such as new materials, nanotechnology, instrumental
analytical methods, basics of pharmacology and food chemistry; while the methods
and forms of teaching included various ways of group, cooperative or project-based
teaching of chemistry.
• One example of programmes realized with help from the EU was the chemistry courses
in the projects ESTABLISH or TEMI, where the teachers got acquainted with inquirybased education in chemistry during a series of workshops.
It is therefore clear that currently there are significant initiatives at various institutions
(schools, institutes, associations, companies etc.) to prepare and present educational
programmes for chemistry teachers. There is unfortunately still a lack of any unifying
concept of what lifelong learning for teachers should involve and these programmes vary in
both professional level and quality. While there is no wish to diminish the variety of supply
and diversity of educational institutions offering courses, there is clearly a need for content
to be well-defined and for the various programmes to be more effectively coordinated if we
are to solve current problems and improve chemistry teaching in our schools.
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Summary - recommendations for (future) teacher education
It is clearly important to develop in PSTs an appreciation of the need for continuing learning
and development of their competences and upgrading of their qualifications, and the sooner
this is achieved the better. Pre-service teachers should also be made aware of the various
types of lifelong learning that are available.
Not all strategies, methods and procedures used in CPD are equally effective. After taking
part in any training programme, teachers should not be abandoned as they may well need,
and will certainly benefit from, continuing support. Such support could be in the form of
a joint search for the solutions to existing problems or of consultations to help resolve
doubts. Participants should also realize that sharing their newly acquired knowledge and
skills with other teachers is likely to enhance consolidation. However, it is important to
stress that training can only be considered successful if the potential benefits from the
training are actually introduced into school practice.
In CPD, it is important to address both teachers’ own individual training needs and the
educational needs of schools and subjects, resulting for example from changes to education
law, or the core curriculum. Teachers often complain that the training they receive is
inadequate for their needs. It is important that teachers are well motivated towards CPD
as a poorly motivated learner will gain little. It is now clear that professional development
is best delivered in the context of the teacher’s subject area and that only long-term,
diversified, CPD programmes are efficient. Support through coaching and mentoring and
participation in communities of practice have been shown to be useful. Much has been
achieved but there is clearly still much to do.

For future reading
Avalos, B., (2011). Teacher professional development in teaching and teacher education
over ten years. Teaching and Teacher Education. 27, 10-20 and literature cited there
Bolte, C., Holbrook, J., Mamlok-Naaman, R., Rauch, F. (Eds.). (2014). Science Teachers’
Continuous Professional Development in Europe. Case Studies from the PROFILES
Project. Berlin: Freie Universität Berlin/Klagenfurt: Alpen-Adria-Universität Klagenfurt.
Available under http://www.profiles-project.eu
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List of Abbreviations and Acronyms used
Acronym
CASE
CBL
CEL

Cognitive Acceleration through Science Education
Context Based Learning
La Coopérative de l’enseignement laïque (The Secular Education
Cooperative)
CER
Chemistry Education Research
CHIK
Chemie im Kontext (Chemistry in Context)
CK
Content Knowledge
CLIPS
Chemical Laboratory Information Profiles
CLP
Classification, Labelling and Packing of substances and mixtures
CoRe
Content Representations
CPD
Continuous Professional Development
DivCEd
Division of Chemical Education
DVD
Digital Video Disc/Digital Versatile Disc
EBLS
Experience Based Learning System
EC2E2N
European Chemistry and Chemical Engineering Education Network
ECHA
European Chemicals Agency
ECTN
European Chemistry Thematic Network
ECTS
European Credit Transfer and Accumulation System
EHS
Environmental, Health and Safety
ELT
Experiential Learning Theory
ESF
European Social Fund
ESTABLISH
European Science and Technology in Action: Building Links with
Industry, Schools and Home
EuCheMS
European Association for Chemical and Molecular Sciences
FEP
Framework Educational Programme
FP
Framework Programme
GPE
Good Practice Example
HOCS
Higher Order Cognitive Skills
IBE
Inquiry Based Education
IBL
Inquiry Based Learning
IBSE
Inquiry Based Science Education
ICT
Information and Communication Technology
IRRESISTIBLE Including Responsible Research an innovation in cutting Edge Science
and Inquiry-based Science education to improve Teacher’s Ability of
Bridging Learning Environments
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IT
KoA
KoC
KoIS
KoL
LLL
LO
LSI
NGO
NMR
NoS
NRC
NSTA
OECD
OST
PaP-eRs
PBL
PCK
PK
PoE
PST
RRI
SAILS
SAP
SER
SOLO
SPK
SPS
TA
TEMI
TEP
UNESCO
VAK
VARK
ZPD
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Information Technology
Knowledge of Assessment
Knowledge of Curriculum
Knowledge of Instructional Strategy
Knowledge of Learners
Lifelong Learning
Learning Outcome
Learning Style Inventory
Non-Government Organization
Nuclear Magnetic Resonance
Nature of Science
National Research Council (US)
National Science Teachers Association (US)
Organization for Economic Co-operation and Development
Orientation to Science Teaching
Pedagogical and Professional-experience Repertoires
Problem Based Learning
Pedagogical Content Knowledge
Pedagogical Knowledge
Predict-observe-Explain
Pre-service Teacher (future teacher, student-teacher)
Responsible Research and Innovation
Strategies for Assessment of Inquiry Learning in Science
Super Absorbing Polymers
Science Education Research
Structure of Observed Learning Outcomes
Science Pedagogical Knowledge
Science Process Skills
Teaching Assistant
Teaching Enquiry with Mysteries Incorporated
Teacher Educational Programme
United Nations Educational, Scientific and Cultural Organization
Visualization, Auditory and Kinesthetics
Visualization, Auditory, Reading/Writing and Kinesthetics
Zone of Proximal Development
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