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is quite a bit ironic. All too often when the teacher increases input to try to address 
learning difficulties being experienced by students, the students start to reduce their 
own efforts. Teaching should apply a converse approach. Teaching chemistry will 
become more efficient at the point where we apply methods where students 
become more active, hands-on and minds-on.  

From behaviourism to social constructivism  

The style of teacher-centred teaching and the Passive Diffusion Model of 
Knowledge Transfer as described above are based in the theory of behaviourism, 
which was the dominant educational theory during the first half of the last century. 
Behaviourism interprets every human action (action, thinking, feeling, etc.) in 
terms of ‘behaviour’ (Skinner, 1976; Mills, 2000). According to the behaviouristic 
theory, every action is considered simply as a response to a stimulus; if the correct 
stimulus is provided the required behaviour will inevitably follow. Behaviourism 
stems from experiments with animals, e.g. Pavlovs well known experiment with 
the dog. From behaviourism, one can train an animal, or a human, provided one 
can identify a stimulus necessary to promote the desired response. In terms of 
learning a teacher wishes a student to learn something by simply providing the 
right stimulus, e.g. presenting the right pieces of information, in the right sequence, 
at the right moment.  

Although the theory of behaviourism has been developed over time to account 
for a range of observations (Mills, 2000), in its principle it remained the same. It is 
suggested that giving the correct information to a student, will enable him to (a) 
store this information in his/her memory, (b) assign the intended meaning to this 
information, and (c) have this information readily available for future use. 
Unfortunately, evidence from educational research suggests, that none of the above 
three expectations is justified. Peterson and Peterson (1959) showed that about 
85% of the information entering the short time memory is no longer available to a 
learner a mere 15 seconds later, if it has not been connected to any constructed 
meaning, or if no any additional stimuli are given to support memorisation in the 
meantime. While behaviourism can certainly be helpful in understanding the 
simple issues associated with basic training processes, like memorisation of facts 
or training simple psychomotoric skills, it has proved much less successful when it 
comes to comprehending the important issues of learning with understanding.  

Today’s understanding of effective learning of chemistry is highly based on the 
theory of constructivism (Bodner, 1986). Among other issues, constructivism 
suggests that science teaching should apply teaching methods making the learner 
the active player in their own learning process. Such methods should seek to 
encourage the learner to become cognitively engaged in developing understanding 
of the topic being taught. The more elaborated interpretations of constructivism not 
only seek to make students active thinkers, but to promote interaction between 
them. One of these elaborated interpretations is the socio-constructivist perspective 
on learning attributed to the Russian psychologist Lev Vygotsky (Hodson & 
Hodson, 1998). 
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One of the central ideas in the works of Vygotsky (1978) is the role of 
interpersonal communication and social interaction for learning. From this point of 
view, sustainable learning does not take place via the contemplation of content by 
an individual learner but by a process that mainly functions through cultural and 
social mediation about content (Driver & Oldham, 1986). Construction of meaning 
is understood as a process of negotiation in discussions with others. With a quote 
from Lazarowitz and Hertz-Lazarowitz (1998, p. 451) the social component of 
constructivist learning is described as:  

… cognitive construction is facilitated through the following activities, all of 
which are based on peer-interaction: students present their own ideas by 
explaining them to other group members; they think and talk about their 
experiences; they suggest and try out new ideas; they reflect on changes in 
their ideas; they negotiate and aid other students to clarify their thoughts; and 
they move ideas forward by making sense of new ones. Indeed, constructivist 
theory brings to light the significance of social-cognitive interaction, 
cooperation and collaboration to the science teaching-learning context. 

This view on learning makes interaction between the student and the teacher, and 
also among the students between themselves important features for promoting 
effective learning in general and in learning chemistry in particular. Because 
interaction is mainly done through language considering linguistic issues for 
effective learning processes becomes an important issue too (see Chapter 5).  

Cooperative learning to promote student-active learning 

From the theory of social constructivism we know that chemistry education should 
apply methods fostering student activity and make learning a cooperative 
experience. Cooperative learning is an advanced mode of learning in groups. 
Lazarowitz and Hertz-Lazarowitz (1998, p. 449) describe the difference:  

Cooperative Learning brings to the school a different learning organisation in 
which the classroom is structured into cooperative teams of learners, thus 
making learning together a way of life. Students tutor each other, conduct 
group projects, practice mutual assistance by sharing and exchanging 
information, and create a collaborative-cooperative learning environment. 

Far more than a mere exchange of ideas can take place in such cooperative learning 
environments. Instead of studying the mental content of individual minds, 
cooperative learning focuses on the processes of interaction, participation, 
discourse, and negotiation. Cooperative learning leads to co-constructing 
knowledge and to building up collaborative knowledge where the group is able to 
attain a level of understanding that could not have been achieved through the 
mental processing of any one individual from within the group alone (Johnson & 
Johnson, 1999). 

Nevertheless, it is well known that merely putting students into a group does not 
necessarily lead to effective learning. The effective working of a group is often 
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disrupted by a lack of structure within the group and differing interests among the 
group members (Johnson & Johnson, 1999). Thus, it is important that the group 
should have a clear structure, and sometimes it may even be preferable to leave it 
up to the students themselves to agree on the structure to be adopted. A lot of 
research on cooperative learning in general and in science education in particular is 
available today. The evidence gained from this can help to understand which 
factors must be fostered to enhance students’ learning by high quality student 
cooperation (e.g. reviewed in Lazarowitz & Hertz-Lazarowitz, 1998; Johnson & 
Johnson, 1999).  

The literature, in particular the five quality criteria for functioning cooperative 
learning as proposed by Johnson and Johnson (1999) has given us a useful and 
well-established basis for reflecting upon cooperative learning: 
– Positive interdependence: Each member of the class understands and values the 

benefit of working together to achieve a common goal. The effort of each group 
member is required and is indispensable for the group’s success and everyone 
has a unique contribution to make the group’s task a success.  

– Face-to-face promotive interaction: The students encourage and facilitate the 
other’s efforts to complete their tasks in order to reach the common goals. 
Students providing each other with help and assistance. They exchange 
resources, such as information or materials, and process information efficiently 
by providing each other with feedback. 

– Individual accountability/personal responsibility: The performance of each 
individual student is assessed and the results are given back to the individual 
and the group. All students are responsible for their group mates but also for 
themselves to contribute to the group’s success.  

– Interpersonal and small group skills: Students are able to or learn to trust and 
interact with each other, communicate accurately and unambiguously, accept 
and support each other, and resolve conflicts constructively.  

– Group processing: A reflection on how well the group work functioned in an 
explicit and structured process. Reflection should include what member actions 
were helpful and unhelpful, and what actions should be continued or changed.  
If these criteria for cooperative learning are considered and used, the classroom 

environment has high potential for effective learning, student motivation, and the 
development of skills beyond the learning of chemistry topics and theories. Such 
non-cognitive skills include team working abilities, organising and structuring of 
projects, and negotiating of consensus following conflict within the group. The use 
of cooperative learning activities has been found to result in higher cognitive 
achievement, better development of higher-level thinking skills, increased student 
self-confidence and satisfaction, and better attitudes towards subject matter 
(Lazarowitz & Hertz-Lazarowitz, 1998).  

In the literature, several basic modes of cooperative learning are described. The 
basic models differ in their structure and the levels of guidance given to the 
students, who work in small groups. Some of the basic models are discussed 
below. In addition to the basic models of cooperative learning detailed below, there 
is also a wide variety of cooperative teaching techniques (Sharan, 2004). Some of 
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these are also illustrated by examples from the chemistry classroom within the 
practice section of this chapter, e.g. how to introduce atomic structure within a 
cooperative learning scenario in secondary chemistry classes (Eilks & Leerhoff, 
2001).  

Group investigation. Group investigation (GI) based on the work by Sharan and 
Hertz-Lazarowitz (1980) is a model for conducting joint projects within a class 
(see also “The Project Method” by Frey, 1982). GI consists of six steps. In the 
beginning the whole class considers a joint project and then determines appropriate 
sub-topics. The class is split into sub-groups of 4-6 students each. Each sub-group 
plans their investigations for their part of the project. The planned activity is 
carried out as a group in the laboratory while the process is supported by a variety 
of resources which can be searched and analysed by the students working 
independently within their groups. The teacher acts as a mentor, convener and 
collaborator for the students’ investigation. At the end, each group gives a 
presentation, poster, report or some other contribution to the whole class to bring 
the sub-topics back together. Finally, the results are assessed by the students and 
teachers.  

Student teams and achievement divisions and teams games tournament. Student 
teams and achievement divisions (STAD) by Slavin (1978) and teams games 
tournament (TGT) by De Vries and Slavin (1978) use competition between groups 
as a framework to support cooperative learning. In STAD, for example, the class is 
assigned a specific set of information to be learned. Heterogeneous small groups of 
4-6 students are formed. The joint aim is that students start learning as a team in 
order to prepare each other to be individually successful in a quiz, test or game. At 
the end everyone has to participate in the test individually. However, it is not only 
the student’s individual score that is registered. The students’ scores are also 
aggregated and contribute to the performance and mark of the students’ group. 
Thus everyone has a vested interest in how the teammates perform and is aware 
that this is dependent on their mutual assistance and joint preparation.  

The jigsaw classroom. The jigsaw classroom (JC) is considered to be one of the 
best known models for cooperative learning. The JC was originally suggested by 
Aronson, Stephan, Sikes, Blaney, and Snapp (1978). It is an approach to promote 
structured interdependence between members of a group, while still maintaining 
the need for individual accountability. For a JC the class is divided into small 
groups of 4-5 students who are asked to learn about a joint topic. The topic itself is 
divided into sub-units of similar size and responsibility, and each of these is 
assigned to one of the students. After having become familiar with their piece of 
information the students from all groups with responsibility for the same sub-unit 
are grouped together. This is called the expert round. These students now continue 
learning about their aspect of the topic together with classmates having the same 
piece to learn. The aim of the expert groups is to develop an explanation and 
teaching strategy of their sub-topic, to be later shared with the other classmates 
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information by lecturing, demonstrating experiments or using the blackboard 
(mirror 4). Students’ behaviour is limited to individual action or short term 
interaction with the teacher (mirror 5). Students’ social behaviour often is 
individualistic and competitive (mirror 6). In all the six mirrors such a traditional 
teacher-centred approach will get low scores for a classroom environment with 
respect to its potential to support socio-constructivist learning. 

In contrast to the frontal instruction, cooperative learning environments will 
receive higher scores in the SMC. In cooperative learning environments students 
work in small groups which do interact and are integrated with one another in the 
fashion suggested in the Jigsaw Classroom (JC) (mirror 1). Learning tasks (mirror 
2) are divided horizontally, as in a JC, or vertically and integrated, as in the Group 
Investigation (GI). These cooperative learning tasks involve peer learning and peer 
teaching, were designed to increase interdependence and personal as well as 
collective responsibility and thus form integrated tasks for all learners. The pattern 
of teacher’s communication and instructional behaviours include communication 
with the whole class for a short period of time, then with each of the groups as well 
as with individuals who needed help. The teacher becomes the organiser and 
coordinator of the cooperative classroom (mirror 3). The teachers’ communication 
(mirror 4) becomes multilateral while moving between the groups and helping the 
students individually or within their groups. The students’ communication has a 
multilateral perspective and their social behaviour is supported by the structured 
formation of the group and they become socially integrated within the group by 
feeling their individual accountability together with their positive inter-dependence 
and the need for cooperation and communication (mirrors 5 and 6). 

Thus, using the SMC as a Spider Web (see the example of using Spider Webs to 
analyse classroom activities in Chapter 1), the area within the spider will give a 
measure for the classroom learning environments’ potential to support socio-
constructivist learning. But it also can help to reflect on lesson planning in advance 
to apply instructional methods. 

The variety of methods for making students active – Hands on and minds on  

As we saw in the previous section, the dimensions of making the classroom 
student-centred using appropriate teaching methods offers a wide variety of 
activities. As the dimensions differ so too do the methods, with the various 
methods offering a distinct variety of strategies for making the student more active 
in chemistry teaching, in a hands-on and minds-on fashion. Table 1 provides a 
selection from the variety of potential methods for the teaching of chemistry. 
Illustration will be given in the practice part of this chapter. Further examples 
which work well and have been proved in practice for all of these methods can be 
found on the Internet or in the literature.  

Insights into other methods and their implementation in chemistry teaching can 
be found in Chapters 1 and 6. The connection of cooperative learning with the use 
of modern ICT (CSCL, Computer Supported Cooperative Learning) is discussed in 
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Brainstorming. Brainstorming is a technique used to foster creative thinking for a 
specific problem or topic (Fisher, 2005). While brainstorming, a group tries to find 
a solution to a problem or to collect potential ideas on a joint issue by collecting 
spontaneous contributions associated with the problem or issue, e.g. how to start a 
practical investigation on a specific topic or which apparatus, set-up, or equipment 
might be used. Brainstorming can be also used to orient oneself towards a new 
topic or domain, e.g. to ask the students for their spontaneous associations or prior 
knowledge of introducing a new topic like salts, acids and bases, or alcohols. 

Originally, brainstorming was developed as a group technique. However, it can 
also be put in practice on a solitary basis. A prerequisite for brainstorming is that it 
should address one specific question or topic. Sessions that address multiple 
questions tend to be rather inefficient.  

In practice brainstorming can be guided by the following four steps: 
– Strive for a heterogeneous group composition: Place members with different 

backgrounds and/or experiences in one group to enhance looking at the problem 
from multiple perspectives and suspending assumptions. Heterogeneity fosters 
the generation of a long list of divergent ideas. 

– Start open-ended: Generate as a long list of ideas as possible for facilitating 
problem solving. The greater the number of ideas is, the greater the chance for 
an effective solution will be (quantity breeds quality). 

– Associate and postpone critic: Association will stimulate the building of ideas. 
Participants should extend and add to ideas freely. Analysis and criticism should 
be reserved for a later stage in the process. 

– Combine and integrate: Eventually, combine and integrate the ideas to form a 
lower number of categories, and in the end one single (improved) idea might be 
developed or selected. One way to do this is clustering (see below). 
In the last decade numerous variations on the brainstorming technique were 

developed, aimed at enhancing the creative output, encouraging all participants to 
have an equal say and reducing social inhibition in the group. In the context of 
chemical education, brainstorming is mainly used to activate students’ thoughts in 
order to initiate problem-solving activities, or is related to understanding key 
concepts, such as diffusion (Van Rens, Van der Schee, & Pilot, 2009). 
Brainstorming sessions are often followed by a class discussion chaired by the 
teacher. The proposed ideas are shared, reflected upon, classified, and ranked. 

Clustering. Clustering is a technique used to classify objects, and thereby offering 
richer information about relationships by grouping them. Clustering can start from 
any collection of ideas, words or pictures, but also can be a form of brainstorming.  

Rico (2000) suggests clustering as being a technique of brainstorming. One can 
ask the students to start with a word. They should circle the word and write down 
each new word or phrase that comes to their mind, circling them too, and 
connecting them with a line to the word in the centre if it seems like an entirely 
new direction. But, the students can also make connections between the different 
circles, so that one big cluster of words and ideas is formed, but also the ideas near 
to one another form sub-clusters in themselves.  
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colours, fonts, shapes, border thickness, etc. to construct a map. Also ICT-tools 
might be used.  
Finally, the produced concepts maps should be discussed in class. The 

discussion might be directed by paying attention to the following attributes.  
– Accuracy and thoroughness: Are the concepts and relationships correct? Are 

important concepts missing? 
– Organisation: Was the concept map laid out in such a way that higher order 

relationships are apparent and easy to follow?  
– Appearance: Was the assignment done with care showing attention to details 

such as spelling and penmanship? Is it neat and orderly or is it chaotic and 
messy?  

– Creativity: Are there unusual elements that aid communication or stimulate 
interest without being distracting?  
Research has shown that mind and concepts maps are useful tools that reveal 

students’ existing notions and ideas. There are many examples described in which 
mind and concept maps are used in chemistry education, for instance for the 
meaningful learning of atoms, bonding, electrons and solutions (Regis, Albertazzi, 
& Roletto, 1996).  

Methods for stimulating communication for more effective chemistry learning 

From the theory part in this chapter we know how important communication is for 
learning (see also Chapter 5). Therefore, in the following section two methods of 
cooperative learning and associated examples from the chemistry classroom, which 
place a strong focus on communication, will be discussed.  

Think-pair-share (1-2-4-All). This method developed by Lyman in the 1980s looks 
at joint learning by an iterative comparison of individual solutions (Lyman, 1981). 
The method focuses on learning as a process of negotiation. It aims to negotiate a 
common (better) result step by step. Starting from an individual draft, result or 
piece of work it leads to a common result for a pair of learners and maybe the 
whole class later on. The method starts by asking students to solve a given task  
on a sheet of paper. In a second round each a pair of students compares their  
two drafts and negotiates a joint solution on a new sheet of paper. In the 
interpretation of 1-2-4-All (Witteck & Eilks, 2005), each two pairs of students 
compare their drafts and work out a joint solution. In the end, the whole class 
selects the best solution or re-organises components of all the solutions into a joint 
product. In chemistry education, the method can be used in a variety of ways, for 
example it could potentially be used for the joint development of write-ups of 
experiments.  

A write-up always should be structured by a scheme, making a clear distinction 
between different parts including: title and date, aims, safety aspects and risk 
assessment, sketch of the experiment, procedure, observation and results, and 
finally interpretations and conclusions. Unfortunately, students often (a) do not 
focus on the most important points of the experiment (from a science perspective) 
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Think-Pair-Share can be used to introduce the writing-up of an experiment, but 
also can be applied to train the students. Time spent while writing up the 
experiment in this way will be full of intense discussion and on-task activity. It will 
lead to several modifications in the write-ups; initial mistakes and weaknesses will 
be recognised by the students themselves. A better version of the write-up will be 
generated step by step. But, the method also will help the students to better connect 
the experiment to their prior knowledge and this may lead to new questions. The 
method can be also applied to find a joint solution for a theoretical task, e.g. 
forming a complex reaction equation or mechanism. 

The ball-bearing (inside-outside-circle) method. The ball-bearing is a method of 
cooperative learning developed by Kagan in the 1990s. The method asks the 
students to explain to each other a newly learned theory in a sequence of different 
pairs (Kagan, 1994). The ball-bearing employs the idea of reciprocal explanations 
and each student has to explain the content that they have just heard to an expert, 
who is there for control, in order to test whether the students’ understanding was 
correct. By forming different pairs of students ball-bearings enable control and 
assure sufficient support for each learner.  

In the interpretation of Witteck, Most, Leerhoff, and Eilks (2004) for the case of 
chemistry teaching, the whole learning group is divided into two groups of similar 
size. Both groups work on a specific issue. The issues given to the two groups of 
students are related to each other, but do not overlap and do not build upon each 
other. The work can be supported by use of appropriate materials and tasks and 
should be organised in pairs or small groups. Informative material could be 
provided, e.g. a few pages from a textbook, different URLs from the Internet, or 
two experimental tasks. The central task for each group is to understand their issue, 
and to develop a small presentation of five minutes about their topic. Initially, it is 
made clear to the students that they will have to explain their part of information as 
‘experts’ individually to one of the students from the other group at a later stage. 
Questions for self-control can be made available for the students, as well as 
offering help to explain techniques.  

After working on their topics the students form two circles with each two of the 
learners sitting face to face to one another (Figure 9). One after the other, both 
experts presents the part of the topic that they have learned. The other person is 
asked one after the others to listen, to understand, and to make notes during the 
phase where the partner is presenting his or her topic. This phase should take about 
10 minutes. Then the circles are rotated. One circle is rotated clockwise, one 
counter clockwise by one or two chairs. New pairs of students are generated and 
are asked to repeat the explanation of the topic presented to them in the first round. 
The opponent now listens, expands, and corrects. In this second phase all students 
have also the chance to ask comprehension questions if the explanation in the first 
round has not been sufficient. In this case, all learners now have new partners who 
may be better able to explain their topic. Perhaps this is done in another way 
compared with the initial partner in the previous round. This phase again takes 
some 10 minutes. After another rotation of the ball bearing both learners in each 
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about learning information coming exclusively from their classmates, these 
considerations diminish after applying respective techniques several times. In  
the end, the students enjoyed working in this way and their achievement 
improved.  

Methods for learning chemistry in a cooperative mode 

The literature (e.g. Sharan, 2004) suggests a lot of different techniques to promote 
cooperative learning. Think-Pair-Share and the Ball-Bearing method presented 
above are two of the methods. In the following section two examples for 
organizing a whole lesson plan in a cooperative mode will be presented and 
illustrated by examples from chemistry teaching.  

Introducing atomic structure in a jigsaw classroom. In the jigsaw classroom (JC) 
by Aronson et al. (1978) a topic of interest is divided into several pieces of similar 
size and complexity. The students are grouped into groups of equal size. The 
number of students in each group should not differ much from the number of the 
groups. So for a class of 30 students a group size of 5 or 6 students is a good 
option. Each student gets one part of the materials. The students start to 
individually work through the material, to try to understand and in some cases to 
solve respective problems. Following that, all those students working on the same 
task form an expert group. In the expert groups they continue working on the 
content and to clarify any lack in understanding. They jointly prepare a teaching 
strategy to later on explain the information to the other students. Following on 
from this work, the groups are rearranged in such a way that new groups are 
formed with each new group consisting of one student from each of the expert 
groups. In this fashion the students teach each other, following the strategy they 
planned in the expert groups’ work (see above and Figure 2).  

The teacher should be aware that this is an ideal description. A lot of 
communicative as well as social abilities are necessary to lead to successful 
performance. The objective, to let the students plan the teaching strategy for the 
second part of the work, is rather cognitively demanding. Younger students are 
often not able to do this, particularly if they are not trained properly. This causes 
dangers for learning especially in cases where new and essential tasks have to be 
worked out. It is recommended that help in the form of guidance and specific tasks 
should be provided by the teacher to ensure the smooth dynamics of the method. 
Another method to alleviate issues is to double the expert groups (Eilks & 
Leerhoff, 2001). A doubling of the expert groups makes the system more secure 
because it gives each teaching group two experts who prepared themselves 
independently (Figure 11). 

An example for the latter case is introducing atomic structure by a JC (Eilks & 
Leerhoff, 2001). The JC itself contains three different areas each carried out by two 
expert groups. In the expert groups the students work out (a) Rutherford’s 
experiment and the nucleus-shell-structure, (b) the structure of the atomic nucleus, 
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Introducing the structure of atoms by the JC has the potential to make the 
teaching of this theoretical and demanding phase student-active. From the 
classrooms we know that the students develop a positive attitude towards their 
learning of chemistry and the gained concepts while learning about them in the JC. 
Research revealed that this way of introducing atomic structure worked well and 
helped to reduce deficits in learning, while also keeping students motivated 
throughout this difficult phase of chemistry education (Eilks, 2005).  

A learning company on acid-base-chemistry. The learning company method (LC) 
by Witteck and Eilks (2006) is a didactically-constructed classroom structure, 
analogous to existing or “ideal” companies. Originally, the LC idea was thought to 
simulate practical, profession-oriented tasks in vocational education. Through a 
model based on already-existing or idealised companies, students were supposed to 
learn how processes in a company occur. This is not the in the core of chemistry 
teaching. However, there are possibilities of using learning companies for the 
motivation and the encouragement of student-active and cooperative learning also 
in the chemistry classroom.  

Witteck and Eilks (2006) adopted the idea of the LC for chemistry education. 
Within a chemistry LC it is intended that all necessary steps of learning chemistry 
should be performed by the pupils on their own, based in small learning groups, 
starting from open-ended tasks and based on experimental work. Open 
experimental tasks are assigned to the students instead of prescribed “cookbook 
recipes” being provided to the students (see Chapter 6). These open tasks are 
framed within a fictional story of a company with different departments. The 
assigned experimental problems must be conquered through self-organised and 
self-responsible learning within groups of students (the departments). The 
problems are presented so that no experimental direction is to be given. Instead, 
goal-oriented work orders and a folder of materials are provided so that the 
exercise can be solved without resorting to a prescribed path.  

The LC should be illustrated by an example from the chemistry of acids and 
bases: The Max Sour Ltd. Learning Company (Witteck & Eilks, 2006). The 
objective of the Max Sour LC is to include all relevant aspects of acid-base 
chemistry into the LC lesson plan, theoretically as well as in the hands-on aspects. 
Initially, students are divided into small groups (departments of the Max Sour 
Company). Each group is composed of 4-5 students as a mix of different achieving 
learners. A folder is provided for their particular department. Max Sour Ltd. has up 
to seven different departments. E.g. the research department “Synthetic Indicators” 
is ordered to produce an optimal universal indicator by mixing several different 
indicator solutions. A large number of indicators are provided for the task. The 
pupils must discover a good combination of the solutions so that they can 
differentiate between a pre-set range of pH-values (1, 4, 7, 10, 14). A second 
example is the research division “Plant-based Indicators.” They are ordered to 
produce a new, natural indicator from radish peels. An indicator handbook must be 
written, including a colour scale which makes predetermined pH-change points 
visible. But there are also analytical departments, or a group for the canteen (being 
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ordered to find out why red cabbage sometimes turns blue and how to make a 
business out of it), or a group of janitors (being asked to find a way for the 
company’s canteen to clean calcified heating-elements in the dishwasher and to 
free a plugged drainpipe using acid-base-chemistry). 

In all departments, the pupils receive instructions from a fictitious “executive 
department” member allegedly in charge of the various departments (the teacher). 
All orders include a small story related to a possible problem which might occur in 
a company. The stories instigate the investigation of and the products surrounding 
acids and basis. The student groups receive their work orders, including equipment 
and chemicals. Each work order is to be solved through experimentation. Only the 
stated problem and the materials which are available for the various departments 
are listed on the work order. They do not contain instructions for experimental 
procedures or apparatus construction. Pupils are supposed to plan and execute the 
experiments using their own initiative. Figure 13 gives an overview of the lesson 
plan.  

 
The Max Sour Learning Company 

The Max Sour Company has seven departments. You will form these departments. You 
will receive work orders from the “boss,” which you must complete. 
Form groups (departments) of 4-5 students. You will work in these 
groups for the next few periods and display your findings at the end in 
a fair. Each pupil will receive an identification tag showing his or her 
department and name.  

 

 

You have approximately 1-2 hours for the planning and preparation of your 
experimental doing and another 4-5 periods for conducting them, to learn 
about acids and bases, and to create a poster. All experiments must be 
discussed with your teacher before you carry them out. Every activity must 
be carefully documented. Every experiment must be written up using correct 
scientific terminology. 

Aside from working on your experimental tasks, answer the questions for 
your specific area in the general question catalogue with the help of the 
computer learning environment, your textbook, or the Internet.   � 
Create a poster which summarises all of the work and experimental results from your 
particular department.  

Note: The work of the entire department is the most important factor! 

Figure 13. The Max Sour learning company 

Due to the open-formatted, independent nature of the students’ experimentation, 
they must carefully plan and discuss exactly how they want to perform their 
experiments. But, the students are also guided through learning by different sets of 
questions for the theory and everyday life applications. The textbook can be used, 
as can a specific learning environment on the internet (The Max Sour Ltd. 
Intranet), which provides help where needed. Finally, the students have to present 
their department, their experimental solutions and the theory that they used at a fair 
showing up the potential of their department and of Max Sour Ltd. as a whole.  

This image cannot currently be displayed.
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 The learning company approach clearly proved that it encouraged students to 
work actively, flexibly, and with more self-direction on their experimental tasks. 
The pupils planned, worked and thought independently and carefully organised 
their work. Self-organisation was provoked by use of the open-ended work orders, 
which could only be solved through discussion, inquiry, and the exchange of 
information within the groups. Another example is described in Witteck, Most, 
Kienast, and Eilks (2007). 

Scenic interpretations, drama, role-play, and the mimicking authentic practices in 
chemistry education 

In the last section of this chapter we shall present quite unconventional methods for 
the learning of chemistry. Examples will be outlined illustrating how these 
methods can be used to activate the students learning of essential chemistry. In the 
first two examples we will discuss how physical interpretations can help students 
to better understand the particulate nature of matter, and how drama can be used to 
learn about the nature of science. The other two examples will discuss the idea of 
role-playing and mimicking authentic social practices to understand about how 
chemistry is handled in and by the society. 

Using drama to understand ptarticle concepts. Understanding the different 
representations of chemistry is one of the most difficult parts in chemistry 
education, for example, understanding chemical phenomena on the particulate level 
is challenging for students (see Chapter 4). Using a drama interpretation of the 
particulate level can help students through making physical experiences about the 
particulate level. This experience has the potential to promote understanding and 
can serve as an anchor for transferring knowledge in the long-term memory.  

An example concerning the states of matter may illustrate this. The states of 
matter (solid, liquid, and gaseous) are differentiated by the motion of the particles 
which they are composed of and the distance between them. In the solid state 
particles have fixed places in a lattice structure. They are near to each other and 
move only slightly. In the liquid state particles are still near to each other, but can 
move freely. In the gaseous state there is free movement and a lot of empty space 
between the particles.  

To promote understanding, one idea is to take the group of students and to ask 
them to stand close to each other. With ‘growing temperature’ the students are 
asked to increase their movement step by step. They will find out that it becomes 
difficult to keep their fixed places. By another raise in motion the students will see 
that the distance between them will increase, and in the end by nudging each other 
students will leave the ‘particle formation.’ The matter will start to ‘evaporate’ 
(Figure 14). The experience of this motion will serve as an aid for understanding 
the states of matter and their changes and will act as an anchor for the students’ 
memory. 
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Figure 14. Students interpreting the states of matter the solid state (left), via liquid (middle), 
to the gaseous state (right) (Eilks & Bolte, 2008) 

For more ideas see Sciencelearn (2012). A related example on introducing 
different types of chemical bonding was recently described by Ozden (2007). 

Using theatre play to learn about the nature of science. For more personalised 
topics a theatre or role play can be used. Atomic structure is a good example. 
Throughout the history of chemistry different models for atoms and atomic 
structure were available. For true understanding of the nature of science (see 
Chapter 1), it is important that the students learn about the tentativeness of these 
models. The students should learn that the creation of models is usually bound to 
individual chemists and that models can replace each other in the light of new 
evidence. Forming a theatre play between big chemists from history (Democritus, 
Dalton, Rutherford, Thomson, & Bohr) can help students to understand, that all 
these ideas were brilliant at that particular point in time, but also that all these 
models are tentative in nature and were replaced at some point in the light of new 
findings (Craft, 2007).  

Using theatre plays to learn about the different models and the history of 
chemistry can be carried out in a variety of different ways. If time and the students’ 
skills allow for it, the students can write their own storybook of a fictitious meeting 
of the different representatives of atomic models. A dialogue between the chemists 
can be written, with the one for each individual explaining and justifying his model 
leading to a reflection on the different proposals, their power with respect to their 
time but also their limitations in the foreground of our current understanding. 
Students can create costumes to make clear, whose role they are playing. Students 
with good knowledge in the content and skills involved in argumentation might be 
allowed to add a phase where they start debating without the pre-scribed storybook. 
For those students who are not able to write the storybook themselves, the teacher 
can prepare it and ask the students to play and interpret it. 

While acting out the drama better understanding will develop. The role play and 
the preparation for it can offer students good motivation for comparing the 
different models (in their potentials and limitations), but also will enable learning 
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processes about the tentative nature of models and their connection to the time their 
‘inventors’ lived in. 

Role-play about the handling of chemistry issues in society. Learning chemistry is 
more than only memorizing chemical facts and theory. Chemistry education also 
encompasses an understanding of the interplay of chemistry, technology, and 
society (see also Chapter 1). A role-play or business game can help offer an insight 
into the different roles individuals within society have when decisions about 
chemistry and chemical technologies are made.  

The role of renewable energy sources can serve as a good example. In the case 
of bioethanol we face a controversial situation. Renewable energies are of value to 
reduce the emission of greenhouse gases and to protect crude oil resources for the 
future. However, the decision is made within a framework of scientific, 
economical, ecological, and social questions and issues. After learning about the 
science background, role play can help students to better understand that the 
decision about the use of bioethanol is not only a scientific one. Based on role-
cards, texts and internet pages groups of students prepare themselves for a 
discussion about the use of bioethanol. Role-experts might come from the car 
manufacturers, environmental and climate protection groups, the agricultural 
industry, development assistance groups, or the consumers. After having prepared 
each one of them, the students in a role play can mimic a TV talk show or a 
parliaments hearing to whether the use of bioethanol in cars should be promoted by 
the politics. An example is described in Feierabend and Eilks (2011).  

Also in the context of industrial-chemistry oriented teaching (see Chapter 1) role 
plays and society-oriented discussions can be used (Reid, 2000). Several projects in 
different countries introduced such topics into the regular secondary chemistry 
teaching. The respective lessons were usually interdisciplinary in nature to 
integrate learning of chemistry concepts with its related societal and technological 
applications, e.g. the industrial chemistry units developed in Israel by Hofstein and 
Kesner (2006). Also in these projects, the students are involved in debates about 
the location of an industrial plant. They have to consider many criteria such as 
natural resources (availability of raw materials), geology, environment, labour, 
economical and all kind of technological applications 

While discussing in the role plays the students will learn about the different 
arguments which are held by the different interest groups in society. But, they will 
also learn that decisions on the use of a new technology nearly always have to be 
made in a field of contradictory opinions and effects (see Chapter 1). 

Mimicking authentic societal practices in chemistry education. To learn about how 
scientific information is handled in society the mimicking of societal practices 
proved to be educationally effective. Role-plays and business games (see above) or 
playing out the evaluation process in a consumer test (see Chapter 1) are options. 
But also dealing with media reports or advertisements can lead to a reflection on 
the multidimensional character of evaluations processes about chemistry within 
society.  
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For this purpose, Marks, Otten, and Eilks (2010) suggested the idea of working 
as a journalist. Among the different examples that this method illustrated it was 
indicated that it always is the individual that changes information while 
transmitting it (Eilks et al., 2012). One of their examples deals with the 
problematic nature of musk fragrances in cosmetics. Having learned about the 
chemistry behind this topic the students form different groups. Every group gets a 
‘newsticker’ (Figure 15). A newsticker is one page of quotes taken from the 
internet. The newstickers were made by utilising a Google search. For each 
newsticker a different search was made. The search is always combining two 
terms, one of them in all the four cases within this example was ‘musk fragrances,’ 
but the second terms differed. In the end the separate newstickers reflect the 
following perspectives: (a) consumer protection (concerns about potentially 
hormone-activating or carcinogenic substances), (b) innovative products (cost and 
sales pressure to market a competitive product), (c) wastewater treatment 
(problems and costs for local authorities), and (d) environmental protection (effects 
of synthetic musks on the environment).  

 

Figure 15. Start of a news ticker for the journalist method 

The class is divided into eight groups consisting of 2-4 students per group. Each 
two separate groups of students receive identical newstickers, so that each of  
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