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[bookmark: _Toc389464911]Introduction
In this document we describe guidelines for teachers and teacher trainers for (re)designing IBST-oriented classroom materials using rich, vocational workplace contexts. This document is supposed to help teachers and teacher trainers to understand why and how mascil tasks support IBL and how they connect to workplace contexts (the World of Work, WoW). In addition, it shows how teachers can select and adapt mascil tasks or other tasks (textbook, projects, etc.) to their needs and those of their students for promoting IBL and connecting to WoW contexts.
Mascil aims to promote a widespread use of inquiry-based science teaching (IBST) in primary and secondary schools. The major innovation of mascil is to connect IBST in school with the World of Work, making science more meaningful for young European students and motivating their interest in careers in science and technology. To achieve these aims, mascil collects and publishes examples of classroom materials for inquiry in rich vocational contexts in close collaboration with all mascil partners (see: www.mascil-project.eu). 
[bookmark: _Toc389464912]The mascil Framework
Inquiry based learning (IBL) aims to develop and foster inquiring minds and attitudes that are vital in enabling students to face and manage uncertain and quickly changing futures. Fundamentally, IBL is based on students adopting an active, questioning approach. This approach is central to the mascil project. In the mascil Diagram we summarize the aspects of IBL and the connections to World of Work that constitute our framework for (re)designing classroom tasks (Figure 1).
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Figure 1: The mascil Framework

Some of the characteristics in this framework apply to values and goals of teaching and learning processes in science and mathematics education. The ‘IBL tasks’ and the ‘World of Work’ characteristics apply directly to the tasks (materials) used in classrooms. These will be discussed in this document.

In the cloud ‘IBL tasks’ we distinguish four criteria for tasks that support inquiry-based learning1. When students learn by inquiry they explore situations, pose questions, plan investigations, experiment systematically, interpret and evaluate, and collaborate and communicate results. These processes are supported by tasks that are cast in – for students – meaningful situations. It might even be the case that such a situation is presented to students without mentioning the main problem that needs to be solved. This meaningfulness allows them to question the situation and to think of ways to tackle possible problems without using standard solution procedures.
When students connect the task to a standard solution procedure, their processes of inquiry will be limited. Consequently, the task should have the potential to evoke multiple solution strategies. This is a characteristic of tasks that is highly dependent on the learning history and achievement level of the students that work with the task.
The task does not guide the students along the inquiry process by providing all sub-questions that need to be answered for solving the main problem. The task allows students to (initially) plan or think of the process of inquiry by themselves.
Finally, the task supports collaboration and communication, for instance by providing information of how to distribute work, or by including the need for a presentation of results.

In the cloud ‘World of Work' four dimensions of how tasks can be connected to the World of Work are presented: Context, Role, Activity and Product[footnoteRef:1].  [1:  A more detailed description can be found in Deliverable 1 and on the mascil website.] 

The context in which the task is set relates to the WoW. This relation can be very strong if an (authentic) practice from the WoW is used as the rich context for learning. It should provide a clear purpose and a need to know.
The relation between the context and the WoW may also be weak, if for example the task is set in the context of the WoW, but this context is just a ‘superficial wrapping’ of the task, and does not remain important when working on the task. 
The activities students do in the task are related to authentic practices from the WoW. The activities can be more or less similar to activities actually carried out by workers in the workplace. Also, the ways of working reflect characteristics of  daily work, for example teamwork, division of labour/tasks etc.  The activities should have a clear purpose, involve authentic problems and reveal how mathematics and science are used. The focus in the activities  is on students using mathematics and science in ways and in contexts related to the WoW. If students’ activities are very similar to typical problems in textbooks for mathematics and science, the connection between activities and WoW is weak.
Within the task students are placed in a professional role fitting the context of the task. In some sense students step out of their role as a student. 
The outcome of the task is a product made by the students in their role as professionals, meant for an appropriate audience. The product is similar to real products from the WoW. 

For a task to be strongly connected to the WoW, its relation to the WoW on the dimensions context, role, activities and products should be explicit, well aligned and clear to the students. Not every task will have a similar emphasis on each of these four dimensions, but for a strong connection with the WoW these dimensions need to be taken into account in the actual (re)design of tasks for students. 

[bookmark: _Toc361145226]

[bookmark: _Toc389464913]Guidelines for (re)designing IBST tasks connected to the World of Work
The point of departure for designing mascil tasks consists of the national curricula for the science disciplines and mathematics. It is important that the tasks fit the goals of the curriculum and that appropriate content knowledge is addressed. As discussed in the theoretical background, using contexts and authentic practices in IBST does not cause a decrease in content knowledge and understanding if the tasks are carefully designed.  

[bookmark: _Toc389464914]Characteristics of tasks for IBST
First of all, the tasks that teachers give to the students have a major influence in determining the learning that takes place. In this section we describe guidelines for (re)designing tasks that promote inquiry-based learning. However, the resulting written task does not per se promote inquiry by students, since teachers may present an ‘IBL’ task in a closed and structured way, thus removing the IBL characteristics. The reverse is also true: some teachers
may present a task that can be seen as closed and non-IBL in a way that promotes inquiry. Taking this into consideration, tasks for IBST will have the following characteristics:
1. Tasks support inquiry by students 
To provide students with optimal opportunities for exploration, tasks should not be too structured in advance. In many textbooks for mathematics and science, tasks are divided into smaller sub-tasks to guide students smoothly along all possible problems they might confront. In IBST it is the student who gets the opportunity to think of how the problem can be structured and divided into smaller problems. This fosters inquiry by students and ownership of the problems that need to be solved to fulfill the task. The PRIMAS project formulates advice for teachers on how to deal with unstructured problems (see Table 1).

	IBL Teaching strategies
	Suggested questions

	Allow students time to understand the problem and engage with it
Discourage students from rushing in too quickly or from asking you to help too soon.
	· Take your time, don't rush. 
· What do you know? 
· What are you trying to do?
· What is fixed? What can be changed?
· Don't ask for help too quickly – try to think it out between you. 

	Offer strategic rather than technical hints
Avoid simplifying problems for students by breaking it down into steps. 

	· How could you get started on this problem? 
· What have you tried so far?
· Can you try a specific example?
· How can you be systematic here?
· Can you think of a helpful representation?

	Encourage students to consider alternative methods and approaches
Encourage students to compare their own methods.
	· Is there another way of doing this?
· Describe your method to the rest of the group
· Which of these two methods do you prefer and why?

	Encourage explanation 
Make students do the reasoning, and encourage them to explain to one another. 

	· Can you explain your method?
· Can you explain that again differently?
· Can you put what Sarah just said into your own words?
· Can you write that down?

	Model thinking and powerful methods
When students have done all they can, they will learn from being shown a powerful, elegant approach. If this is done at the beginning, however, they will simply imitate the method and not appreciate why it was needed.

	· Now I'm going to try this problem myself, thinking aloud. 
· I might make some mistakes here – try to spot them for me.
· This is one way of improving the solution.


Table 1: Tips for dealing with unstructured problems [footnoteRef:2] [2:  Source: http://www.primas-project.eu/artikel/en/1044/Tackling+unstructured+problems/ ] 

2. Tasks allow for multiple solution strategies
It is important that students learn to think about what they already know and what they do not know. Questions (posed by the teacher or the textbook) often point at one solution or address only a specific aspect of the problem. In IBST the question is posed in a relevant and rich problem situation that is meaningful for the students. What is meaningful for the students depends on their learning history and their familiarity with the context. The richness of the problem refers to a problem that does not evoke one method for solving it. Part of the job for students is to clarify the question and to find a procedure for answering it. In this process, students try to model and solve the problem using representations, relationships or ideas. Such activities are important for students to foster creativity and experience modeling cycles. Tips for supporting student-led inquiry from the PRIMAS project[footnoteRef:3] are: [3:  Source: http://www.primas-project.eu/artikel/en/1260/Student-led+inquiry/  ] 

· Introduce the situation first, then ask students to identify problems
· Stimulate simplifications and representations of the problem
· Review the representations students use
· Let students further analyze and solve the problem(s)
· Stimulate students to communicate and reflect on their different approaches
· Review the processes that students have been through
3. Tasks stimulate collaboration and communication
In IBST the tasks stimulate collaborative work and ask for answers, solutions or products that are communicated with others through, for instance, reports, presentations or posters. These products also enhance the connection to the World of Work (see fourth characteristic in next section). For such products it is important that students are aware of the inquiry-related goals of the task in a mathematics or science classroom (e.g. to become more able to explore, plan, experiment, evaluate, collaborate, …). These goals can be communicated in advance or through organizing (peer) feedback on products or presentations; for example by presenting and discussing well-prepared sample work from other students or by asking students to assess each other’s work to identify, make explicit and use inquiry-related criteria for evaluation. 
[bookmark: _Toc389464915]Characteristics of tasks that connect to the World of Work
Tasks that fit the aims of mascil are tasks that (i) connect to curricular content goals, (ii) support IBL and (iii) are set in rich vocational contexts. The connection to the World of Work is ensured by the following characteristic: students are given a professional role, as 'workers' in a workplace, and they perform activities that are similar to activities actually done by workers. These activities have a clear purpose and reveal how mathematics and science are used in work settings. A product for an audience is the result. These characteristics, that also guide the design process, are illustrated below in more detail. 
1. Rich vocational contexts
Rich vocational contexts give students insights into the usefulness (purpose and utility) of mathematics and science in the WoW. The mathematics or science in the task should of course also fit your curricular goals. To find suitable rich vocational contexts several actions can be undertaken. Before you start you may orient yourself by:
· Asking your students what types of profession they are interested in; 
· Finding out if any contexts related to the WoW are already used in your teaching materials;
· Using the mascil framework (Figure 1 and 2) to get a better understanding about the dimensions of both IBL and WoW.
To find out in what ways mathematics and science are used in workplaces, you may want to:
· Talk to professionals in your personal network
· Talk to or visit a vocational teacher at your school or in your region
· Read journals for professionals
· Visit websites of companies and look for educational materials
· Visit a specific workplace

Once you have found a suitable context and identified authentic practices to use, you can start to (re)design teaching materials. This is a cyclic process in which context, underlying content knowledge and possible student activities influence each other. You may want to: 
· Provide students with the opportunity to explore the professional context of the task: what are typical activities, tools, data, language outcomes, products, problems of this workplace? This may be done e.g. by showing as part of the task a video or photos or artefacts from the workplace, inviting professionals to the classroom, having students visit a workplace or a website of a company; 
· Use the activities from the authentic practice (and the related mathematical and scientific concepts) as a starting point and as the backbone for the design;
· Use artefacts and tools from the workplace in the design; 
· Make adaptations (e.g. simplify, model, build in scaffolds) to make the authentic practice accessible for students. Beware of losing coherence and authenticity when re-contextualising, it may lead to contrived instead of authentic activities.
2. Giving students a professional role 
In the teaching materials, try to give students a professional role that fits the context of the task, not only to ensure engagement with the task, but also to have students experience the purpose of the activities they perform.
· This role can be very specific (e.g. an architect) or more general (e.g. a scientist). A job description, the workplace setting or a specification of the work to be done, may be described in the task.
· You may want to have the ways student work on the task reflect the ways of working of professionals e.g. working in teams[footnoteRef:4], division of labour, working within constraints, using authentic artefacts like tools, instruments and data. [4:  This relates to the characteristic ‘stimulation, collaboration and communication’ that is discussed in the previous paragraph.] 

· Note: Make the professional role as concrete and specific as possible. For example, if an activity fulfils all requirements of inquiry learning, we could argue that the role of researcher is prominent in this activity. This is a professional role and so the relation to WoW seems to be strong. For students however this relation may not be as clear as we think. The professional role in this case is often not a specific type of researcher. The same is true for ‘engineer’ in a design activity. In the teaching materials you may therefore decide to provide students with background materials and resources about this profession.
3. Have students perform workplace activities 
Your task may contain several activities that students need to carry out. When designing these activities consider the following:
· Make solving an authentic workplace problem, using known concepts, skills and procedures from mathematics and science, the central activity in the design. All the other activities need to have a purpose with respect to this central problem;
· Have student activities be similar to (or analogies of) actions, processes or procedures used in workplaces. Some simplification or scaffolding may be needed, but beware of losing authenticity and the open, inquiry based character of the task. 
· Make sure that the activities fit the context and the role. 
· Use workplace language where possible and connect this to the disciplinary language; 
· Present activities in such a way that they provide students with valuable opportunities to use knowledge of mathematics and science in the way it is applied in professional settings. You may use authentic artefacts like research briefs, memos, schemes or task descriptions to present the activities in an authentic way.
4. Targeting products connected to the World of Work
When designing the task, work towards a concrete product as outcome. This reflects the nature of workplaces, which generate explicit final products. The product can take many shapes, for example, it may be an object or a report or an advice. Consider the following:
· The intended product should fit the context, role and activities;
· Make sure that the product has an audience for whom the product is useful. If the audience is not immediately clear from the activities, make explicit for the students who the audience is. A clear audience, as part of the community of practice, will help define the product and its specifications;
· Have students include an appendix, a brief, a memo or a log in which they show or explain the way they used math or science (the process) to address and solve the problem;
· Include suggestions and/or instruments for reflecting on and evaluating process and product. An example of such a list of criteria can be found in figure 2[footnoteRef:5].  [5:  Copied from the mascil problem 'Container logistics': http://www.fisme.science.uu.nl/toepassingen/00810/
] 
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Figure 2: An example of a list of criteria to evaluate process and product

[bookmark: _Toc389464916]Guidelines for redesigning 
Redesigning a structured textbook task 
Often, it is not necessary to start from scratch when designing tasks that fit the characteristics of mascil. An easy-to-find starting point is a textbook problem situated in a (rich vocational) context. The activities presented to the  
students will in that case be typical textbook problems: highly structured, closed, divided in sub-problems, with a lot of guidance. If this is the case you may keep the setting (the context), but change the activities. This can be done by opening them up, stating a purpose, describing a meaningful situation that ‘naturally’ incorporates and evokes questions, or starting with an authentic overarching  problem in order to support inquiry-based learning. 
Connecting an IBL task to the World of Work
The starting point for a mascil task may also be an existing IBL task for mathematics or science that is not yet related to the World of Work[footnoteRef:6]. In this case it is often possible to add contextual information from the WoW, to formulate activities for the students that are related to similar authentic practices from the WoW, to give students a professional role and to define an appropriate product.  [6:  This type of tasks can be found on the PRIMAS site www.primas-project.eu] 

Guidelines for (re)design
· From a structured (textbook) task to a task supporting IBL
· Look for the ‘relevant and meaningful (for the students) problem’ within the context. Take this as the focal point for redesign 
· Create opportunities for students to become owner of the problem and a solution strategy (the problem gives rise to multiple strategies)
· Skip sub-questions and have students plan or be involved in planning the inquiry
· Scaffold students’ inquiry process (e.g. with a lesson plan including an introduction of the problem situation and process support)
· Provide guidelines about the final evaluation
· Connect to the WoW
· Explore the context and try to relate this to the WoW 
Note: be aware that it is not always possible to connect an existing task to a  practice from the WoW in an authentic way.
· Think of a workplace practitioner and a workplace activity that fit the task (as a backbone for the (re)design)
· Use artefacts, tools and language from the workplace where possible and adapt and connect this to disciplinary use
· Make the professional role as concrete as possible
· Determine a product connecting to the WoW for an audience
· Stimulate collaboration and communication
· Ask for products that can be presented or discussed
· Make sure the task asks for collaborative work (e.g. sharing of responsibilities)
· Organize peer feedback

Finally, be aware of the changing role of the task in the learning process of the students. In addition to content-related goals, the new task aims to develop process skills. In some cases this might be at the cost of attention for content knowledge. In other cases it might offer opportunities to deepen content knowledge, or to better assess students’ abilities. 
[bookmark: _Toc389464917]Examples
1. Calculating Body Mass Index[footnoteRef:7] [7:  Drawn from the PRIMAS project: 
http://www.primas-project.eu/artikel/en/1044/Tackling+unstructured+problems/ ] 

This example shows two versions of a task. The first one is a highly structured version of the task that guides the students along all the steps needed to discover the mathematics behind a Body Mass Index calculator. The sub-questions ‘do the thinking’ for you. In the second version of the task, structuring is the responsibility of the students.

	[image: Handout]
First version of Body Mask Index (highly structured)
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Second version of Body Mask Index (structure is responsibility for student)



2. Drug Concentration

These two versions of a similar task show how a task can be redesigned to support IBL and to connect  to the World of Work. The second version of the task does not provide the sub-questions that guide the students along the solution process. In addition, it asks for a clear product that provides a purpose and connects to a workplace practice. The flyer can be used to have the students give each other feedback on the result of the activity.

	A structured version of the task
	A version for IBL and connecting the task to the WoW[footnoteRef:8] [8:  Drawn from mascil task ‘Drug Concentration' www.fisme.science.uu.nl/toepassingen/22038] 


	[image: ]
	[image: ]





The second version gives less information about how the students will arrive at a final product. Teachers need to think in advance on how to scaffold their inquiry process. An example lesson plan for the IBL activity is:
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3. Brine[footnoteRef:9] [9:  Drawn from mascil task ‘Brines’: www.fisme.science.uu.nl/toepassingen/28121/] 

This example provides three versions of a task that show how a structured version of a task can be redesigned into a task supporting IBL by deleting the sub-tasks and having the students themselves think of the equipment that can be used. Finally, the alternative introduction of the task shows how it can be connected to the World of Work by including a workplace practice, providing a practitioner’s role and asking for a clear product.

	Structured version of the Brines task

	A version of the Brines task supporting IBL
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	An introduction to the Brines task that connects it to the WoW
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[bookmark: _Toc389464918]Format for designing materials
Tasks need to have an attractiv layout and format. In WP6/WP1 a proposal has been made for a mascil template for tasks (Figure 3). This format will be delivered (on the mascil website) to be used for designing materials within the mascil project.
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Figure 3: An example template for task-design within the mascil project

[bookmark: _Toc389464919]Theoretical background 
The first chapters were written to support the teacher in his daily work. In the current chapter 'Theoretical background' we show that the underlying ideas are grounded in research and relate to the framework that emerged from an analysis of the mascil (Mathematics and Science for Life)  task collection[footnoteRef:10]. [10:  See mascil deliverable 3.1 on www.mascil-project.eu ] 


Inquiry-based learning (IBL) is defined as being inductive, student-centred and focused on creativity and collaboration (Doorman, 2011). IBL aims to develop and foster inquiring minds and attitudes that are vital for students to face and manage uncertain futures. Fundamentally, IBL is based on students adopting an active, questioning approach. The problems they address are supposed to be experienced as real, they inquire and pose questions themselves, explore problem situations and evaluate results. Learning is driven by open questions and multiple-solution strategies. 
Although this model of IBL is student-centred, the learning process is guided and scaffolded by teachers and classroom materials (Hmelo-Silver, Duncan & Chinn, 2007). Our model should not be confused with that of minimally guided discovery methods, where the teacher simply presents tasks and expects learners to explore and discover ideas for themselves (Kirschner, Sweller & Clark, 2006). IBL asks for teachers being proactive: they support and encourage students who are struggling, make constructive use of students’ prior knowledge, challenge students through probing questions, manage small group and whole class discussions, encourage discussing alternative viewpoints and help students to make connections between their ideas (Crawford, 2000). This is quite an effort and cannot be expected from teachers in every lesson. A message that teachers should therefore take to heart is: 
You don’t need to change everything. IBL is not a completely different educational practice, but an essential ingredient of good education.

IBL is seen to be effective in both primary and secondary education in increasing children’s interest and attainment levels as well as in stimulating teacher motivation (Rocard, 2007; Furtak, Seidel, Iverson & Briggs, 2012; Schroeder et al. 2007). IBL motivates students and enhances learning outcomes.  
In order to enforce the benefits of IBL and make science and mathematics more meaningful to students rich vocational contexts will be used in mascil tasks, to connect mathematics and science to the WoW. Research supports the use of contexts in science teaching. Context-based science education does not lead to a decrease in the development of understanding of science, and has considerable benefits in terms of attitudes to school science and of abilities in solving context-based problems (Bennett, Lubben & Hogarth, 2007). The WoW introduces contexts that can be presented as authentic practices, which Gilbert (2006) sees as the most promising model for context-based science education (Prins, 2010; Dierdorp et al., 2010). Research findings show that students experience and understand the functionality, purpose and utility of disciplinary knowledge in the workplace (Ainley, Pratt & Hansen, 2006; Dierdorp, 2010; Mazereeuw, 2013). For this to happen however, it is important that tasks are carefully designed and fit the goals of the curriculum. In the context of work the use of science and mathematics emerges from the activities and tasks of the workplace (Hoyles & Noss, 2010). Therefore the teaching materials should reflect authentic practices and experiences related to the World of Work. Finally, the use of rich vocational contexts asks a lot from teachers. They have to master contextual knowledge and skills as well as connecting content-context knowledge and skills. We do not want to suggest that every lesson should be cast in a vocational context, but the starting point for mascil is that these contexts are also an important ingredient of good education.
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The use of math;
The argumentation used and how choices that have been made are justified;
The depth to which the various assignments have been answered;
The style of presentation: form, legibiliy, (copyable) illustrations etc;
Originality and creativity.
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1 Structured problems (continued)

Calculating Body Mass Index

This calculator is used to help adults find out if they are overweight.

Enter values for height and weight.

i Body Mass Index (BMI) Calculator
S

Height: (__1.83) metres
Weight: kilograms
B
Youars inthe catogory

Body mass index (BMI) is measure of body fat
that apples to adult men and women.

1. Fixthe height at 2 metres - a very tall person!
Complete the table below and draw a graph to show your results.

['weight (k) | 60 | 70 [ 80 [ 90 [ 100 | 110 | 120 | 130 | 140 |

(w1 [ 1 [ [ [T T 1]

(a) What is the largest BMI for which someone is underweight?
(b) What is the smallest BMI for which someone is overweight?
(c) When you double the weight, what happens to the BMI?
(d) Can you find a rule for calculating BMI from the weight?

2. Fixthe weight at 80 kilograms and try varying the height.
(a) When you double the height, what happens to the BMI?

(b) Can you find a rule for calculating BMI from the height?
(c) Draw a graph to show the relationship between the height and the BMI.

For more information on BMI visit:

http://www.nhsdirect.nhs.uk/magazine/interactive/bmi/index.aspx

Note for pupils: If you put your own details into this calculator, don’t take the results too seriously! It
is designed for adults who have stopped growing and will give misleading results for children or
teenagers!

© 2010 Centre for Research In Mathematics Education University of Nottingham Page 4 of9
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2 Unstructured versions of the problems

Organising a table tennis tournament
You have the job of organising a table tennis league.

e 7 players will take part

e All matches are singles.

e Every player has to play each of the other players once.
e There are four tables at the club.

e Games will take up to half an hour.

e The first match will start at 1.00pm.

Plan how to organise the league, so that the tournament will take the shortest possible time. Put all
the information on a poster so that the players can easily understand what to do.

Designing a box for 18 sweets

You work for a design company and have been asked to design a box that
will hold 18 sweets.

Each sweet is 2 cm in diameter and 1 cm thick.

The box must be made from a single sheet of A4 card with as little cutting
as possible.

Compare two possible designs for the box and say which is best and why.

Make your box.

Calculating Body Mass Index

This calculator shown is used on websites to help an
adult decide if he or she is overweight.

What values of the BMI indicate

whether an adult is underweight,

overweight, obese, or very obese?

Body Mass Index (BMI) Calculator
Enter values for height and weight.

Investigate how the calculator works

out the BMI from the height and weight. 0E
You are inthe category

Body mass index (BMI) is measure of body fat
that applies to adult men and women.

Note for pupils: If you put your own details into this calculator, don’t take the results too seriously! It
is designed for adults who have stopped growing and will give misleading results for children or
teenagers!

2010 Centre for Research In Mathematics Education University of Nottingham Page50f9
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Apatient is ill. Adoctor prescribes a medicine for this patient and
advises to take 2 daily dose of 1500 mg. After ta
average of 25% of the drug leaves the body by secre
The rest of the drug stays in the blood of the patient.

1. How much mg of the drug
day?

in the blood of the p:

2. Finish the table.
Day Mg of drug in blood
o 0
1 1125
2
3

3. Explainwhy you can calculate the amount of drug for the next day
wiith the formula:
new_amount = (old_amount + 1500) * 0,75

4. After how many days has the patient more than 4 g medicine in the
blood? And after how many days 5 g?

5. What s the maximum of amount of the drug that can be reached?
Explain your answer.
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Adoctor presents the following details about the use of N

An average of 25% of the drug leaves your body
by secretion during a day.

The drugis effective after a certain level is
reached.

Therefore it takes a few days before the drug
that you take every day is effective.

Do not skip a day.

It can be unwise to compensate a day when you forgot the drug with a double
dose the next day.

N.B. These details are a simplification of reality.

Investigation

Use calculations to investigate how the level of the drug changes when someone
starts taking the drug ina daily dose of 1500 mg with for instance three times 500
mg.

Arethe consequences of skipping a day and/or of taking 2 double dose really so
dramatic?

Can each drug level be reached? Explain your answer.

Product

Design a flyer for patients with answers to the above questions. Include graphs and/or
tables tollustrate the progress of the drug level over several days.
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A sample lesson plan

Lesson 1

10 minutes: create groups & introduce the problem and the working plan and distribute
the task

10 minutes: students work in groups on the task

10 minutes: discuss with the whole class whether all groups have an idea how to start and
how to proceed. Exchange strategies and make sure that everybody has an idea what is
expected.

15 minutes: students work on the task, finish calculations and prepare the building blocks
for their flyer.

Lesson 2

20 minutes: students finish their flyer

20 minutes: presentations of a few examples

10 minutes: reflection on the task (and positioning it in further work)
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Worksheet: Purifying a brine

To separate different substances and obtain pure sodium chloride, you have to
conduct a two-step experiment. In the first step, the separation technique of
filtration is used to separate sand and stones from the brine. In the second
step, the brine is heated (technique: evaporisation) to separate water from the
salt (sodium chloride).

Substance: Brine consisting of dissolved sodium chloride unpurified with sand
and stones

Material: Erlenmeyer flask, beakers, Bunsen burner, tripod, wire gauze, funnel,
filter paper, eye protection

oty measures:Wearyour ey prtecton! G
<

Task 1
Insert the funnel into the Erlenmeyer flask. Fold a filter paper, place
it into the funnel and wet it with some water. The solution

poured into the funnel. Remove the funnel and discard the filter
paper.

Task 2

Place the Erlenmeyer flask with the remaining solution onto the T, |
wire gauze on top of a triped and heat it with a Bunsen burner. A
Wait until all water is evaporated and observe the substance that
is left over.

Task 3
Name the properties of the substances that make separation possible.

Task 4
Explain the process involved in the two steps of the experiment on the
molecular level.
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Purifying a brine

Your task is to purify a sample brine and obtain
the pure substance sodium chloride. You only
know that the brine is a mixture of sodium
chloride, sand and stones in water.

Inyour group you have to develop an experiment
to purify the brine. You will get a sample of the
brine and a selection of equipment that you may
use to conduct your experiment.

At the end of the lesson you present your
experiment and your findings.

For your experiment, you are allowed to use the
following equipment:

- Beakers
- Erienmeyer flask

- Bunsen burner W
- tripod

- wire gauze Weoryoureye
- funnel protection!
- fiter paper

If you think a different device would be useful, discuss
your idea with the teacher!

Follow-up question:

Explain the processes involved in the steps of your experiment on the
molecular level.
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You are an engineer at a water production
company. The company pumps water from the
ground and cleans it for drinking water. The
dirty groundwater tastes salty. Maybe it is
profitable to extract salt from it? First
questions are: how much salt s in the brine
and how to separate the salt?

Your task s to design a process to come up
with salt from the brine that might be used in
the kitchen and to determine how much salt is
in the brine. Write an advice for the company
based on your findings.
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TASK

mathematics and science for life

[Title of task]

[Abstract/ “teaser”: [inser image] caption
‘Short introductory text explaining what the task is
‘about and identifying one or two points about why
the material is interesting and how it might be used

to support 181]
Tags
discipline: [Mathematics or Science: Biology, Chemistry, Physics; Curriculum area]

target group: [educational level]

age range: [for example: 14-16]

time: [class time needed]

inquiry-based learning: [name inquiry learing dimensions: exploring situations/ planning.
investigations/ experimenting systematically/ interpreting and evaluating/ communicating
results]

world of work: [comment on world of work dimensions: context/ role/ task/ related
profession]

Problem
[The task phrased for and directly addressed to  [insertimage] caption
students; This paragraph should be prepared ready

for being copied and immediately used in the
classroom]

Possible Solution

Itext]

CCBy-5AMASCIL 2013
tbor: [Names) o author(s) o souece of materia]
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