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1
1. 	Language-responsive mathematics in vocational education: 
what is important and why?
Language matters a lot when learning mathematics. Various empirical studies have shown that the language proficiency of young adults has a significant impact on their mathematics performance and learning growth (Prediger et al. 2018). This means that students who recently immigrated are not alone in requiring language learning for a successful mathematical education; many native students, both multilingual and monolingual, share the same needs.
This is especially relevant at vocational schools, where classes are often very heterogeneous in terms of subject skills and languages. In an assessment study with 22 classes (410 adolescents, only 10% monolingual) from vocational schools within the LaMaVoc project, both the language test and the mathematics test showed a considerable spread in proficiency. In the tests on proportionality and percentages, designed to be within reach of seventh grade classes, the students scored under half of the available points on average. This demonstrates the enormous need for additional mathematical learning opportunities. In the mathematics tests, the half of students with lower language proficiency only scored 29% of the half of students with higher language proficiency. Thus, the mathematics achievement gaps seem to be language gaps, i.e., explainable by language disparities, even in classes organized according to prior academic achievementThe correlation between mathematics achievement and language proficiency is lower for students who recently immigrated: Strong mathematics achievement require language proficiency in one language, not necessarily in the language of instruction.

	Summary:
Students in vocational school classes are very heterogeneous, in terms of mathematics achievement and language proficiency. 
Language proficiency correlates strongly with mathematics achievement (except for students who recently immigrated).
Consequence:
It is therefore worthwhile to enhance language in mathematics classrooms to improve all students’ access to mathematics.



1.2 Language as a learning medium and learning object for mathematics students
Why is language proficiency, an unevenly distributed learning prerequisite, so closely related to mathematics achievement? Is it simply due to reading challenges? This hypothesis has in fact been refuted: the language gaps between students of low and high language proficiency are no greater for tasks  with high reading requirements than for other tasks . Instead, the largest gap occurs in tasks requiring conceptual understanding of mathematical concepts, not in purely procedural tasks. Low language proficiency seems to hinder not alone the performance, but the  learning of higher order thinking and conceptual understanding in mathematics.  
This can be attributed to the fact that language is an important learning medium. Especially in a subject as abstract as mathematics, communication is extremely important for learning, and language is a thinking tool, even if it is only used mentally (Pimm 1987). The communicative and epistemic functions of language are presented in Fig. 1.

[image: ]
Fig. 1: Communicative and epistemic functions of language

But if language is such an important learning medium that is not already possessed by every learner, then it should be made into a learning object. This means that every learner should have the opportunity to further develop their language skills. 
The idea of making language into a learning object seems obvious for students who have recently immigrated, but it applies just as much to native students whose everyday language is correct and fluent.  This does not only apply to the technical language of mathematics in a narrow sense but also encompasses the so-called academic language that can bridge the gap between everyday language and technical language, provided that it is sufficiently developed (Feilke 2012). Students encounter academic language both, in texts (schoolbooks, daily newspapers, etc.) and through the oral language of their teachers. To be able to articulate more abstract thoughts, students need to acquire academic language. Whereas everyday language permits many omissions through gestures or vague expressions during direct conversation, academic language expresses many things in a much more explicit, condensed, and precise manner. This also applies for the professional language variety of the profession in view. 



	Summary:
Language is an important learning medium, especially when developing conceptual understanding; 
Everyday language is not sufficient for this; instead, a more explicit, condensed, and more precise academic language is needed.
Consequence:
Academic language proficiency should therefore be a learning goal in subject lessons;
To do this, the zone of the next development must always be targeted with an amplifying approach.
Language should be frequently mobilized, but also supported and gradually built up.



[bookmark: _Toc519879711]

1.3 	Which language demands are relevant? Discourse practices and lexical / syntactical means and activities for mathematical and vocational learning goals
Job-related mathematics classrooms are characterized by the exploitation of multiple representations and language varieties: everyday language, academic language, technical language, and professional language (from the vocational context), as well as symbolic-numerical, symbolic-algebraic, graphical, and concrete representations. As a general principle, explicitly linking these representations and language varieties with one another while explaining how they fit together is conducive to developing conceptual understanding and enhancing language (Prediger & Wessel 2011). As the academic language with its communicative and epistemic functions of academic language is such an important learning medium, it should be explicitly targeted as a learning goal in mathematics classrooms. 
[image: ../Desktop/Bildschirmfoto%202020-07-03%20um%2017.26.09.png]
Fig. 2: 	Principle of relating language varieties and representations and language levels (extended from Prediger & Wessel 2011)

But what are the specific language demands for reinforcing mathematics learning, especially in the context of building a conceptual  understanding? Language work aiming to ensure that all students incorporate the technical, formal vocabulary of mathematics (multiplying, dividing) into their active vocabulary, allowing them to report procedures by expressing themselves in technical language, is possible but does little to achieve procedural fluency as it separates the content goals from language goals. By contrast, developing conceptual understanding is heavily language dependent, as it requires students’ engagement in the discourse practice of explaining meanings. Formal vocabulary is of little help in explaining meanings, as exemplified for the mathematical topic of converting units in Fig. 3; instead, so-called meaning-related language means (mostly lexical means, i.e. vocabulary, sometimes syntactical means, i.e. grammar constructions) are used.
Fig. 3 shows a planning table that teachers can use to identify the language demands that are relevant to each learning goal. To specify the language demands which are mathematically relevant in language-responsive mathematics classrooms, there are three key questions. 
What mathematical learning goals does the lesson pursue?
What discourse practices do students need to engage in to reach these mathematical learning goals? 
What lexical /  syntactical means are needed to engage in these discourse practices?

	Content learning  goal
	   Discourse practice
	Lexical and syntactical means


	Procedural skills
Converting
units


	 Explaining the procedure
To convert decimeters into 
millimeters, you have to multiply 
by a factor of 100. 
If I want to convert decimeters
into millimeters, I do “times 100”.

	Formal vocabulary
the factor
multiply by
[image: ]

	Conceptual understanding
Understanding the
conversion factor 
(here, through relationships
between units)
	Explaining the meaning
10 centimeters fit into 1 decimeter. 
10 millimeters fit into 10 centimeters,
so for each decimeter, I need 100 mm. 
For 3 dm, I need three sets of 100,
so 3 · 100 mm.

	Meaning-related vocabulary
for each ... I need
[image: ]... fit into ..




Fig. 3: 	Planning table for identifying mathematically relevant language demands: The arrows indicate the connections between content learning goals, discourse practices, and lexical / syntactical means

Table 4 shows examples of the most important discourse practices for developing mathematical competencies, approximately sorted by increasing difficulty. 

	Mathematical discourse practice
	Explanation

	Naming
	Stating numbers / results, naming words
Assigning individual words / information / elements without an explanation

	Narrating
	Non-condensed narratives of (everyday) experiences, mostly organized sequentially
without extracting any mathematical structure

	Reporting 
procedures
	Reporting: describing individual procedures (e.g. previous solution path, etc.) 
Presenting: describing general procedures in a generalized manner 

	Explaining
meanings
	Interpreting a concept / formal element in figures, out-of-school contexts, etc.

	Reasoning
	Justifying a connection by reducing to something that is established as true, e.g., 
justifying the applicability of representations by referencing structural elements 
justifying the choice of an operation for mathematization by referencing its meaning
refuting a conjecture by providing counter arguments

	Describing
general
relationships
	Example-oriented (generic) verbalization of relationships 
General verbalization of relationships (e.g., with word variables or variables)

	Judging
	Formulating / justifying an independent judgment about facts by drawing upon mathematical knowledge / reasoning
Forming an opinion 


Table 4: Overview of the most important mathematical discourse practices in lessons
In job contexts, there are other discourse practices that should also be incorporated into pre-vocational mathematics classrooms and linked to mathematical discourse practices. 



	Job-related 
discourse practice
	Explanation

	Gathering
information
	Gathering information about products / services, e.g. to plan an order
Understanding product descriptions, categorizing product properties, formulating criteria for comparing products (analogously for both goods and services)

	Determining, 
clarifying

	Identifying the most suitable choice from a selection of options according to various criteria (cost, longevity, sustainability, customer-friendliness, etc.)
Clarifying any misunderstandings or questions with colleagues or customers

	Discussing,
inquiring 

	Inquiring about processes within the company
Restructuring, optimizing processes   
Coordinating with colleagues, presenting explanations to one another

	Communicating
efficiently

	Giving an intermediate report about work process to colleague
Taking over or explaining substeps of processes in the workplace, e.g. initiating payments, documenting receipt of goods, writing complaint letters, making phone calls to a service hotline, writing emails or making phone calls with companies who are placing an order

	Weighing up,
discussing,
reasoning
	Weighing up decisions, e.g. for adding new goods to a portfolio, changing a manufacturing supplier, workplace processes, or concepts, etc.
Justifying decisions
Highlighting and weighing up advantages and disadvantages

	Recommending 
	Preparing an offer or cost estimate according to the wishes of a customer
Developing new advertising materials (flyers, radio ads, market announcements)
Reporting or making recommendations after performing preparatory research for a decision

	Presenting,
detailing,
explaining
	Presenting an issue (e.g. costing, offer calculation, funding opportunities, contexts)
Explaining process steps, workflows, rules of thumb / procedures, models

	Advising
	Advising customers honestly, e.g. against buying clothes that look unflattering, presenting the selection of possible choices and explaining advantages and disadvantages (in particular when concluding contracts)
Expressing oneself authentically, conveying friendliness, politeness, and understanding through the choice of words
Addressing customers individually and appropriately 
Identifying oneself as an expert through professional language and their explanation


Table 5: Overview of job-related discourse practices (non-exhaustive)


	Summary:
Language demands consist of the discourse practices and lexical / syntactical means that are necessary to achieve a  mathematical learning goals or job-related application.
The discourse practice of explaining meanings plays a central role in developing conceptual understanding, together with meaning-related language means.
Job-related contexts also involve other professional language means that should be linked to meaning-related language means.
Consequence:
The planning table helps to identify the discourse practices and lexical / syntactical means relevant to mathematics or job-related learning of a certain topic that need to be elicited from students, diagnosed, supported where necessary, and successively built up.



[bookmark: _Toc519879713]

[bookmark: _Toc52221057]2. 	Teaching mathematics in a language-responsive and job-oriented manner – but how? Four didactic principles
Section 1 explained the background of WHY language education is important for job-related mathematics classrooms, as well as WHAT precisely should be learned, i.e. which language demands are actually relevant. This second section now discusses HOW language education can be implemented. For mathematics teachers, the background discussed above leads to five jobs in language-responsive subject teaching (Prediger 2020):
Demanding language, i.e. eliciting verbal and written expressions from the learner as richly as possible and initiating language linking;
Noticing language, i.e. analysing the expressions of students in terms of which discourse practices and lexical /  syntactical means can be readily activated;
Supporting language, i.e. channelling the discourse practices of students through structuring and formulation aids; 
Successively developing language, i.e. promoting the development of discourse practices and lexical or syntactical means, as well as their more precise and confident activation by relating them to each other in multi-step learning trajectories;
Identifying mathematically relevant language demands, i.e. choosing discourse practices and lexical /  syntactical means for demanding, noticing, supporting, and successively developing language so as to reflect the mathematical and vocational learning goals.
These five jobs are relevant in every subject, but they must be implemented in a subject-specific manner. The principles that allow these five tasks to be implemented in the context of vocational education are presented in Fig. 6. 

[image: ../../Bildschirmfoto%202020-10-26%20um%2012.23.35.png]
Fig. 6:	Four didactic principles in the LaMaVo teaching approach

Structure of LaMaVoC teaching-learning arrangements
How can the four principles shown in Figure 6 be integrated into the structure of a teaching-learning arrangement that aspires to realize job-related and language-responsive teaching targeting mathematical understanding? 
 Figure 7 shows a structure with two levels: first, mathematical competency-building of conceptual understanding and procedures are linked with the corresponding language learning goals. Then, an extensive range of job-related applications of mathematics are suggested, together with the corresponding language learning goals. 




	
	
	
	
	

	
	Content learning goal:
mathematical competency-building
	
	Language learning goal: Mathematical discourse practices and lexical / syntactical means
	

	
	Level 1a: Activate prior experience in
mathematically rich situations from
everyday life with informal ways of thinking 
	
	Level 1a: Activate students’ own language
resources for describing situations
and explaining individual ways of thinking 
	

	
	Level 1b: Re-elaborate and deepen conceptual 
understanding of concepts from familiar 
everyday and work contexts
	
	Level 1b: Establish a shared meaning-related
vocabulary for explaining meanings
	

	
	Level 1c: Re-elaborate and deepen
procedures, in a context-free manner
or within familiar work contexts

	
	Level 1c: Link formal vocabulary to meaning-related vocabulary for reporting and justifying procedures
	

	
	Content learning goal:
application in job-related contexts
	
	Language learning goal: job-related discourse practices and lexical / syntactical means
	

	
	Level 2: Apply concepts and procedures 
in more complex job-related contexts 

	
	Level 2: Grasp more complex texts, engage in 
job-related discourse practices in rich communication situations
	


Fig. 7: 	Structuring of LaMaVoC teaching-learning arrangements on two levels 
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3. Teaching-learning arrangements to implement the LaMaVoC approach 
3.1 Teacher guide for teaching-learning arrangement: 
Understanding percentages for vocations
Birte Pöhler, Lena Wessel, Susanne Prediger & Nico Gryzan
Target group and references to jobs
The target group is young adults at vocational schools at pre-vocational level. This target group contains learners in vocational preparation who are acquiring job knowledge, skills, and abilities and who will receive a lower-track secondary diploma after grade 9 or 10. In addition to typical situations involving percentages that students might encounter in everyday life (discount campaigns, VAT), the job contexts primarily relate to the professions of vehicle, wood, metal, and electrical engineering. These reference professions can however easily be replaced by other contexts in the exercises on discount campaigns and taxes (contexts in exercises for Levels 1a to 1c). At Level 2, the job contexts and hence also job-related language activities and profession-specific language resources are more complex (organized into so-called core activities, see the corresponding material). It is also possible to introduce variations in the job contexts at this level. However, this would require a more intensive study of the relevant profession at the planning stage to identify suitable modifications and is therefore slower and less straightforward to implement.
Didactic background for learning about percentages 
Although percentages (and interest) are very relevant to everyday life, various studies have found that many learners experience great difficulties with them. These difficulties have been attributed to linguistic challenges and incomplete content-based conceptions about percentages. Without a well-founded understanding of percentages, learners risk following solution methods (e.g. formulas rule of three) that they do not understand when working with them. But these procedures should only be applied by individuals who are able to translate situations into mathematical questions. The ability to draw from a variety of basic conceptions is part of a well-founded understanding of percentages. In particular:
· Proportion conception: Percentages describe proportions of a whole; the part and the whole need to be identified in each case.
· Change conception: Percentage changes to a reference value can be understood as an effect over time or space (e.g. decrease to ... % or increase by ... %). 
· Conception of a proportional relationship between two quantities: Calculating a percentage involves combining two quantities (e.g. percentages and gigabytes or percentages and money) that can be extrapolated up or down proportionally.
The three key concepts of base value, percent value, and percent rate can therefore be interpreted as follows: 
· Base value: The whole (proportion conception) or the original value of a quantity (change conception)
· Percent value: Part of the whole or the amount of change (change conception)
· Percent rate: Proportion of the whole or ratio of the percent value and the base value 


Short overview of the teaching-learning arrangement with suggested time frame
	Level in learning path
	Mathematical and linguistic content
	Time
	Contexts

	Level 1a -> 1b
Activate prior
knowledge
	· Estimate percentages and fractions and represent a download as a percentage strip
· Determine percent values, percent rates, and base values arithmetically
	90 minutes
	· Film download
· Winter and summer sales in a shop selling car parts

	Level 1b -> 1c
Link language registers together
	· Introduce meaning-related and formal vocabulary with the language bank 
· Productively practise inner-mathematical exercises
	45 minutes
	· Language bank (supplemented with job contexts on individual basis)

	Level 1c
Perform more complex calculations and job-related language 
	· Hold a sales pitch to alternate between everyday language and technical language 
· Understand difficult word problems
· Optional: distinguish between different word problems
	90
minutes
	· Sales pitch 
· VAT
· Optional additional references to everyday life and jobs

	Level 2
Language production in
authentic communication situations   
	· Different mathematical emphases on percentages and job-related language activities depending on core activity (further documents)
	90 minutes
	· Various references to professions



Implementing the principles in the teaching-learning arrangement
[image: ../../Bildschirmfoto%202020-10-26%20um%2012.23.35.png]
Fig. 1: Four LaMaVoC teaching principles

The LaMaVoC principles (see Fig. 1) are implemented as follows in the teaching-learning arrangement:Principle of reactivating conceptual understanding before procedures

1

Content-based understanding is crucial for building up competencies: although percentages (and interest) are highly relevant to everyday life, various studies have found that many learners experience great difficulties with them because they have simply memorized recipes by heart without understanding them and later forgot them. Without a well-founded understanding of percentages, learners risk following solution methods (e.g. formulas or rule of three) that they do not understand when working with them. But these procedures should only be applied by individuals who are able to translate situations into mathematical questions. A content-based understanding of percentages should in particular include the ability to draw from the proportion conception. For example, students should be able to solve the problem in Figure 2 not only by applying a formula, but also by applying their concepts to the percentage strips.
	Exercise:[image: Ein Bild, das Text enthält.

Automatisch generierte Beschreibung]

	Solution with understanding of content:[image: Ein Bild, das Tisch enthält.

Automatisch generierte Beschreibung]
Percentages describe proportions, so you always have to ask yourself what is the whole and what is the part, since a proportion describes the relationship between the part and the whole. The old price of a tire is the whole, the new price is the part, so that’s how you can write it down on the percentage strip.
On the strip, you can see directly that 20% fits into €80 five times, so it’s €16, and 40% is double that, namely €32.

	Calculation-based solution: 
P = p · G = 40/100 · € 80 = € 32,
or was the formula P = p / G instead?	
	


Fig. 2: Exercise from the teaching-learning arrangement: percentage strips as a graphical representation for building up conceptions
Principle of relating representations and language levels

4

[image: ]Content-based thinking does not require the formal language resources of percent value and base value; instead, language resources for explaining the meaning are more relevant, i.e. the representation of the proportion conception should be verbalized with meaning-related language resources like “part of the whole”. To allow learners to engage in the linguistic activity of explaining the meaning, these meaning-related language resources should be linked to everyday language, e.g. “new price” / “old price”. Figure 3 shows how the language resources of the various levels are linked to the graphical representation. At Level 2, other job-related language resources, such as the gross price and the net price, are also linked (see Wessel et al. 2020, Chapter 3.4). In this teaching unit, the percentage strip functions as a continuous graphical medium of representation that allows the relationships of the quantities named in the context situation to be sorted. 








Fig. 3: 	Language bank with linking of multiple language levels

Exercise 2 in Figure 2 encourages students to talk about several different calculation methods and explain why they can be used to calculate the answer. This provides an initial set of stimuli for discourse that repeatedly encourage reporting, presenting, explaining, and reasoning (as well as rich job-related language activities at Level 2). The language bank in Figure 3 provides the necessary language scaffolding. Principle of demanding rich discourse practices supported by lexical scaffolding
2



Detailed lesson planning and learning objectives
The following table shows which other language activities and language resources are technically and professionally relevant, and at which points in time they are covered within the framework of the teaching-learning arrangement. This table is structured by lesson period and learning path level.


	First lesson (Level 1a -> 1b): From download strips to percentage strips

	Conceptual learning objectives: 
Emphasis on
· Reactivating content-based understanding 
· Introducing percentage strips as a structural scaffolding
· Activating prior knowledge 
· Facilitating a diverse range of approaches and calculation methods
Appreciation should be expressed for the percentage formula if it is mentioned by the learners, but this formula is not presented in any further detail at the start of this series of lessons.
	Linguistic learning objectives: 
Emphasis on 
· Stimulating the students’ own language resources to explain meaning and present calculation methods
· Developing meaning-related language resources (depending on stage in time, also assignment and consolidation on the percentage strip, see A2.3)



	Learning objective 1a-1: 
Capture and display percentages intuitively
[image: Ein Bild, das Text enthält.

Automatisch generierte Beschreibung]
	Language activity: explain the proportion relationships
(using own language resources): 
· The grey part has already loaded, the white part still needs to load.
· Ten percent of the film has already loaded, another ninety percent still need to load.


	[image: ]Learning objective 1a-2: 
Find percent values, percent rates, and base values from the strip
	Language activity: explain the meaning of percent values, percent rates, and base values:
· The whole is 100% or the old price. 
· The new price is a percentage of the old price. It represents a share of 75%.
Language activity: present and explain intuitive calculation methods using the strip:
· Now the car tires only cost €60, because we need to take half of €80, then half of that, then add it to the half of €80, which gives €60.

	Possible implementation in the classroom: 
· As an entry scenario, a range of download progress states are estimated (loading states are shown as ppt). 
This can be down by showing a screenshot of a real download with all information, or by performing a real download during class.
· Work and discussion should be held as a class discussion. 
Joint consolidation of the students’ own language resources is performed on the board. 
· Links and references should be made when performing language consolidation with percentage strips at a later stage (A2.3).








	Second lesoon (Level 1b -> 1c): Hold a sales pitch for a discount campaign 

	Conceptual learning objectives: 
Productive exercising: the exercises can be used either during lessons or as homework. 

	Linguistic learning objectives: 
· Develop a shared meaning-related thought vocabulary (see below) 
· Introduce the formal vocabulary 
· Links and translation activities are initiated with the task format
“sales pitch in a professional clothing store”. 
Possible variation: 
· The “sales pitch” can be formulated in everyday language instead of heavily formulaic sentences in order to change the direction of translation. Asking students to act out the sales pitch is a good communication prompt and is applicable across different disciplines. 

	Learning objective 1b-1: 
Determine percent values, percent rates, and base values
	Language activity: explain the calculation methods:
· Starting from 100%, first I extrapolate down to 25%, then back up to 75%. So €80 divided by 4, which is €20, and then times by 3. 

	Learning objective 1b-2: 
Manipulate reductions
	Language activity: explain the meaning: 
· A discount is how much you save, so in % it’s the proportion that you save, and in € it’s the money that you save.
· Reducing to 75% is the same as reducing by 25%.
Language activity: decode relationships in the text: 
· “Now only €30. You save €90” means that the new price of the shoes is €30 and the difference between the new price and the old price is €90. This lets us deduce that the old price must have been €120.

	Possible implementation in the classroom: 
· The activities relating to the shared elaboration of a language bank are very important. 
The “language bank” (in the form of a poster to hang up in the classroom) also provides a fixed anchor for understanding throughout the series of lessons.
· To create the language bank, terminology cards (see appendix of the downloadable teaching materials) can be sorted into strips by learners working with partners, followed by discussion, consolidation, and posting with the whole class.
· A core aspect is to establish the relevance of carefully reading the wording and prepositions (in addition to sentence elements like “reduce to %”, “reduce by ... $”, nouns and nominalizations play a key role in building mathematical concepts (reduction, savings, discount)).



	Third lesson (level 1c):  Distinguish between different constellations

	Conceptual learning objectives: 
· Consolidate the (possibly individual) calculation methods in productive exercises and word problems
· Distinguish between different constellations of “known/unknown”
· Practise calculation strategies
	Linguistic learning objectives: 
· Link the meaning-related, formal, and job-related vocabulary
· Apply the formal vocabulary to present and explain operational changes in productive packets.
· Read and sort word problems

	Learning objective 1c-1: 
Distinguish between word problems
[image: ]
	Language activity: describe the part relationship:
· If the new price and the part that needs to be paid are known, then we need to find the old price.
· We know the percent value and the percent rate. We are looking for the base value, which is the quantity corresponding to 100%. 

	Learning objective 1c-2: 
[image: ]Manipulate price reductions

	Language activity: decode and explain the part relationship in complex texts: 
· With VAT, the whole is the 100% without tax. That’s the net price. Then the tax is added to it. The tax is 19% of the net price. The price and the tax together are called the gross price. This is equal to 119% of the net price. 

	Possible implementation in the classroom: 
· The exercises can be selected adaptively; depending on the desired exercise scope, certain problems can be left out or set as homework.
· If the number of exercises is reduced, the productive packets with descriptions and explanations should still be completed, since they provide extensive prompts for language production.



	Fourth lesson (level 2):   Develop core activities with references to jobs 

	Conceptual learning objectives: 
· Apply learned concepts to modelling situations and more complex application situations that play a role in new work contexts
( communicative and cognitive function of language)
	Linguistic learning objectives: 
· Language is mobilized by language activities relating to learning mathematics and professional work.
· The development of context and job-related vocabulary unfolds in a manner specific to core activity (see the overview of language activities and language resources in the relevant worksheets).

	Learning objective 2: 
Decode job-related texts
Apply language in professional communication situations
[image: Ein Bild, das Tisch enthält.

Automatisch generierte Beschreibung]

	Language activity: decode job-related texts, figures, diagrams:
· The recommend reference intake for adults indicates the maximum number of grams of sugar that an adult should consume per day”)
Language activity: explain part relationships in complex job-related situations: 
· The 10% refer to the net price, not the gross price. The net price is the whole, then another fixed part is added to it. But we can’t take the percentage of the larger whole. 
Language activity: explain the calculation methods:
· If I use the percent value and the percent rate to calculate the base value, I get the recommend reference intake specified by the company and I can compare it against the WHO recommendation. The base value is the value that corresponds to 100%. 

	Possible implementation in the classroom: 
Notes on methodological implementations can be found in the sheets on each core activity. 
The following core activities can be implemented where suitable: purchase recommendations, advertising texts, opinion




3.2  Teacher guide for the teaching-learning arrangement: 
        Understanding proportionality for vocations
Lena Wessel & Andrea Stein 
Target group and references to jobs
The target group is young adults at vocational schools in prevocational education. This target group contains learners in vocational preparation who are acquiring job knowledge, skills, and abilities and who will receive a lower-track secondary diploma after grade 9 or 10. In addition to typical situations involving proportional relationships that students might encounter in everyday life (purchases, conversions), the job contexts primarily relate to the professions of vehicle, wood, metal, and electrical engineering. These reference professions can however easily be replaced by other contexts in the conversion exercises (contexts in exercises for Levels 1a to 1c). At Level 2, the job contexts and hence also job-related language activities and profession-specific language resources are more complex (organized into so-called core activities, see the corresponding teacher guide). It is also possible to introduce variations in the job contexts at this level. However, this would require a more intensive study of the relevant profession at the planning stage to identify suitable modifications and is therefore slower and less straightforward to implement.
Background for learning about proportionality
Traditionally, proportionality has been equated with the rule of three when teaching practical arithmetic. However, this fails to take advantage of a range of opportunities for understanding functional and multiplicative thinking. Accordingly, proportionality is now understood as a specific functional relationship between quantities that incorporates fixed multiplicative structures. Proportional relationships should therefore be represented verbally, symbolically, graphically, and in tabular form as a special case of a functional relationship, and two conceptions should be developed (Greefrath 2010):
· [bookmark: _Hlk532243568]Correspondence perspective: One quantity is assigned to another quantity and depends on it. The specific nature of proportional assignment can be understood as having equality in the ratios between values (i.e. b/a = f(b)/f(a)) or equality in the quotients of the quantities (i.e. f(a)/a = f(b)/b = f(1)).
· Covariation perspective: The shared variation in both quantities can be characterized in terms of an additive constant (“the same amount is added for each portion”) or multiplicativity (“whenever the first quantity is doubled, the second quantity is also doubled”).
For students in vocational school, building up the covariation and correspondence conceptions is indispensable to further learning, since functional relationships play a prominent role in many later job requirements (especially in technical professions).
[bookmark: _Hlk532243066]The multiplicative structure of counting in larger bundles provides a basis for intelligently working with proportionality. This structure is at the root of the four characteristic properties of proportionality (equality of ratios, equality of quotients, additive constancy, and multiplicativity): a bundle of the second quantity is formed for each portion of the first quantity, and counting is performed with these bundles. This can be visualized using double scales. Whether a context situation involves a proportional relationship can be tested using the four equivalent properties or by forming bundles mentally (van Galen et al. 2008).
[bookmark: _Hlk532243442]The “per portion” language element already contains the idea of bundling. In the covariation perspective, this reflects the fact that the same value is added for each portion. This basic idea of multiplicative structure should be used by teachers as a language model and repeatedly verbalized by learners as the basis for understanding the various strategies and representations. For example, in the context of a currency exchange rate: “for 10 euros, you get ten sets of 7 liras, so 10 times 7 liras”. Thus, to build up conceptions it is important to offer language resources for multiplicative structures in order to initiate a transition from a purely additive point of view of counting in bundles (“the same amount is always added”) to a multiplicative point of view. The latter is necessary in order to approach the idea of equality of ratios and quotients. Likewise, functional language resources that capture the joint variation of two quantities are needed. The conceptual learning objectives in these areas are addressed by demanding the discourse practice “Explaining the meaning of proportionality”. 
The flexibility and diversity of typical calculation strategies for working with proportionality should therefore be emphasized to reinforce multiplicative and functional thinking (Leuders et al. 2014, p.12):
· Directly building up or down (from 12 to 24 or 3);
· Building up or down via the number one (= rule of three);
· Flexibly building up or down with “more intelligent” intermediate steps (extrapolating down from 12 to 3 and then up to 15); 
· Summing together (e.g. f(12) + f(3) = f(15));
· Calculating with the constant factor: the value of the 2nd quantity is found by multiplying the 1st quantity by the constant factor, which corresponds to the value of a single portion. 
· ...

These strategies should not be taught schematically and repetitively to students at vocational school; instead, they should be (re)discovered and compared, since this also consolidates a conceptual understanding of the properties of proportionality. Explaining different calculation strategies in relation to one another provides an authentic and rich stimulus for proportionality-specific communication. 
[bookmark: _Hlk532243217]To allow calculation strategies to be applied flexibly and intelligently, learning opportunities for testing the premise of proportionality are important to prevent premature overlinearization (de Bock et al. 2002). This conceptual learning objective is especially relevant for later job requirements where choosing the right mathematical model is an important prerequisite of problem-solving. Arguing for and against proportionality is therefore a key language activity in this context.



Short overview of the teaching-learning arrangement with suggested time frame
	Level in learning path
	Mathematical and linguistic content
	Time
	Contexts

	Level 1a -> 1b
Activating prior
knowledge about calculation strategies, representations, and the meaning of proportionality
	· Understand “per portion” with a range of different representations (tables, strip diagrams, double scales)
· Develop a language and knowledge bank on the meaning of proportionality
	90 minutes
	· Hiring fees and currency exchange abroad

	Level 1b -> 1c
Testing proportionality


	· Establish and describe proportional relationships (assignment exercises)
· Test whether a relationship between two quantities is proportional
· Practise calculation strategies (“Calculating with a constant factor”, “Flexibly extrapolating up and down”) and apply them intelligently
	90 minutes
	· Various contexts and everyday situations (e.g. phone tariffs) 

	Level 1c
Calculating confidently with proportional relationships
	· Calculation strategies: calculating with a constant factor, extrapolating up and down (including but not only via the number one)
· Compare calculation strategies and apply them to word problems
· Calculate intelligently and justify portion sizes
	90
minutes
	· Job contexts relating to quantities and dimensions, primarily from wood technology

	Level 2
Language production in
authentic communication situations   
	· Different mathematical emphases on proportionality and job-related language activities depending on core activity (additional documents)
	90 minutes
	· Various references to professions



Implementing the principles in the teaching-learning arrangement
[image: ../../Bildschirmfoto%202020-10-26%20um%2012.23.35.png]
Fig. 4: Four LaMaVoC teaching principles

The LaMaVoC principles (see Fig. 4) are implemented as follows in the teaching-learning arrangement.
Conceptual understanding is essential for building up competencies: although proportional relationships are very relevant to everyday life, many learners do not have a conceptual understanding of when a relationship behaves proportionally, for example because they only ever learned a calculation strategy by heart without understanding it and later forgot it. Without a well-founded conceptual understanding, learners risk following solutions methods (e.g. rule of three) that they do not understand or overgeneralizations when working with proportional and non-proportional relationships because they are unable to distinguish between them. But these calculation methods should only be applied by individuals who are able to translate situations into mathematical questions. In particular, one aspect of conceptual understanding is the ability to draw from the correspondence and covariation perspectives. Therefore, depending on the prior knowledge of the learning groups in mathematics lessons in vocational schools, although it is possible to approach the learning of proportionality directly with calculation strategies, it is better to adaptively (re)activate multiplicative structures and their relationship with successive addition; strip diagrams are an especially good way of doing this.Principle of reactivating conceptual understanding before procedures
1

	Exercise:
	[image: Ein Bild, das Tisch enthält.

Automatisch generierte Beschreibung]

	[image: Ein Bild, das Text enthält.

Automatisch generierte Beschreibung]
	


Fig. 5: Example exercise on additive and multiplicative structure in tables and strip diagrams
Principle of relating representations and language levels
4

Conceptual understanding does not require formal language resources for the various calculation methods (constant factor, multiplying, dividing); instead, language resources for explaining the meaning are more relevant. To allow learners to engage in the linguistic activity of explaining the meaning, these meaning-related linguistic resources need to be linked to the various representations being used (strip diagram, table, double scale). Figure 7 shows how the language resources for explaining proportionality (first quantity, second quantity, and various language resources for the constant change per step) can be linked to tables. The job-related language level is primarily addressed at Level 2 in the learning path. Contexts relating to (metal) technology hold special potential for initiating language reflection activities if the technical mathematical language (factor of proportionality, slope) is linked to technical job-related language (slope of a screw, thread types, etc.).
In the teaching-learning arrangement, tables and double scales act as consistent numerical and graphical media that allow the relationships between the quantities named in the context situation and their changes to be sorted. Thus, drawing from the diversity of the representations and the various language levels yields linguistically rich assignment exercises on explaining and justifying the (non-)applicability of proportionality (see left of Figure 7) and applying and incorporating the relevant meaning-related language resources (see right of Figure 7).

	[image: ]
	[image: Ein Bild, das Tisch enthält.

Automatisch generierte Beschreibung]

	Fig. 6: Assignment exercise from the teaching-learning arrangement



The exercise in Figure 7 (below) prompts students to argue for and against proportionality. Together with the discourse practice of “explaining the meaning of proportionality”, this is the most relevant language activity for building conceptual knowledge about proportionality. Presenting calculation strategies at the beginning of the teaching-learning arrangement is another important discourse stimulus that can repeatedly prompt reporting, presenting, explaining, and reasoning, but it is crucial not to neglect the connection to the meaning. The conceptually rich language bank pages contain the necessary lexical scaffolding to achieve this (see Figure 7 above).Principle of demanding rich discourse practices supported
by lexical scaffolding
2

	Most important language activities for building conceptual knowledge about proportionality:
	[image: Ein Bild, das Tisch enthält.

Automatisch generierte Beschreibung]

	· Explaining the meaning of proportionality
· Arguing for and against proportionality
	

	[image: Ein Bild, das Tisch enthält.

Automatisch generierte Beschreibung]


Fig. 7: 	Most important language activities and language resources in the teaching-learning arrangement

Detailed lesson planning and learning objectives
The following table shows which other language activities and language resources are technically and professionally relevant, and at which points in time they are covered within the framework of the teaching-learning arrangement. This table is structured by lesson period and learning path level.
	First lesson (Level 1a -> 1b): Calculation strategies, representations and meaning of proportionality

	Conceptual learning objectives: 
· Reactivate content comprehension, activate prior knowledge 
· Introduce the representations of tables, strip diagrams, and double scales
· Facilitate a diverse range of approaches and calculation methods
Diversity in calculation strategies should be permitted and encouraged as language prompts when approaching proportional relationships. This diversity offers an authentic opportunity for exchange between learners and thereby accounts for the heterogeneous learning conditions of young adults. 
	Linguistic learning objectives: 
· Stimulate the students’ own language resources to explain meanings and present calculation methods
· Develop meaning-related linguistic resources to explain the meaning of proportionality



	Learning objective 1a-1: 
Recognize the multiplicative structure of the assignment conception and the covariation conception



	Explain the significance of multiplication for assignment:
· Kenan always gets the same number of liras per euro. For one euro, he gets 7 liras. For two euros, he gets 14 liras, etc.
Explain the significance of multiplication for covariation:
· If you increase by one unit, then the second quantity also always increases by the same amount. We’re counting in steps. 

	Learning objective 1a-2: 
Understand the concept of proportionality in relation to the term “per portion”
	Explain the meaning of “per portion” as a characteristic:
· Both quantities have an initial value of zero and then the same amount is always added per portion.
· The graph starts at 0 in the coordinate system and plots a straight line.
· The ratio stays the same, so twice as much (euros, money, etc.) gets you twice as much (liras, goods, etc.).

	Learning objective 1a-3: 
(Re)learn representations: double scales, tables, possibly strip diagrams

	Explain the characteristic properties of proportionality in graphical and numerical representations: 
· The same value is always added from row to row in the table.
· The first quantity and the second quantity change uniformly.

	Possible implementation in the classroom: 
· As an entry scenario, various calculation strategies for approaching a shopping and currency exchange problem abroad are proposed, but the entry situation should also evoke the learners’ individual strategies. 
· Other informal calculation strategies are possible, serving as rich communication prompts and allowing students to practise. Work performed individually or with partners should therefore be discussed and consolidated by a follow-up discussion with the whole class. A shared consolidation of the learners’ own language resources and suggestions for explaining the meaning of proportionality is achieved with the language bank in Part A.
· One possible methodological variation is to write down language elements on post-its and distribute them to students. Each learner is then asked to formulate a sentence using their language element. 
· Subsequent learning situations should seek to make connections and references, so the language bank should be displayed as a poster in the classroom and gradually expanded over time. 






	Second lesson (Level 1b -> 1c): Hold a sales pitch for a discount campaign 

	Conceptual learning objectives: 
· Compare calculation strategies and apply them flexibly
· Recognize and test proportional relationships
	Linguistic learning objectives: 
· Consolidate and apply joint meaning-related thought vocabulary to explain the meaning of proportionality and argue for/against proportionality

	Learning objective 1b-1: 
Distinguish between proportional and non-proportional relationships
	
Argue for or against the existence of a proportional relationship between given quantities
· The relationship is proportional because the constant factor does not change, as the same is always added at each step and the graph represents a straight line passing through zero in the coordinate system.
· The relationship is not proportional because the portions have different sizes, i.e. the amount added is not always the same.

	Learning objective 1b-2: 
Apply calculation strategies flexibly
	Explain different calculation strategies:
· I should multiply or divide by the same number of both sides of the table.
· If I add the values of the first quantity together, then I should also add the corresponding values of the second quantity together.
Justify the choice of a calculation strategy:
· If we’re looking for lots of different and large values for the second quantity, then it’s a good idea to use the constant factor to perform the calculations.

	Possible implementation in the classroom: 
· For testing proportionality, the different contexts might be printed on cards to be assorted by the students. Language means for giving reasons need to be systematized and stored in a language bank. Being confronted with non-proportional relationships is a necessary activity for developing conceptual understanding in order to prevent students from over-generalizing. 
· For a comparison of different calculation strategies, students should be engaged in dealing with their favorite strategies before collecting arguments for the different strategies. Conditions for each strategy should be discussed in class. 




	Third lesson (Level 1c):  Distinguish between different constellations

	Conceptual learning objectives: 
· Calculation strategies: calculating with a constant factor, extrapolating up and down (including but not only via the number one)
· Consolidate the (possibly individual) calculation methods for solving word problems
· Intelligently extrapolate up and down in tables
	Linguistic learning objectives: 
· Expand and link meaning-related, formal, and job-related vocabulary to select and justify portion sizes intelligently
· Read and sort word problems and write job-related answers


	Learning objective 1c-1: 
Apply calculation strategies flexibly and confidently
	Explain different calculation strategies:
· To calculate the constant factor, I should divide the value of the second quantity by the corresponding value of the first quantity.
· If I multiply a value of the first quantity by the constant factor, I get the corresponding value for the second quantity.
· The value of the second quantity for a single portion size (x=1) is equal to the constant factor.

	Learning objective 1c-2: 
Find suitable numerical values to perform calculations quickly and intelligently in tables
	Justify portion sizes
· It’s a good idea to extrapolate down from 200 to 20 because 200 is 20 times 10.

	Possible implementation in the classroom: 
· Group work on strategies: one or more groups for each strategy. After that, group puzzle and exchange of findings in the group work phase. 




	Fourth lesson (Level 2):   Develop core activities with references to jobs

	Conceptual learning objectives: 
· Apply learned concepts to modelling and more complex application situations that play a role in new work contexts
( communicative and cognitive function of language)
	Linguistic learning objectives: 
· Language is mobilized by language activities relating to learning mathematics and professional work.
· The development of contextual and job-related vocabulary unfolds in a manner specific to core activity (see the overview of language activities and language resources in the relevant sheets).

	Learning objective 2: 
Decode job-related texts;
Apply language in professional communication situations
	Language activity: decode job-related texts, figures, diagrams:
· The recommend reference intake for adults indicates the maximum number of grams of sugar that an adult should consume per day.


	Possible implementation in the classroom: 
Notes about methodological implementation can be found in the sheets on each core activity. 
The following core activities can be implemented where suitable: opinion, offer recommendation



3.3  Teacher guide for teaching-learning arrangement: 
        Understanding tables, diagrams and graphs for vocations 
Katharina Zentgraf, Susanne Prediger & Eva Norén

Target group and references to jobs
The target group is young adults at vocational schools in pre-vocational education. This target group contains learners in vocational preparation who are acquiring job knowledge, skills, and abilities and who will receive a lower-track secondary diploma after grade 9 or 10. 
Different from the other LaMaVoC teaching-learning-arrangements “Understanding percentages for vocations” and “Understanding proportionality for vocations”, this material is not constructed according to a strict learning trajectory towards conceptual understanding of a mathematical concept. Instead, it offers rich content- and language integrated activities on „Reading, interpreting, and describing tables, diagrams, and graphs” wherein the order of teaching with the material in class might be changed. Thus, the material might be used right at the beginning of a new school year, after working on the teaching-learning-arrangement „Understanding proportionality for vocations” as well as preparing the teaching unit on “Understanding functional relationships” (Zentgraf et al. 2020).
The vocational tables, diagrams, and graphs primarily relate to the professions of vehicle, wood, metal, and electrical engineering. These reference professions can however easily be replaced by other contexts in the conversion exercises.
Structure of teaching-learning-arrangement and lesson overview
	
	Learning objectives
	Time

	Part A: Reading, interpreting and explaining tables
	· Reading and explaining tables
· Developing language means for reading, interpreting and explaining tables
	45 - 90 Min

	Part B: Reading, interpreting and explaining diagrams 

	· Reading and explaining diagrams
· Developing language means for reading, interpreting and explaining diagrams
	45 - 90 Min.

	Part C: Reading, interpreting and explaining (line) graphs
	· Reading and explaining (line) graphs
· Developing language means for reading, interpreting and explaining (line) graphs
· Relating line graphs and context situations: developing language of graphs and language of (vocational) context
	45 - 90 Min.


	Vocational tables, diagrams, and graphs
	· Reading and explaining vocational tables, diagrams, and graphs
· Preparation of presentations in class
	45 Min.




Implemented principles in the teaching-learning-arrangement
[image: ../../Bildschirmfoto%202020-10-26%20um%2012.23.35.png]
Fig. 8: Four LaMaVoC principles

Learning objectives
The following table gives an overview of learning objectives (content and language learning) according to material parts A, B, and C.



	A)  Reading, interpreting and explaining tables

	Content learning objectives: 
· students are able to read, interpret and describe a table
· students understand the structure of a table
· [bookmark: _Toc524509509]students know what characteristics of tables are common and useful in specific situations
	Language learning objectives: 
· students develop the mathematical language (e.g. axes, rise, decline, constant) that is appropriate for describing tables
· students use mathematical language (both oral and written) properly and are able to differentiate between mathematical language of the table and language of the (vocational) context for drawing conclusions from the data





	B)  Reading, interpreting and explaining diagrams

	Content learning objectives: 
· students are able to read, interpret and describe a diagram (esp. pie chart and bar diagram)
· students are able to evaluate diagram types and understand conditions when to use which type
· students know what characteristics of diagrams are common and useful in specific situations
	Language learning objectives: 
· students develop the mathematical language (e.g. axes, rise, decline, constant) that is appropriate for describing diagrams 
· students use mathematical language (both oral and written) properly and are able to differentiate between mathematical language of the diagram and language of the (vocational) context for drawing conclusions from the data
· students are able to describe diagrams precisely 



	C)  Reading, interpreting and explaining (line) graphs

	Content learning objectives: 
· students are able to read, interpret and describe a line graph
· students are able to relate a text and a line graph and explain why graph and text belong together
	Language learning objectives: 
· students develop the mathematical language (e.g. axes, rise, decline, constant) that is appropriate for describing line graphs
· students use mathematical language (both oral and written) properly and are able to differentiate between mathematical language of the line graph and language of the (vocational) context for drawing conclusions from the line graph
· students are able to describe line graphs precisely



[bookmark: _Toc52221072]
4. 	Professional development on language-responsive mathematics teaching for vocational education: PD content, principles, and materials 
Due to deficits in the former initial teacher education, many teachers are not yet familiar with mathematics teaching in language-responsive approaches . This section briefly presents how professional development (PD) can be designed, with the necessary PD content, PD design principles, and PD materials and explains how multipliers can be qualified to provide these professional development programs.
What exactly do teachers need to learn in PD? Our PD program is based on the learning map of expertise for language-responsive mathematics teaching (Prediger 2019) shown in Figure xx. This map focuses on the most important jobs of teachers in language-responsive mathematics classrooms (from Section 2). Observations of expert teachers have also made it possible to identify the pedagogical tools, orientations, and categories for noticing and reasoning employed by experienced teachers to fully meet the demands of their jobs in mathematics teaching for vocational education. These elements constitute the PD content.

 [image: /Users/lwessel/Desktop/Bildschirmfoto 2020-11-01 um 09.37.48.png]
Fig. 9: 	What teachers should learn in PD: 
map of expertise for language-responsive mathematics teaching (Prediger 2019)

It is not enough for teachers to simply apply given pedagogical tools such as curriculum materials on core activities, support formats, or discourse-activating methods and exercises. These resources can only be exploited productively if appropriate orientations and categories have been developed. The following language education orientations are particularly relevant (cf. Prediger 2019; Lucas & Villegas 2013): 
Accepting language as a learning object: teachers need to take responsibility for language competencies as a learning object in their subjects; if not, they cannot fulfil their jobs.
Amplify instead of simplify: a pure defensive orientation would reduce all language demands until there were no more language learning opportunities. By contrast, an amplifying orientation aims at the zone of proximal development and elicits language in order to successively build up language proficiency.
Focus on discourse practices instead of just words: the choice of which linguistic aspects to address should consider more than just words (i.e. simply learning vocabulary); it should also encompass discursively rich discourse practices such as describing, explaining, and reasoning.
Integrated instead of additive: language demands should not be seen and treated as additional requirements that are separate from the content learning goals, but instead as an integral part of achieving the mathematical and job-related learning goals. 
Focus on understanding before procedures: language-responsive approaches relate specifically to the development of a  conceptual understanding of mathematical concepts, and not just to procedural skills. Although the focus is consensus in mathematics education research, it cannot be assumed to be shared by many out-of-field teachers in vocational education. Accordingly, the professional development systematically works to demonstrate how the principle of (re)activating conceptual understanding before procedures can be implemented.
Professional development should be organized as a long-term activity. One-time inputs are not sufficient to master the full complexity of integrating mathematical, job-related, and language learning goals in the targeted lesson planning and enactment. Figure 10 shows our program with  four PD sessions and intermediate classroom explorations with provided language-responsive curriculum materials over the course of an academic year.

		[image: ]
Fig. 10: Professional development program with four PD sessions and intermediate own classroom explorations

The PD materials, which consist of PowerPoint slides with integrated videos taken from lessons of vocational classes, work sheets with references to jobs, and background materials, are made available to all multipliers as Open Educational Resources at dzlm.de/1000 after a one-time registration. 
This PD program follows the design principles shown in Figure 11. In the LaMaVoC project, these principles are supplemented with additional materials and worksheets for the specific target group, and most importantly concretized for the PD activities described below. 

	DZLM design principles for 
Professional Development (Barzel & Selter 2015)


[image: /Users/lwessel/Desktop/Bildschirmfoto 2020-11-01 um 09.44.36.png]
	
	Project-specific refinement into PD activities:
Activities performed analogously to students: 
Working through exercises while playing the role of students, e.g. for linking representation and language levels
( experience the mathematical and language learning goals) 
Self-exercise of a writing assignment in another language
( awareness of language as a learning object)
Comprehensive didactic activities: planning, executing, reflecting on lessons 
Examining everyday or work documents (newspaper articles, graphs, brochures, tables and diagrams, etc.) in terms of applicability in the classroom ( awareness of authentic prompts and rich job-related and mathematical opportunities)
Analysing tasks in terms of content and language demands with a focus on modifying content and language learning goals 
( demand and successively develop language; amplify instead of simplify; integrated instead of additional)
Analysing and refining support resources in terms of formal, meaning-related, and job-related vocabulary ( support language)
Analysing learner products or videos in terms of discourse practices and lexical /  syntactical means ( notice language)
Analysing own teaching experience using videos and learner products


Fig. 11: Design principles and typical PD activities 


5.   Attachment
5.1 Learning units
Pöhler, Birte, Wessel, Lena, Prediger, Susanne & Gryzan, Nico (2020). Prozente verstehen für den Beruf. Unterrichtsmaterial und Didaktischer Kommentar. Dortmund / Freiburg / Paderborn: DZLM. Verfügbar unter sima.dzlm.de/bk
Wessel, Lena, Epke, Patricia, Stein, Andrea & Wittebur, Daniela (2020). Proportionalität verstehen für den Beruf. Unterrichtsmaterial und didaktischer Kommentar. Open Educational Ressource. Dortmund / Freiburg / Paderborn: DZLM. Verfügbar unter sima.dzlm.de/bk
Wijers, Monica, Jonker, Vincent & Wessel, Lena (2020). Tabellen und Diagramme verstehen für den Beruf. Unterrichtsmaterial und Didaktischer Kommentar. Open Educational Ressource. Dortmund / Freiburg / Paderborn: DZLM. Verfügbar unter sima.dzlm.de/bk
Zentgraf, Katharina, Prediger, Susanne & Berkemeier, Anne (2020). Funktionsgraphen und funktionale Zusammenhänge verstehen. Open Educational Ressource. Dortmund / Freiburg / Paderborn: DZLM. Verfügbar unter sima.dzlm.de/bk
5.2 Core activities 
Core activities for tables and diagrams
Jonker, Vincent, Wijers, Monica, Wessel, Lena & Prediger, Susanne (2020). Über Mathe sprechen im Beruf: Tabellen lesen und erklären beim Reifendruck - Kernaktivität Video zur Kundenberatung. Open Educational Ressource. Dortmund / Freiburg / Paderborn: DZLM. Verfügbar unter sima.dzlm.de/bk
Jonker, Vincent, Wijers, Monica, Prediger, Susanne & Wessel, Lena (2020). Über Mathe sprechen im Beruf: Diagramme erklären im Berufsfeld Gesundheit - Kernaktivität Patientenberatung. Open Educational Ressource. Dortmund / Freiburg / Paderborn: DZLM. Verfügbar unter sima.dzlm.de/bk

Core activities for percentages
Stein, Andrea, Wessel, Lena & Prediger, Susanne (2020). Über Mathe sprechen im Beruf: Kostenvergleich im internationalen Handy-Einkauf – Kernaktivität Kaufempfehlung. Unterrichtsmaterial und Didaktischer Kommentar. Open Educational Ressource. Verfügbar unter sima.dzlm.de/bk
Wessel, Lena, Ahlemeyer, Leonie, Prediger, Susanne & Stein, Andrea (2020). Über Mathe sprechen im Beruf: Kritische Beurteilung von Kundentäuschung - Kernaktivität Stellungnahme. Unterrichtsmaterial und Didaktischer Kommentar. Open Educational Ressource. Dortmund / Freiburg / Paderborn: DZLM. Verfügbar unter sima.dzlm.de/bk
Jonker, Vincent, Wijers, Monica, Wessel, Lena & Prediger, Susanne (2020). Über Mathe sprechen im Beruf: Tabellen lesen und erklären beim Reifendruck - Kernaktivität Reifendruck. Open Educational Ressource. Dortmund / Freiburg / Paderborn: DZLM. Verfügbar unter sima.dzlm.de/bk

Core activities for proportionality
Wessel, Lena, Ahlemeyer, Leonie & Stein, Andrea (2020). Über Mathe sprechen im Beruf: Mit einem Werbetext überzeugen – Kernaktivität Werbetext. Unterrichtsmaterial und Didaktischer Kommentar. Open Educational Ressource. Dortmund / Freiburg / Paderborn: DZLM. Verfügbar unter sima.dzlm.de/bk 
Wessel, Lena, Ahlemeyer, Leonie & Prediger, Susanne (2020). Über Mathe sprechen im Beruf: Angebote vergleichen im Berufsfeld Holz – Kernaktivität Preisvergleich. Unterrichtsmaterial und Didaktischer Kommentar. Dortmund / Freiburg / Paderborn: DZLM. Verfügbar unter sima.dzlm.de/bk
Wessel Lena, Ahlemeyer, Leonie & Prediger, Susanne (2020). Über Mathe sprechen im Beruf: Einen Arbeitsstand übergeben im Berufsfeld Holz – Kernaktivität Übergabe. Unterrichtsmaterial und Didaktischer Kommentar. Open Educational Ressource. Dortmund / Freiburg / Paderborn: DZLM. Verfügbar unter sima.dzlm.de/bk
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* Fillin the missing values in Kenan’s table and draw his steps with arrows.

+ Explain Leonie's icture:
+ Why did she draw a rectangle with 10 rows?
+ What calculation corresponds to the rectangle with 10 rows of 87
+ What calcuation corresponds to 101 at €8 per tre?
 How can you see Kenan's steps In Leonie's icture?

+ Compare: how many calculations did Kenan need? How many did Leonie need?
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* Testwhether the relationships betwean the two quaniities of “number” and “prics” In
Tables 1to 3 are proportional

+ Imagine that you're setting prices at work:
why might you want a price table that s not proportional?

Number | Pricein€ | | Number | Pricein€ | Number | Pricein€
2 2 1 56 2% 020
3 36 2 18 7 050
6 7 13 as2 156 120
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