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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
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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: ]
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
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[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: ]
	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


	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



Notes on further literature and teaching materials
More details about successively building up language activities and language resources for percentages can be found in Pöhler & Prediger (2017), with further research in Pöhler (2018). Concrete materials for mathematics lessons in vocational schools can be found at sima.dzlm.de/um/bk. Details about vocabulary work on interest can be found in Prediger (2017). 
Pöhler, B. (2018). Konzeptuelle und lexikalische Lernpfade und Lernwege zu Prozenten - Eine Entwicklungsforschungsstudie. Wiesbaden: Springer Spektrum.
Pöhler, B. & Prediger, S. (2017). Verstehensförderung erfordert auch Sprachförderung – Hintergründe und Ansätze einer Unterrichtseinheit zum Prozente verstehen, erklären und berechnen. In A. Fritz, S. Schmidt & G. Ricken (Hrsg.), Handbuch Rechenschwäche (S. 436-459). Weinheim: Beltz.
Prediger, S. (2017). „Kapital multiplizirt durch Faktor halt, kann ich nicht besser erklären“- Sprachschatzarbeit für einen verstehensorientierten Mathematikunterricht. In B. Lütke, I. Petersen & T. Tajmel (Hrsg.), Fachintegrierte Sprachbildung - Forschung, Theoriebildung und Konzepte für die Unterrichtspraxis (S. 229-252). Berlin: de Gruyter.
Wessel, L., Prediger, S., Stein, A., Wijers, M. & Jonker, V. (2020). Sprachbildung für das Mathematiklernen in beruflichen Kontexten. Eine Handreichung für die Praxis. Dortmund, Arnsberg, Utrecht: www.lamavoc.nrw.de and sima.dzlm.de/bk.
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