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Theory

Modeling is defined as "a practical and creative process in which realistic problems are translated into mathematical form" (cTWO, 2007, p. 25). Usually, modeling problems in context-rich assignments are offered to learners through texts. One of the first obstacles students encounter is reading and interpreting text. In secondary school, being able to read a problem is a decisive factor in solving a problem (Korhonen, Linnanmäki, & Aunio, 2012). The language used at school often forms an obstacle to learning mathematics [START_REF] Van Eerde | The integration of mathematics and language learning in multiethnic schools[END_REF]. It is thus to be expected that language is an important factor at the various phases of the modeling process, although the role of language proficiency may be different. To analyse the different difficulties concerning language, we have to split up the modeling process in different phases. According to [START_REF] Spandaw | Modelleren, van werkelijkheid naar wiskunde en weer terug[END_REF], modeling encompasses various activities that are carried out consecutively, as shown in Figure 1. The phase of conceptualizing: the student is able to understand the text in which the problem is posed in order to make the translation into a conceptual model.

The phases of mathematization and solving: the student goes from the conceptual model to the mathematical model. Then the student will try to solve the problem. Mathematical reasoning occurs in both of these phases.

The phase of interpretation: translating the mathematical model into reality appeals to language skills. This skill is similar, but inverse to the language proficiency in the conceptualization phase.

Mathematical modeling is absent in the greater part of lower secondary education in the Netherlands. For that reason, this study will emphasize modeling in lower secondary education. This study will answer the following research question: Which language problems occur in the three phases of mathematical modeling in context-rich assignments?

Participants of the study are students from grade six, eight and ten. These students are 11 up to 15 years and participated from four primary schools and four secondary schools located in an urban environment. 260 students performed two mathematical modeling tasks. The first modeling task is directed towards algebra and the other towards geometry. Each individual task consists of two parts. The first part is a modeling assignment in a rich context and the second assignment is a mathematical core assignment, focusing on the mathematical content without context. In consultation with the teacher of each participating class we selected two students (n=26), one with strong language proficiency and the other with weak language proficiency, with whom we performed a task based interview. Six teachers were interviewed about the levels of the designed modeling tasks. 12 students (two from each class, from 11 up to 15 years) were asked to do the assignment while thinking aloud.

Results

The analyses of students' answers, the task based interviews and the think-aloud protocols showed that language is an important obstacle, especially in the conceptualization phase. In all grades most of the students repeatedly reread the text of the modeling task. In many cases learners fail to construct a meaningful representation of the described situation. The transition from reality presented by the text towards a conceptual model often halts halfway. The outcome of the students' answers for the geometry modeling task did not show big differences between the rich context part and the mathematical core part, for all three grades. From the outcome of the task-based interviews with the learners, feasible components and levels for the different modeling phases are formulated. The think-aloud sessions gave more insight in the language problems students encounter while solving the modeling task and showed the strategy that students use.

Figure 1 :

 1 Figure 1: The modeling cycle (Spandaw & Zwaneveld, 2012, p. 240) Language proficiency may play a different role in every phase of the modeling cycle. The phases are indicated by:
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