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The comprehension of mathematical problem texts has been identified as one of the essential steps towards solving modelling problems successfully. Understanding in this context means constructing an adequate situation model by using reading and understanding strategies. A separate strategy training might foster those strategies as studies indicate. Therefore, the presented study reports on a design research project with the aim of fostering subject-specific reading and comprehension strategies. Presented are further specifications of the processes of constructing mental text representations as well as insights into the use of strategies. The case study indicates that the fostered strategies contribute to different steps in the process of constructing mental text representations. Those strategies seem to be constantly used by the students to deal with word problems within the teaching-learning arrangement and might therefore be relevant for modelling processes in general.

Introduction

"Understanding the content of a task is fundamental for solving it (…)" (Leiß, Schukajlow, Blum, Messner, & Pekrun, 2010, p. 123). There is a wide range of mathematical tasks used to link or apply mathematical models, concepts and procedures to reality, ranging from simple word problems to complex modelling problems. Greefrath and Vorhölter (2016) categorize different accesses to mathematical modelling referring to Griesel (2005) when describing the term modelling in general as "the process of developing a model based on an application problem and using it to solve the problem" (Greefrath & Vorhölter, 2016, p. 8). Many kinds of those application problems are presented to the students in text format. This requires reading and understanding the problem text as the basic step in the modelling and solution process [START_REF] Plath | The impact of linguistic complexity on the solution of mathematical modelling tasks[END_REF]. Understanding a text in general and a (modelling or word) problem text specifically goes along with understanding the described situation, i.e. constructing an adequate situation model [START_REF] Leiß | The role of the situation model in mathematical modelling[END_REF][START_REF] Tapiero | Situation models and levels of coherence: Towards a definition of comprehension[END_REF][START_REF] Weimer | The role of understanding in solving word problems[END_REF]. As [START_REF] Leiß | The role of the situation model in mathematical modelling[END_REF] point out precisely the step of constructing a situation model is one of the most challenging ones in mathematical modelling. Reasons for difficulties in modelling and word problem solution processes have been hypothesized to lie in "a lack of strategic understanding both of the language involved and of the situation denoted by its verbal description" (Reusser, 1987, p. 474). Furthermore, Leiß et al. (2010, p. 119) point out: "strategies for constructing an adequate situation model have a significant influence on the modelling competence." Meanwhile, there are indications that the use of these strategies can be trained separately [START_REF] Leiß | The role of the situation model in mathematical modelling[END_REF]. Therefore, specific teaching-learning arrangements for fostering students' reading strategies are required as a first step towards fostering modelling competencies in general. The presented study reports on a design research project in which a teaching-learning arrangement was iteratively developed and investigated, that aims at fostering subject-specific reading strategies for fifth graders by using strategic scaffolding [START_REF] Prediger | Low achieving eighth graders learn to crack word problems[END_REF]. So, following the distinction of Blomhøj and Bergman Ärlebäck (2018) on research in the field of modelling and application, this project can be located within the development, implementation and evaluation of a specific aspect of modelling activities (namely fostering understanding strategies for constructing a situation model).

After further specifying the theoretical background of generating a situation model in the following section, the methodological framework and empirical insights are presented.

Theoretical Background

Mental text representations as units of understanding

There exists a wide consensus within reading theories that during reading processes (of mathematical problems) four text representations are to be mentally constructed [START_REF] Tapiero | Situation models and levels of coherence: Towards a definition of comprehension[END_REF][START_REF] Kintsch | Understanding and solving word arithmetic problems[END_REF][START_REF] Reusser | From text to situation to equation[END_REF]: the representation of ( 1) the text-surface, (2) the propositional structure, (3) the situation described in the text and (4) the problem. The term mental text representations resumes those four kinds of representations. Steps towards constructing those representations have also been included in different conceptualizations and models describing modelling processes (cf. modelling cycle by Blum and Leiß, further illustrated in [START_REF] Leiß | The role of the situation model in mathematical modelling[END_REF] or solution processes of mathematical word problems (see [START_REF] Reusser | From text to situation to equation[END_REF]. As different terms have been allocated to those four representations, their characteristics are briefly outlined with reference to Reusser's model for treating word problems (1987), which is chosen due to its focus on reading and comprehension processes.

(1) The representation of the text-surface (not directly displayed in the model) is mainly the representation of the surface structure, text order, syntax and wording of the text [START_REF] Tapiero | Situation models and levels of coherence: Towards a definition of comprehension[END_REF]. Only directly expressed propositions are represented here [START_REF] Kintsch | Towards a model of text comprehension and production[END_REF].

(2) The representation of the propositional structure (named text base in Reusser's model) is a coherent text representation constructed by forming and organizing propositional units into a global structure [START_REF] Kintsch | Understanding and solving word arithmetic problems[END_REF].

(3) In the representation of the situation (named situation model), the information given by the text are integrated with the readers' prior knowledge or goals [START_REF] Kintsch | Understanding and solving word arithmetic problems[END_REF] to make inferences of different kinds (drawn from text or prior knowledge) [START_REF] Weimer | The role of understanding in solving word problems[END_REF]. Reusser (1989) therefore defines the situation model as "the personal cognitive structure to which the process of understanding is directed. The situation model is the cognitive correlate to the situation structure either supposed from the author's point of view or understood from the reader's point of view" (Reusser 1989, p. 136ff., translated by Plath & Leiß, 2018, p. 161).

(4) The representation of the problem (named problem model in Reusser's model) is an extension of the situation model focussing especially on the aspect of the goal (generated or given problem question) guiding the construction process [START_REF] Kintsch | Understanding and solving word arithmetic problems[END_REF][START_REF] Reusser | From text to situation to equation[END_REF].

As stated above, for mathematical modelling tasks, the process of constructing a situation model is the most challenging one [START_REF] Leiß | The role of the situation model in mathematical modelling[END_REF]. Meanwhile, most of the mathematical problem texts examined by researchers are restricted to one mathematical relation mathematized in one step (c.f. [START_REF] Reusser | From text to situation to equation[END_REF]. Therefore, they do not further specify the process of building situational or problem representations [START_REF] Kintsch | Towards a model of text comprehension and production[END_REF]. As many applied mathematical problem texts display more than one relation and multiple steps, the model needs to be differentiated to take the processes of constructing mental text representations into consideration [START_REF] Prediger | Low achieving eighth graders learn to crack word problems[END_REF].

Processes of constructing mental text representations

Considering the situational or problem representation of multi-step problems, different mental elements must be related to each other. In line with [START_REF] Schnotz | Aufbau von Wissensstrukturen. Untersuchungen zur Kohärenzbildung beim Wissenserwerb mit Texten[END_REF], these mental elements form the basic units of the writer's and the reader's communication process: (A) the writer identifies the relevant units of the mental representation, constructs an adequate language representation for each of them and integrates them into a text, (B) after that, the reader needs to identify the relevant textual or language units, interpret their meaning and integrate them into a mental representation [START_REF] Schnotz | Aufbau von Wissensstrukturen. Untersuchungen zur Kohärenzbildung beim Wissenserwerb mit Texten[END_REF]. In order to include these considerations into Reusser's model, the model is extended as shown in Figure 1 in order to capture the reader's processes of achieving local or global coherence.

The detailed specification of the reader's activities and processes are integrated. Following from the investigation of [START_REF] Weimer | The role of understanding in solving word problems[END_REF]: (1) relevant elements have to be identified, (2) elements have to be structured and related and (3) elements have to be interpreted and new elements have to be inferred (see Figure 1). Apart from these processes, the kinds of mental elements are further specified. Those relevant mental elements can be of These kinds of processes of text comprehension are initiated and monitored by reading strategies [START_REF] Tapiero | Situation models and levels of coherence: Towards a definition of comprehension[END_REF][START_REF] Leiß | The role of the situation model in mathematical modelling[END_REF]. Whereas the steps in the model themselves cannot be taught directly, reading strategies can be fostered in separate strategy trainings [START_REF] Leiß | The role of the situation model in mathematical modelling[END_REF]. Most relevant for the texts in view are the comprehension strategies identified by Prediger and Krägeloh (2015, p. 951):

(S1) Focus on the question to find relevant information (S2) Focus on the information together with their meaning (S3) Focus on relations connecting the information [START_REF] Reusser | From text to situation to equation[END_REF] indicates that strategies might support special processes in his model. One might consider that the named strategies can be linked to the processes as follows: S1 to the process of question generation and (1) identifying elements, S2 to the process of (1) identifying elements and S3 to the process of (2) relating elements (see Figure 1). However, further investigations are required on how these strategies can support the displayed processes to construct a situation or problem model and how the use of strategies might differ when dealing with different problem texts. For considering those research aspects and getting first insights, the focus is laid on word problems where the construction of the mental text representations is the main aim rather than on rich modelling tasks, which require additional processes after understanding the problem text.

Research demands and questions

The considerations described above called for designing a teaching-learning arrangement to foster students' comprehension strategies. The corresponding qualitative analysis of the initiated comprehension processes pursued two research questions:

(RQ1) How can the three comprehension Strategies S1, S2, S3 contribute to students' mental construction processes described in the extended model for treating word problems?

(RQ2) How do students' use of strategies differ for different word problems?

Methodology of the design research study

Design research as methodological framework. Due to the dual aims of designing a teachinglearning arrangement to foster students' use of subject-specific reading strategies as well as describing and analyzing the use of comprehension strategies, which is in line with the considerations by Blomhøj and Bergman Ärlebäck (2018) concerning theory-practice relations, the framework of topic specific design research has been chosen. It iteratively connects (1) the specification and structuring of the learning content, (2) the creation of the teaching-learning arrangement, (3) the use of the teaching-learning arrangement in design experiments, which are afterwards analyzed to (4) generate contributions to local theories on the learning content and learning processes (Prediger & Zwetschler, 2013).

Design experiments as a method for data collection. In the presented study, six design research cycles have been conducted, five in laboratory setting with 2-3 students each and the last one in a classroom setting. Each cycle consisted of approx. 4-7 sessions of 90 minutes each. This paper focuses on Cycle 5 in which six pairs of students have worked on the teaching-learning arrangement (in total 4320 minutes of video data).

Methods of qualitative data analysis.

For the qualitative data analysis, a category-led deductive procedure has been chosen. The use of strategies has been coded (according to a categorical scheme presented in Dröse and Prediger (in press)). Afterwards, the moments in which the use of strategy was identified, have been categorized with respect to the processes of identifying text, situation or propositional elements; inferring situational elements or relating mental elements (see Figure 1).

Here, the case study of Metin and Yaren (both boys are 11 years old and attend a secondary school in a German urban area) is presented, based on 120 minutes of video data (partly transcribed).

Empirical insights: Yaren's and Metin's construction of mental representations

The case of Yaren and Metin provides an insight into their process of constructing mental text representations and their use of Strategies S1-S3 concerning RQ1. The two boys work on Task 3 "Bear child" (Fig. 2) in Sequence 1 and on Task 5 "Parrot feeding" (Fig. 3) in Sequence 2.

Bear child

The brown bear child in the zoo weighted 700g at his birth. After his birth it lost 200g because it was ill. Over the last weeks, his weight has increased by 4000g and it is healthy again.

How much does the brown bear child weight now?

Parrot Feeding

In the zoo, the children are feeding the parrots. Felix fills parrot Tobi's bowl with 10g sunflower kernels and 15g berries. In the bowl, there have already been 3g feed before the feeding. Parrot Piet eats 5g of parrot Tobi's feed.

How much feed does parrot Tobi have in the end? 4] 104 Teacher: So, he weighted 700g at his birth, then he loses 200g, then this was 4000g altogether. Does that fit? 105 Metin: Yes, that fits (…) 107 Metin: or if, wait look, if he loses 200g of 700g, then that would be 500g, so then this have to be 4500g?

When the teacher verbalizes the relation that Metin has visualized (l. 104), Metin implicitly infers the two situational elements, "state after the bear was ill" and "state now that the bear is healthy again" (l. 107) that are not explicitly mentioned in the problem text. After finishing his visualization with cards and arrows, Yaren explicitly describes the relation between the two states implicitly mentioned above (l. 206).

206 Yaren: (…) It has weighted 500g and then it got healthy and got 4000g, because it was healthy afterwards (…). Regarding RQ1 the sequence gives an example for a pattern we have often found in the data: When students activate the Strategies S2 (focus on meaning of information) and S3 (focus on relation of information) as triggered here by the cards and arrows, they can identify not only text elements, but infer also further situational elements and create an appropriate situation and problem representation.

Sequence 2: Expressing relationships between identified and inferred elements in Task 5

After solving Task 3 and 4, Metin and Yaren work on Task 5 "Parrot feeding" (Figure 3). At first, they write down the relevant text elements, and then the teacher asks them to express the given relations.

1 Teacher: Tell me, what happens to the 10g and the 15g in the task? What about them? (…) 3

Metin: So at first, there were 10g sunflower kernels, then 15g berries and then he has eaten 5g of Parrot Piet's feed. 4

Yaren: (…) Ah yes, then there were 20g left. 5

Metin: (…) Ah so (…) now I understand (…) I found the result. He had 25g in total [points at the cards and arrows] and then (…)

When being asked to articulate the actions taking place in the task, Metin uses the Strategies S2 (focus on meaning) and S3 (focus on relations). He puts the given information into the described order to symbolize the relation between the text elements (l. 3) and the inferred situational elements (l. 5). Yaren explains that there are only 20g left (l. 4). The teacher points to one information that has already been written down but not used, so far: Metin's explanation reveals that he has focused on the meaning of the 3g first (S2) and then tries to relate the text element to the information already given (S3). In this sequence, the teacher is not expressing the relation among elements herself as she has done in Task 3; instead, first she prompts the students to do so (l. 1). Later on, she prompts the students to take the meaning of the text element into consideration (l. 101). Being familiar with the scaffold, the boys use Strategies S2 and S3 to relate mental elements and the teacher's prompt for activating S2 suffices to activate S3 as well (l. 108). Concerning RQ1, this shows how both strategies are intertwined in the process of relating elements. This observation reoccurred in further data.

Overview of used strategies to construct and process mental elements

Concerning RQ2, Table 1 gives a short overview on the strategies, which Metin and Yaren used to construct mental elements. For each task, the relevant text and situational elements as well as the relations between them have been specified. For the Tasks 3 -5 those text elements can be either the starting point or a change of the situation (Change 1, Change 2), as described in the problem text. The situational elements, that have to be inferred, can be the state of the situation either after the first or after the second described change (State 2, State 3). After specifying the relevant mental elements, the coded strategies (S1 -S3) were assigned to the prevailing mental elements, when the 

Discussion and outlook

The case study of Metin and Yaren provides first insights into the use of the fostered strategies to identify, infer and relate mental elements. The analysis reveals the contribution of the identified strategies to the inference of implicit situational elements (Sequence 1) and the processing of relations between these elements (Sequence 2). Furthermore, the importance of the interplay between Strategies S2 (focus on meaning) and S3 (focus on relations) can be lined out (RQ1). The use of strategies to identify, infer or relate the prevailing mental elements seems to become more stable during the process of task comprehension (RQ2).

These results are of particular interest for research on modelling against the backdrop of difficulties in constructing a situation model [START_REF] Leiß | The role of the situation model in mathematical modelling[END_REF]. Therefore, two indications might follow from the empirical insights: (1) as the strategies named above might contribute to generating a situation model it is possible that those strategies belong to the strategies having an impact on modeling competencies (see [START_REF] Leiß | The role of the situation model in mathematical modelling[END_REF], (2) the use of those strategies might be fostered by strategic scaffolding and their use seems to become more stable independent of the tasks' characteristics. So, the use of those strategies might be extended to rich modelling taskspresented in written format and with more than one relation describedto facilitate the understanding of the situation.

The presented study is limited at first because of the small number of students that have been analyzed as well as the laboratory setting in which the research was conducted. Further research needs to extend the investigation of the use of strategy to more students and different problem texts. It should especially take the interplay between the named strategies as well as between the teacher and students into consideration. At least the investigation of reading strategies might be extended from fostering reading strategies for word problems to reading strategies for modelling problems.

  (a) textual, (b) propositional or (c) situational type. At first, the (a) text elements and (b) propositional elements have to be (1) identified from the problem text or the text base, according to the problem question. Afterwards, (a) text and (b) propositional elements can be (2) related to (3) interpret or (3) infer new (c) situational elements that have not been identified before. Then those (c) situational elements can be (3) related and (3) integrated to form the problem model (see Figure 1).
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 1 Figure 1: Extended model for treating word problems (adapted from Reusser, 1997; Prediger & Krägeloh, 2015)
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  Figure 4: Metin's concept map of the situation
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  Teacher: Okay and now, you have one card left written 3g on it. Do you need this? 102 Metin: No, not really… but [is reading the text]. Yes, we can use it, because (…) 108 Metin: Ah, Felix has given him something and he has had 3g before.

Table 1 : Strategies used to assimilate elements of different kinds

 1 (S3 represents unsuccessful strategy use)For answering RQ2 the following differences and similarities in the use of strategies can be observed: The analysis of Table1reveals that both boys use Strategy S2 to identify relevant text elements, having also focused on the question (S1). Furthermore, in Task 3 all strategies are used to infer and relate mental elements, while in Task 4 or Task 5 mainly Strategies S2 and S3 are used. This underlines the close entanglement of those strategies. With regard to RQ2 the boys' use of the identified strategies seems to become more stable with frequent use of the scaffold.
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strategies are used before a successful identification, inference or relation of this mental element. The use of those strategies is displayed in Table 1 without focusing on its frequency or its order.