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Learning how to apply mathematics is crucial for university level science students. Modelling tasks are especially challenging for undergraduates, since solving such tasks involves performing various actions. These actions can be described as transitions between successive states in modelling cycles (e.g., [START_REF] Blum | Filling up" -The problem of independence-preserving teacher interventions in lessons with demanding modelling tasks[END_REF]. Students often focus on calculations and neglect the actions of modelling and interpreting, even though these are important for their future studies and work. In order to support students in modelling tasks, we use worked-out examples (WOEs) with gaps and self-explanations to encourage active work with the problem at hand [START_REF] Hilbert | Learning to prove in geometry: Learning from heuristic examples and how it can be supported[END_REF]. Our poster shows design elements of our WOEs, in particular the different types of gaps, and the design of a pilot study with the idea of analysing how students work with these gaps (link to the poster).

Worked-out examples with self-explanations related to a modelling cycle

It is well known that beginners benefit from WOEs, especially when they include self-explanations [START_REF] Atkinson | Learning from examples: Instructional principles from the worked examples research[END_REF]. Some research reports the use of WOEs with gaps. For instance, [START_REF] Stark | Lernen mit Lösungsbeispielen: Einfluß unvollständiger Lösungsbeispiele auf Beispielelaboration, Lernerfolg und Motivation[END_REF] showed that gaps improved the students' performance in case of probability calculation, while [START_REF] Hilbert | Learning to prove in geometry: Learning from heuristic examples and how it can be supported[END_REF] found that gaps impaired the learning gain in the context of proving in geometry. In our opinion, the greatest advantage of WOEs is the possibility to provide a structure for a solution of a modelling task as well as to enable students to think deeply about the solution by filling in the gaps.

We have taken the modelling cycle from [START_REF] Schupp | Anwendungsorientierter Mathematikunterricht in der Sekundarstufe I zwischen Tradition und neuen Impulsen[END_REF] as a basis to structure the WOEs. Our WOEs usually start with a scientific problem in a real-world situation (see Figure 1) and contain various tasks of modelling, deducing, interpreting, and validating that correspond to transitions in the cycle. In addition, we extend the action of modelling by the translation between scientific, mathematical and daily languages as a bridge in order to better comprehend the scientific problem and the mathematical model as well. Moreover, we feel it is important to emphasize the underlying mathematics, which is, for instance, a crucial point in a mathematically deduced solution. 2019) suggest four types of gaps; each of these types is used to foster the actions in the modelling cycle. Gaps for translation: These gaps activate the translation between scientific, mathematical and daily language to refer to the transition from real-world to mathematics and vice versa, i.e. for modelling and interpreting. Gaps for calculation: Students are asked to calculate some steps on their own. This type is always inserted for deducing on the mathematical side. Gaps for mathematical terms and notions: The students should practice the use of mathematical language, including mathematical symbols. These gaps are applied on the mathematical side of the cycle for both deducing and modelling. Gaps at key points: At these points, students should become aware of crucial points or general subgoals in modelling, deducing, and interpreting.

According to our experience and the students' comments during lectures and tutorials, students do not always estimate the difficulty of gaps in the same way as the designers of the WOEs.

1. What types of gaps in the WOEs do students find easy/moderate/difficult, and why? 2. To what extent do the estimates of the difficulty of gaps differ between the designers and students?

Design of a pilot study

We proposed the following interview study on the topic of discrete growth with first-year pharmacy and biomedical students. The designers of the WOEs set gaps of different types and estimate the difficulty of the gaps in advance. Between a lecture and the tutorial, student volunteers first complete a given WOE while thinking aloud. Second, they are asked to estimate the difficulty of the gaps and give reasons for their estimate if possible. Afterwards the designers' and the students' difficulty estimates are compared and analysed, particularly with respect to the types of the gaps.
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 1 Figure 1: Modelling cycle (our representation, following Schupp, 1988) Design principles for gaps in worked-out examples and research questions Strauer et al. (2019) suggest four types of gaps; each of these types is used to foster the actions in the modelling cycle. Gaps for translation: These gaps activate the translation between scientific,