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To provide appropriate support during modelling processes is challenging for teachers. Especially modelling tasks based on a holistic approach offer a multitude of solutions that the teacher has to deal with. Several authors therefore emphasize the importance of a precise diagnosis in the intervention process. Adaptive interventions are a suitable support for students whereas a previous diagnosis should be the basis. A process model is presented that describes an idealized intervention adapted to students' modelling processes. In this model, a diagnostic and an intervention-related part can be distinguished. We investigate the question whether adaptive intervention competence can be described through a one-or two-dimensional model and whether a cause and effect relationship between a correct diagnosis and the selection of an adaptive intervention can be determined. The results indicate that the meaning of a previous diagnosis can be confirmed empirically in this sample.

Introduction

When using modelling tasks according to a holistic approach, group work is an effective instructional strategy [START_REF] Clohessy | Examining the role of group work as an effective instructional strategy when teaching problem solving[END_REF]. In less structured and independently carried out working processes, adaptive teacher interventions provide appropriate help for students. When difficulties arise in group work, teacher interventions should ensure progress without giving too many content-related hints on the solution. Frequently, a spontaneous reaction is necessary and there is little time available. Adaptive interventions should create a balance between direct instruction and students' independent work [START_REF] Leiss | Adaptive Lehrerinterventionen beim mathematischen Modellierenempirische Befunde einer vergleichenden Labor-und Unterrichtsstudie[END_REF]. However, intervening adaptively is therefore a challenging activity for teachers [START_REF] Blum | Mathematical modelling: Can it be taught and learnt[END_REF].

For this reason, a modelling seminar was developed and integrated into university teacher training. The overall intention is to facilitate pre-service teachers' adaptive intervention competence and evaluate their development through the seminar. By a teacher intervention, we generally mean a verbal intrusion into the students' solution process (cf. [START_REF] Leiss | Hilf mir es selbst zu tun[END_REF]. We present the construct of adaptive intervention competence which is measured using a quantitative test instrument. In this article, the data of the seminar are used to examine the dimensionality of the construct and to investigate the cause and effect relationship between diagnostic and intervention-related aspects. [START_REF] Leiss | Hilf mir es selbst zu tun[END_REF] has developed a general model for teacher interventions (see Figure 1) in which he differentiates between three aspects: the basic knowledge, the area and the characteristics of an intervention [START_REF] Tropper | Teachers' temporary support and worked-out examples as elements of scaffolding in mathematical modeling[END_REF]. A diagnosis of the situation (trigger of the intervention, previous interventions, knowledge required to solve the task, students' competence level, time available) and a diagnosis of difficulties (type of difficulty, area and cause of the difficulty, assignment in a theoretical modelhere: the modelling cycle) is necessary to create a basic knowledge which is crucial for the selection of an adequate intervention. The area of intervention describes to which aspect the intervention refers to. Organizational interventions concern the design of the learning environment ("Watch the time!"). Affective interventions influence students' emotional aspects extrinsically ("You can do this!"). Strategic interventions are help on a meta-level ("What is still missing?" (Blum & Borromeo Ferri, 2009, p. 52)). Content-related interventions are related to concrete contents of the task ("A car consumes 7 litres per kilometre."). The area is the central feature of an intervention [START_REF] Leiss | Hilf mir es selbst zu tun[END_REF]. In particular, strategic interventions are considered to have high potential to support students to overcome difficulties in the modelling process [START_REF] Link | Problemlöseprozesse selbstständigkeitsorientiert begleiten[END_REF][START_REF] Stender | The use of heuristic strategies in modelling activities[END_REF].

Adaptive interventions

Interventions can be classified by different characteristics like the intention of the intervention (statement, question, request), its duration and the addressee (single student, group, whole class) [START_REF] Leiss | Hilf mir es selbst zu tun[END_REF]. The aspects basic knowledge, area and characteristics of an intervention describe a general and idealized intervention. Based on that, [START_REF] Tropper | Teachers' temporary support and worked-out examples as elements of scaffolding in mathematical modeling[END_REF] defined the notion of adaptive teacher interventions which are based on a diagnosis of the situation and can be described as an independence-preserving form of support, adapted in form and content to students' learning process, in order to enable them to overcome a (potential) barrier in the process and to continue the process as independently as possible. (2015, p. 1226) Four essential characteristics of adaptive interventions can be identified from this and further definitions (see [START_REF] Leiss | Hilf mir es selbst zu tun[END_REF][START_REF] Stender | The use of heuristic strategies in modelling activities[END_REF]. In our work adaptive interventions:

 are based on a diagnosis.  are adapted in form and content to students' learning process.  provide minimal help.  preserve independence.

These four aspects are crucial for supporting students in mathematical modelling processes. They are the basis for assessing interventions in terms of adaptivity.

Adaptive intervention competence in mathematical modelling processes

Due to the high demands on adaptive interventions in mathematical modelling processes, a process model was developed using the work of [START_REF] Leiss | Hilf mir es selbst zu tun[END_REF]. The model describes an idealized intervention supporting groups of students in mathematical modelling processes (see Figure 2). The Steps 1 and 2 form the diagnostic part of the model and thus the diagnostic competence. An accurate diagnosis is essential for the selection of an adaptive intervention [START_REF] Blum | Mathematical modelling: Can it be taught and learnt[END_REF][START_REF] Leiss | Hilf mir es selbst zu tun[END_REF]. If difficulties arise in the solution process, they have to be diagnosed. It is useful to identify the modelling phase first (Step 1 in Figure 2) in which the students are currently working [START_REF] Borromeo Ferri | Mathematical modelling in teacher educationexperiences from a modelling seminar[END_REF]. Based on knowledge about typical difficulties in the individual modelling phases, initial indications for the cause of the difficulty can be obtained. Several studies indicate potential difficulties in single modelling phases (e.g., [START_REF] Galbraith | A framework for identifying student blockages during transitions in the modelling process[END_REF]. With the help of this knowledge a focused diagnosis is possible (Step 2 in Figure 2). [START_REF] Link | Problemlöseprozesse selbstständigkeitsorientiert begleiten[END_REF]. However, depending on the situation and its framework conditions, organisational, affective or content-related interventions may be suitable. In Steps 1 to 3but especially in Step 3 the knowledge about the situation (see Figure 2; [START_REF] Leiss | Hilf mir es selbst zu tun[END_REF] influences decision making. This knowledge is ideally acquired before the intervention process due to its crucial meaning for the selection of an adaptive intervention. At this point, it may be suitable not to intervene prematurely. This provides students with the opportunity to overcome the difficulty by themselves [START_REF] Leiss | Hilf mir es selbst zu tun[END_REF]. The adaptivity is appraised before implementationa priorion the basis of the four characteristic aspects mentioned above. Finally, an evaluation must be carried out after implementationa posteriori. It has to be determined whether the intended behaviour has occurred, whether the difficulty has been overcome and whether students are working independently. The adaptivity of an intervention can finally be determined afterwards. Even if it matches all aspects of an adaptive intervention, a priori, it needs not be successful [START_REF] Stender | Wirkungsvolle Lehrerinterventionsformen bei komplexen Modellierungsaufgaben[END_REF][START_REF] Vorhölter | Teacher behaviour in modelling classes[END_REF], a posteriori. The intervention is assessed by the teacher before and after implementation. Therefore, we distinguish between a priori and a posteriori intervention competence. If necessary, the teacher has to go through the intervention process again.

The process model describes cognitive and action-related aspects of an intervention. The ability to perform this process appropriately is what we call adaptive intervention competence in mathematical modelling processes.

Hypotheses

In this article, we investigate the dimensionality of the measured construct and whether the diagnostic competence (Steps 1 and 2) and the a priori intervention competence (Step 3) show an empirical interrelation. Since various authors emphasize the importance of an accurate diagnosis for the adaptivity of an intervention [START_REF] Blum | Mathematical modelling: Can it be taught and learnt[END_REF][START_REF] Leiss | Hilf mir es selbst zu tun[END_REF], our hypotheses are:

(H1)
The cognitive part of adaptive intervention competence can be described by a twodimensional model (diagnostic and a priori intervention competence).

(H2) There is a cause and effect relationship between diagnostic and a priori intervention competence (Klock & Siller, 2019).

Method

Pre-service teachers were surveyed with the help of a quantitative test instrument in a pre-postdesign before and after attending a teacher training seminar on mathematical modelling. We use this data to answer the mentioned research questions. Since the evaluation of the seminar is not part of this article, we refer to another publication for a description of its contents (Klock & Siller, 2019).

Sample

The data were collected in the winter term 2017/2018 and in the summer term 2018. The preservice teachers are all trained for teaching professions at secondary schools. The sample description is given in Table 1. The genders are distributed almost evenly, the students are on average 23 years old and are in their sixth to seventh term of study. In order to generate a sufficient sample size for the analysis of dimensionality, the method of virtual persons according to [START_REF] Hartig | Schätzung von Veränderungen mit "plausible values[END_REF] was applied. In this approach pre-and post-test data of the same persons (n=156) are used in a simple logistic Rasch model. The advantage of this approach is that items' difficulty parameters are estimated using the same model in pre-and posttest. However, potential dependencies between the measured values of the same person are not considered.

Instrument

Piloting the test in another sample (n=66), four of ten task vignettes were eliminated based on statistical quality criteria. The test instrument [START_REF] Klock | Lehrerkompetenzen zum mathematischen Modellieren -Test zur Erfassung von Aspekten professioneller Kompetenz zum Lehren mathematischen Modellierens[END_REF][START_REF] Klock | Aspekte professioneller Kompetenz zum Lehren mathematischer Modellierung bei (angehenden) Lehrkräften -Erfassung und Evaluation[END_REF] consists finally of six text vignettes, each showing a modelling task and a typical students' conversation while solving the task. The scale "diagnosis" consists of three multiplechoice items per text vignette (18 items) with four possible answers each. The scale "intervention" consists of complex multiple-choice items with four items per text vignette (24 items; see The test construction is based on the presented process model (see Figure 2). The diagnostic part is operationalized by the scale "diagnosis". The scale measures the ability to identify the modelling phase, the difficulty in the modelling process and to select a support goal. A priori intervention competence is operationalized by the scale "intervention". The statements have to be assessed with regard to the last three of the four aspects of adaptivity mentioned above and aspects of the situation shown by the text vignette. The items were evaluated based on expert ratings assigning scores dichotomously (0 and 1 raw points).

Results

To evaluate the dimensionality of the construct, the simple logistic Rasch model (Rost, 1996, p. 115) was applied to compare two models (H1). The two models and the results of Rasch analysis are shown in Figure 3. The two models are compared with the help of the residual estimates (final deviance, AIC). The residuals are significantly smaller in the 2-dim. Model which indicates a better description of the data. In both models, all item-fit values are within the recommended interval (standardized weighted mean squares > 0.8 and < 1.2) by Bond and Fox (2013, p. 279), which points to a general fit of the Rasch model. The reliabilities are acceptable with regard to the EAPreliability. All indications point to a better fit of the two-dimensional model. We choose the 2-dim. model since it describes the data better and the reliabilities are acceptable.

The scales in the 2-dim. model correlate with high significance (r = .70). The diagnostic and intervention-related part can thus be empirically separated but also form the construct of adaptive intervention competence in mathematical modelling processes since they are highly correlated. (H1) can be confirmed in this sample. (H2) examines the relationship between these two dimensions. For this reason, a linear regression was performed using the post-test-scores (n=78). The weighted likelihood estimates of the Rasch model (WLE-scores) are used to calculate a linear regression between the scales "diagnosis" (independent variable) and "intervention" (dependent variable). Table 3 shows the results. The two scales "diagnosis" and "intervention" show a medium correlation (R = .45). There is a medium goodness-of-fit for the data (R 2 = .20) and a high test power (1- error = .99). The variable "diagnosis" predicts statistically significant the variable "intervention" (F(1, 73) = 18,701, p <.001).

Model

If the score of the scale "diagnosis" increases by one standard deviation, the score of the scale "intervention" increases on average by  = .45 standard deviations. According to that (H2) can also be confirmed in this sample. 
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Discussion and conclusion

Within the scope of our survey, cognitive performance dispositions of adaptive intervention competence were measured. With the help of text vignettes in some extent situational abilities are measured via the selection of a suitable but predetermined answer alternatives. The test does not operationalise the construct of adaptive intervention competence completely. Only the diagnostic and a priori intervention competence is measured. Action-related aspects are not considered in the test instrument. They can be evaluated by means of videos recorded during the seminar. The videos show pre-service teachers supporting groups of students working on a modelling task. However, it can be assumed that the cognitive skills measured are a prerequisite for an adequate diagnosis and intervention.

It was found that a cognitive aspect of adaptive intervention competence can be described by a twodimensional model consisting of diagnostic and intervention-related parts. There is a cause and effect relationship between these dimensions. The scale "diagnosis" predicts skills measured by the scale "intervention" significantly. This can be confirmed by similar results when pre-test scores are analysed. In these data, the effect of the scale "diagnosis" is smaller than in the post-test data. Since diagnostic and intervention competences are acquired in the seminar, the significance of diagnostic skills seems to increase at higher skill levels (Klock & Siller, 2019). The diagnosis plays an important role in the intervention process. However, these preliminary results have to be confirmed by further data.
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 1 Figure 1: Process model for general teacher interventions (Leiss, 2007; translation by authors)
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 2 Figure 2: Process model for adaptive interventions in mathematical modelling processes

  Step 3 describes the choice and realization of the intervention. Few studies examined the effectiveness of various interventions. Studies by Link (2011), Stender (2016) and Vorhölter, Grünewald, Krosanke, Beutel and Meyer (2013) indicate that strategic interventions are particularly suitable. Interventions that follow rules of good communication consist of several interventions at different strategic levels
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 3 Figure 3: One-(left) and two-dimensional (right) model and results of Rasch analysis

Table 1 : Sample description
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	n	Gender	Age		Term	
		male/female	M	SD	M	SD
	78	35/43	23.06	2.69	6.71	2.89

Table 2 : Item examples for the two scales "diagnosis" and "intervention" (Klock & Wess, 2018)

 2 Table 2). Critical questioning of results in the modelling process.  C. Independent construction of mental models for given problem situations.  D. Reliable translation of simplified real situations into mathematical models. 

	Scale	Number of items	Item examples	
			To which phase of the solution process can the group of students mainly be assigned to?
			A. construct/understand		
		6	B. simplify/structure		
			C. mathematise		
			D. interpret		
			Diagnose students' difficulty working on the task in this situation. The students …
			A. … have difficulties in making assumptions.		
	Diagnosis	6	B. … draw the wrong conclusion from their mathematical result. C. … have difficulties in understanding the context.		 
			D. … use an unsuitable mathematical model.		
			Please indicate which support goal you would formulate for the group following this
			situation.	
	A. Independent acquisition and evaluation of information. Please indicate which of the following interventions are suitable for an independence  preserving support of modelling skills in this situation. suitable unsuitable B. Intervention 6 A. "First of all, estimates how long a car is."   24 B. "First, consider only part of the problem, e.g. how many cars are  
			in traffic jams at all."	
			C. "Exactly, calculate this value."		
			D. "Think about how you could get the missing data."		

Table 3 : Results of linear regression

 3 
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