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Figure 1: Used problems

To solve problems like this by working backwards, it is necessary to reverse the operations described and to execute them in reverse order starting from the final value. Thus, reversible thinking skills are required. According to Krutetskii (1978), these are developed in germinal form at primary school age (in mathematically gifted children), but many children still show difficulties in processing such tasks. In particular, reversing the order of operations proves challenging, as has been shown in various studies with children in grades 2 to 6 with similar problems to P1 [START_REF] Rott | Mathematisches Problemlösen. Ergebnisse einer empirischen Studie[END_REF][START_REF] Aßmus | Fähigkeiten im Umkehren von Gedankengängen bei potentiell mathematisch begabten Grundschulkindern[END_REF]. It can be assumed that children at this age are not (yet) aware of the effects of different orders when linking additive and multiplicative operations.

However, another or further cause could lie in the textual design of problems like P1. Buying half and one (or two) additional card(s) is possibly interpreted as one action, especially because the operations in the text are related to the same recipient. Thus, the two sub-operations are not considered separately, making their order irrelevant to the students. This aspect is investigated in the study of working backwards described here considering the following research questions: To what extent do third and fourth graders' solution rates differ when solving a problem with operations performed by different people (e.g. problem 2) versus a problem with linked operations performed by the same person (e.g. problem 1)? To what extent do the results differ with respect to consideration of the order of operations?

The study Design: As part of a written entrance test for a university project for mathematically gifted primary school children, Problem 1 was used in 2013/14 and Problem 2 in 2015-18 (see figure 1). The test was administered under standardized conditions (individual work, comparable instructions, identical working time). Problem 1 was given to 156 children (grade 3: 120, grade 4: 36), Problem 2 to 283 children (grade 3: 200, grade 4: 83).

The mathematical model is identical for both problems: ((6 + 2)  2) + 1)  2 = 34. In P1, however, two operations each are tied to one actor, whereas in P2 they are performed by different children and thus described as separate actions. As a further difference, in P2 each action is noted in a new line as well as the course of the process is made clear by supporting temporal adverbs.

The differences in the solution rates as well as the noted calculation steps are examined with a special focus on the correct use of the operation order. Based on qualitative content analysis, the answers were independently categorized several times and coded using MAXQDA.

Results: P2 was solved by a larger proportion than P1 (grade 3: P1: 5.8%, P2: 25.5%, grade 4: P1: 11.1%, P2: 34.9%). Furthermore, there were differences in procedures with correct reversal of operations but incorrect order (grade 3: P1: 14.2%, P2: 6.0%, grade 4: P1: 16.7%, P2: 9.6%). Here, problem 1 in grade 3 was usually handled by the calculation (6  2 + 2)  2 + 1 = 29. This did not occur at all for problem 2. Also paired with other errors, the proportion of processes with incorrectly reversed order was reduced in grade 4 (grade 3: P1: 10.8%; P2: 9.0%, grade 4: P1: 13.9%, P2: 3.6%).

Overall, it can be stated: The text problem with an unknown initial state remains very challenging for the students of both grades. Basically, however, the study showed that the linguistic presentation of the task text and its modification has a clear influence on the problem-solving process and the children's success in solving the task. In particular, errors based on the use of an incorrect order of operations occurred in lower proportions.

Further studies: To narrow down which variables where causal for the higher solution rates, a third version was tested (Grade 3: N = 66, Grade 4: N = 39) in which two operations were presented in one line and one sentence, as in P1. Otherwise, the task corresponded to P2. Solution rates decreased only slightly in grade 3 (P3: 22,7%) compared to P2, and actually increased in grade 4 (P3: 43,6%). We therefore suspect that separating the operations was more important for the success i than consistently noting the individual actions line by line and sentence by sentence.

We are not interested in simplifying problems mathematically to the point of making a problem accessible to as many students as possible, since this often involves trivializing the problem. However, purely linguistic difficulties should be overcome with a formulation that allows as many as possible to adequately understand the problem in the first place. Qualitativ research will follow.