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Introduction and theoretical background
In recent years, the teaching approach thinking classrooms has become increasingly prevalent in mathematics education. In a thinking classroom, students are assigned random groups of three and work on non-permanent vertical surfaces with problem-solving tasks that are intended to promote thinking (Liljedahl, 2016). In this context, problem-solving activities can be understood as students engaging with tasks where the solution strategies are not immediately available to them. During such activities, there are situations wherein students are unable to generate new solution strategies, stop attempting to reach a solution, or repeat previous strategies. Such situations can be termed impasses (Ohlsson, 2011). Students can also become fixated on pursuing non-productive strategies, often referred to as a wild goose chase (Schoenfeld, 1987), which can be understood as another type of impasse. Aiming to understand these issues, this study examines the occurrences of impasses in thinking classrooms and how students navigate out of them, with or without facilitation. The study is based on data from a larger overarching project at the University of Oslo, “Problem solving and inquiry with vertical boards”, and presents preliminary findings from this ongoing research.
Methodology
Video data is collected to observe student groups in upper secondary mathematics classrooms as they work jointly with problem-solving tasks in a thinking classroom. We will present and discuss preliminary findings from the study, using two illustrative examples that showcase what may happen when students reach an impasse and how they navigate out of it. Deductive codes (unable, stopping, repeating, and wild goose chase, cf. Ohlsson, 2011; Schoenfeld, 1987) were used to analyse impasses, whereas both inductive and deductive codes (asking teacher, asking neighbour group, looking at neighbouring vertical surface, collaboration, and teacher initiating guidance) were used for attempts to navigate out of impasses. The research project received the necessary approvals from Sikt, and written consent letters was signed by the participating students and teachers.
Preliminary findings and discussion
In the first sequence a group is trying to figure out when a given function is greater than another function. The group aims to determine the y-value for the intersection but is unable to generate a solution strategy, indicating an impasse. Attempting to navigate out of the impasse, the group reaches out to a neighbouring group but fails to understand their provided suggestions. Therefore, the group turns to their teacher in a new attempt to navigate out of the impasse. The teacher replies by decomposing the solution with several questions. This leads to the group being able to determine the y-value. 
The sequence can be categorized as the impasse type unable. It can also be understood as a wild goose chase, as the solution strategy fails to provide information about when the function is greater and thus is non-productive. The teacher guided them out of the impasse type unable by posing questions decomposing the solution strategy. This indicates that the students needed assistance from the teacher in uncovering and structuring the necessary knowledge to get “back on track” in their problem-solving process. However, the group was still on a wild goose chase. A possible reason for this, is that the students were unconscious of this impasse. In addition, the teacher did not notice the impasse or chose to leave it out of the guidance. This indicates that a combination of two types of impasses can make it more complex to move beyond. 
In the second sequence a group is trying to solve a quadratic inequality. They start formulating the expression as an equation but are unable to generate a solution, indicating an impasse. One of the group members looks at a neighbour group’s vertical surface and copies the beginning of their solution, claiming that: “I do not know what I have done now, but it is something here”. This leads to a group discussion regarding what the copied beginning means and how to use it to reach a solution. This collaboration leads to them uncovering that the quadratic formula provides the solution. 
The sequence can be categorized as the impasse type unable. By looking at a neighbouring vertical surface, the group were able to start a discussion and find a solution. It appears that the group needed something to base their discussion on to get “back on track” in their problem-solving process. In addition, the sequence indicates that examining a neighbouring surface can be insufficient for moving beyond an impasse, because the group also relied on collaboration.
Conclusion
To summarize, the sequences have shown that impasses and navigation can occur in various ways. The preliminary findings indicate that it may be more complex for students to overcome combinations of impasses, and that sometimes different types of navigation need to be combined to move beyond an impasse.
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