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Introduction

The purpose for teachers acquiring mathematical knowledge for teaching (MKT) is to use this in their classrooms. Research on teachers' MKT, therefore, also needs to measure their mathematical knowledge in teaching (MKiT). The Knowledge Quartet (KQ) framework is designed for such situations [START_REF] Rowland | Elementary Teachers' Mathematics Subject Knowledge: the Knowledge Quartet and the Case of Naomi[END_REF]. The KQ comprises four dimensions: foundation, transformation, connection, and contingency, each consisting of four to seven aspects (see knowledgequartet.org). Using the KQ, [START_REF] Weston | Using the Knowledge Quartet to quantify mathematical knowledge in teaching: the development of a protocol for Initial Teacher Education[END_REF] suggests to quantify the presence and appropriateness of MKiT. However, she does not quantify the appropriateness of the absence of MKiT. Building on Weston's method, we also analyze whether the absence of particular aspects of teacher knowledge is appropriate. The research question is: What does the quantified use of the KQ framework reveal about the appropriateness of present and absent MKiT?

Methods

Using a multiple case study, we applied the KQ in the context of a teacher college intervention that aimed to improve the PSTs' MKT of informal statistical inference (ISI; De Vetten, Schoonenboom, Keijzer, & Van Oers, 2018), which can be defined a generalization, based on data, expressed with uncertainty. Part of the intervention was to teach an ISI lesson. We observed three of the 21 participants, Alfred, Celine and Demi (pseudonyms) teaching their 3 rd to 5 th classrooms. The PSTs taught a lesson, called "What is the most frequently used word in a stack of children novels?" The lesson was modelled at teacher college and was laid out in a lesson plan. The analyses are based on transcripts of video recordings of the classroom interactions. The unit of analysis was a teaching situation, constituted by a fragment of whole class discussion that concerned one substantive topic. Within each fragment the PSTs' actions were analyzed from the idea that these actions "could be construed to be informed by a trainee's mathematics content knowledge or […] mathematical pedagogical knowledge" (Rowland et al., 2005, p. 258). The coding process followed the approach of [START_REF] Weston | Using the Knowledge Quartet to quantify mathematical knowledge in teaching: the development of a protocol for Initial Teacher Education[END_REF]. First, for each fragment the presence of each of the 20 KQ codes was coded (present versus non-present). Second, the appropriateness of the (non-)presence was evaluated (appropriate versus inappropriate). Present teaching actions were coded as appropriate when these teaching actions helped to attain the learning objectives (p-a), and as inappropriate when they hindered the attainment of the learning objectives (p-i). Absent teaching actions were coded as appropriate when absence did not hinder the attainment of the learning objectives (np-a), and as inappropriate when they were essential to move the lesson towards attainment of the learning objectives (np-i). Coding was discussed with a second coder until consensus was reached. Six out of 20 KQ codes were present in at most one fragment and were excluded from the analyses. These concerned, for example, procedural codes, which are not relevant for the conceptual nature of ISI, and codes related to lesson design issues, which are not relevant for lessons not designed by the PSTs. The analyses involved tabulating the presence and appropriateness codes and searching for patterns.

Results and discussion

Table 1 shows the results of the analysis. It shows, for example, that Alfred and Demi were not aware of the purpose of the lesson in 27 to 28% of the fragments. Another result is that inappropriate (absence of) teaching actions often concern the failure to correctly interpret or respond to students' conceptual input, and to provide correct conceptual explanations of the content. Lastly, the use of mathematical language was largely absent from the lessons, apart from Alfred and Demi defining a sample. This is not surprising given that ISI is informal by definition and stimulates the use of context language. The above examples thus show how quantifying the presence and appropriateness of teaching actions helps to overall impression of PSTs' MKiT. Qualitative analyses could provide more depth to these results. 

Table 1 : Proportion of appropriate (absence of) teaching actions 1

 1 Alfred 11, Celine 12; Demi 18 fragments. 2 Thin border: proportion inappropriate between 0.1 and .25 ; thick border: proportion inappropriate > .25.

	Alfred	Celine	Demi