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This study investigates the potential of engaging secondary pre-service teachers in a team-teaching approach called Socratic lectures to develop their communicational skills. An intervention was designed centered around a workshop sandwiched between a pre-and a post-presentation on natural logarithmic and derivatives to an audience of undergraduate students. A quantitative and qualitative analysis of 155 pre-and 92 documented post-experiences of the undergraduate students' shows that the pre-service teachers' presentations and communicating skills developed positively over the course of the intervention. The accompanying statistical analysis of Likert evaluation items shows a significant increase of multiple communicational aspects of the pre-service teachers, and the line-byline analysis of written evaluations support this claim regarding the pre-service teachers' interactivity. Issues about generalizability and future research is also discussed.

Introduction

Asking the right questions to support, motivate and engage students in learning is a central part of the teaching profession [START_REF] Paoletti | Teacher questioning and invitations to participate in advanced mathematics lectures[END_REF]. Mathematics teaching in Sweden has a long history of traditional teaching, a method based on directing students' learning by presenting mathematical content at the blackboard followed by individual work in the textbook. Research reports [START_REF] Jablonka | Using texts and tasks: Swedish studies on mathematic textbooks[END_REF] show that the traditional teaching influence students to lose interest in mathematics. In this research project, we investigate the potential of so-called Socratic lectures to develop pre-service secondary teachers' strategies to ask different types of questions with different purposes to motivate and engage students to learn mathematics. We report on preliminary results from an intervention, organized around a workshop introducing the Socratic lecture strategy, where 48 pre-service secondary teachers (PSSTs) prepared and presented a focused mathematical content to undergraduate students before (Pre) and after (Post) a workshop. In this paper, we focus on a set of empirical data gathered on the audience's experiences of their level of engagement in the intervention (the undergraduate students') during the PSSTs' the preand post-presentations.

Socratic lectures is a teaching strategy we have developed from research literature on Self-Determination Theory (SDT, see e.g. Ryan & Decis, 2000), rhetoric and team-teaching/co-teaching (see e.g. De [START_REF] De Backer | Let's team up! Measuring student teachers' perceptions of team teaching experiences[END_REF][START_REF] Kamens | Learning about co-teaching: A collaborative student teaching experience for preservice teachers[END_REF]. The teaching strategy, which is based on the Socratic method [START_REF] Thompson | Piloting a coteaching model for mathematics teacher preparation: Learning to teach together[END_REF], is constructed in the form of a play, where two lecturers use the Socratic method by asking questions to each other (and to the audience) in the form of a dialogue and thereby engaging the audience to make them interested. The teaching strategy is to some extent applied in computer courses at the Department of Computer and Information Science at Linköping University and has been praised by students as an engaging and productive way of teaching. Students' course evaluations have emphasized communicational aspects, such as developing a friendly and pedagogic atmosphere for discussions, as fruitful for their learning. Motivated by these positive evaluations and that team teaching has shown many valuable effects in research literature, such as increased dialog about learning and teaching [START_REF] De Backer | Let's team up! Measuring student teachers' perceptions of team teaching experiences[END_REF], we aim to explore if applying Socratic lectures by PSSTs also develop their communication skills in the teaching of mathematics. Communication is here broadly understood as "a process by which information is exchanged between individuals through a common system of symbols, signs, or behavior" (Merriam-Webster, n.d.), which include written, verbal and non-verbal interactions. The research question posed to address the aim is:

How, if at all, did the PSSTs' communication skills in the mathematics of teaching, viewed from undergraduate students' expressed experiences, develop after participating in the workshop on Socratic lectures?

Socratic lectures

Self-Determination Theory (SDT, see e.g. Ryan & Decis, 2000) emphasizes competence, autonomy, and relatedness as central psychological features for increasing motivation. Thus, participation in social contexts (relatedness) affects individuals' motivation to learn if the contexts entail opportunities to influence (autonomy) and to draw own conclusions (competence). Adopting a feeling of being interested in something and being involved in one's own learning are keys to success in school, which also applies to the subject of mathematics [START_REF] Murayama | Predicting long-term growth in students' mathematics achievement: The unique contributions of motivation and cognitive strategies[END_REF]. In trade and sales, it is important to ask the right questions to make customers feel that they 'really' need a certain product. Salespeople often use rhetorical tricks and techniques based on asking questions, which lead the customer to think in a certain direction, so that they desire to buy the product. One such technique used in courtrooms and in political discussions is the Socratic method [START_REF] Thompson | Piloting a coteaching model for mathematics teacher preparation: Learning to teach together[END_REF], which is based on asking leading questions to steer other people's thinking in a certain direction. The central parts of the method are the questions themselves and questioning, because they can facilitate students' knowledge production (Lew et al., 2017). There are several categorizations of the types of questions used in teaching, such as fact, next step, proof framework, warrant, evaluation, and convention [START_REF] Paoletti | Teacher questioning and invitations to participate in advanced mathematics lectures[END_REF]. Frequently the different types of questions are connected to factual-, procedural-, conceptual-, or meta cognitive knowledge [START_REF] Smith | Mathematical question types[END_REF], which also illustrates the importance of using different types of questions to enhance the development of all types of knowledge.

Socratic lectures as a teaching strategy is related the paradigm of team teaching sometimes, also sometimes called co-teaching, which refers to "two or more professionals jointly deliver substantive instruction to a diverse, or blended, group of students in a single physical space" (Cook & Friend, 1995, p. 1). In teaching practices, however, the level of collaboration between teachers and how they jointly deliver instructions may vary. Based on a research literature review, [START_REF] Baeten | Student teachers' team teaching: Models, effects, and conditions for implementation[END_REF] identified five models for team teaching: the observation model, the coaching model, the assistant teaching model, the equal status model and the teaming model. The models capture the roles of the actors in terms of taking passive or active responsibility for the teaching. The models range from passive to active participation in the classroom. One of the teachers can act as a passive observer, to coaching students to assisting the other teacher or even taking more active responsibilities by sharing the working load and splitting the number of students and/or the content to teach as in the equal status model. The teaming model is the ideal model where the teachers collaborate in all phases of planning, delivery, and evaluation, with the characteristics of two teachers "in front of the entire class group and there is a lot of interaction and dialogue between them" (Baeten & Simons, 2014, p. 94). Socratic lectures has these features and should be categorized in accordance to this model. A recent literature review [START_REF] De Backer | Let's team up! Measuring student teachers' perceptions of team teaching experiences[END_REF] concluded that team teaching has the advantages of increased support, increased dialog about learning and teaching, professional growth, and personal growth, but also potentially the disadvantages of lack of compatibility of peers, comparison between peers, difficulty of providing constructive feedback and increased workload. In this paper, we only investigate on the potential of increased dialog about learning and teaching, which exactly emphasize the frequent opportunities of team teaching for PSSTs to discuss and evaluate teaching approaches between each other. While there is a wide corpus of literature about team teaching in educational research generally, to date this strand of research in mathematics education it is more limited. The existing literature concerns how experienced teachers can teach together with teacher students [START_REF] Thompson | Piloting a coteaching model for mathematics teacher preparation: Learning to teach together[END_REF], and the use of "team teaching" for developing special education courses on mathematics teaching and learning [START_REF] Guðjónsdóttir | Team teaching about mathematics for all: Collaborative self-study[END_REF], but to our knowledge no research focusing on how PSSTs develop their ability to teach in dialogue. This study will contribute with new knowledge in this area of research as well as address the call by Kamens (2007, p. 156) "to include realistic classroom-based experiences in co-teaching" in teacher education.

The intervention and data collection

The 48 participating PSSTs were enrolled in a first course on mathematics education in a secondary teacher training programme. About two thirds (30 out of 48) of the PSSTs had completed a 2,5-week introductory course in educational science and started taking a mathematics course in algebra prior to participating in the study, the other third had taken a course in geometry as well as started the algebra course, in addition to courses at the university for a year on other subjects, such as English or Biology. The intervention was designed in three parts a pre-presentation, a workshop and a postpresentation. After the pre-presentation the PSSTs had one week of teaching practical practice a at regular school before attending the workshop, thereafter, a few days until the post-presentation.

For the pre-presentation the PSSTs were grouped in 24 pairs and instructed to prepare and present a 15-minute presentation on a given mathematical content for a set of undergraduate students enrolled in a preparatory course on secondary mathematics for achieving qualification for entering the university. The PSSTs were asked to present either the basic rules for differentiating (i) polynomials and power functions; (ii) exponential functions of type y=a kx ; or (iii) natural exponential function and how work with the logarithm rules. The aim for the pre-presentation was to deepen and consolidate the undergraduate students' knowledge in these areas, since the undergraduate students previously had received two lectures within their course on these topics. The PSSTs were not instructed how to organize and arrange their presentation more than to observe basic principle such as engage and motivate the students, write clear and concise, use proper mathematical notations, speak so the audience can hear, don't talk to fast, etc. In other words, the instructions provided the PSSTs with freedom to independently select presentation strategy. The undergraduate students were organized in ten classrooms and experienced two or three pairs of Socratic lectures by the PSSTs.

The 4-hour workshop on Socratic lectures was mandatory for all PSSTs and was taught and organized by four teachers from the Department of Computer and Information Science. The first and third authors were observing and videotaping the activities during the workshop. The workshop included both theory on the teaching strategy and practical training. In short, the workshop was organized in the following blocks: an introduction (30 min) describing the background of Socratic lectures and the basic principles of using a dialog conversation mode in pair teaching; a first practical training session (45 min) where students were instructed to re-work their pre-presentation using the Socratic teaching strategy, including a presentation of one of the PSSTs pairs whom also received feedback from the four teachers; more theory (15 min) a presentation on how to engage the audience using questions; a second practical training session (45 min) were organized as the first practical session, but with the exception that the PSSTs were instructed re-work their presentation again to also engage the audience.; a model example (20 min) on recursion presented by two of the programming teachers to show how the method is used in one of their courses; and finally a concluding discussions (35min) where the teachers summarized the day and opened up the floor for more discussions and comments. The four teachers teaching the workshop applied the strategy of Socratic lectures during their theoretical presentations and assisted and coached the students during the practical training blocks.

In preparing their 15-minute post-presentation the pairs of PSSTs were instructed to use their notes from the workshop and to implement the Socratic lectures strategy to the same undergraduate students as in the pre-presentation. The PSSTs tasks in their post-presentation were to demonstrate and discuss solutions of assessment tasks on differentiation and logarithms, such as: Find the local maximum and minimum values to f(x)= x 2 -2x 4 + (5/8) and Find the maximum area of a perpendicular triangle inscribed with its base on the x axis and its upper corner on the parabola y = 36 -3x 2 .

The data collected document: the video recordings of all PSSTs pre-and post-presentations; the PSSTs' written reflection of their experiences and expressed views after each presentation; and the undergraduate students' evaluations of the pairs of PSSTs' presentations. This paper focuses on the undergraduate students' evaluation forms, which were distributed and filled out individually directly after each presentation. The pre-and post-presentation evaluation forms were identical and included seven statements to be ranked on a 5-point Likert scale, and three open questions. The Likert items concerned: if the content was relevant; if the presentation was instructive; if the presentation was at the right level; if the presentation was inspiring; if the PSSTs engaged in good dialogs with the students; if the PSSTs asked enough questions; and if they like mathematics. The three open questions were What aspects have you experienced as positive in the presentation? What can be further developed in the presentations? and Additional comments. There was also a question about the undergraduate students' last grades in mathematics from secondary education. The question if they like mathematics and last grades do not focus on communication and are not analyzed in this paper.

Analysis and results

The undergraduate students' responses, 155 on the preand 92 on the post-evaluation forms were, copied into a spreadsheet (SPSS). Answers on all Likert items were analyzed and compared using descriptive statistics and paired sample tests (dependent t-tests). The answers to the two first open questions in the evaluation forms filled out by the undergraduate students were short in length (from just a few words to a few sentences). These answers were explored through a qualitative iterative process of open coding using a line-by-line analysis (cf. [START_REF] Chenail | Conducting qualitative data analysis: Reading line-by-line, but analyzing by meaningful qualitative units[END_REF], with a focus on what communicational aspects in the presentations were emphasized and what aspects were expressed to be potentially improved. The open codes were grouped into six themes, which are discussed below.

First however, we report on the statistical analysis of the undergraduate students' responses on the evaluation forms regarding their expressed experiences about the presentations in terms of the presentations being relevant; at the right level; instructive; inspiring; engaging the in dialogs; and regarding the use of adequately many questions (see Table . 1 below). With respect to the undergraduates' experience of the PSSTs' engagements in dialogs, Table 1 indicates that the workshop made a significant positive impact on the PSSTs' interactions with the undergraduate students (Mpre = 3,18, SDpre = 1,10; Mpost = 4,08, SDpost = 1,06; t(91)= -5,75, p = .000).

There was also a significant increase found with respect to the undergraduates' experiences of the PSSTs use of questions (Mpre = 3,51, SDpre = 1,12; Mpost = 4,01, SDpost = 0,94; t(91)= -3,46, p = .001), as well as the workshop having a significant positive impact on the PSSTs communication skill in terms of adopting an accurate level of presentation (t(91)= -3,68, p = .000); being relevant (t(91)= -2,23, p = .028); being instructive (t(90)= -2,49, p = .015); and being inspiring (t(91)= -2,05, p = .043).

The line-by-line analysis of the undergraduate students' answers on the preand post-evaluation forms to the open questions What aspects have you experienced positive in the presentation? and What can be further developed in the presentations? generated six themes: (i) personal attributes such as if the PSSTs were experienced as friendly, confident, nervous, etc.; (ii) interactivity focuses on aspects of discussions, checking, opening th floor for questions, developing a positive atmosphere, etc.; (iii) planning captures the experienced prepared communication in terms of suitable level of instructions, how to end, choice of tasks, etc.; (iv) delivering focuses on the instrumental aspects of communicating such as black board skills, being loud and clear, pedagogic, etc.; (v) mathematics relate to aspects of how the content of mathematics was presented such as step-by-step explanation, mathematical rules, use of mathematical language, arguments for why, etc.; and (vi) collaboration concerns the communication dynamics between the presenting PSSTs. To compare the undergraduates' answers between the preand post-evaluation forms we report, in table 2 below, on the relative frequency of codes in the themes, as well as the frequency of those undergraduates that explicitly answered the question about what aspects of the presentation that could further be developed with lines such as "everything was good" or "hard to find aspects to improve". The thematic categorization of the undergraduate students' answers as displayed in table 2 show that the proportion of codes in the themes of planning and delivering the presentations was stable between the two occasions both regarding what was positive (+) and what can be further developed (-). The same can be concluded with respect to the question of what could further be developed when presenting the mathematical content. Commonly among the third of the undergraduates that provided an answer within this theme in the pre-evaluation suggested the PSSTs to be more explicit: "Please ask more questions and explain WHY you do as you do and why I should learn this" or "Explain why it is like that, not just say it is". In the post-evaluation forms these types of suggestions were sparse. The first quote above indicates a suggestion to the PSSTs to try to interact more with the audience by asking question. This was a frequently found argument in the pre-evaluation answers, but a type of argument that decreased in number in the post-evaluation. The undergraduates' suggestions on the post workshop presentations instead commented on the use of too many questions: "The organization of the presentation was messy and they asked too many questions just like being students". Regarding the relative frequency of codes in the interactivity theme there is an increase of positive experiences after the workshop and a decrease in suggestions for improvement. Although the workshop focused on the collaboration between the presenters, the undergraduates only provide a few comments within this theme (collaboration) and the relative frequency was low and quite stable between the pre-and post-presentations. The results from the Likert items showed that the undergraduates were more satisfied with the post-presentation, which also is supported by the increase of relative frequency within the category addressing that presentation was good (an increase from 6% to 20%) and that hardly any further suggestions for improvement were provided in the post-evaluation.

Conclusion and discussion

The statistical analysis of the answers on the Likert questions showed a significant increase between the pre-and post-presentation of many communicational aspects of the PSSTs. We therefore conclude that the PSSTs' presentations and their communicating skills developed during the intervention as experienced by the undergraduate students. This conclusion is also supported by the line-by-line analysis regarding the increase of the relative frequency of interactivity and the quality of the presentations as experienced as good. The results may be summarized by the following quote of an undergraduate students on the post-evaluation arguing: "They asked a lot of questions to all of us in the group, good pace, an incredible improvement since last time".

The results presented in this paper are in accordance with other research studies (e.g. [START_REF] Baeten | Student teachers' team teaching: Models, effects, and conditions for implementation[END_REF][START_REF] De Backer | Let's team up! Measuring student teachers' perceptions of team teaching experiences[END_REF] showing that team teaching provides a platform where interaction and dialogue between the presenters and their audience is a central component of the activity. From the line-by-line analysis of the pre-presentation experiences, the undergraduates voiced that the PSSTs showed the procedures to apply when solving tasks, but they were missing explanations of "why" the mathematical procedures were applied. A possible reason for this is the PSSTs' lack of experience of doing presentation. Indeed, for two thirds of the PSSTs this might have been their first chance to act as a teacher and presenting mathematical content. In addition, since all PSSTs just had begun to study mathematics at the university level, they might not have felt confident enough regarding the mathematical topics to get into conceptual issues. The type and number of questions asked by the PSSTs could better be explored using video analysis of the actual situations, which we will follow up with in an upcoming study. The results show, however, that undergraduate students experienced that the interactivity increased after the workshop possibly indicating that the number of questions increased.

What effect the workshop had on the results, require further analysis. On the one hand, all PSSTs attended the workshop and practically tested the new teaching strategy of Socratic lectures focusing on their communicational skills. But, on the other hand, the students also had a week of teaching practice in regular school where they also had opportunities to work on their communicational skills when presenting to a group of students. In addition, the decrease between the undergraduate students participating in the pre-and post-presentations could be another reason for the increase in positive experiences. The students that did not enjoy the first presentation may not have attended the second presentation, which may impact on the results. In addition, the mathematical content presented in the two presentations (logarithmic rules and differentiation), might have invited the PSSTs to focus on standardized solution strategies and procedures for calculating and simplifying, and hence impacted on the type of communication they engaged in. Likely other mathematical content would have generated another result. We are careful not to generalize our results beyond the intervention, the mathematical content presented, the participating PSSTs and undergraduates. Therefore, our first results, that the intervention had a positive effect on the development of the participating PSSTs' communication skills, needs further justifications of new research studies on Socratic lectures.

Table 1 : Undergraduates' expressed experiences of PSSTs' presentations

 1 

			Relevant	Level	Instructive	Inspiring	Dialogs	Question.
	Pre	Mean	4,47	3,77	3,60	3,52	3,18	3,51
		N	155	155	154	155	155	153
		Std. Dev.	0,70	0,95	1,09	1,03	1,10	1,12
	Post	Mean	4,60	4,22	3,88	3,89	4,08	4,01
		N	92	92	92	92	92	91
		Std. Dev.	0,54	0,75	1,00	0,89	1,06	0,94

Table 2 : Undergraduates' answers to the two open questions in the evaluation form

 2 

	Themes:	Attri.	Interac.	Plan.	Deliver.	Math	Collab.	Good	N
	Pre +	11%	13%	25%	38%	10%	3%		313
	Post +	7%	25%	25%	39%	4%	0%		177
	Pre -	10%	15%	14%	38%	16%	2%	6%	150
	Post -	5%	8%	16%	36%	14%	2%	20%	64