[bookmark: _Toc356483645]AUTHOR INFORMATION
“The effect of teacher scaffolding and classroom interactions on students’ model of magnetism”

Models play a distinctive and irreplaceable role in scientific investigation and teaching. Because models are tools in understanding and learning about the physical world, it is important to give students an opportunity to create, reflect upon, and revise their own mental models. The purpose of this study was to determine how teachers scaffold students’ learning and how this scaffolding affects the students’ ability to construct model of magnetism. In this study, the models of magnetism created by ninth grade students (47 students, average age 15 years, three teaching groups), were the indicators for learning supported by scaffolding. The research questions were: (1) What kind of changes can we seen in the models students create? (2) How can the teacher use scaffolding to encourage the process of mental model building? (3) What kind of relationship can be seen between the models that the students create and the scaffolding that the teacher uses? The data were collected during a two-week learning session, designed at the University of Purdue (Sederberg, 2010). The teaching sequence contained six lessons, each of which was 45 minutes long. There were also pre- and posttests for students. During the lessons the students worked in groups of two or four. The students completed worksheets for each lesson. The models that the students presented in these worksheets were organized into six categories that were used to model a five-step category showing the students’ understanding of the phenomenon. Each lesson was video-recorded. Videos were analysed based on the system developed by Seidel (2006). The findings show that the intervention has a positive effect on the understanding of magnetism. The models that the students use to describe magnetism were not stable during the learning process. Students needed scaffolding. Therefore, if a teacher uses several different types of scaffolding the students’ modeling process will be more successful. The teachers’ awareness of and sensitivity to the critical actions in ZPD help the students reach a more sophisticated model of the concepts of magnetism. It has been shown that it is difficult for students to conceive the details of different models without any help. Students need the teachers’ scaffolding and feedback to support their self-confidence. When the teacher provides knowledge in small quantities at a critical moment of learning, students benefit from this information in the most effective way. On the other hand, a lack of scaffolding affects the students’ modeling process negatively. Therefore, it is important that teachers have enough time to pay attention to the most important elements of their students’ modeling.
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Summary
The purpose of this study was to determine how a teacher can scaffold students understanding of magnetism. The reason this topic was chosen was because of a lack of research about teaching-learning in magnetism (Guisalo, Almudi’, Zubimendi, 2004; Maloney, O´Kuma, Hieggelke ja Heuvelen, 2000; Borges & Gilbert 1998). The indicator of learning was a model created by a student, typically by drawing, during a lesson. In order to answer the research questions, a six lesson learning sequence was put into practice. The lessons were developed at the University of Purdue (Sederberg, 2010) and were part of the normal school timetable. Each of the lessons takes 45 minutes. Forty-seven students (average age 15 years) and three teachers participated in the teaching experiment. One of the teachers was a researcher. Students were divided into three equal-sized groups.
The theory of research is based on socio-constructivism (Pollard, Anderson, Maddock, Swaffield, Warin ja Warwickin, 2008; Driver, Asoko, Leach, Mortimer & Scott, 1994). The students interactively try to find and construct the meaning of the phenomena they have studied. The teacher scaffolds the students in that process (Berk & Winsler, 2002). In this study, attention was paid to four different types of scaffolding. In the first phase critical actions were sought. These critical actions are in connection with a teaching model of magnetism, and students’ previous mental models of the phenomenon. The other types of scaffolding we sought included how the teacher recognized the students’ previous mental models and connected them to the teaching model of magnetism (Tiberghien, 1994; Justi & Gilbert, 2002). We also studied how students tested the phenomenon they were observing (Viennot, Chauvet, Colin & Rebmann 2005). This is important, because it has been shown that students need explanations and interpretation for their observations (Bliss, Askew & Macrae, 1996). The teacher’s scaffolding is based on the sensitivity toward the students’ needs and understanding (Greca & Moreira, 2002). The teacher builds bridges between the students’ individual reconstruction and the school knowledge (Myhill & Warren, 2005).
 The main research questions are: (1) What kind of changes can be seen in the models students create? (2) How can teachers use scaffolding to encourage the process of mental model building? and (3) What kind of relationship can be seen between the models that the students create and the scaffolding that the teacher uses?
Most of the results were obtained using qualitative methods. Data were gathered using the students’ investigation sheets and video recordings of the lessons. Students were also given pre- and posttest. The models that students presented on their worksheets were organized into six categories and were used as indicators of their understanding of the concept of magnetism. These models form modeling steps that showed how models can reach more elements, and the next developer model was based on further knowledge. Teachers’ talks were analyzed from videos with Atlas.ti 6 software. Attention was paid to how the teachers introduced the four critical actions, how the teachers paid attention to the elements of the students’ existing mental models, how teachers gave instructions for the investigative process, how teachers taught the theory of magnetism in existing teaching models and connected it to the students’ mental models, and how teachers determined the knowledge that students gained from the investigative process.
The study determined that if a teacher uses many types of scaffolding in an appropriate way, then the students’ modeling process will be more successful. Students need to be provided with steps (critical actions) to produce more sophisticated models of the concept of magnetism. It is difficult for students to notice the details of the model without any help. Students need explanations to support their self-confidence in many ways. If a teacher provides knowledge in smaller pieces at the right moment of learning, then students can benefit from this information in the most effective way. A lack of scaffolding negatively affects the students’ modeling process. Therefore, it is important that teachers pay attention to the most important elements of their students’ models so that students can obtain the right pieces of information for the creation of their mental models.
In this study has shown the importance of enough time for teaching and learning. Teachers need to have time for scaffolding. Students have to think as well as construct with support from teacher and the other students in the classroom. Learning science involves social interaction and lots of talk about phenomena, and it is connected to mental and teaching models. Introducing and providing the connections and facts in enough small pieces, not too much at same time, provides better possibilities for students to adopt scientific ways of knowing. Students need to understand the purpose for the study and increase their self-confidence so that in the future they can trust in their ability to solve problems and make the right decisions. To reach these goals, there need to be small groups that teachers have enough time to interact and guide every student during the learning process.
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