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Abstract. In this paper we are presenting the design and evaluation process of a Teaching 

Learning Sequence (TLS) following Design Based Research (DBR) methodology. The TLS was 

designed for the upper secondary school students on particle dynamics. In this work, we present 

the very first results of the process. The iterative DBR methodology is presented giving 

evidences about design decision and tools for evaluation. This TLS was implemented in a post 

compulsory high school in the Basque Country.  The results obtained in the first implementation 

show that there are improvements in the learning achieved by students in comparison with a 

control group. The strengths and weaknesses of the TLS will be analyzed for future redesign 

phase into DBR phases, 

1.  Introduction 

Dynamics, probably, is the most popular topic in physics, particularly in secondary and high school. 

There are plenty of research works on students’ difficulties in Dynamics and the difficulties are very 

well established due to very well known questionnaires like Force Concept Inventory (FCI) [1]. 

Although there are also some proposals for implementation with the aim to overcome those difficulties 

most of these proposals do not make explicit the design decisions and the evaluation of the proposal is 

usually done only looking to the students’ results, leaving at the side the evaluation of the quality of the 

sequence. In this work, we are going to describe the design and evaluation process of a Teaching 

Learning Sequence (TLS) following Design Based Research (DBR) methodology [2, 3].  

The principal aim of the TLS we are presenting in this work is to give students a learning path to 

follow to achieve a conceptual understanding on Newton’s Laws and dynamics. With this purpose the 

present TLS would like to be “both an interventional research activity and a product, like a traditional 

curriculum unit package, which includes well-researched teaching-learning activities empirically 

adapted to student reasoning” [4].  

To design the TLS we choose DBR methodology. This methodology allows us to integrate theoretical 

principles in the design process at the time that we can make explicit the design and evaluation decisions 

[2, 3]. This methodology proposes to follow three general steps; design phase, the teaching experiment 

and the analysis and evaluation of the teaching experiment and finally, a redesign phase. Although DBR 

methodology does not propose any commitments in relation to the nature of learning or teaching 

strategies, is expected the articulation of those commitments in the decision making process. 

In this paper we are going to start answering the following research question. To what extent does 

the DBR methodology improve the design, evaluation and refinement of the TLS in the case of Newton's 

laws in high school students?  
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In summary, in this paper we have developed a way to use DBR as a methodology for the design of a 

TLS and we have provided an example developed following this methodology with a particular focus 

on its design and evaluation. We do not suggest that this is a unique result, but we hope it will be a 

fruitful contribution to change what is now a significant area of research, but to disperse in a research 

program that may constitute a central component of the field of Science Education. 

4.  References 

[1] Hestenes, D., Wells, M., & Swackhamer, G. (1992). Force concept inventory. The physics 

teacher, 30(3), 141-158. 

[2] Guisasola, J., Zuza, K., Ametller, J., & Gutierrez-Berraondo, J. (2017). Evaluating and redesigning 

teaching learning sequences at the introductory physics level. Physical Review Physics Education 

Research, 13(2), 020139. 

[3] Easterday, M. W., Lewis, D. R., & Gerber, E. M. (2014). Design-based research process: Problems, 

phases, and applications. Boulder, CO: International Society of the Learning Sciences. 

[4] M. Meheut, and D. Psillos, Teaching-learning sequences: Aims and tools for science education 

research, Int. J. Sci. Educ. 26, 515 (2004). 

[5] Bliss, J., & Ogborn, J. (1994). Force and motion from the beginning. Learning and instruction, 4(1), 

7-25.  

Leach, J., & Scott, P. (2002). Designing and evaluating science teaching sequences: An approach 

drawing upon the concept of learning demand and a social constructivist perspective on 

learning. 

[6] Ametller, J., Leach, J., y Scott, P. (2007). Using perspectives on subject learning to inform the design 

of subject teaching: an example from science education. Curriculum Journal, 18(4), 479–492. 

[7] Zuza, K., Almudi, J. M., Leniz, A., y Guisasola, J. (2014). Adressing students’ difficulties with 

Faraday’s law: A guided problem solving approach. Physical Review Special Topics- Physics 

Education Research, 10(1), 1–16.  

[8] Osuna García, L., Martínez-Torregrosa, J., Carrascosa Alís, J., y Carbonell, R. V. (2007). 

Planificando la enseñanza problematizada: el ejemplo de la óptica geométrica. Enseñanza de las 

ciencias: revista de investigación y experiencias didácticas, 25(2), 277-294. 

[9] Nieveen, N. (2009). Formative evaluation in educational design research. En An introduction to 

educational design research (pp. 89–101). Enschede: SLO. 

[10] Pintó, R. (2005). Introducing curriculum innovations in science: Identifying teachers’ 

transformations and the design of related teachers’ education. Science Education, 89(1), 1–12 

[11] Furió, C., y Carnicer, J. (2002). El desarrollo profesional del profesor de ciencias mediante tutorías 

de grupos cooperativos. Estudio de ocho casos. Enseñanza de Las Ciencias, 20(1), 47–73. 

[12] Fishman, B. J., y Krajcik, J. (2003). What does it mean to create sustainable science curriculum 

innovations? A commentary. Science Education, 87(4), 564–573. 

[13]  Coelho, R. L. (2010). On the concept of force: How understanding its history can improve physics 

teaching. Science & education, 19(1), 91. 

[14] Eisenbud, L. (1958). On the classical laws of motion. American Journal of Physics, 26(3), 144-159. 

[15] Ellis, B. D. (1962). Newton's Concept of Motive Force. Journal of the History of Ideas, 23(2), 273-

278. 

[16] Carr, W., y Kemmis, S. (1986). Becoming critical. In Education, knowledge and action research. 

London: Falmer. 

[17] Zabalza, M. A. (1991). Fundamentación de la Didáctica y del conocimiento didáctico. Didáctica-

Adaptación. Madrid, UNED, 85-220. 

[18] Booth, S., & Marton, F. (1997). Learning and awareness. Mahwah: Lawrence Earlbaum. 

[19] Hake, R. R. (2002, August). Relationship of individual student normalized learning gains in 

mechanics with gender, high-school physics, and pretest scores on mathematics and spatial 

visualization. In Physics education research conference (Vol. 8, pp. 1-14). 

[20] Heron, P. R. (2015). Effect of lecture instruction on student performance on qualitative questions.   

     Physical Review Special Topics-Physics Education Research, 11(1), 010102.]. 




