
 

 Research Based on Design: Elaboration of Experimental Didactic 
Sequence  

 

Karla Amâncio Pinto Field´s1, Odete Aparecida Sousa Lopes2, Juliana 

Gonçalves Santos3, Leia Ramos Costa4 

 
Abstract 

This research is guided by Design-based research, which combines aspects of educational research 
with practice in real environment. The goal was to create an experimental didactic sequence using low 
cost materials of easy access. The team was formed by a researcher in the field of chemistry teaching, 
a teacher of basic education and two students of licentiate in chemistry. The first step consisted in 
choosing the theme and design principles. The chosen topic was solutions and the design principles 
were problematizing experimental activities. The second step was the design, creation of the didactic 
sequence composed of three classes. During the design, it was considered the physical structure and 
financial conditions of the school. The materials used in the practical activities were low cost and easy 
to access and the activities were developed in the classroom because the school does not have a 
laboratory. The third step was the implementation of the didactic sequence for high school students of 
a public school in the State of Goiás, Brazil. In the first class, we exposed some products of daily use 
containing different types of mixtures and students should identify if the products were formed by 
homogeneous or heterogeneous mixture and argue their positioning. After the arguments, the 
teachers helped the students to identify the phases of a mixture, the differences between 
homogeneous and heterogeneous mixture using the materials that were exposed. In the second class, 
the students produced several acerola juices with different concentrations. During this experiment, the 
contents of solute, solvent, concentration and dilution were discussed. In the third class, an 
industrialized powdered acerola juice was made and students analyzed the juice label to identify which 
chemical additives are present and their functions. The results of this intervention corroborate with the 
researches in the area of science education that point out that the pedagogical potential and the 
capacity to arouse interest and curiosity in an experimental activity are in the capacity of the mediator 
to problematize the phenomena, to instigate the students, to explore the data, make relationships and 
contextualize the presented contents. 
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1. Introduction  
Design-based research is a line that has emerged to develop a new interventionist methodology that 
seeks to combine theoretical aspects of educational research with practice. This line of research was 
introduced in the educational field by Brown (1992) [1] and Collins (1992) [2] from the concept of 
design experiments. This methodology has gained importance in educational research, from the 
growing academic production related [3],[4]. 
In research in science education, Design-based research has been used to plan, implement, and 
evaluate didactic sequences. According to Kneubi and Pietrocola (2017, p3) [5] “the DBR methodology 
manages the process as a whole, from the idea of innovation/creation to its effective implementation in 
a real environment”. The objective of this study was to create an experimental didactic sequence using 
materials of low cost and easy access and to evaluate its applicability in the classroom. 
 

2. Methodology 
This study is based on Design-based research, which combines aspects of educational research with 
practice in real environments [5]. The team was formed by a researcher in the field of chemistry 
teaching, a teacher of basic education and two students of the licentiate degree course in chemistry. 
The first step consisted of choosing the theme and design principles. The chosen theme was solutions 
and the design principles were problematizing experimental activities, which are based on the 
valuation of the previous knowledge of the students and the contextualized teaching - and what is 
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investigated arises from the problems present in the daily life - whose language should enable the 
construction of knowledge in chemistry [6]. The second step was the design, creation of the didactic 
sequence composed of three classes of 50 minutes each with the theme “acerola juice: concentrated 
or diluted?”. During the design, we considered the physical structure and financial conditions of the 
school. The materials used in the practical activities were of low cost and easy access and the 
activities were developed in the classroom. The third step was the implementation of the didactic 
sequence for high school students of a public school in the State of Goiás, Brazil. The fourth step was 
the evaluation of the entire production and implementation process in the classroom. 
 

3. Results and Discussion 
The purpose of this didactic sequence was to give high school students the opportunity to recognize 
day-to-day solutions and their solutes and solvents and to understand the dilution technique and how 
to calculate the concentration of a solution. The didactic sequence was applied together with the 
chemistry teacher of the school; 35 students of the second grade of high school participated. 
 

3.1 First class 
In class 01, an introduction was made on mixtures, solutions, types of mixture (homogeneous and 
heterogeneous), solute, solvent, number of phases and concentrations. During the presentation of the 
contents, the students were questioned if they recognize in their daily life some type of solution. 
Some products of daily use such as soft drinks, non-carbonated water, sparkling water, acerola juices 
made from concentrated and diluted pulp, hydrated alcohol, copper + tin alloy, a balloon filled with 
atmospheric air, a piece of granite, one glass with water + sand, another glass with water + oil + sand. 
Students were asked to classify these materials into homogeneous or heterogeneous mixtures and 
justify their choices. 
It was noticed that in the beginning, students presented a little difficulty during the classification of 
materials containing one or more phases, but the activity was very relaxed, had the participation of the 
students, and one student stressed the following: “Understanding the explanations with experiments 
was very easy, the issues addressed when it comes to day-to-day life makes simpler the 
understanding”. After the arguments, the teachers helped the students to identify the phases of a 
mixture, the differences between homogeneous and heterogeneous mixture using the materials that 
were exposed. The students were told that solutions are homogeneous systems, formed by mixing two 
or more substances. The solutions are composed of two components: the solute, which is the one that 
dissolves and is found in less amount, and the solvent, which is the component in greater amount and 
which acts to dissolve the solute. 
 

3.2 Second class 
In class 02, the concept of concentration was investigated. In this class, the students prepared the 
pulp from the fruit (Figure 1) and from that pulp they should prepare a concentrated juice and another 
diluted juice. In addition to the fruit pulp, it was also used artificial powdered juice (Figure 2). Students 
were asked to prepare three glasses of powdered juice, in the first glass, they should add 1 
tablespoon of juice powder and 200 mL water; in the second glass, they added 4 tablespoons of juice 
powder and 200 mL water; in the third glass, they added 1 tablespoon of juice powder and 100 mL 
water. Through these data, the students described in which glasses the juices were most concentrated 
and in which ones, more diluted. 

 

 

 

Figure 1: Acerola fruit Figure 2: Artificial powdered juice 
of acerola 



 

One student reported the following: “It was very easy to understand the subject in a more relaxed and 
practical way, using the experiments, so we have a closer contact with the chemistry, I understood the 
subject better, it was a very good experience”. 
 

3.3 Third class 
In class 03, the critical reflection on the consumption of artificial juice was worked, initially the students 
identified the additives present in the label. Afterwards, the class was divided into three groups, each 
received a scientific text on food additives [7], [8], [9]. Each group did the reading and discussion of 
the text and then presented to the other groups what they understood about the topic. This activity 
provided a dialogue among the students and a reflection on the importance of preferring natural juices 
over artificial ones in the diet. 
Through the reading and discussion of the texts, the students were able to identify the main chemical 
substances present in the powdered fruit juices marketed in Brazil and to verify which of these 
additives are responsible for the development of allergic or hypersensitive reactions in humans. 
When working on the topic of chemical additives in foods using the juice that the students prepared, it 
was noticed that they became aware and asked many questions regarding chemical additives. 
At the end of the proposed activities, students were asked to report on a sheet to be given what they 
could understand from the class and even the difficulties encountered in order to find out how efficient 
the methodology used was favorable for the teaching and learning process, and to later identify what 
could be improved in later classes. One student reported the following: 

“I really enjoyed the lesson, I found it easy to understand that industrialized 
chemicals such as powdered juice in excess can cause various diseases 
because of their compounds: dye, sweetener, flavoring, among others. I also 
had an easy understanding of the mixtures (homogeneous and 
heterogeneous) through the practical examples that the teacher brought to 
the room, from my daily life”. 

Another student made the following report regarding healthy eating: 

The use of artificial chemicals in food causes various damages to our body, 
because their composition contains several dangerous substances and are 
often used in excess causing health problems, so opting for natural foods is 
always the best choice, for the health and also for the environment”. 

The analysis of the process and on the implementation revealed that it is necessary to combine the 
chemical contents with the experimental part, which can be developed with materials of easy 
acquisition and that the students themselves can bring from home. Students lack experimental classes 
and it is necessary to create methodologies that combine theoretical chemical content with 
experimentation in an investigative and contextualized way and that allows a reflection on the 
implications of the use of chemical products in our daily life. 
The results of this intervention corroborate with the researches in the area of science teaching that 
point out that the pedagogical potential and the capacity to arouse interest and curiosity in an 
experimental activity are in the ability of the mediator to problematize the phenomena [10], to instigate 
the students, explore the data, draw relationships and contextualize the presented content [6]. 

4. Conclusion 
By implementing the teaching sequence in the classroom, in a real environment, it was possible to 
observe and interpret the process. It was from this context that the research data were extracted. This 
characteristic fills the practical-methodological dimension of science teaching and therefore attempted 
to bridge the gap between theory in education and the classroom. 
Based on the elaboration and application of the didactic sequences, it can be noted that the 
participation of the teacher in the elaboration of the material is indispensable and of paramount 
importance, since the professional knows the audience to be served. 
As for the application, it was noticed that the students feel more curious about the experiments, 
questioning and exposing their opinions, which collaborates a lot for understanding and relation of the 
topic and content of chemistry. The fact of working the content in a contextualized way allowed the 
students to understand the relationship that chemistry has with their daily life and how it can contribute 
to formulate an industrialized product. 
It was noticed the need to work more experimental classes in the school, because these activities 
provided the students with a better understanding of chemical concepts, because they allied the 



 

theoretical and practical dimension. Even the school did not have specific laboratory materials, it was 
possible to take practical classes with materials of the students’ daily life. Thus, we suggest that to 
increase the frequency of experimental classes, teachers can use alternative materials, which can 
supply some substances or equipment that are absent in laboratories. 
When analyzing the development of this didactic sequence, it is noticed that even though the concepts 
of common concentration were worked during class development, we still had to work on more 
exercises on common and molar concentration. For the next redesign, another class will be 
incorporated, which will include exercises on concentration. 
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