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Abstract 
The use of a didactic Scratch application (https://scratch.mit.edu/projects/280886265/) developed by 
the first author in order to illustrate the concept of a vector equation of a straight line is analyzed in this 
paper. The research question that guided this work was as follows: “Does this application improve the 
knowledge of the students about this subject?”. In order to try to answer this question a pre-
experimental study was carried out with a pre-test and a post-test. A Scratch application was then 
designed to illustrate a set generated by several points of a straight line from a point (x0,y0) and the 
multiple of a vector (u, v).   

To make the application more appealing, a football field was placed as a background, and in the 
middle of the field was the origin of the referential After the introduction of the point (x0,y0) and the 
multiple of a vector (u, v), the students could see the straight line emerging from the various multiples 
of the vector that cross the football field. The visualization of the straight line generated by Scratch 
helped to make the concept of the vector equation less abstract. The student’s interaction with the 
Scratch application was made through a game. Thus, given a random point in the football field, the 
student would have to introduce a suitable vector so that the straight line formed by the generated 
point and the vector introduced defines the direction to the ball enter in the goal. 

To assess the impact of the Scratch application on the students’ knowledge about the vector equation 
of a straight line, a group of 9 students of 12th grade of the Portuguese educational system was the 
group of participants of this pre-experimental study. 

Analyzing the data, in terms of descriptive statistics, an average of 60% was obtained with a standard 
deviation of 37% in the pre-test and an average of 83%with a standard deviation of 18% in the post-
test. Looking at the averages of the questions implemented, in all of them there was an improvement, 
especially the ones that implied defining vector equation of the straight lines, through the respective 
Cartesian equations. 

In general, the study showed that the students who used this application had better results in the post-
test than in the pre-test and, therefore, we can conclude that, in this case, the application of Scratch 
had a positive impact on knowledge respect to the vector equation of a straight line. 
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1 INTRODUCTION 
Currently, it is common knowledge the difficulty in motivating some students to study. The students' 
lack of interest in the school may be related to a large number of factors such as socioeconomic 
factors, content out of the interests of students, learning difficulties, ineffective teaching methodologies 
etc. From our experience as teachers, we believe that the development of computer applications can 
capture student’s focus and improve student learning. For instance, Physics Education Technology 
Project (PhET) interactive simulations are now being widely used in teaching physics and chemistry. 
Currently several computational applications can be found on a large number of contents that can be 
used with teaching tools. Correia et al. [1] used the PhET to simulation to teach gas behavior on the 
sub microscopic level. Batuyong and Antonio [2] make a study focused on the development and 
finding the effect of PhET® Interactive Simulation-based Activities in electromagnetism on the 
performance and learning experiences of students following the steps of the Research and 
Development methodology.  
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Gandra et al. [3] use software Modellus to realize a computer simulations with the objective of 
highlight the contributions of the on student learning, for the study of linear functions. Soares and 
Catarino [4] propose the use of Modellus to model the filling of containers with different shapes as a 
motivating task for secondary school students. 

Other example is the use of the Scratch programming language developed at the Massachusetts 
Institute of Technology (MIT) for educational purposes. Using the Scratch Damla and Nargiz [5] 
reports a study to enhancing the classical introduction to programming courses through real-life 
problem-based game development with software Scratch programming environment to improve the 
learners' programming skills and motivation. The use of Scratch programming language by educators 
for learning Mathematics is frequent in various contexts and currently are available a set of functions 
that can be used to teach mathematics and statistic, e.g. [6], [7].  

In this work was developed an application in Scratch, to illustrate how the various point of the line are 
“generated” from the point (x0, y0), chosen by the student, with the multiples of a vector (u, v).  

The application has a football field as background, which makes the application more appealing. The 
center of the football field .coincides with the origin of the axis system of reference. After the 
introduction of an arbitrary point (x0, y0) and the multiple of a vector (u, v), the students could see the 
straight line emerging from the various multiples of the vector that cross the football field.  

Then the student’s interaction with the Scratch application was made through a game that consists in 
the construction of a straight line from and a vector with the direction to insert the ball into goal. The 
visualization of the straight line generated by Scratch helped to make the concept of the vector 
equation less abstract. The learning of the concept of vector equation is part of the curricular 
objectives of Portuguese secondary education [8]. 

Then the game application was developed because is appealing and interesting for the students. 
Thus, given a random point in the football field, the student must choose a suitable vector so that the 
straight line formed by the generated point and the vector introduced defines the direction to the ball 
enter in the goal. The scratch application is available in Portuguese and English versions, 
https://scratch.mit.edu/projects/280886265/. 

Fig 1. shows an image of the game application screenshot. 

 
Figure 1. Application screenshot 

2 METHODOLOGY 
After the design and development of the application, it was necessary to assess the impact in the 
students. Thus, the research question was: This application had a positive impact on students’ 
learning about the vector equation of a straight line?  

To answer to the research question, a pre-experimental study was developed, with a pre-test and a 
post-test design involving a group of 9 students that attending a math’s support class of 12th grade of 
the Portuguese educational system. The 9 students performed a pre-test, were exposed to the scratch 
application and then applied a post-test, to assess impact of scratch application, using the scheme 
introduced by Campbell and Stanley [9] 
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Experimental group   pre-test   scratch application   post-test. 

Not being the best research design, it was only possible to implement given the constraints of time 
and availability of students. 

 
Figure 2. Students using the scratch application. 

3 RESULTS 
The results with the individual scores of each student are show in the tab 1. The answers were scored 
as: 1 – totally correct; 0.5 – partly correct; 0– totally wrong/didn't answer. 

Analyzing the data, in terms of descriptive statistics, an average of 60% was obtained with a standard 
deviation of 37% in the pre-test and an average of 83% with a standard deviation of 18% in the post-
test. The minimum varies from 16% to 58%. Looking at the averages scores of the answerers given to 
the questions implemented, in all of them there was an improvement, especially the last three, the 
ones that implied defining vector equation of the straight lines, through the respective Cartesian 
equations. 

Table 1. Scores obtained by the students in the Pre-test 

Question 1.a 1.b 2.a 2.b.r 2.b.s 2.b.t Total 
Total % 

Score 1 1 1 1 1 1 6 
Student B 0.5 0.5 0 0 0 0 1 17% 
Student C 0.5 0 0.5 0 0 0 1 17% 
Student I 0.5 0,5 1 1 1 1 5 83% 
Student J 1 1 1 1 1 1 6 100% 
Student J 1 0.5 0.5 0 0 0 2 33% 
Student M 0.5 0.5 0.5 0 0 0 1.5 25% 
Student M 1 1 1 1 1 1 6 100% 
Student S 1 1 0 1 0.5 0.5 4 67% 
Student S 1 1 1 1 1 1 6 100% 
Average 0.8 0.7 0.65 0.6 0.55 0.55   
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Table 2. Scores obtained by the students in the Post-test. 

Question 1.a 1.b 2.a 2.b.r 2.b.s 2.b.t Total 
Total% 

Score 1 1 1 1 1 1 6 
Student B 1 1 1 1 1 1 6 100% 
Student C 1 0.5 0.5 0.5 0.5 0.5 3.5 58% 
Student I 0.5 0.5 1 1 1 1 5 83% 
Student J 1 1 1 1 1 1 6 100% 
Student J 1 0.5 0.5 0.5 0.5 0.5 3.5 58% 
Student M 1 1 0.5 0.5 0.5 0.5 4 67% 
Student M 1 1 1 1 1 1 6 100% 
Student S 1 1 1 1 1 1 6 100% 
Student S 1 1 0 1 1 1 5 83% 
Average 0.95 0.85 0.75 0.85 0.85 0.85   

4 CONCLUSIONS 
In general, the study showed that the students who used this computational application had better 
results in the post-test than in the pre-test and, the improvement in the students learning seem to be  
in part related with the use of the application developed in the Scratch. Then we believed that the use 
of the aforementioned application can have a positive impact on the learning of the vector equation of 
a straight line.  
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