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Teaching the angle as direction using visual programming
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ABSTRACT

The present research is part of a wider studlgich aims to teach the concept of angle using
the visual programming language Scratch. Four sstnictured realworld digital
simulations were designed that highligtithe angle as &ichange of directiod of an object's

initial position or initial trajectory. The research involved 35 sixth grade students who used
Scratch to design the digital simulations in order for the students to master the aspect of the
concept otheangle related tdidirection. It was found that visual programming can be used
satisfactorily to teachidirectiond as a subdimension of angle. Specifically, 32 students
designed at least 3 correct digital simulations, while a variety of strategies were observed
that students used to achieve the goal of é¢ask It was also found that Scratch helped the
students effectively manipulate the dynamic characteristics of the angle in each situation they
designed.
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RESUME
La pr®sente recherche fait partie d'une ®tuU
d'angle en utilisant le langage de programmation visuelle Scratch. Quatre simulations

digitales semst r uct ur ®es du monde 1 ®el ont ®t ® con
comme un "changement de direction” de la position initiale ou du chemin initiale d'un objet.

La recherche a impligu® 35 ® ves de sixi me
simulations digitales afin que |l es ® ves
direction". I a ®t ® constat® que | a progr :
satisfaisante pour enseigner la "direction” en tant que bomension de l'angle. En
particulier, 32 ®tudiants ont con-u au moir
gu'une vari ® ® de strat®gies ont ® ® obseryv
| " objectif de chaque activit®. I a ®gal eme
mani pul er efficacement |l es caract®ristiques

gu'ils concevaient.
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INTRODUCTION

The concept of angle is a quite complex and multidimensional concept (Henderson &
Taimina, 2005; Mitchelmore & White, 2000), a fact that is also evident in the difficulty of
having a single definition of iISome researchers emphasize the distinction between the static
and dynamic characteristics of the an{ffeeudenthal, 1973; Kieran, 1986; Scally, 1986).
Devichi & Munier (2013)attribute to the angléhe properties of rotation, space and the
meeting of straight lines, sessiraight lines, or line segments. Attempting a different
formulation of the definition of the angle, TanguayM&nant (2016) consider as angles the
two parts of the plane formed by the meeting of two straight lines, one of which is considered
as a convex angle and the other as aaumvex angle.

Our view is that the definition of angle acquires meaning and significance through the
specific features that compose a state (situation) of the real or geometric lwaohid. view,
the activities designed by the researchers or teachetisesktits for the dimensions of the
angle that are taught each time, but also the exploitation of the dynamic or static character of
the angle.

In the present research it was chosen to teach the cdslraxtiord as one of the
seven dimensions of angle (rotation, meeting, slope, object angle, turn, direction, space)
presentedn the categorization of the concept of angle proposed by Mitchelmore & White
(1998). We believe that this categorization provides a detailed distinction of the individual
dimensions of angle and at the same time can provide a framework for planning activities
related to the concept of angle. The casédaokctiord was chosenas there is little research
thatinvestigateghis aspect (e.gMitchelmore & White, 2000).

Regardingthe most appropriate educational techniguseseral studies show learning
benefits from the use of digital technologies in the teaching of concepts of Gedegiry
Balomenou et al., 201 7articularly, variousesearchighlightsthe benefits of students from
the application of digital technology in teaching the concept of afigetolini Bussi &
Baccaglini, 2015Fa h|l gren & Brunstr°m, 2014) .

Regarding the application of the visual programming language Scratch, research
shows that it can be used to enrich the teaching of Geometry with new types of a¢ieities
2014; Zavala et al., 20137t the same time, research has shown that the application of
Scratch can have significant benefits for students in understanding the concept of angle but
also in improving misconceptions about this con¢Bpkavas & Zacharos, 2018akavas et
al., 2021) Furthermore, it seems that students have a positive attitude towards the use of
Scratch( Ge n- & K a raadkhatkhe use2 6f 5drgtch may help students to develop
their creativity(Kobsiripat, 2015)

The mainpurposeof this paper is to examine the effect of the application of visual
programming, and in particular Scratch, on the understandirigli@ctiord as one of the
aspects of the angle, in the context of designing digital simulations difeesituations.

RESEARCH QUESTIONS

For theneeds of this research, the following research questions are formulated:
1. Can students digitally simulatarough Scratchhe change of directiom real world
situationsas a dimension of the angle?
2. Can students relate the size of the angle in the digital environment to the specific
characteristics given of the changiedirection situation from real world?
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METHODOLOGY

The present research is a case study (Cohen & Manion, 1994) implemented in real classroom
conditions. The research was designediaemmemented within the framework of the design
based research model (Wang & Hannafin, 2005). It is a qualitative research and methods of
qualitative analysis of the resulting data were used.

Sample

The survey involved 35 sixth grade students, agpgroximately 12 years. The students
attended two public primary schools in a city in Gre€denvenience sampling was carried

out, as the students who patrticipated in the research were selected so that the school, they
attended, had the necessary equipment (computers, projectors, internet connectidl, etc.).
ethical rules were appliednd the studentwoluntarily participated in the research with the
consent of their parents

Material

For the needs of the research, 4 sstmictured digital microworlds were designed by the
researchers and the students had to complete them according to the requirementssi each
The digitalsimulationswererelated tahe cases of the compass, bgatelin, andfootball, as
described belowfigurel).

FIGURE 1

Compass Boat

£y

Javelin Football
The figures used in the four digital simulations
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In the first simulation, students had to show the needle changing direction when a
magnet is placed at specific points around the compass. In the second simulation, students had
to demonstrate the change of directioom the initial route of a boatue to sea waves. In the
third simulation, the students were asked to show the change of direction of a javelin from its
initial position when it lands in specific positions in space. In the fourth simulation, students
had to demonstrate the change of direction of a soccer ball so that it ends up in a soccer goal
net Also, worksheets were designed with questions related to the understanding of each angle
situation.Two examples of such questions dieerbally describe thehang of direction of
the javelin so that it ends up at poird dnd fiHow much can the direction of the javelin
change left and rigtform the initial positiorso that it makes a valid shot?

Process

The research process was carried out in a school computer lab where students worked
individually. During the design of each simulation, each student's screen was recorded with
the free software Bandicam showing the evolution of the code they developed and the way
they worked. In addition to designing the simulations, the students answered the questions on
the worksheets.

Analysis of data

The data from each digital simulatiavere categorized into three categories, which were
related to the degree to whidhe students achieved the goal in each tésking into
consideration the degreeo0 whi ch studentsdé designed si mul
and the data of each tagkie categories are the following:

1) Correct The simulation correctly represents the real change of direction of objects and
conforms to the requirements of tlaesk

2) Incomplete The simulation partially represents the real change of direction of the objects
and does not match the requirements otalsk

3) Incorrect The simulation does not represent the actual change of direction of the objects
and does not match the requirements otalsk

RESULTS
The research showed that 125 digital simulations out of 140 that the students designed in total

were correct (89.3%). Also, 32 students managed to complete attHesstsimulations
correctly, while 24 students completed all four simulations corréCéble 1).

TABLE 1
Number of correct simulationser student
1 correct 2 correct 3 correct 4 correct
! . ; ) ; ) . ) Total
simulation simulations simulations simulations
Number of 1 > 8 o4 35
students

The students shad a high degree of success in each digital simulation separfatelgs
observed that for each distinct task there were at least 30 students who managed to create a
correct simulatiorand that students showed a greater degree of success in the case of the boat
(32 students) and in the case of the football (33 stud@rdb)e 2).
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TABLE 2
Number of students that designed correct simulation
Compass Boat Javelin Football Total
Number of
students 30 32 30 33 35

To better understandow the students worked and how they evolved their coding in order to
design their simulations, we eval Thatasedf t he
the javelin is presented below as an illustrative exariplee st udent s6 wor k i n
simulations was evaluated in a similar waable 3 presents the degree of success of the
students in designing the change of direction of the javelin during its diversion towards the
three different points of the space in relation to its initial position.

TABLE 3
Degree of success at javelin diversion to the three points of space
Degree of Diversion to Diversion to Diversion to
success point 1 point 2 point 3
Correct 32 32 34
Incomplete 3 3 0
No design 0 0 1
Total 35 35 35

From the table above, it appears tinadst of the students manageto design a correct
simulation where the change of direction of the javelin is presented towards all three
predetermined points of the space, within which a throw of the javelin is considered valid.
Conversely, therevere very few students who desigthan incomplete simulatioand very

few who did not develop at all the sestructures simulation given to them.

Correct simulation strategies
From the analysis of how the javelin simulation was designed, three strategies that the
students applied emerged. For the case of the simulation in which the javelin ends up at point
1 the strategies are presented below. The first strategy is applied by 14 students, the second
strategy by 3 students and the third strategy by 15 students.

According to the firststrategy (Figure 2), the studentstially tried to rotate the
javelin around its axis while it remains in its original position. They chose the measure of the
angle so that if the javelin moves forward,outd reach point 1. Next, theyp@ind the number
of steps required for the tip of the javelin to touch point 1. Finally, they coohbediturno
command and th@moved command with their correct numerical values.

FIGURE 2

Strategy 1 used by students
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