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Abstract: The objective of this research is to study the Scratch programming language as a didactic
tool to teach functions. The introduction of didactic tools allowing comprehension in simple and
attractive ways is required. Given the traditional teaching/learning system, it is necessary to
organize participatory and collaborative dynamic classrooms, which allow the interaction of students
in activities where the educator modifies his or her traditional role as an advisor and the students
take a more active role in learning through their own effort. In this sense, three activities using the
Scratch programming language are proposed: the first one refers to the linear and affine functions,
while the second one deals with the quadratic function and the third one is related to the exponential
function. The participants in this study were 30 future teachers. The study considers the combination
of magisterial lessons and active didactic methodologies as demonstration method, cooperative
learning and gamification, also including the applied assessment. The activities, methodologies and
assessment were evaluated by the participants with results higher than 4 in 5-point Likert scale for
all cases, preferring the active methodologies than magisterial lessons.

Keywords: assessment; computational thinking; functions; future teachers; Scratch

1. Introduction

The recent study of 2016 conducted by the European Commission “Developing Com-
putational Thinking in Compulsory Education, Implications for Policy and Practice” argues
that in the past decade, computational thinking and its related concepts (for example,
coding, programming or algorithmic thinking) are receiving increased attention in the
educational field [1]. As a result, a lot of public and private implementation initiatives
have arisen. Despite this widespread interest, the successful integration of computational
thinking in compulsory education still faces unresolved issues and challenges [2]. Compu-
tational thinking as such was enunciated at the beginning of this decade. Jeannette Wing,
Ph.D. in Computer Engineering from Massachusetts Institute of Technology (MIT), who
is one of its greatest exponents, presented a definition focused on the use of computer
concepts to carry out activities, from solving problems to understanding human behavior,
going through systems’ design [3]. Computational thinking is based fundamentally on two
learning theories: the constructivism of Jean Piaget, a Swiss psychologist and pedagogue
who defended the endowment of tools for the student to solve problems [4], and the
constructionism of Seymour Papert, a mathematician, computer scientist and American
educator born in South Africa, who proposed the construction of mental models to under-
stand the world around us [5]. Both learning theories focus on the construction of elements,
following the maker philosophy to solve problems.

Educ. Sci. 2021, 11, 499. https:/ /doi.org/10.3390/educsci11090499

https:/ /www.mdpi.com/journal/education


https://www.mdpi.com/journal/education
https://www.mdpi.com
https://orcid.org/0000-0002-5415-3446
https://orcid.org/0000-0002-7531-8609
https://doi.org/10.3390/educsci11090499
https://doi.org/10.3390/educsci11090499
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/educsci11090499
https://www.mdpi.com/journal/education
https://www.mdpi.com/article/10.3390/educsci11090499?type=check_update&version=2

Educ. Sci. 2021, 11, 499

20f18

1.1. Scratch as a Computational Thinking Didactic Tool

Scratch is a visual programming language developed by a team from MIT Media
Lab, led by Mitch Resnick. Scratch is used by students, teachers and parents to create
simple animations and interactions, fostering computational thinking, thus putting into
practice the theses of Piaget and Papert [6]. The main contribution of Scratch is that it is
intended for early age users, which makes it directly applicable as a didactic tool devoted
to teaching programming to elementary students. Increasingly, students are interested
in programming as a creator of different utilities, applications and games. This interest
appears more and more at early ages. Scratch offers a perspective advanced in knowledge
but simple in management [7]. As a matter of fact, Scratch is used in education for a wide
variety of applications, such as mathematics competences [8], interdisciplinary works [9],
videogames [10], logical thinking [11] or robotics [12].

There are several studies that use Scratch as a tool to work in mathematical-based
problems. In [13], Rodriguez Martinez et al. considered the use of Scratch in problems
focusing on the divisibility concepts of the greatest common divisor and the least com-
mon multiple, achieving a statistically significant improvement in the participants who
solved problems using Scratch. In [14], Shahbari et al. engaged 18 prospective teachers
in a sequence of mathematical problems that utilized Scratch, concluding that the role
of the sequence side-by-side with the guidelines of the instructor, had an important role
in supporting the developments of learner’s meta-cognitive functions in mathematics
problem-solving. Scratch has been also considered as a tool to teach geometry, using for
instance a physical Scratch-based programmable artifact in order to design, implement and
discuss geometry activities for primary school classes; results showed that it supposed a
combination of mathematics learning opportunities for students and teachers [15].

In this paper, Scratch is used as a computational thinking didactic tool to teach func-
tions. From the very beginning, since primary school courses, the acquisition of mathemat-
ical concepts through Scratch has been considered [13]. More specifically, the teaching of
the Cartesian coordinate system, in accordance with the current educational curriculum, is
a challenge for the teacher. The objective consists of students being able to describe posi-
tions and movements by means of coordinates, distances among points located in straight
horizontal lines, parallelisms, perpendicularity, angles, turns, etc., using the geometric
vocabulary [16].

This study considers the combination of magisterial lesson and active didactic method-
ologies, which are detailed in the following section, assessing the contents of the activities,
the used methodologies and the applied assessment.

1.2. Active Didactic Methodologies and Scratch

The use of active didactic methodologies increases motivation and improves student
learning autonomy in a significant way [17]. The motivation of the presented activities
in this paper to show the teaching of the functions with Scratch is focused on proposing
didactic alternatives. In this way, Scratch programming language is considered as a way to
build the reality.

The challenge is to discern what strategies might be appropriate to be introduced
in the curricula in order to achieve meaningful learning. Thus, given the traditional
teaching/learning system, it is necessary to organize participatory and collaborative dy-
namic classrooms, which allows the interaction of students in activities where the educator
modifies his or her traditional role as an advisor and the students take a more active
role in learning through their own effort [18]. Therefore, a set of complementary active
methodologies is sought, including the demonstration method, cooperative learning and
gamification.

1.2.1. Demonstration Method

This method provides lessons by exhibiting and demonstrating. It demonstrates
things, events, rules and sequences of activities, either directly or through using instruc-
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tional media, which is relevant to the subject matter or material that will be presented. The
purpose of teaching using the demonstration method is to show the process of occurrence
of an event according to the teaching materials, how they are attained and the ease to be
understood by the students in teaching learning process [19]. The demonstration method
fits very well with the idea of computational thinking, since students share ideas and
develop activities based on their own proposals, including new elements. Likewise, Scratch
allows one to visualize in real time the programming of the performed task.

1.2.2. Cooperative Learning

As indicated by [20], “cooperative learning is promoted in the mid-twentieth century
as a teaching strategy that favors school integration but it is proposed and supported by
constructivist and sociocultural theorists as a promoter of cognitive and socio-affective
development” [20]. Cooperative learning consists of the provision of small groups of stu-
dents who work together in order to improve their learning. In this didactic methodology,
there are three types, according to the stability or permanence of the group [21]:

1.  Informal groups: Teachers can use them during a specific didactic activity, so that they
can last from a few minutes to an hour or the duration of a class. The final purpose is
the improvement of attention and understanding of the considered task. Thus, the
group organizes, analyses, explains and interprets the information appropriately;

2. Formal groups: They are formed for a wide period of classes, for example, a trimester.
Its purpose, as in the previous case, consists of participating and helping to organize,
analyze and interpret the information, so that they cooperate for the achievement of
individual and collective objectives;

3.  Cooperative base groups: These groups are formed for long periods of time, for
example, a complete course. It is intended to establish long-lasting and helpful
cooperative relationships. Thus, the group serves as a support so that students do not
fall behind in their learning. Therefore, its objective is to motivate the students, while
offering them permanent support through peers.

Taking into account that the activities outlined in this paper to reinforce concepts
related to functions would be framed in a specific quarter, perhaps it would be appropriate
to raise formal groups in class, which begin to work cooperatively with Scratch. These
groups could be extended to the complete course, becoming cooperative base groups. This
makes sense if this technological tool, or others related, are used throughout the rest of the
course and it is desired to have a global vision of the development of the activity carried
out by the working groups. In this case, it would be appropriate to monitor the work
capacity of the groups at all times, in order to make changes when necessary. A suitable
number for group size would be three students, and may even be two, if the computer
resources of the educational center allow it.

1.2.3. Gamification

According to [22], the term gamification can be defined as “The process of game-
thinking and game mechanics to engage users and solve problems”. The combination of
the demonstration method and cooperative learning together with gamification manages
to apply collaboratively dynamics and strategies of the game to the learning process. To
accomplish this, a clear message should be defined intentionality, choosing the strategy
to follow and finally evaluating and measuring progress. Games are traditionally used in
early ages but stigmatized in more advanced ages, sometimes being considered a waste of
time. However, in recent years, gamification has become a methodological trend with great
presence in classrooms [23,24]. Consequently, a fast growth of the publications in the area
of gamification in education has arisen over the past seven years. Moreover, the worldwide
interest in the area is indicated by the number of countries in which the contributing
authors are based and the number of institutions to which they are affiliated [25].

The approach carried out in the learning of functions through programming with
Scratch is a game in itself. It allows the student to try different options until reaching the
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problem solution, without fear of making mistakes in the process. This is very interesting
since the fact of not being able to reach the final solution may involve the student’s
motivation to continue playing and improving; on the contrary, in the education system,
usually the mistakes are penalized, which can lead to demotivation [26]

1.2.4. Combination of the Proposed Methodologies

The use of cooperative learning combined with the demonstration method and gami-
fication would provide the following advantages:

e Itpromotes the cognitive and socio-affective development of group members, based on
a work strategy that guides to solidarity through game as an additional motivational
element;

e Itinvolves the development of teamwork skills such as communication, interaction,
cooperation, commitment, responsibility or leadership;

e It reorients the individual competitive effort towards positive uses of collaboration to
the achievement of individual and collective objectives.

The objective of this paper is to study the Scratch programming language as a didactic
tool to teach functions and analyze the suitability of different methodologies to teach
functions. From this perspective, the following research questions are posed:

e  Is Scratch a suitable teaching tool for teaching functions?
e How do future teachers value the activities, methodologies and evaluation used in a
teaching experience to learn functions using Scratch?

2. Materials and Methods
2.1. Teaching of the Cartesian Coordinate System
2.1.1. Traditional Teaching Versus Didactic Proposal

The teaching of the Cartesian coordinate system is usually oriented to didactically
explain the location in a map or graphic. It is also possible to play games such as the classic
“Sea Battle”. Considering these possibilities, learning situations such as “El Cartesiano”
have been proposed [27].

The didactic proposal which considers Scratch presented in this paper is focused on
understanding the Cartesian coordinate system as an element integrated on the computer
screen in which the student is working on. The idea is to show this proposal to future
teachers who are learning mathematics didactics at the university, in order to propose an
alternative to teach this topic. The Scratch scenario (the working window) is measured
in pixels (px). The scenario dimensions are 480 px (width) by 360 px (height). Each
pixel is a square which composes a digital image. Therefore, a high resolution image
(1920 x 1200 px) is much bigger than the Scratch scenario, as shown in Figure 1.

2.1.2. The Cartesian Coordinate System in Scratch

Scratch allows one to select several scenarios as a template or to use new ones created
by the user. There are predefined scenarios in the current version of Scratch (3.0), also
available in the previous version (2.0), which show the Cartesian coordinate system as
follows:

e  Xy-grid scenario (Figure 2a): Cartesian coordinate system which origin is the center of
the Scratch scenario. The limit points are presented in the axis of abscissas: (—240, 0)
and (240, 0) and in the axis of ordinates: (0, 180) and (0, —180). It also includes a
100 x 100 square grid;

e  Xy-grid-30-px scenario (Figure 2b): 30 x 30 square grid. As the dimensions of the
scenario are 480 x 360 pXx, there are 16 squares per row and 12 squares per column;

o  Xy-grid-20-px scenario (Figure 2c): 20 x 20 square grid. In this case, for a 480 x 360 px
scenario, there are 24 squares per row and 18 squares per column.
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Real size of a high resolution image:
1920x1200 (2.3 MP)

Figure 1. Scratch scenarios in a 1920 x 1200 px high resolution image.
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(a) Xy-grid scenario

(b) Xy-grid-30px scenario

(c) Xy-grid-20px scenario

Figure 2. Scratch scenarios related to the Cartesian Coordinate System. As a reference a cross (object Button5) is located in

coordinates (100, 100).

Scratch scenarios present a powerful didactic tool. On the one hand, the scenarios in
Figure 2 are useful to work the area concept in flat figures, taking as a reference 100 x 100,
30 x 30 and 20 x 20 squares. On the other hand, to consider the position of an element in
the screen, a Scratch object must be included. For instance, in the Figure 2 scenario, a cross
(object Buttonb) is located at the coordinates (100, 100).

Once the Cartesian coordinate system is explained considering the Scratch scenarios,
the didactic proposal of this paper is based on presenting and assessing three different
activities based on linear, affine, quadratic and exponential functions considering the
combination of the active didactic methodologies previously presented.

2.2. Proposed Activities

In this paper, three activities using the Scratch programming language are proposed:
the first one refers to the linear and affine functions, while the second one deals with the
quadratic function and the third one is related to the exponential function. The proposed
activities were introduced to a group of 30 students of the Mathematics and its Didactics I
subject of the Primary Education Degree of the Faculty of Education Sciences (FCEDU) of
the University of Las Palmas de Gran Canaria (ULPGC). In the last didactic unit of this
subject, dedicated to algebra, the linear, affine, quadratic and exponential functions are
studied. The objective is to present these functions in a didactic way, so these activities
were proposed as a reinforcement exercise.

2.2.1. Activity 1: Going to the Cinema with the Linear and Affine Functions

This section presents an activity applied to a linear function, which is then adapted to
an affine function, based on a situation of daily life taking as a reference on a problem of
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multiplicative structure. This type of problems is identified with a rule of three in which
there is direct proportionality. A suitable way of didactic resolution is the reduction to
unity. Thus, the following problem is proposed:

“If the cost for 3 friends to go to the cinema is 18 €,
how much would it cost for 7 friends to go to the cinema?”

According to the technique which is usually explained for the direct rule of three, a
cross-multiplication may be used as follows:

3 friends — 18 €
7 friends — x €
Therefore 3-x=7-18 — x =42 €

This way of resolution is far away from the practical form of calculation which is
carried out in real life, which would happen to wonder how much a ticket costs and then
multiplying the cost of a ticket by the number of friends who are going to the cinema, as
follows:

“If the cost for 3 friends to go to the cinema is 18 €, then the ticket costs 18/3 = 6 €
Therefore, the cost for 7 friends is 7-6 = 42 €”

This problem applied to functions could then be understood as a linear function in
which the slope (1 in a linear function y = mx) would constitute the cost of the ticket (6 €),
the independent variable x would be the number of friends, and the dependent variable y
would be the total cost to go to the cinema. Based on this idea, a Scratch program could be
proposed as follows:

1. The previous example is presented considering 7 friends, so that students can see
how practical the resolution by reduction to unity is.

2. Students think in the framework in which the problem is represented (the Scratch
screen), and following questions are proposed.

a. In which quadrants of the coordinate system can the problem solution be found?
Answer: First quadrant (linear function). The answer changes to the first and
third quadrants if an affine function is considered.

b.  What would be the maximum number of friends we can consider taking into ac-
count that the result is within the Scratch screen? Answer: 30 friends (6 x30 = 180:
maximum ordinate in Scratch screen) for a linear function. Thus, the solution
is x = 30 and y = 180. To show this result, the xy-grid-30px scenario could be
used as a reference, as represented in Figure 3 (the cross marks the position for
x =15and y = 90, just in the middle, and each square of the grid is 30 x 30). The
answer changes depending on the ordinate of the origin if an affine function is
considered.

3. A Scratch program is designed. In this program, the previously commented function
is drawn and depending on the number of friends selected, the problem solution is
marked on the function.

4. The program is modified so that the user can also enter the cost of the ticket (using a
variable instead of the value “6” in Figure 3).
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Figure 3. Linear function with the solution marked for 15 friends (cost = 90 €).

Once the linear function is studied, a variant can be considered to pass from the linear
function y = mx to the affine function y = mx + n, giving meaning to the ordinate in origin #,
proposing the following alternatives:

1.  On “movie day”, when tickets cost 2 €, and due to high demand, in order to avoid
a massive purchase of online tickets, an extra cost has been placed on the purchase
(over the total) of 15 €, when the number of purchased tickets is equal to or greater
than 15.

2. On “movie day”, when tickets cost 2 €, a cinema in crisis has decided a discount
on the purchase (over the total) of 15 € to further promote the purchase, when the
number of purchased tickets is equal to or greater than 15.

The affine functions corresponding to alternatives (1) and (2) are represented in
Figure 4, which appear, respectively, above and below the linear function represented.
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Figure 4. Affine functions representation versus linear function.

2.2.2. Activity 2: Throwing the Ball into a Basket with Quadratic Functions

Many times, students face the resolution of second degree equations according to
Equation (1):
y=ax’ +bx+c=0 1)

To proceed, they usually apply the formula expressed in Equation (2), which provides
the possible solutions, without understanding its meaning graphically.

v —b+Vb? —4ac

o @

From this expression, it can be understood that when b? — 4ac = 0, there will be a
central point on the abscissa axis (x-axis) from which there will be an equal displacement
to both left and right, which will determine the cut points with the x axis (y = 0) as long as
b? > 4ac (so that there are real solutions). This point is called THE vertex and its component
on the x axis (xy) follows the expression presented in Equation (3).

—b

= a1 3)

Xy
Accordingly, the expression on the y-axis (1,) will be given by the expression presented
in Equation (4):

2 2 2 2
yv—ax5~|—bxy+c—a-(2:> +b-2—:+c:i—a—s—u+c:—2—a+c (4)
An example of the discussed characteristics is shown in Figure 5 for the function
y = —x? + 6x + 16. This activity will attempt to discern the position of the vertex based
on its expression by approximating the solution from a basic parabolic motion problem.
Although students will not perform this kind of problem in physics until the first year of
Baccalaureate, it will serve to acquire the basic knowledge of its operation.



Educ. Sci. 2021, 11, 499

90f 18

Yv = (-b*/4a)+c =
(-6°/-4)+16 =25 |

-+20

by =X+ 6x+16

XV = _b/2a

—~-6"-4--1-16 /2-1=-5

=-6/-2=3
4 1ttt )
i ; X
- b*-4ac /2a= +\ b’-4ac /2a=

+\ -6°-4--1.16 / 2-1= +5\

Figure 5. Quadratic function with calculation of vertex and cut-off points with x axis.

Starting from a simple Scratch program and a suitable scenario, the launching of
a ball can be simulated by generating a parabola, as shown in Figure 6. The challenge
would be to ask students to obtain adequate values for coefficients a, b and ¢ after studying
aforementioned aspects.

Figure 6. Scratch program and parabola corresponding to coefficients a = —1, b = —150 and ¢ = —5450.
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2.2.3. Activity 3: Infecting with Exponential Functions

In this activity, students will understand how growth works in an exponential function,
which is especially striking when the exponential function growth rate seems to be low, as
is the case with this problem

“Suppose a virus with a daily infection rate of 5%, this means that each day there are
an additional 5% of people infected by the virus. People will continue to infect at this rate
until a vaccine is found. If we assume that the days constitute the independent variable “x’
of the problem, the number of infected people the dependent variable "y’ of the problem,
and that on day ‘0’ there was only one infected person: estimate with a Scratch program on
which day at most you could find the vaccine so that the solution of the problem is within
the Scratch screen. Obtain also the exact solution’.

According to the proposed problem, it can be deduced that it can be expressed as
presented in Equation (5).

y = 1.05" ()

Therefore, the number of infected people depending on the number of days for some
values changes dramatically when the number of days increases, as presented in Table 1.

Table 1. Infected people VS number of days.

Day Infected People
15 2,078,928,179
150 1,507,977,496

1500 608,063-1031

After 15 days, there are only 2 infected people;

After 150 days, the situation could start to be alarming (1500 people infected);

After 1500 days, “the power” of the exponential function is clearly shown: the resultant
number represents 10>! times the world population.

The related program in Scratch, which is provided to students, is based on a recursive
program to multiply the base of the expression (1.05), the required times by the exponent
(x). The program draws with the extension “Pen” the area below the exponential curve,
which saturates the Scratch screen approximately for an x = 100, as shown in Figure 7. This
value can be exactly calculated applying logarithms, as presented in (6).

log(180)

Ymax = 1.05"" where Yyax = 180, S0 Xpax =

The result of expression (6) represents the maximum day at which the vaccine could be
found, so the solution of the problem within the Scratch screen is day 106. For this number
of days, the value of y is equal to 1.05'% = 176.22, which does not exceed the maximum
value of the screen (y;ax = 180). If an upper value is used (for example, 107), the maximum
value would be exceeded (1.05!%7 = 185.03).

2.3. Data Collection

The data collection of the proposed activities is based on the evaluation of competences
and therefore trying to identify the achievement of competencies in the student, so the
objective will be to collect useful information in relation to student progress. This is key to
define the assessment instruments and types.
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Figure 7. Scratch exponential function program. The curve saturates for x = 107.

2.3.1. Participants

The participants in this study were 30 future teachers. The participants are students of
the Mathematics and its Didactics I subject of the first course of Primary Education Degree
of the Faculty of Education Sciences (FCEDU) of the University of Las Palmas de Gran
Canaria (ULPGC). From the 30 participants, 19 (63.33%) were women and 11 (36.67%) were
men, all aged between 19 and 21 years old (19.2 years was the average).

Most of the participants (90%) did not know the Scratch programming language. All
participants had no prior knowledge of teaching the functions considering the associated
active methodologies.

2.3.2. Assessment Instruments

When defining the instruments for evaluating the activities carried out, the method-
ologies used in the teaching-learning process are also taken into account, so that they are
adapted in a consistent manner. Thus, the considered instruments are the following:

e  Observation: Starting from an adequate planning and systematization of evidence
collection based on the work completed in a cooperative way. Students also act as
observers, through a process of co-evaluation;

e  Portfolio: Although the realization of the proposed activities is carried out in pairs or
in trios, the portfolio is presented at two levels:

— Group: Students would include Scratch programs of the activities carried out
in a work folder, as well as a report indicating how they have developed it,
highlighting the most relevant aspects;
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What type of function is used in the execution

- None of the above is
correct

kahoot.it Came PIN: 297825

— Individual: Each student would also prepare for each activity a short report which
includes comments and reflections on the work completed. A self-evaluation of
the work completed is also included in a self-assessment report.

Standardized test: At the end of the activities” development, an individual standard-
ized test will be proposed to the students, based on multiple choice reagents and a
single closed response. It is intended to evaluate competences of understanding and
application of terminology and methods and procedures, thus checking that the stu-
dent has understood the activity both in its development and the related conclusions.
Provided that the computer resources of the center are sufficient, a computer can be
used by each student. Thus, for example, using the Kahoot! program (see example in
Figure 8), reagents can be presented including images and videos if required, offering
immediately the final result.

of this Scratch program?

PIN: 297825

Figure 8. Question related to activities developed with Kahoot! software.

2.3.3. Assessment Types

The considered assessment types [28] are the following;:

Summative assessment: To make a decision on the qualification that the student
deserves;

Formative assessment: To determine the skills acquired by the student and help him
to obtain mastery of competencies.

As a first step, an initial evaluation is proposed to determine the previous knowledge

of the students. Likewise, during the development of the activities a continuous evaluation
will be carried out based on the portfolio review, to conclude with a final evaluation. To
sum up, a synthesis of the collection of evidence for the activities” assessment is presented
in Table 2.

2.3.4. Considered Survey

After carrying out the considered activities and the assessment presented in Table 2,

the survey shown in Figure 9, based on a 5-point Likert scale (1: strongly disagree; 2:
disagree; 3: neither agree nor disagree; 4: agree; 5: strongly agree), was passed to the
students.
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Table 2. Synthesis of evidence collection and weighted evaluation.

Objective Test Self-Report Questionnaire Observation
Indicator External Assessment Self-Evaluation Co-Evaluation External Assessment
(Teacher) (Student) (Pairs) (Teacher)
N°items: 10
Ttems type: Portfolio (with respect

Develop an activity
with Scratch related to a
function type

multiple choice
(4 alternatives)
Correction:
Sum of correct answers

Portfolio (with respect
to activity: individual
and group)

Activity presentation in
class (questionnaire)

to activity: individual
and group)

Moments of
information collection

Beginning and end of
the activities

Beginning and end of
the activities

End of the activities

Beginning, 50% and
end of the activities

Summative assessment
weighting

20

25

25

30

Formative assessment
weighting

30

20

30

Activities Assessment — Oriented to future teachers
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12 | Final objective assessment approach (Kahoot)

Did you find the activities interesting?

Write any improvement proposal you can think of.

Figure 9. Proposed survey.
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The survey was designed ad hoc by the authors for this research. Three key aspects
related to the second research question were taken into account: the activities, the method-
ologies and the assessment. The questionnaire consisted of 12 questions, and since the
three aspects were equally important, the same number of questions were assigned for
each aspect—that is, four questions for each of the three aspects.

To validate the reliability of the survey as suitable data collecting instrument, Cron-
bach’s alpha method was considered, obtaining a value of 0.79. This score is assessed as
adequate according to authors such as Nunnally [29], who states that a value of 0.5 or 0.6
would be sufficient for early stages of a research. Other authors, such as Huh et al. [30],
consider that this reliability value should be equal or higher than 0.6 in exploratory research.
Therefore, the survey used as an instrument in this paper counts on a high reliability rate.

3. Results

The survey results are presented in Table 3. The results show an average higher than 4
in all questions, highlighting the understanding of linear and affine functions (4.57) and
quadratic functions (4.4) as well as the averages of activities (4.36) and assessment (4.35).

Table 3. Survey results. Partial results for activities, methodologies and assessment together with the
total are included.

Theme/Question Number Average
Activities
(Global 1-3) 436
1 4.57
2 4.40
3 4.10
Methodologies

(Global 4-8) 417
4 4.07
5 4.07
6 4.33
7 4.17
8 4.23

Assessment
(Global 9-12) 435
9 4.30
10 4.27
11 4.43
12 4.40

Total

(All Questions) 4.28

The presented results show that students found the activities motivating. They under-
stand that the combination of the proposed methodologies is an appropriate alternative to
the magisterial lesson. Each theme is further analyzed in the Discussion section.

4. Discussion

In the following subsections, the results are discussed considering previous works
and including the proposals for improvement commented by the students.

4.1. Activities

Students assessed activities by giving a maximum punctuation to activity 1 (average:
4.57), then activity 2 (average: 4.4) and finally activity 3 (average: 4.1). According to
these results and students’ comments in the class, it seems that the first activity, based
on linear and affine functions, was quite attractive to them since it was clear and simple.
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However, the understanding of the exponential function and the use of a recursive function
to translate it into Scratch was more difficult to them and probably this is the reason of the
survey result in this case. In fact, recursion and fractal thinking usually require more time
and better tools, and scaffolds linking fractals and fractal thinking to the curriculum and
the real world, as concluded by Lee and Jian in a recent study related to the assessment of
computational thinking in Scratch fractal projects [31]. On the other hand, the modelling
of the quadratic function in a context related to basketball has been also successful in the
past in several scenarios, for instance, using a video of a trajectory as an initial step and
concluding if it represents a parabola [32]. In our proposal, the originality of finding the
required function coefficients in a Scratch environment motivated students to find not only
one possible solution, but the optimum.

4.2. Methodologies

All considered methodologies were well assessed, especially highlighting gamification
(average: 4.33). It is remarkable that students consider that the use of the considered
methodologies is better than the magisterial lesson (average: 4.17) and that the use of Scratch
is appropriate to model reality (average: 4.23). While students require the integration of
active methodologies, it is important to note that there are still teachers who cling to their
old magisterial lessons because they are afraid that if they abandon the teaching style that
they know, they will lose control of the class. Consequently, it is key to orient the training
of teachers on the positive pedagogical effects the new style would render: co-operative
work and problem solving or research, among others, instead of only focusing towards the
purely technical aspects [33]. Moreover, as perceived by students, Scratch is appropriate
to model real-life scenarios. In fact, previous studies have shown that teachers feel that it
is easy to connect programming to other teaching and learning activities in school, such
as problem solving. However, sometimes there is a lack of directives for the integration,
in terms of what type of programming should be implemented [34]. In this sense, it is
important to know Scratch limitations and when another programming language, such as
Python, should be used as an alternative.

4.3. Assessment

The different proposals included in the assessment were similarly accepted, with
slight differences in the average results: 4.43 (portfolio), 4.4 (final objective assessment), 4.3
(initial objective assessment) and 4.27 (teaching observation). In this case, it is clear that the
main motivation for the students is the realization of the Scratch activities which conform
the portfolio. This Scratch portfolio approach was originally proposed as a possibility
by Mitch Resnick and Karen Brennan. In this case, each member of the Scratch online
community has a profile page. In this page, any member (scratcher) can display creations
as well as other dimensions of participation, such as scratchers they follow. The teacher
analyzes the portfolio of projects uploaded by a particular community member (student).
This approach is specially focused on the development of computational thinking through
Scratch programming activities [35]. In this sense, previous research of Permatasari et al.
showed that more than 90% of learning outcomes were achieved following a portfolio
assessment using a problem-based learning model with Scratch in the last cycle of the
sequence. In this way, portfolio represented the main assessment tool with respect to
pre-action testing and attitude observation [36].

4.4. Proposals for Improvement
The students indicated the following aspects as proposals for improvement:

e  More time for its approach given the complexity of the program for some of them. It
is observed that since they had not practiced before with Scratch, it was difficult to
them to understand the program, which contrasts with the experience at an early age.
From here, the importance of integrating programming at an early age is deduced, as
with languages or any type of practical learning;
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e  Askstudents to complete a program with Scratch, based on everything learned with
these activities;

e  The evaluation with Kahoot! was very well received, although it was indicated that
the images shown should be highlighted to make their visualization easier.

4.5. Limitations and Future Research Lines

Although we have found interesting results, this study presents some limitations. On
the one hand, the study sample is not very large. However, for a first exploratory study;, it
provides relevant information in the research context (Faculty of Education Sciences of the
University of Las Palmas de Gran Canaria). On the other hand, the qualitative study may
be enhanced considering additional instruments. Future works will extend the sample,
also considering qualitative assessment instruments such as structured interviews.

Future research lines include the combination of the presented aspects with robotics,
based on platforms such as Scratch for Arduino as well as the usage of other programming
languages in different education levels.

5. Conclusions

The objective of this paper is to study the Scratch programming language as a didactic
tool to teach functions and analyze the suitability of different methodologies to teach
functions.

In this paper, we presented three innovative activities aimed at the block of functions of
the subject of mathematics. The starting point was the use of Scratch software to didactically
introduce the linear, affine, quadratic and exponential functions. The proposed activities
were combined with active didactic methodologies in order to make the most of them,
proposing at the same time a coherent assessment.

The proposed activities were introduced to a group of 30 students of the Mathematics
and its Didactics I subject of the Primary Education Degree of the Faculty of Education
Sciences (FCEDU) of the University of Las Palmas de Gran Canaria (ULPGC). The activities,
methodologies and assessment were evaluated by these students with results higher than
4 in Likert scale for all cases, showing a preference for the proposed methods over the
magisterial lesson. Students especially highlighted simple activities based on linear and
affine functions as well as the use of gamification methodology and the assessment based
on portfolios. Even though some students found the program complex, asking for more
time to understand it, they also found it motivating, asking for additional activities on
everything learned.
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