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Abstract 
Computational thinking may be defined as the systematic development of critical thinking and problem 
solving skills supported by computational concepts. The literature shows the numerous benefits of 
implementing the ideas behind computational thinking in the teaching/learning process at very early 
ages. This means in practice that children and teenagers should start programming at school or high 
school. Tools like MIT’s Scratch and Google’s Blockly ease notably this task. 

Being aware of this need, authorities in the Spanish region of Castilla–La Mancha are deploying a set 
of activities to disseminate these ideas among teachers of primary and secondary levels. One of these 
activities is a course on Scratch programming, which has been offered to teachers of different 
disciplines (not only technological ones) and taught by computer science professors and researchers 
from the regional University. 

In this work, the contents and the organization of this course are described. In particular, apart from 
providing some notions to those teachers not familiarized with programming, a second goal of the 
course is to describe the way in which they can incorporate these computational concepts in their 
courses, taking into account the current regulations.  

The paper also performs a detailed analysis of the information collected by means of a survey to the 
course attendees. In this survey, they were asked anonymously about their general opinion regarding 
computational thinking, their intention to incorporate these computational concepts and techniques 
into their classroom daily activity, and the way in which this can be implemented. In the light of the 
results of the survey, some interesting conclusions were drawn. 
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1 INTRODUCTION 
During last decade, several organizations related to technology education, such as ISTE (International 
Society for Technology in Education), CSTA (Computer Science Teacher Association), and 
Informatics Europe, are actively promoting a new approach to the teaching/learning process which 
considers the ideas behind computational thinking (CT) [1] in every educational level (K-12) [2][3]. 
These organizations define CT as the systematic development of critical thinking and problem solving 
skills supported by computational concepts and methods or practices. Computational concepts include 
sequences, loops, conditionals, operators, etc. Some examples of computational practices are 
experimentation and iteration, testing and debugging, abstracting and modularizing, and reusing and 
mixing.  

In this context, educational authorities of the Spanish region of Castilla–La Mancha, in collaboration 
with the Computing Engineering School of the University of Castilla–La Mancha designed a course on 
Scratch programming aimed to all the teachers of primary and secondary levels in the region. The 
main goal of this course was to introduce them the main principles of CT, by means of the popular 
MIT’s Scratch programming language [4]. 

Scratch has been specially designed for children, in such a way that it is not necessary for them to 
learn a complex syntax. Instructions composing the final project are indicated by means of a set of 
predefined blocks that the user (the programmer) combines in an intuitive and friendly way. For this 
reason, the user focuses on the program logic, instead of its syntax. Moreover, Scratch allows an easy 
use of multimedia resources, enabling the development of small videogames, animations, 
presentations, and artistic productions. As a consequence, this tool has a direct applicability in any 
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subject included in both the primary and secondary curricula, and not only in those subjects closer to 
information technology. 

Furthermore, with the aim of polling the participants’ opinion about the contents of the course and their 
intention to apply these principles at the classroom, they were asked to fill in an online survey. The 
analysis performed on the data collected and the corresponding results are detailed in this work. 

The rest of this work is structured as follows. First, Section 2 provides some background on the 
current educational context in the Spanish region of Castilla–La Mancha (CLM). Then, Section 3 
describes the course on Scratch programming taught. After that, Section 4 presents the empirical 
study carried out starting from the attendees’ opinion. Finally, Section 5 summarizes the conclusions 
of this study and some future works derived from this work. 

2 BACKGROUND 
The curricula in CLM is mainly enacted by two different regulations “Ley Orgánica 8/2013, de 9 de 
diciembre, para la mejora de la calidad educativa (LOMCE)” and “Decreto 40/2015, de 15/06/2015, 
por el que se establece el currículo de Educación Secundaria Obligatoria y Bachillerato en la 
Comunidad Autónoma de Castilla-La Mancha”, which extends the basic curricula established at 
national level in the regulation “Real Decreto 1105/2014, de 26/12/2014”. The Scratch course is 
intended for primaria, secundaria, bachillerato and formación profesional1 teachers, which comprises 
teachers of students ranging ideally from 6 years old to adulthood, usually until 18 years old.  

Students in its childhood (6 to 12 years old) attend Primaria educational level. This educational stage 
is compulsory and consists of 6 courses. Its main objective is the alphabetization, that is, to master the 
basic skills of reading, writing, speaking, algebra and some common cultural concepts. Secundaria, 
also compulsory, usually comprises students from 12 to 15 years old. It elapses for four courses 
corresponding with student adolescence and is taught at an Instituto de Educación Secundaria (IES). 
The length of this stage is divided into two blocks with two course per block. This division is 
established for promotion purposes. Therefore, if a student were to fail, then he could only repeat a 
course on each block. The main motivation of this stage is to provide students with the basic skills to 
develop personal fulfilment and, later in life, find work and take part in society. These skills are 
gathered around some key competences [5] including communication skills in our mother tongue and 
foreign languages, digital skills, literacy, maths, science and some common skills such as learning to 
learn, social and civic responsibility, initiative and entrepreneurship, cultural awareness, and creativity.  

Concerning to the Educación Secundaria Superior, it is also taught in an IES. It lasts for two academic 
courses, usually studied between 16 and 18 years. It offers students two possibilities, the Bachillerato 
(general branch mainly oriented to the University) and the Formación Profesional de Grado Medio 
(professional branch oriented to the labor market). After that, a student can continue his/her education 
with universities studies or professional studies, respectively. 

The Bachillerato is a non-mandatory study, which provides a specialized preparation to the students 
according to their perspectives and interests of training, which enable them to access University. 
Hence, the set of subjects of the Bachillerato is mainly structured in core subjects under the following 
modalities:  

• Arts: Plastic arts, design and image and Performing arts, music and dance. 

• Science: Sciences of the Health and Sciences and Engineering. 

• Humanities and Social Sciences: Humanities and Social Sciences. 

Each student selects their educational itinerary by choosing a modality (Arts, Science or Humanities 
and Social Sciences) and an itinerary within the modality, for example, Sciences and Engineering 
itinerary under the Science modality. Once the Bachillerato is completed, the students can also 
incorporate into the active life or start studies of Formación Profesional de Grado Superior. 

The Formación Profesional de Grado Medio is also a non-mandatory study, which could be taught in 
the IES as well as in the Centros de Formación Profesional. In general, the Formación Profesional is 
the closest teaching oriented to the labor market. In Spain, we have a wide offer, including an online 
mode taught through the internet. It is The Ministry of Education, Culture and Sport (MECD), in 

                                                        
1 In this work we will refer to local educational levels, centers, etc. by means of their Spanish names. 
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collaboration with the Autonomous Communities, who establishes the qualifications corresponding to 
these professional studies, as well as the basic aspects of the curriculum of each of them. 

So, the Formación Profesional de Grado Medio is a set of training courses with a modular 
organization, variable duration, and theoretical and practical contents appropriate to the various 
professional fields. The training courses are detailed into the National Catalog of Professional 
Qualifications, which is also made by the MECD and covering studies from Physical and Sports 
Activities to Glassworks and Ceramics; the studies are organized in professional families. At this 
moment, we have 26 professional families with more than 150 training courses. Once the student has 
completed his studies of Formación Profesional de Grado Medio he can either continue with the 
Formación Profesional de Grado Superior or start University studies. 

Scratch can be mainly taught in the Secundaria and Bachillerato curricula as Table 1 shows.  The 
table structure establishes in which course, subject and content block scratch can be taught or used. 

Table 1.  Scratch in Secundaria and Bachillerato curricula. 

Secundaria Bachillerato 

Course / Subject Content Block Course / Subject Content Block 

1st Creative 
Technology 

4. Creative Technology 1st Industrial 
Technology 

3. Robotics and programming 

2nd Technology 5. Information and Communication 
Technology: graphical programming 
language 

2nd Industrial 
Technology 

5. Programming and control of 
autonomous systems. 

3rd Technology 4. Structures and mechanisms: 
machines and systems: 
programming IDEs and system 
programming  

1st Information and 
Communication 
Technology 

5. Programming 

4th Technology 4. Control and robotics: 
programming languages for platform 
control 

2nd Information and 
Communication 
Technology 

5. Programming 

4th Robotic 
Technology 

3. System programming 
4. Robotics 

For the rest of the courses/subjects belonging to Secundaria or Bachillerato, or even Formación 
Profesional, Scratch could also be used as a teaching resource to propose activities, for example, to 
explain a physics law in a graphic way for the Physics course/subject [6]. 

3 COURSE DESCRIPTION 
As mentioned above, a feature of the course is that it enables teachers of primary and secondary 
levels to learn how to use Scratch and initiate their students into these tools to help them explore 
aspects of the curriculum in an exciting and engaging manner. The course focuses on using Scratch 
to support the concepts, content and skills of a wide range of subjects, not only technological ones. 

This course does not require prior knowledge of programming. It means that the content of the course 
has been designed to engage beginners and meet the challenge of creating working programs that 
connect to their interests. But, the course is also extensive enough to satisfy the needs of more 
advanced programmers. 

More in depth, the course consists of four different modules. The first three modules introduce the 
main principles of Scratch, whereas the last module studies the different ways in which Scratch can be 
used in the different primary and secondary curricula. A summary of the course is given in Table 2. 
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Table 2.  Course summary. 

# Module name Topics covered 

1 Introduction to Scratch and Programming Computational Thinking, creating a project, main 
screen components, motion, costumes, looks, pen 

2 Scratch Programming Basics Events, loops, conditions, variables, sensors 

3 Advanced Programming with Scratch Strings, lists, procedures, synchronization, clones 

4 Using Scratch in the Classroom CLM curricula, Planning, Teaching, Assessment 

3.1 Introduction to Scratch and Programming 
This module has been designed for novice learners who are going to use Scratch for the first time. 
First, this module presents the CT as a skill of great benefit to solve problems for different disciplines, 
such as computer science, humanities, math, and science. CT is a problem solving process that 
involves key principles from computer science, such as abstraction, decomposition, algorithm design, 
pattern recognition, generalization, and inference. So, it is important to explain to primary and 
secondary school teachers that CT is not limited to technological fields. For example, in primary 
school level it can be used as a tool for better understand the angles in math or to explain the roman 
civilization thanks to an interactive story. Hence, the computer science teachers involved in this course 
have a responsibility to drive CT through the use of Scratch to several primary and secondary 
teachers across the region of CLM. 

Going forward with the content of this module, some simple Scratch projects are run and a single 
personal Scratch account is set up. Scratch is a graphical programming environment that consists of 
graphical blocks which snap together. It enables students to construct applications or presentations 
very quickly. The module also presents the basic project editor functionalities and components such 
as the sprites or objects that are manipulated on the stage using small program segments called 
scripts. Fig. 1 shows the screen that appears when Scratch starts up. The main actions to do on the 
different areas are learnt through experimentation. Simple working projects are developed in this first 
module to understand the functionality of the movement, looks and sound blocks. Also pen blocks are 
used to draw geometrical figures. All the concepts are introduced in a cross-practice approach. 

 
Figure 1. Scratch interface. 

3.2 Scratch Programming Basics 
In the second module we present the basic concepts of programing such as events, loops and 
conditions. The interaction with the user is also presented. The main exercises are done all together 
and a how-to-do guide has been included as material of the course for better understanding. The 
included exercises, for example, show the functionality of the flag on several sprites that dance when 
a song is played. More practical exercises focus on developing a dialogue with sprites or creating an 
app for Science curriculum. In this case, the user has to identify three mammals amount different living 
beings by clicking on it, then the app displays a dialog box with the number of hits and the use of 
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variables is learnt. By the end of these two modules, students have to create their own projects. Some 
guidelines are provided by the instructors but the idea is that each student makes its own proposal 
adapting Scratch functionalities to their needs, teaching classes and imagination. This assessment is 
an open-mind task in the meaning that students, that are primary and secondary teachers, are able to 
create their own ideas. This assessment is done outside the class time and offers an excellent way to 
continue learning and develop the creativity of the programmers. 

3.3 Advanced Programming with Scratch 
This module has been designed to satisfy the needs of more advanced users. Hence, topics such as 
strings, lists, procedures, synchronization and clones are introduced. The main issues of these topics 
are covered in class and guides provide extra information for a more in-depth understanding. The 
methodology used is the same as in the previous sessions and the new concepts are introduced 
thanks to practical exercises. For example, string functionalities are discovered creating a new project 
that checks if a word is a palindrome. A questions game is created based on the use of lists and 
procedures are used to develop reusable code that implements different mathematical functions. More 
example projects are done to work on synchronization, such as the one in which the player has to 
drop the aliments inside the pyramid according to its class. The last topic presented in this section is 
the dynamic use of sprites or clones. Hence, clones are used to teach the multiplication table to 
students of primary. Fig. 2 shows the interface of this project in which the mascot of the ESII (Escuela 
Superior de Ingeniería Informática) [7] asks the player the result of an operation. 

 
Figure 2. Project using the clone functionality. 

3.4 Using Scratch in the Classroom 
The main goal of this module is the creation of a Teaching Unit2 (TU), therefore the first step is to 
identify and classify our attendees depending on their different demands.  This course targets two 
different groups classified depending on the way Scratch would be used during classes. The first 
group consists of technology and computing teachers, whereas the second constitutes the rest of the 
course attendees. It is necessary this classification since Scratch is included in the curricula of the 
subjects taught by teachers of the first group, but it is not included in the subject curricula taught by 
the second group. The implications behind this fact are that the second group should not teach 
Scratch as a programming language; however, it can be used as a tool to transmit information. 
Several examples of this use are easily identifiable, for instance, biology teachers can create a 
program to explain how the krebs cycle works at a mitochondrion, algebra teachers can encourage 
students to create geometrical structures or English teachers can use an if-then-else control structure 
to explain conditional sentences. However, it is the first group which can really make a full use of the 
contents taught in the first three modules, mainly because, for instance programming is a technique 
necessary for the control of robotic and sensor platforms, contents which are also in the technology 

                                                        
2 A teaching unit determines the contents taught and activities developed during a specific period. A subject is typically divided 

into several units ranging from 6 to 15 depending on the hours taught a week. 
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and computing curricula altogether with Scratch itself. Therefore, we will mainly focus our aims to the 
first group without losing the perspective of generality to attend the second group demands, as well. 

Attending the module goal, this module is divided into three items: identification, planning and 
development. Identification implies a deep study of the different elements established by the legal 
curricula. These are divided into basic skills, general objectives by stage, contents, assessment 
criteria and learning standards. They are sorted from general to specific learning features. All these 
elements should be identified and interrelations should also be gathered for the pretended TU. The 
planning comprises the organizational and temporal aspects including what, how and when contents 
and activities are going to be taught and performed regarding the TU. Last, but not least, is the unit 
development, which specifies the different activities teachers and students will perform during the 
planned classed of the TU. These activities include introduction activities to the unit, core activities, 
synthesis activities, evaluation activities and generalization activities. Perhaps, the most important 
activities are the core and evaluation activities. Core activities allow students to understand and 
acquire contents and skills, whereas, evaluation activities assess whether our alumni has been able to 
achieve this goal. This module is taught by means of a TU used as an example, which corresponds to 
the subject Tecnología Robótica, an optional subject taught in last year of Secundaria. Scratch is used 
in this TU to control a robotic system powered by an Arduino Uno compatible board consisting in an 
automated vehicle provided with several actuators such as motors to control speed and turns, and 
sensors to transmit to the control platform the data regarding different environmental data such as 
light, sound, obstacles and so on. Typical examples of programming activities for this type of platforms 
include remote control, autonomous obstacle avoidance, autonomous line-patrolling and playing 
games in general. An important feature of this system is the compatibility with Arduino which ensures 
a technical support freely given by online communities and forums. 

4 EMPIRICAL STUDY 
This section presents the survey conducted and the conclusions obtained from the data collected. 

4.1 Survey for Course Participants 
Each participant in the course described in the previous section was asked to complete an anonymous 
and volunteer survey. This survey was composed of two parts. Questions in the first part of the survey 
tried to determine the teacher’s profile. In particular, they were asked to indicate their educational 
level, subject taught, number of students enrolled in the subject, etc. We also asked them whether 
they were currently teaching computer programming and, more specifically, Scratch programming. 
Table 3 details the questions composing this part of the survey. 

Table 3.  Questions related to the teacher’s profile. 

Question Possible answers 

Province in which you teach AB / CR / CU / GU / TO3 

Educational level Primaria / Secundaria / Bachillerato / C. F. de 
Grado Medio / C. F.  de Grado Superior / other 

Course taught (open answer) 

Number of students enrolled (open answer) 

Q1: Do you teach (or have taught) computer 
programming? 

Yes / No 

Q2: If yes, do you teach (or have taught) Scratch? Yes / No 

In the second part of the survey conducted, we polled the teacher’s opinion about CT, its intention of 
using Scratch at the classroom, and the way in which they thought it could be done. Table 4 shows 
this part of the survey. 

                                                        
3 The region of Castilla–La Mancha is divided into five provinces named after their capital cities: Albacete (AB), Ciudad Real 

(CR), Cuenca (CU), Guadalajara (GU) and Toledo (TO). 
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Table 4.  Questions related to the teacher’s opinion. 

Question Possible answers 

Q3: Do you consider interesting to incorporate 
computational thinking principles into your 
educational level? 

Yes / No 

Q4: Do you consider suitable to teach Scratch 
programming in your educational level? 

Yes / No 

Q5: Do you intent to use Scratch in your daily 
activity? 

Yes / No 

Q6: If yes, indicate in which way As a tool for preparing classroom resources / As 
a tool that students can use to perform their tasks 

/ As a tool for initiating students in computer 
programming  / other 

4.2 Analysis of Results 
The survey was answered by 106 teachers out of about 300 teachers initially enrolled in the course. 
Prior to analyzing the answers obtained, we performed a light feature engineering which consisted on 
reducing the cardinality of “Course taught” by merging all answers into 4 categories: Math, Second 
Tongue, Tech and Computer Science. Some other categories presented a very low frequency and so 
they were discarded. 

4.2.1 Exploratory Analysis 
In Fig. 3 we can see that most of the participants are teachers in the Secundaria level; that is, their 
students’ age range from 12 to 16, followed by Primaria and Bachillerato. 

 
Figure 3. Counts of participants by Level and Course taught. 

Respect to the Course taught, it is clear that most of attendants have a scientific profile; on the other 
side, this arises the issue of the lack of concern respect to the teaching opportunities that a visual 
programming tool may provide in a variety of learning contexts different to the scientific ones. 
Nonetheless, it is remarkable the interest of Math and Second Tongues teachers to incorporate 
programming tools to their class. 

Respect to the number of students (see Fig. 4), most of teachers have from 20 to 30 students in the 
classroom, although there are several cases in which their classes are less populated. Respect to the 
5 cities in the CLM region, it seems that Toledo is the city with more populated classes (mean >22, 
and very narrow 95% confidence intervals). On the other hand, Guadalajara seems to be, on average, 
the city with less students per class. 
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Figure 4. Number of students per Level - counts (left) and averaged by Level and City (right). 

Answers to questions Q1 and Q2 (see Table 3) indicate that more than two thirds of the attendants 
teach or have taught programming in class; and more than half of these have used the Scratch 
programming environment.  

Finally, in Fig. 5 we can see that most of the teachers who attended to the course empathize with the 
use of computational thinking in their classes (Q3) with the help of an easy programming environment 
such as Scratch (Q4 and Q5). 

 
Figure 5. Answers to Q3 (left), Q4 (center) and Q5 (right). 

4.2.2 Statistical Analysis 
In this section we intend to give an statistical answer to the following questions: 

A. Is the number of teachers who teach or have taught programming statistically different among 
the level or course, in the CLM region? 

We  run the Chi-square Independence test on data in Table 5 and Table 6, and we found that the 
number of teachers who teach or have ever taught programming is not independent from the level 
taught (P-value<0.05), and so we run pairwise comparisons. 

Table 5: Contingency Table for Q1 
per teaching Level. 

 Level 

Bachillerato CF Primaria Secundaria 

Q1 
NO 2 3 14 17 

YES 18 15 18 34 
 

Table 6: Contingency Table for Q1 
per Course taught. 

 Course 

Comp. Sci. Math Tech 

Q1 
NO 0 8 11 

YES 9 12 45 
 

Thus, we found statistical significance when comparing the Primaria vs Bachillerato groups; which 
means that, as expected, it is more probable to find teachers who have ever taught programming in 
Bachillerato than it is in Primaria. 

1795



B. Is the number of teachers who regard computation thinking (Q3) as important statistically 
different among the level or course taught? 

We did not need to run any statistical test since all but 1 teacher answered “Yes”, and thus it is clear 
the significance of the assertion that teachers across all levels and courses think that it would be of 
interest to add computation thinking activities in their classes. 

C. As a consequence of the above, does the will to use Scratch in their classes depend on the 
level or course? 

As it can be seen in Fig. 5 (right), there is less consensus than in question Q3 (Fig. 5-left), but it is still 
clear that most of the participants agree. By running the Independence test, we found no statistical 
difference. Thus, teachers from all courses and levels are willing to incorporate Scratch into their 
classes. Respect to the means to use, we can see in Fig. 6 that 81% or participants would like to use 
Scratch as a tool for initiating students in computer programming, and also 70% of teachers would use 
it as a new tool for students to perform theirs tasks. 

 
Figure 6. Means in which teachers would like to incorporate Scratch in their classes. 

5 CONCLUSIONS AND FUTURE WORKS 
It is clear that there exists a general and wide agreement on the importance of developing 
computational skills from very early ages. We consider that these skills must be explicitly considered 
in educational standards. The involvement of both educational authorities and teachers of primary and 
secondary levels is also necessary. In this work we have proposed a course to introduce teachers in 
the Spanish region of Castilla–La Mancha these computational thinking concepts and practices. The 
course presents the main principles of Scratch programming, and the different ways in which this tool 
may be used in the different primary and secondary curricula. 

Moreover, we have conducted a survey in order to determine whether the enrolled teachers plan to 
integrate these concepts in the subjects taught, and the way in which they plan to do that. Results 
indicate that most of the course participants appreciate the importance of these skills and plan to 
incorporate Scratch in their daily activity. However, we miss a bigger interest from those teachers 
involved in subjects not directly related with science and technology. 

In the case of teachers determined to introduce Scratch in their classes as a new teaching/learning 
tool, we think it would be of interest to compare the average marks obtained by students of each 
teacher to the marks obtained by the new students of the same teacher in the following year after 
incorporating Scratch. 
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