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Abstract—The interest in studying Computer Science has 

extended worldwide to children in the last years. In Spain, 
teaching is regulated with RDA (Royal Decree Act) 89/2014. 
According to this RDA, the subject “Technology and Digital 
Resources for Learning Improvement” is configured as an 
Autonomic Free Configuration Subject, and in the case of 
Autonomous Community of Madrid (ACM), the subject is 
compulsory. This paper presents the results of a survey sent to 
318 educational centers in Madrid. The goal of the survey was to 
find out the current situation of programming teaching in 
Primary Education. Forty six schools filled and returned the 
survey showing that: (a) 100% of the schools consider that 
teaching programming in Primary Education is useful; and, (b) 
39.1% of the schools are unable to teach programming because 
they find difficult to accommodate the timetable of the subject, 
and (or) they lack teachers with enough knowledge and training 
for the subject. In the schools where the subject is taught, most 
teachers rely on using Scratch or games, but they lack an 
adequate methodology. When the schools were asked about the 
possibility of implementing a methodology based on metaphors, 
63% of them approved the idea, and 61% were in favor of 
applying it in their classrooms.  

Keywords—Programming teaching; metaphor; Primary 
Education 

I.  INTRODUCTION  
The interest to teach programming to children has spread 

worldwide. In Spain, it is legislated by RDA (Royal Decree 
Act) 89/2014, according to which, Programming should be 
taught in Primary Education in the subject “Technology and 
Digital Resources for Learning Improvement”, configured as 
an Autonomic Free Configuration Subject. It means that every 
Autonomous Communities (AC) decides whether the subject 
is compulsory or not. 

In the case of the Autonomous Community of Madrid 
(ACM), the subject is compulsory. However, RDA 89/2014 
does not specify how the programming teaching should be 
distributed along the six courses of Primary Education. 
Therefore, each center organizes the teaching according to the 
available material and human resources. In some cases, 
programming is taught transversally into other subjects such 
as Natural Sciences or Mathematics; some others, such as 
Private Schools, teach programming in complementary hours.  

This paper presents the results of a survey submitted to 318 
Primary Schools in Madrid. The goal of the survey was to 
explore the current situation of programming teaching and 

didactic resources in Primary Education in the ACM. Forty six 
schools answered the survey, and all them (100%) stated that 
teaching Programming in Primary Education is useful, but 
39.1% of them cannot afford teaching Programming due to 
either difficult fitting into the current timetables and (or) 
lacking teachers with enough knowledge and training for the 
task. 

When asked about the teaching methodology of 
programming, schools answered that they use Scratch or 
games, but no teaching methodology was proposed, and this 
seems to be the case worldwide [2-5]. Moreover, during the 
literature review, we found only a few papers proposing 
methodologies to teach programing in Primary Education [6]. 
On the other hand, our literature review reveals the difficulties 
found when teaching even basic concepts such as program [7], 
loops [8], control structures and algorithms [9].  

In this paper, we propose to overcome these difficulties 
through the use of metaphors to introduce children into these 
basic programming concepts, and we analyze the opinions of 
the surveyed schools about the application of this 
methodology into their classrooms. 

The results gathered show that 63% of the Primary Schools 
that answered the survey are in favor of using the 
methodology based on metaphors, and 61% would like to 
implement it. 

It is interesting to present the reasons why some Primary 
Schools refuse the application of the proposed methodology. 
Some stated that they consider that students in Primary 
Education are too young to understand basic programming 
concepts; others consider that this information is not relevant 
for students. A different group reasons that they do not have 
time, or they lack teachers with enough training or, at least, 
guides to follow such methodology. In our literature review, 
we did not find estimations of the minimum age considered 
optimal to begin teaching programming; as there is no age 
indication in the legal texts either, it seems evident that more 
research is needed in this direction. 

The paper is organized in five sections: Section 2 reviews 
the state of the art; Section 3 offers some guides to teach 
programming in Primary Education; Section 4 presents and 
reviews the survey; and, finally, Section 5 presents the main 
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conclusions of the paper and future work lines. 
II. STATE OF THE ART 

A. Worldwide interest in teaching programming 
Computer Science is usually compulsory in Primary 

Education worldwide [10]. Table I resumes the situation in 
several countries (blank cells indicate that information is not 
available), and shows the great interest in teaching Computer 
Science, starting in early ages. 

 
TABLE I. WORLDWIDE INTERST [10] 

Countries                 Content Primary 
Ed. 
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Australia        

UK        
Estonia        
Finland        
New Zeland        

Norway        

Sweden        
South Korea        
United States        
Macedonia        
B. How to teach programming 
Scratch is one of the most used tools worldwide to teach 

programming to children [11], but there are many other 
approaches to teach programming and developing 
computational thinking. Some are plugged, when schools have 
enough computers available, with aectivities such as creating 
programs [3], and using Lego WeDo, or robots Mindstorms 
EV3 [12]. Schools interested in teaching programming, but 
lacking enough computers or trained teachers, use unplugged 
approaches [2]; in this case Computer Science is taught using 
stories, or free exercises in web sites such as Code.org.  

However, we lack enough validation of these approaches, 
and there are not still statistically significant results to evaluate 
their impact on the children [13]. 

C. Use of metaphors  
Metaphoric language is used every day in all contexts, and 

it is considered a key competence in thinking [14]. The use of 
metaphors to teach computer science concepts at University 
level has received much interest [15]. Some studies propose 
particular metaphors to teach abstract concepts such as 
dynamic memory [16], or matrixes, to handle events in JAVA 
[17]. However, we did not find in the specialized literature 
examples of using metaphors to teach basic concepts of 

computer science programming in Primary Education. 
III. METHODOLOGY BASED ON METAPHORS 

This paper summarizes four scripts based on metaphors, as 
a methodology to teach basic programming concepts to 
children and to develop their computational thinking. A full 
explanation is presented in [18], where the issue of timing is 
also addressed. 

The process is divided in four steps following the normal 
pace of any ‘Introduction to Programming’ course: (A)   The 
concept of program, sequence, memory and variable; (B) input 
and output instructions (C), conditionals, and (D) loops. 

A. Script to introduce children to their first programming 
concepts 

As an introduction, they are lectured that programs work as 
a cooking recipe, bringing here, for instance, the widely-
known TV contest of ‘Master Chef Junior’. They are made 
aware that the computer has a food storage or pantry where it 
keeps all it needs to work (cook in our case), and that the 
computer keeps modifying continuously that “pantry” to adapt 
it to its needs according to the demands of the program. The 
pantry is actually the computer’s memory that allows storing 
variables, visualized in our course as little boxes. Thus, the 
variables are boxes that can be filled up with whatever is 
needed. For instance (Figure 1): “in the pantry, there is a cup 
filled with eggs, flour, sugar, etc., i.e. all items necessary to 
prepare a recipe. The same goes for the computer, which 
keeps (stores) all the numbers, names, or messages required by 
the user”. 

B. Script to introduce children to Input/Output Instructions 
This script combines the concepts of program, memory and 

screen and it explains what happens in the computer, 
representing it on the blackboard, or using the computer 
screen and memory. In Figure 2, we represent, from left to 
right: the program instructions, the PC screen, and the memory 
for each sequential step of the program. For instance, the 
instruction 1 (I1) produces the creation of a ‘box’ in the 
memory named VariableName empty (Figure 2). The 
instruction 2 (I2) sends a message to the user asking for an 
entry, but the state of the box remains the same, as long as the 
user does not interact. 

Pantry Memory 
Draw a 
cup 

 

Draw a 
box 

(variable) 
Fill it up 

with eggs 
 

Write 
‘Hello’ 
inside 

Empty it 
and fill it 
up with 

flour 
 

Delete it 
and write 
‘Bye’ in it  

Do not 
empty it 
and add 

chocolate.  

Do not 
delete it and 
add ‘have a 
nice day’. 
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Now I have 
a cup with 
flour and 
chocolate 

Now I have 
in the box 
Variable 

‘bye, have a 
nice day’ 

Fig. 1. Examples to show the metaphor of the computer working as a 
pantry for the program instructions. 

 
The instruction 3 (I3) stores whatever the user inputs 

(writes using the keyboard), that gets reflected on the screen; 
on this case the user writes her name “Mary”, which is kept in 
the variable box. Finally, instruction 4 (I4) produces a 
sentence visualized on the screen as a message partly written 
by the programmer (“Hello”) plus the content of the variable 
in memory (Mary), which renders the message “Hello Mary” 
on the screen. 

 
Program Screen Memory 

 
I1: create 

variableName 
 

variableName 
 
 

 
I2: write on the screen 

(‘What’s your name’) 
  

variableName 
 

 
I3: keep 

(variableName) 
 

variableName 
 

 
I4: write on the screen 

(‘Hello’ variableName) 
 

 variableName 
 
 

Fig. 2. Sequential execution of the instructions (left), output on the screen 
(center) and state of the box keeping the data (right). 

 
C. Script to introduce children to programming conditional 

instructions. 
To introduce children into how the computer does/executes 

conditional instructions, they are instructed: ‘if you are given 
the grades, if grade is equal or higher than 5, then you have 
passed, but if it is lower than 5, you have failed’; the computer 
understands this type of instructions and can make/take 
decisions too. On the examples in Figure 3, the first one has 
the box gradeV with the value 6, on the execution (in grey) the 
part of the program that is being executed; note that the PC 
checks if gradeV is greater or equal 5, in which case it 
executes the branch ‘then’ and sends the output ‘Passed’ to the 
screen (right). The rest of the code corresponds to the ‘else’ 
branch and does not execute, because the computer has 
already taken the decision about which branch will execute. 
On the last example, gradeV has the value 3, the code the PC 
is going to execute is also in grey color, the PC compares with 
the value saved in the box in memory gradeV, in this case 
takes the decision that the value is less than 5; therefore it 
executes the ‘else’ branch, and sends to the screen the output 
‘Failed’. 

 
Memory Program Instructions PC Output 

gradeV if gradeV >= 5 then 
write_on_the_screen (‘Passed’) 

else 
write_on_the_screen (‘Failed’) 

gradeV if gradeV >= 5 then 
write_on_the_Screen (‘Passed’) 

else 
write_on_the_Screen (‘Failed’) 

Fig. 3. PC executing conditional instructions. Left: States of the variable 
kept in memory. Centre (in grey): The program instructions executed by the 
program. Right: Output on the screen. 

 
D. Script to introduce children to programming loops. 
To introduce the concept of loop, we suggest the metaphor 

of laying the table for the number of persons living in the 
family. Figure 4, shows the drawings that the teacher draws on 
the blackboard to introduce the loop concept. Left top; the 
instructions to lay the table for just one person. Left down; the 
variable containing the number of persons in the family. Right, 
pictograms of the number of times “n” the instructions are 
repeated: 

 
Instructions Number of times that  instructions are 

repeated 
Set the plate, fork, knife 

& spoon 
4 times (nPersons) 

 

Set the plate, fork, knife 
& spoon 

3 times (nPersons) 
  

Fig. 4. Represents how children repeat several times a set of instructions: 
to lay the table for the “n” members of their family. 

 
After understanding the concept of loop by means of the 

previous metaphor, the teacher should present, using the 
blackboard or on the screen, several examples of how the PC 
repeats a set of instructions, as demanded by the user. As 
explained before (Figure 3), the state of the variables in 
memory (left) includes a new concept: before execution and 
after execution; in figure 4, the central column presents the 
program instructions which are being executed, and the right 
side presents the output on the screen. 

 
Memory Program Instructions Output on 

the Screen Before 
 

After 

execution   
variable  

 
variable While (variable <= 3) 

do 
 write_on_the_screen 

(‘Hello’) 
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 Add 1 to variable 
finMientras 

variable  variable While (variable <= 3) 
do 

Write_on_the_screen 
(‘Hello’) 

 Add 1 to variable 
finMientras 

 

variable  variable  While (variable <= 3) 
do 

 write_on_the_screen 
(‘Hello’) 

 Add 1 to variable 
endWhile 

 

Fig. 5. Metaphors for the loop concept 
 

IV. STUDY OF THE STATE OF TEACHING AND DIDACTICS OF 
THE SUBJET ‘PROGRAMMING’  

 An opinion questionnaire about teaching Programming was 
designed and circulated in the study case, which was filled and 
returned by 46 teachers from Primary education in the AC of 
Madrid. 

Concerning the professional profile of respondents, 52.2% 
of them were ITC coordinators, 47.8% of respondents, besides 
being ITC coordinators, are actually teaching the ‘Technology’ 
course; 34.8% of teachers acted as directors of centres (Figure 
6). 

Analyzing the answers to the question: ‘What do you think 
about the possibility of teaching Programming to children in 
Primary Education?’ it appears that there is consensus on two 
points: the need of adapting the contents to the age of the 
students, and the benefits that it provides in several areas: (i) 
the development of thinking skills, (ii) the organization of 
ideas, (iii) the ability of abstraction and solving problems, 
without forgetting its motivational component, and (iv) the 
opportunities offered by teaching through games (in fact, it is 
already implemented is some centers). 

However, the respondents remark the importance of having 
properly-trained teachers to teach this subject and also they 
remark that it should be taught transversally, due to the 
difficulty of fitting its content in the schedules of other areas 
(such as some parts of Mathematics or Natural Sciences) 
through the completion of projects, or extra school activities. 
However this last option is usually unfeasible, mainly because 
the economic possibilities of families. 

 

 
Fig. 6. Profile of respondents. 
 

 According to the answers to the question Do you think that 
students are interested in learning programming?, a 38.3% are 
very interested, while 25.5%, although interested, do not really 
know what is the  use of it. On the other hand, 21.3% does not 
show much interest in programming, but they are in favor of 
the use of technology in the classroom, and 10.6% believe that 
students in primary education are not interested. Only 4.3% 
admit that they do not know. See Figure 7. 

 
Fig. 7. Do you think that students are interested in learning Programming? 
  
 Regarding the question: ‘In which course Programming is 

taught in your center?’, 39.1% of the centers declare that 
Programming is not taught, while the centers that include it in 
the curriculum place it in different grades: 15.2% in 4th grade, 
10.9% in 5th grade and 13% in 6th grade. On the other hand, 
8.7% placed it in 1st, 2.2% in 2nd and 8.7% in 3rd grade of 
Primary Education. 

From the question ‘If you teach Programming, how do you 
do it?’ it results that a 30.43% of respondents do not teach 
programming, but among those who do a 30.17% use tools 
such as Scratch [11] and Scratch Jr., and 32.89% use other 
tools, such as Code.org, Lego Wedo, App Inventor and 
BlocsCAD. An additional 6.51% of centers teach programming 
as extracurricular activities and / or through external entities. 
(Figure 8). 

 

 
Fig. 8. If you teach Programming, how do you do it? 
  
 As for the question, ‘Would you like to teach Programming 

through the use of metaphors?’ for example, ‘Programming is 
like cooking, i.e., following a recipe step by step’, 63% of 
respondents considered it a good idea, whereas 19.6% did not 
like the idea. Still, 8.7% like and favor the idea of using 
metaphors, and a similar percentage considers that children will 
not understand metaphors. 
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With the aim of knowing the acceptance of the use of 
metaphors to teach some basic concepts related to the 
Programming, a few more questions were posed. What do you 
think comparing the "computer memory" with a pantry?, that 
is, in the memory you keep all the data you need in your 
program and the pantry is the space where you have all the 
items necessary for cooking, which received more than 60% of 
acceptance. They were therefore asked the question: ‘Would 
you like us to provide you with scripts with metaphors like the 
previous ones to teach Programming in your center?’ and 
47.8% of respondents answered ‘yes’, since it would be helpful 
for their teaching. Additionally, 26.1% believe that, although 
they do not currently teach it, our assistance will help them in 
preparing lectures. However, 17.4% indicated that they are not 
interested in metaphors because they follow their own 
methods. See Figure 9. 

 

 
 

Fig. 9. Results on the acceptance of the use of metaphors  
 

 It is gratifying to know that about 61% of the centers would 
be willing to receive help from us, in implementing the scripts. 
However, we are aware that some aspects of the proposal need 
refinement. This is, for instance, the case of using certain 
metaphors, such as the Three Kings, taking into account the 
cultural and / or economic diversity of the audience. We also 
detect a need of rethinking the offer of metaphors, looking for 
more flexible examples, i.e., more adaptable to a wider specter 
of interests.  

 
V. CONCLUSIONS 

 
Our research is based on the premise that the interest for 

teaching Programming in Primary Education is increasing 
worldwide. In the case of the Autonomic Community of 
Madrid, it is mandatory according to RDA 89/2014. However, 
many schools face serious teaching difficulties derived from 
the lack of adequate resources or properly-trained teacher. In 
this article, we present the results of an investigation based on a 
questionnaire sent to 318 Primary Schools, which received 46 
responses. 

The staffs of these schools consider useful and appropriate 
to teach Programming in Primary Education. However, 39.1% 
of the centers cannot offer the subject of Programming because 
it is difficult for them to fit it into the center’s schedule, or 
finding properly- trained teachers. Referring to centers with 
effective Programming offer, most of them use Scratch or 
games, but without a precise, well worked out, methodology. 
When they are offered such a methodology by us, 63% of the 
centers agree and 61% of them would like to put it into 
practice. 

It seems clear that this research topic is very interesting at 
present, since there are few studies or they do not offer 
conclusive results either. On the other hand, although the 
sample of the study is relatively small, as compared with the 
total number of centers of the Autonomic Community of 
Madrid, it reveals a growing need for an adequate, well 
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planned methodology for teaching Programming in Primary 
Education. 

As future work we will continue our study, incorporating 
more centers, and addressing key questions such as the age at 
which Programming should be incorporated to the curriculum, 
how many hours a week are the most suitable, and which 
should be the impact of the promotion of computational 
thinking and other skills such as problem solving and 
creativity. 
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