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ABSTRACT

This study seeks to extend the existing research-on'the use of visual programming tools to work and develop computational thinking. We
show the primary education students' perceptions of the use of the software Lego Education WeDo in the subject of natural sciences to
promote the computational thinking. We tried to test the following hypotheses: Students will learn to build and program 3D models with
Lego Education WeDo (H1), students will think creatively to solve the problems (H2), Lego Education WeDo will help pupils to know the
relationship between cause and effect (H3), and the tasks developed will allow pupils to reflect about the possibilities they have and to find
the correct answer (H4). Based on the result analysis there were evidences of the effectiveness of the project to increase the participants’
awareness of the computational thinking. The research also concluded that according to learners’ perception, the way in which activities
were designed provided them possibilities to learn to build models in 3D and program them. Moreover, the findings of the study also
demonstrated that the success of the project also depended on the teacher’s role as a guide in the teaching-learning process.
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1. INTRODUCTION

In the present society, technology occupies a relevant position, and this implies changes in curricula since ICT play an essential role in the
way in which these curricula are implemented and taught [24].
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As Butler-Kisber [4] points out there is a movement in many countries to create curricula in subject like science, technology, engineering
and math (STEM) that allows our students to be prepared for the challenges of current and future society and its demands. That is one of
the reasons why teaching practice must change [16], since ICT provide the resources that allow carrying out teaching-learning processes in
a new way [20]. It is necessary to train students in what we can call digital language and in all the necessary skills to be part of the current
digital world. They must acquire the necessary digital skills to function efficiently in this world. This includes the ability to program as a
way to solve problems, and the computational thinking (CT) as working paradigm [23].

CT is a term coined by Wing [27] to describe the way in which a computational scientist thinks. She defines it as “a fundamental skill for
everyone, not just for computer scientists (...). Computational thinking involves solving problems, designing systems, and understanding
human behavior, by drawing on the concepts fundamental to computer science”.

The Royal Society [25] also adds that the “computational thinking is the process of recognising aspects of computation in the world that
surrounds us, and applying tools and techniques from Computer Science to understand and reason about both natural and artificial systems
and processes.” It is a complex and high-level competence linked to abstract mathematical thinking, and pragmatic-engineering thinking
applied to different aspects of daily life.

As Garcia-Pefialvo [11] points out the “computation thinking can be defined as the application of high level of abstraction and an
algorithmic approach to solve any kind of problems” [12; 13; 14]. It is not just a synonym of the ability to program a computer since it
requires a thinking that it is run in different levels of abstraction and is independent of technological devices [26]. It is a “problem-solving
process that includes (but is not limited to) the following characteristics: formulating problems in a way that enables us to use a computer
and other tools to help solve them; logically organizing and analysing data; representing data through abstractions such as models and
simulations; automating solutions through algorithmic thinking (a series of ordered steps); identifying, analysing, and implementing
possible solutions with the goal of achieving the most efficient and effective combination of steps and resources; generalizing and
transferring this problem solving process to a wide variety of problems” [1]. Computatiopal thinking includes abstract thinking, logical
thinking, modeling thinking, and constructive thinking [10; 22].

There are different international, national and local initiatives as well as educational toegls to developthe computational thinking. Almost all
of them have the following points in common: the educational robotics, the visual programmingitools (Scratch, Lego WeDo) and the video
game programming [2; 9; 18; 21]. Our paper seeks to extend the existing research on the, use of visual programming tools to work and
develop computational thinking. In our research we have used Lego Education,WeDo, a‘material designed by Lego Group in collaboration
with Massachusetts Institute of Technology (MIT).

1. METHOD

The study focused on an innovative project of computationalthinking,. carried out in the state-funded school Santisima Trinidad in
Salamanca, in the autonomous community of Castilla-Le6n, inthe academic year 2015-2016.

We selected this school because of its great experience, development, and recognition in educational innovation. It is considered a pioneer
school in the use of technology in classroom, having the adequate technological resources, active innovative projects related to technology,
and a teaching staff that have an appropriate trainingsin technological resources.

The main objectives to be achieved in the-Unit Forcestand machines of the subject natural sciences were: 1. To understand the importance
of machines, and classify them as simple and complex machines; 2. To list the most important simple machines and know how do they
work; 3. To know the three types of l¢ver; 4. To understand the contribution of technological progress to meeting people’s needs; and 5. To
become familiar with some mechanical movements:

In order to achieve these objectives and develop the computational thinking skills, the pupils were divided into groups. Each team was
composed of three students: one of low-level, one of intermediate level, and another one of advanced level. Each team had to build and
program two 3D models of the visual programming tool Lego Education WeDo: Dancing Birds and Smart Spinner. The main and specific
objectives of these two 3D models provided by LEGO Education WeDo Teacher's Guide are displayed in Table 1.

This study applied a quantitative approach [6, 8, 17], an ex-post-facto non-experimental design, [5]. Cooper & Schindler [7] points out that
it is “a method of teasing out possible antecedents of events that have happened and cannot, therefore, be controlled engineered or
manipulated by the investigator”. The researchers only observe and then analyze the events as they occur in their natural context without
manipulating the independent variables deliberately [19].

Table 1. Main and specific objectives of the 3D models

Dancing Birds

Main objective

To build and program two mechanical birds that make sounds
and are motorized to dance using a pulley and belt drive system.
Specific objectives

Science

To trace the transmission of motion and transfer of energy
through the machine.

To identify the pulleys and belt drive mechanism, and the effect
changing the belt has on the direction and speed of the dancing
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birds’ movement.

Technology

To create a programmable model to demonstrate the knowledge
and operation of digital tools and technological systems.
Engineering

To build and test the dancing birds’ movement.

To modify the dancing behavior by changing the pulleys and belt
to affect the speed and direction of motion.

Mathematics

To understand how the diameter of the pulleys affects the speed
of the dancing birds” movement.

To compare the diameter and rotational speed as a ratio.

To understand and use numbers to represent the amount of time
the motor is turned on in seconds and in tenths of seconds.

Smart Spinner

Main objective

To build and program a spinner mechanism that is motorized to
spin a top and release it and that uses a motion sensor tosturn off
the motor when the top is released.

Specific objectives

Science

To trace the transmission of motion and_transfer of energy
through the machine.

To identify the gear mechanism and the effect/of the gears on the
length of time the top can spin.

Technology

To create a programmable model to demonstrate the knowledge
and operation of digital tools and technological systems.
Engineering

To build and test the spinner movement.

To modify the spinning behaviorby changing the gears to affect
the speed of thestopand‘the length of time it spins.

Mathematics

Tounderstand how.the number of teeth and diameter of the gears
affect the speed of\the movement.

To compare.the ratio of the smaller and larger gears.

1.1 Objectives

The aim of the present study was to know students’ perception about the use of the software Lego Education WeDo in the subject of natural
sciences to promote the computational thinking.

We tried to test the following hypotheses:

H1. Students will learn to build and program 3D models with Lego WeDo.

H2. Students will think creatively to solve the problems.

H3. Lego WeDo will help pupils to know the relationship between cause and effect.

H4. The tasks developed will allow pupils to reflect about the possibilities they have, and to find the correct answer.

1.2 Participants

The sample in this study was composed of 52 Spanish pupils from the 4th grade of primary education at the state-funded school Santisima
Trinidad in Salamanca. They were spread over two groups: A and B. 48.1% were boys (n=25) and 51.9% were girls (n=27). Of the 52
cases, 28 (53.8%) were 9, and 24 (46.2%) were 10 years old. All the participants studied the compulsory subject of natural sciences and all
of them had knowledge of the use of computers, tablets and interactive whiteboard. The fifty-two pupils had participated in previous
projects in which they had the opportunity to work with the visual programming tool: Scratch. Moreover, 34.6% (n=18) were enrolled in
the Robotics workshop, and had experience in the use of the 3D modeling software, Sketch Up.

1.3 Variables and Instrument
To carry out the case study we used different instruments: an interview, observation, analysis of documents, a monitoring guide for the
teacher, and a semantic differential for the pupils. However, in the present paper we have focused on the students’ opinions collected in the



semantic differential and in the open questions asked to the pupils. This instrument was adapted from the research led by Garcia-Valcarcel
[15], and used to operationalize the variables and collect the data of the study. The final instrument contained 31 items that were divided
into three parts: general details of the school, the pupils, and the project; the pupils’ perception about the development of the project; and
the pupils’ perceptions about the strong and weak aspects of the project. The test was composed of different types of questions: open,
close, short answer, and 7-point Likert scale.

We calculated the Cronbach’s alpha to know the internal consistency of the test, obtaining an alpha coefficient of 0=0.870. This coefficient
allowed us to infer that the items of the questionnaire had high internal consistency.

2.3.1. General Details of the Schools, the Pupils, and the Project

The first part of the questionnaire included general details about the school, the pupils, and the project. It contained 11 items: school, city,
nationality, gender, age, educational level, subject, software, digital media, robotics workshop, and years enrolled in the robotics workshop.
There were open and close questions.

2.3.2. Pupils’ Perceptions about the Development of the Project
The second part of the test was about the pupils’ perceptions about the development of the project. It was composed of 18 7-point Likert
scale items. We used the semantic differential since it adapted to pupils’ age.

2.3.3. Pupils’ Perceptions about the Strong and Weak Aspects of the Project

The last part of the test referred to pupils’ perceptions about the strong and weak aspects of the project. It included 3 items in which the
participants were asked about the aspects of the tasks that they had liked more; the things they had liked least; and the problems they had
had to carry out the activities developed in the project: Lego WeDo and the computational thinking. The three items were open questions.

1.4 Data Collection and Analysis
We collected the data in May 2016 when the project had finished. We coded the data«and carried out the statistical analysis, using the
program Statistical Package for the Social Sciences (SPPS) version 24.

We carried out the statistical analyses: descriptive statistics (frequencies and percentages), and“inferential (the non-parametric test: Mann-
Whitney U test).

2. RESULTS
We describe the results obtained in the descriptive and inferential analysis in the following subsections: Students’ Perceptions about the
Development of the Project, and Students’ Perceptions about the Strong andsWeak Aspects of the Project.

3.1. Students’ Perceptions about the Development of the Project
In the following table (Table 2) we present the results of the-18 items of the semantic differential. We used a 7-point Likert scale in which 1
is the most negative answer, and 7 is the most positive one.

As it is shown in the results of the descriptive apalysis,the, participants assessed very positively the project carried out about natural
sciences and computational thinking.

The students considered that the project had been funny; they had loved this way of working; and wanted to learn more about the subject.

They emphasized that the teacher had explained.clearly what they had to do; they considered that her help had been important; and
emphasized her role as a guide, showing them\what was right or wrong. The pupils also stated that the project had been useful and
interesting; they had understood the activities, they had/maximized time, they had learned more things than usual, and they had done them
working in groups.

Regarding the items that referred to the computational thinking, we emphasized the positive results of the students’ perceptions about the
possibilities offered by Lego WeDo to build models in 3D and program them, as well as to learn to think creatively to make the 3D models,
to reflect about the activities, to solve problems in a logical way, and to know the results of their decisions.

We calculated the Mann-Whitney U test to determine whether there were statistically significant differences (Cl 95%) between boys and
girls in their assessments of the items of the semantic differential. The data analysis indicated that there were statistically significant
differences in the items that referred to:

- I have learned to program (item 15).

- The activities done with Lego WeDo have allowed us to reflect (item 18).
- I have learned to build models in 3D (item 24).

- The project has allowed us to solve problems in a logical way (item 26).

I have learned to think creatively to make the 3D models (item 27)

- Lego WeDo has allowed us to know the results of our decisions (item 28).

Table 2. Semantic differential
It has been boring 6.77 It has been funny
I have lost time 6.17 | have maximized time
I have learned less things 5o | have learned more
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than usual things than usual

I have not learned to 6.50 | have learned to program
program

It has not been interesting  6.63 It has been interesting

I have not understood gg5 | have understood what
what we have done we have done

The activities done with 6.42 The activities done with
Lego WeDo have not : Lego WeDo have allowed
allowed us to reflect us to reflect

I am no longer interested g7 |wantto learn more about
in this topic this topic

It has been useless 6.69 It has been useful

I do not like this way of g7 I love this way of working
working

The teacher has not 5.88 The teacher has helped us
helped us

The teacher has not given g 71  The teacher has explained
us clear instructions clearly what we hiad to do
I have not learned to build 37 | have learned to build
models in 3D models in3D

We have not done the 6.46 We  have  doney, the
exercises well, working in ) activities well, working in
group group .

The project has not The project=has allowed
allowed us to solve 6.29 us to solve problems in a
problems in a logical way logical way

I have not learned to think I have learned to think
creatively to make the 3D 6.37 creatively to make the 3D
models. N\ models

Lego WeDo has not Lego WeDo has allowed
allowed us to_ knownthe=-8-38 s to know the results of
results of ourdecisions our decisions
The~teacher- “has not 5.81 The teacher has indicated

indicated what was, right
/or wrong in our wark.

what was right or wrong
in our work.

Regarding the results of the Mann-Whitney U Test (Table 3) of the items ‘I have learned to program’ and ‘T have learned to build models in
3D’, we point out that there were statistically significant differences between the mean of boys (item 15 %=6.96; and item 24 %=6.92) and
girls (item 15 %=6.07; and item 24 %=5.74). The boys considered that they learned better how to build these 3D models and how to
program them.

On the other hand, the results of that non-parametric test in the items that referred to ‘the activities done with Lego WeDo have allowed us
to reflect’, ‘the project has allowed us to solve problems in a logical way’, ‘I have learned to think creatively to make the 3D models’, and
‘Lego WeDo has allowed us to know the results of our decisions’ showed that there were also statistically significant differences between
the mean of boys (item 18 %=5.88; item 26 %=5.60; item 27 x=5.72; and item 28 %=5.76) and girls (item 18 2=6.93; item 26 =6.93; item
27 %=6.96; and item 28 %=6.96). In these cases we emphasized that the girls assessed better all these items.

Table 3. Independent-Samples Mann-Whitney U Test

Gender Mean  Sumof = Mann- Sig. Z
Rank = Ranks @ Whitney
U

Boy 3558 889.5
Girl 18.09 488.5
Boy  14.42 | 360.5
Girl  37.69 | 1017.5

item15 110.50 .000 -4.813

item18 639.50 .000 -6.228



Boy  39.04 976.0

item24 O Ten aopo 24000 000 -6.465
. Boy 1380 345.0
item26 O 33oc 103sp 69500 000 -6.448
_ Boy 1342 3355
em27 o el 10455 66450 000 6698
tempg 0¥ 1398 3495 1 ooheh 000 -6.472

Girl 38.09 1028.5

3.2. Students’ Perceptions about the Strong and Weak Aspects of the Project

The majority of the pupils, 61.5% (n=32), stated they what they liked most about the activities developed in the project was the possibility
that they had to build and program the models. Another 23.1% (n=12) considered that they could work as a team, sharing their ideas and
working together. Finally, 15.4% (n=8) emphasized that this project allowed them to work playing. They believed that they learnt more
than in a traditional class.

61.50%

23.10%

15.40%

Figure 1. Students’ Perceptions about,the aspects they liked most

Regarding, the points that they like least, most of pupils, 46% (n=24), answered that nothing. On the other hand, 32.7% (n=17) pointed out
that they did not have enough time to build and program the medels, so‘they considered that they needed more practice to learn how to do
it. 11.5% (n=6) also indicated that it was quite difficult to work,asa team.since they did not agree about the development of the activities or
because some of the classmates wanted to do everything, without taking into account their partners’ opinions. 3 of the 52 cases (5.8%)
stated that what they like least was the resources theyhad since they believed that they did not have enough tools, and it would be great to
update them. Finally, just 3.8% (n=2) considered that the thing they liked least was to destroy what they had built.

32.70%

11.50%

5.80%
3.80%

Figure 1. Students’ Perceptions about the aspects they liked least

Pupils were also asked about the problems they had to build and program the working models. More than half of the pupils, 51.9% (n=27),
indicated that they did not have problems. On the contrary, 15.4% (n=8) answered that they had problems to program the models and this
demotivated them to carry on with the tasks. The pupils also answered that they had problems with the resources (13.5%, n=7) or to work
as a team (11.5%, n=6). Just 7.7% (n=4) considered that they did not have enough time to finish.
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15.40%
|

13.50%

51.90% I

7.70% 11.50%

Figure 1. Students’ Perceptions about the problems they had

3. CONCLUSIONS AND DISCUSSION

The results from the semantic differential suggested that the computational thinking project carried out in the subject natural sciences was
effective to increase the participants’ awareness of the computational thinking [28]. Specifically there were evidences of the possibilities
offered to reflect and think creatively about the opportunities they had to fulfill the activities correctly, to know the results of their personal
or group decisions, and to solve the problems in a logical way [3]. The research also concluded that according to learners’ perception, the
way in which activities were designed had provided them possibilities to learn to build models in'3D, and program them [20].

This study demonstrates that the students assessed very positively the teacher’s role in"the.project. The research identified her role as a
guide, explaining clearly what they had to do, and showing them what was right.or wrong. The students concluded that her help had been
fundamental for the success of the project [29].

This study provides evidence of the students’ satisfaction towards the project, considering it useful and interesting [18]. The use of Lego
Education WeDo have allowed them to understand better the activities; to work in groups, and to learn more things than usual. They
showed great enthusiasm for the project, considering it a perfect way of learning which motivated them to learn more about the discipline
of natural sciences.

To sum up, our study and its results have proved the potential‘of the software Lego Education WeDo in the subject of natural sciences to
promote the computational thinking, and to engage primary education students in programming, and problem solving. It is important to
promote this skill since it is essential in the current society and“has to be developed in different subjects like science, technology,
engineering and math (STEM).

4. REFERENCES

[1] Barr, V. and Stephenson, C. 2011/ Bringing computational thinking to K-12: What is Involved and What is the role of the computer
science education community? ACM Inroads, 2, 1 (Mar, 2011), 48-54. DOI=10.1145/1929887.1929905

[2] Basawapatna, A. R., et al. Using|scalable-game design to teach computer science from middle school to graduate school. Proceedings
of the 15th Annual ACM Conference on,.Innovation’ and Technology in Computer Science Education. (Bilkent, Ankara, Turkey, June
26-30,2010). ITICSE’15. ACM, New York, NY, 224-228. DOI=10.1145/1822090.1822154

[3] Bers, M. U. et al. 2014. Computational thinking and tinkering: Exploration of an early childhood robotics curriculum. Computers &
Education, 72, (Mar. 2014), 145-157. DOI=10.1016/j.compedu.2013.10.020

[4] Butler-Kisber, L. 2013. Editorial. Learning Landscapes, 6, 2 (Spring. 2013), 9-17.
[5] Cohen, L., Manion, L & Morrison, K. 2007. Research Methods in Education. Routledge, London.

[6] Coleman, H., and Unrau, Y. A. 2005. In Social Work: Research and Evaluation. Quantitative and Qualitative Approaches, R. M.
Grinnell and Y. A. Unrau, Eds. Oxford University Press, New York, 403-420.

[7] Cooper, D. C., and Schindler, P. S. 2001. Business Research Methods. McGraw-Hill, New York.

[8] Creswell, J. 2005. Educational Research: Planning, Conducting, and Evaluating Quantitative and Qualitative Research. Pearson
Education, Upper Saddle River.

[9] Espino, E. E. and Gonzélez, C.S. 2015. Estudio sobre diferencias de género en las competencias y las estrategias educativas para el
desarrollo del pensamiento computacional. Revista de Educacion a Distancia, 46, 12 (Sept. 2015), 1-20. DOI=10.6018/red/46/12

[10] Flores, A. 2011. Desarrollo del pensamiento computacional en la formacién en matematica discreta. Lampsakos, 5, (Jun. 2011), 28-33.
[11] Garcia-Pefialvo, F. J. 2016. What Computational Thinking Is. Journal of Information Technology Research, 9, 3(Sept, 2016).

[12] Garcia-Pefialvo, F. J. 2016. Proyecto TACCLE3-Coding. In XVIII Simposio Internacional de Informatica Educativa, SIIE 2016 F. J.
Garcia-Pefialvo and J. A. Mendes, Eds. Ediciones Universidad de Salamanca, Salamanca, 187-189.



[13]
[14]
(15]
[16]

[17]
(18]

[19]
[20]

[21]
[22]

[23]

[24]

[25]
[26]
[27]

[28]

[29]

Garcia-Pefialvo, F. J. 2016. Presentacion del Proyecto TACCLE3 Coding. V Congreso espafiol de informatica. Workshop Educacion en
Informética Sub 18 (E1<18) (Salamanca, Espafia, September 14-16, 2016).

Garcia-Pefialvo, F. J. 2016. A brief introduction to TACCLE 3- Coding European Project. XVIII International Symposium on
Computers and Education — SIIE 2016 (Salamanca, Espafia. September 14-16, 2016).

Garcia-Valcércel, A. 2015. Investigacion educativa centrada en estudio de casos: evaluacion y seguimiento de proyectos de aprendizaje
colaborativo mediado por TIC en el ambito escolar. In Proyectos de trabajo colaborativo con TIC, A. Garcia-Valcarcel
Coord. Editorial Sintesis, Madrid, 31-41.

Ghitis, T. and Alba, J. A. 2014. Los robots llegan a las aulas. Revista Infancias imagenes, 13, 1, (Aug. 2014), 143-147.
Hernandez, R., Fernandez, C. & Baptista, P. 2010. Metodologia de la investigacion. McGraw Hill, México.

Kazimoglu, C., Kiernan, M., Bacon L. and Mackinnon, L. 2011. Understanding Computational Thinking before Programming:
Developing Guidelines for the Design of Games to Learn Introductory Programming through Game-Play. International Journal of
Game-Based Learning (IJGBL), 1, 3, (Jan. 2011), 30-52. DOI=10.4018/ijghl.2011070103

Kerlinger, F. N. 1985. Investigacion del comportamiento. Técnicas y metodologia. Nueva Editorial Interamericana, México.

Lamoyi, L. B. 2012. La robgética Lego Mindstorms: un recurso didactico para fortalecer el pensamiento l6gico matematico. Perspectiva
docentes, 47, (Feb. 2012), 12-17.

Lee, I. et al. 2011. Computational thinking for youth in practice. ACM Inroads, 2, 1 (Mar. 2011), 32-37.

Liu, J. and Wang, L. 2010. Computational Thinking in Discrete Mathematics. IEEE Xplore Conference: 2nd International Workshop
on Education Technology and Computer Science, 1, (Apr. 2010), 413-416. DOI=10.1109/ETCS.2010.200

Llorens, F. 2015. Dicen por ahi... que la nueva alfabetizacion pasa por la programacion. Revista de Investigacion en Docencia
Universitaria de la Informatica, 8, 2 (May. 2015), 11-14.

Pinto-Llorente, A. M., et al. 2016. Students’ Perceptions and Attitudes Towards Asynchronous Technological Tools in Blended-
Learning Training to Improve Grammatical Competence in English as a Second Language. Computers in Human Behavior. In Press.
DOI= http://dx.doi.org/10.1016/j.chb.2016.05.071

Royal Society. 2012. Shut down or restart: The way forward for computing in UK schools. Retrieved from London, UK:
https://royalsociety.org/~/media/education/computing-in-schools/2012-01-12-computing-in-schools.pdf

Valverde, J., Fernandez, M. R. and Garrido, M. C. 2015. El pensamienta.computacional y las nuevas ecologias del aprendizaje. Revista
de Educacion a Distancia, 46, 3 (Sept. 2015), 1-18. DOI= 10.6018/red/46/3

Wing, J. M. 2006. Computational Thinking. Communications of the ACM, 49, 3 (Mar. 2006), 33-35.

Yadav, A. et al. 2011. Introducing Computational Thinking,in Education Courses. Proceedings of the 42nd ACM Technical Symposium
on Computer Science Education. (Dallas, Texas, “USA, March 9-12, 2011). SIGCSE’l1l. ACM, New York, NY, 465-470.
DOI=10.1145/1953163.1953297

Zapata-Ros, M. 2015. Pensamiento computacienal: dna nueva alfabetizacion digital. Revista de Educacion a Distancia, 46, 4 (Sept.
2015), 1-47. DOI=10.6018/red/46


http://dx.doi.org/10.1016/j.chb.2016.05.071
https://royalsociety.org/~/media/education/computing-in-schools/2012-01-12-computing-in-schools.pdf

	1. INTRODUCTION
	1. METHOD
	1.1 Objectives
	1.2 Participants
	1.3 Variables and Instrument
	1.4 Data Collection and Analysis
	We collected the data in May 2016 when the project had finished. We coded the data and carried out the statistical analysis, using the program Statistical Package for the Social Sciences (SPPS) version 24.
	We carried out the statistical analyses: descriptive statistics (frequencies and percentages), and inferential (the non-parametric test: Mann-Whitney U test).

	2. RESULTS
	3. CONCLUSIONS AND DISCUSSION
	4. REFERENCES

