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Abstract 

The paper addresses the issue of how computational thinking can be taught to young children with the 

use of educational robotics using the kit LEGO WeDo  Due to the young age of the students who 

participated in the study, computational thinking was measured in terms of four sub-skills, namely, 

sequencing, correspondence between actions and instructions, debugging, and flow of control Students 

were assigned to an experimental group and a control group The results of the study showed that 

educational robotics was an effective method for teaching computational thinking skills to elementary 

school students According to the findings, students in the experimental group outperformed the students 

in the control group These findings showed that, despite the short duration of the intervention, engaging 

children in computer programming activities with robots helped them to develop computational thinking 

skills. 

Aims and significance 

In the field of education, computational thinking is considered to be as essential as the skills of reading, writing, 

and arithmetic (Wing, 2006). Recent research evidence shows that when children are taught computational thinking 

skills at an early age, they are better able to recognize and solve real-world problems (Yadav, Zhou, Mayfield, 

Hambrusch, & Korb, 2011). Nonetheless, while many researchers have greatly argued for the importance of teaching 

computational thinking skills in K-12 education, thus far, the teaching of computational thinking has not been 

systematically examined (National Research Council, 2010, 2011).  

Accordingly, the authors herein directly address the issue of how computational thinking can be taught to young 

children. Specifically, the authors used educational robotics activities with the kit LEGO WeDo and instructed students 

to complete several programming tasks. The performance of the students in the experimental group was compared 

with the performance of the students in the control group, and, statistical tests were conducted for testing whether the 

difference in performance between the two groups was statistically significant.  

 

Theoretical framework  
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Despite the fact that currently there is not one unanimous definition of computational thinking, after a systematic 

examination of what is currently known in the literature, Grover and Pea (2013) and Selby and Woollard (2013) 

concluded that researchers have come to accept that computational thinking is a thought process that utilizes the 

elements of abstraction, generalization, decomposition, algorithmic thinking and debugging (detection and correction 

of errors). Of particular interest to this study are the skills of algorithmic thinking and debugging. Algorithmic thinking 

is a problem-solving skill related to devising a step-by-step solution to a problem and differs from coding (Selby & 

Woollard, 2013). Sequencing (i.e., planning an algorithm, which involves putting actions in the correct sequence), and 

flow of control (i.e., the order in which individual instructions or steps in an algorithm are evaluated) are considered 

important elements of algorithmic thinking (Lu & Fletcher, 2009). Debugging is the skill to recognize when actions 

do not correspond to instructions, and the skill to fix errors (Bers, Flannery, Kazakoff, & Sullivan, 2014).  

Educational robotics is strongly supported to be a valuable and unique learning tool for developing children’s 

computational thinking skills (Bers et al., 2014). Preliminary evidence by Bers et al. (2014) showed that children were 

able to develop some algorithmic skills using programmable floor robots such as the BeeBot. Particularly, they 

examined algorithmic thinking in terms of the skills of sequencing, correspondence between actions and instructions, 

and debugging. In this study, we extend the work by Bers and her colleagues by investigating computational thinking 

as the development of the three subskills already mentioned, plus the skill of flow of control using LEGO WeDo.  

Accordingly, the study sought to examine whether there were any statistically significant differences between the 

experimental group and the control group in terms of students’ scores on the four computational thinking skills, as 

well as their total score on the four skills. 

 

Method 

Participants 

One hundred and thirty eight third-grade elementary school students participated in the study. Eighty-three 

students were randomly assigned to the experimental group and 55 students to the control group. All students who 

participated in the study had basic computer skills and no previous experience with educational robotics or computer 

programming. 

 

Data collection instruments 

 

Research data were collected using (a) the computational thinking pretest and posttest, and (b) two programming 

tests.  



 
 

Computational thinking pretest and posttest 

 

A computational thinking test was used both as a pretest and a posttest. The questions on the test addressed real-

life tasks and aimed at assessing sequencing, correspondence between actions and instructions, debugging, and flow 

of control. The test consisted of eight questions organized into four parts of two questions each part. The first part of 

the test assessed sequencing, the second correspondence between actions and instructions, the third debugging, and 

the last flow of control. Each correct answer received two points, thus, the maximum possible score was 16 points and 

the minimum zero. Fifteen minutes were allowed for administering the pretest and 15 minutes for the posttest. The 

test was developed by the authors of this study and was checked for internal validity by two experts in computational 

thinking who discussed and resolved all disagreements.  

 

Programming tests 

 

Two programming tests were used in the study. Each command in the correct sequence received a score of one 

point. The maximum possible score on the first programming task was six, and on the second seven points. Students 

were allowed ten minutes for each programming test.  

 

Lego WeDo robotics kit 

 

LEGO WeDo, which is designed for students ages 7 and up, is an easy to use robotics kit that enables novices to 

construct robots and easily program the robots using the LEGO WeDo programming language. The basic kit contains 

more than 150 elements including a motor, two sensors, gears, and a variety of LEGO bricks. 

 

Teaching intervention and learning materials 

 

The teaching intervention was carried out individually with each student. Each student was given learning 

materials to use with the robotics kit LEGO WeDo. The learning materials were designed based on van Merriënboer’s 

(1997) work on instructional design explicating that for a beginner to successfully learn how to use a new technological 

tool, he or she needs to initially work with completed examples, then with semi-completed examples, and finally with 

new tasks. Each set of learning materials consisted of four tasks as follows. The first task provided a completed 

computer program (a worked-out programming task) written in the LEGO WeDo programming language. The 

students were asked to use LEGO WeDo to generate the program, run the program, and write in the space provided 

what they observed. The purpose of the first programming task in the set was for the students to realize that specific 

computer instructions corresponded to specific robotic actions, and that sequencing was one essential aspect of writing 



 
 

a computer program. For the second task in the set, students were given again a completed computer program. They 

were asked to run the program and change it if needed so that the robot exhibited a specific behavior. The purpose of 

the second task was to introduce students to debugging, that is to recognize that certain instructions did not correspond 

to actions, and to remove and fix errors. The third task in the set asked students to complete a semi-completed program 

using the LEGO WeDo programming language. Finally, for the fourth task, students were asked to write pseudocode 

for an algorithm in order for the robot to perform a specific action. Then, the students were asked to write LEGO 

WeDo code for the pseudocode, run the program, change it if needed, and write the new/revised code in the space 

provided.  

 

Research procedures 

  

As shown in Figure 1, during Phase I, the researchers administered the computational thinking pretest to both the 

control group and the experimental group. One day after, at the beginning of the second phase, the researcher presented 

the robot “The dancing birds” to each student and asked the students to interact with it. After that, the students were 

given in total eight sets of worksheets, one set at a time, consisting of four tasks each. The second phase lasted forty-

five minutes. At the end of the second phase, the researcher administered the first programming task.  

 

 

Figure 1: Research procedures 



 
 

The third phase followed one day after the second phase. The same procedures were followed as the ones followed 

in the second phase, with the difference that the students received eight new sets of worksheets. At the end of the third 

phase, the second programming task was administered.  

A day after the third phase, the computational thinking posttest was administered followed by the second and 

third programming tasks. At this time, the computational thinking posttest was also administered to all students in the 

control group.  

 

Results 

 As shown in Table 1, students’ initial total mean performances in regards to the computational thinking skills of 

sequencing (M = 1.70) and debugging (M = 1.63) for both groups was lower in comparison with their performances 

on the other two skills, namely, correspondence between actions and instructions (M = 2.25) and flow of control (M 

= 2.29).  

 

Table 1. Students’ descriptive statistics on the computational thinking skills pretest 

 

 Sequencing Correspondence between actions and 

instructions 

  Μ SD Range N Μ SD Range N 

CG 1.95 1.45 0-4 55 2.75 1.42 0-4 55 

EG 1.54 1.36 0-4 83 1.93 1.60 0-4 83 

Total 1.70 1.40 0-4 138 2.25 1.58 0-4 138 

 Debugging Flow of control 

 Μ SD Range N M SD Range N 

CG 1.95 1.37 0-4 55 2.62 1.64 0-4 55 

EG 1.42 1.31 0-4 83 2.07 1.76 0-4 83 

Total 1.63 1.35 0-4 138 2.29 1.73 0-4 138 

 

EG = experimental group; CG = control group; SD = standard deviation; M = mean 

 

 According to Table 2, the total posttest mean performances on all computational thinking skills were much higher 

than the corresponding total mean performances on the pretest.  

 

 

Table 2. Students’ descriptive statistics on the computational thinking skills posttest 

 

 Sequencing Correspondence between actions and 

instructions 

 Μ SD Range N       M      SD Range     n 

CG 1.89 1.33 0-4 55     2.85     1.51    0-4    55 

EG 3.19 1.12 0-4 83     3.48      .92    0-4    83 



 
 

Total 2.67 1.36 0-4 138     3.23     1.22    0-4   138 

 Debugging Flow of control 

 Μ SD  Range N M SD Range n 

CG 2.07 1.45 0-4 55  3.11 1.41 0-4 55 

EG 3.48 0.79 0-4 83  3.53 1.16 0-4 83 

Total 2.90 1.29 0-4 138  3.36 1.28 0-4 138 

 

EG = experimental group; CG = control group; SD = standard deviation; M = mean 

 

 An analysis of covariance (ANCOVA) was conducted and the results showed that students’ pretest performance 

was found to be a significant covariate. After removing the effects of the covariate, it was found that the experimental 

group outperformed significantly the control group, F (1, 135) = 83.96, p < .01.  

Subsequently, a multivariate analysis of covariance (MANCOVA) was performed and according to the results 

(a) the pretest mean performance on the skill of sequencing was found to be a statistically significant covariate for the 

posttest mean performance of the same skill, (b) the pretest mean performance on the skill of correspondence between 

actions and instructions was found to be a statistically significant covariate for the posttest mean performance of the 

same skill, (c) the pretest mean performance on the skill of debugging was found to be a statistically significant 

covariate for the posttest mean performance of the same skill and the skill of sequencing, and (d) the pretest mean 

performance on the skill of flow of control was found to be a statistically significant covariate for the posttest mean 

performance of the same skill. After removing the effects of the covariates, the MANCOVA findings revealed 

statistically significant differences between the experimental and the control groups on all four computational thinking 

skills, as follows: sequencing (F (1,132) = 68.23, p < .01), correspondence between actions and instructions (F (1,132) 

= 21.60, p < .01), debugging (F (1,132) = 88.54, p < .01) and flow of control (F (1,132) = 6,27 , p < .05). 

Lastly, based on the results of two one-way repeated measures analyses of variance no losses were detected in 

the students’ programming skills between the two administrations of the programming tests.  

 

Discussion 

 

According to the findings, students’ performance on the computational thinking posttest improved significantly 

both in terms of their overall performance as well as in terms of the four computational thinking subskills, despite the 

short duration of the intervention. These findings strengthen the position of other researchers who support that 

engaging children in computer programming activities with robots can help them develop and apply computational 

thinking skills in a short amount of time (e.g., Mioduser & Levy, 2010). It is worth mentioning that while students’ 



 
 

pretest performance showed serious weakness in debugging, a finding that is also well-reported by researchers who 

conducted studies with novice programmers (McCauley, Fitzgerald, Lewandowski, Murphy, Simon, Thomas, & 

Zander, 2008), posttest measurements indicated significant improvement in debugging. This can be attributed to the 

fact that the educational robotics activities with LEGO WeDo provided students with the means to test and try things 

out with the robot and immediately receive feedback based on what the robot was actually performing. It seems that 

this direct contact with the robot helped students to realize that every command corresponded to an actual action as 

performed by the robot, and, accordingly identify and correct mistakes in their computer program. 

In conclusion, the results of the present study have both theoretical and practical significance. In regards to the 

theoretical significance, the results contribute to the literature on the teaching of computational thinking. At the same 

time, teachers and in general practitioners can find useful the design of the learning materials as described herein and 

adopt it for promoting students’ computational thinking skills in their own classrooms.  
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