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Abstract—Educational Robotics (ER) has revealed several
benefits in the educational context, not only helping the teaching
of disciplines, but also making possible the development of several
abilities, such as teamwork, problem-solving, and creativity.
Among various robotics kits, LEGO R© Robotics has been shown
one of the best results considering some evaluated criteria (mod-
ularity level, hardware, curriculum, price, etc.). Some studies
analyze the teaching practices, some compare technologies, and
others evaluate the kits in a pedagogical way. However, it is
essential to investigate all these contexts together in order to
improve the impact produced by the ER in education and to know
the best teaching practices associated with the most powerful
technologies. The objective of this Research Full Paper is to
identify: a) environments and programming languages adopted
in the LEGO R© Robotics context, b) educational practices applied
during classes based on LEGO R© Robotics, and c) the educational
levels in which robotics has been applied with positive results.
To achieve these goals, we planned and carried out a systematic
review of the literature. Our main findings are: a) the most widely
used environment and programming language are LabVIEW
along with the LEGO R©’s block-based programming language,
b) we identified LEGO R© Robotics is used for teaching program-
ming, interdisciplinary contents, participation in tournaments,
robotics, and computational thinking, c) LEGO R© Robotics is
used with success by students of different levels, such as K-
12, undergraduate, and graduated. Finally, we discuss some
problems and limitations related to ER and point out that there
is no standardization of teaching practices or methodologies for
evaluating results, indicating that more research is needed to find
the best scenario regarding technologies, methods, and target
audience.

I. INTRODUCTION

Educational Robotics (ER) is an educational tool indicated

for teaching Science, Technology, Engineering and Mathemat-

ics (STEM) and Computer Science in all levels of education

[40]. Seymour Papert has pioneered the use of computers

and robots as a way of learning. He believed on learning by

making, where students were encouraged to discover and build

knowledge through practical activities [35]. Besides, several

studies have demonstrated that ER is an approach to stimulate

the development of various skills, such as teamwork, logical

reasoning, critical thinking and creativity [8], [31]. ER is

a multidisciplinary approach involving design, assembly and

use of robots applying principles of engineering, computing,

mathematics, physics, among other sciences.

The educational benefits of ER are provided by robotics

kits and software in order to facilitate the programming of

constructed robots. Currently, there are several robotics kits

available for use, not only open source, such as Arduino

but also commercials, such as LEGO R© Mindstorms R© and

Fischertechnik. LEGO R© Mindstorms R© is widely used in

schools around the world. According to Eigner et al., “LEGO

Mindstorms is probably the most popular modular robotics

kit, building on the famous bricks and with a wide range of

applications” [44].

LEGO R© Mindstorms R© NXT or EV3 promotes education

both with its physical part, while building blocks, and in the

LabVIEW visual programming environment, while program-

ming the robots. According to Chambers et al. [10], activities

based on building blocks have helped students to understand

the concepts of gears and a vehicles speed, for example. The

LabVIEW visual programming environment provides fun and

direct programming learning and additionally stimulates the

development of Computational Thinking [6].

Several works have analyzed the technological and peda-

gogical potential that robotics can offer for education. Kun-

duracolu investigated how to use LabVIEW with LEGO R©

Mindstorms R© EV3 [27]. Hirst et al. examined the program-

ming environments for LEGO R© Mindstorms R© available until

2003 [23], aiming to assist in choosing the environment for

teaching LEGO R© Robotics. Nevertheless, it was carried out

in 2003, fifteen years ago. Eigner et al. investigated the devel-

opment of communities that use robotics kits for educational

purpose [44]. They pointed out that LEGO R© Robotics is one

of the most popular and has the best support for education.

Although previous works have analyzed the pedagogical

potential of robotics, there is still very little understanding

of the impacts and contributions that ER offer, considering

hardware, software, and educational practices in the same

context. The existing studies focus on specific criteria and

commonly ignore the applied teaching methodology during

activities. This fact may interfere in the analysis as a whole.

As far as we know, there is no systematic review of literature

that analyzed the use of LEGO R© Robotics technology as

an instrument for teaching, considering the robotics kits and

its programming environments as a combination of teaching

methodologies and practices.

In this context, it is necessary to know the best teaching

practices associated with the most powerful technologies. The

objective of this work is to identify: a) environments and

programming languages adopted in the LEGO R© Robotics

context; b) educational practices applied during classes based

978-1-5386-1174-6/18/$31.00 ©2018 IEEE



on LEGO R© Robotics; c) the educational levels in which

robotics has been applied with positive results. To achieve

these goals, we planned and carried out a systematic review

of the literature (SRL) following the guidelines proposed by

Kitchenham et al. [26].

This paper is organized as follows. In Section II, we present

the related work. We describe the SRL process in Section III.

In Section IV, we show the results answering the research

questions. We discuss the primary information observed during

the SRL in Section V. The threats to validity are presented in

Section VI. Finally, in Section VII, we present the conclusions

and pointers to further work.

II. RELATED WORK

ER can promote students interest in education and scientific

careers [6], [9], [29], [34]. The previous studies discuss

teaching practices such as interdisciplinary teaching, teaching

programming, and development of Computational Thinking.

Several studies argue over the educational potential of ER,

but they only worry about the technological artifacts that

support educational practices. Eigner et al. evaluated various

robotics kits considering some criteria, such as quality of

educational materials, development and extension possibilities,

target audience, and modularity level [44]. All mentioned

criteria are focused on educational resources in several robotics

kits. Hirts et al. compared the programming environments for

LEGO R© Mindstorms R© available until 2003 in order to assist

in choosing the programming environment for teaching [23].

Kunduracoglu aimed at providing detailed information on how

to use LabVIEW with LEGO R© Mindstorms R© EV3 [27].

To the best of our knowledge, there are no literature re-

views focused on surveying the programming environments for

teaching with LEGO R© Robotics that cover pedagogical issues

involved in the teaching process. Bers et al. [6], Ospennikova

et al. [34], Rogers et al. [9], and Lupetti et al. [29] are

focused on applied teaching practices, while Eiger et al.

[44] analyzed some robotic kits. Besides, Eiger et al. used

the popularity and availability of the manufacturers official

materials as criteria to select the robotics kits for evaluation,

without following a systematic process. In turn, Hist et al.

compared the programming environments for LEGO R© until

2003, but without obeying a systematic process [23].

In the context of SRL, Cheng et al. present an investigation

of the characteristics of ER in six different target groups, such

as Preschool, Elementary, High School, Higher Education,

Adults and Elderly [12]. However, they did not evaluate con-

sidering the technological artifacts and pedagogical practices.

Both aspects are essential to measure the effectiveness of

learning through ER, especially if they are taken together in

the same context. However, as far as we know, there is no SRL

focused on technological artifacts and pedagogical practices in

LEGO R© Robotics.

III. METHODOLOGY

This section presents the methodology used in our SRL.

We planned and executed an SRL following the guidelines

proposed by Kitchenham et al. [26]. This SRL methodology

has been gaining attention in the Software Engineering com-

munity because it follows a rigorous and auditable protocol

allowing to evaluate available studies relevant to a particular

field and answer research questions. In addition, it enables the

identification of gaps in current researches, thereby opening

possibilities for future work [26]. The detailed procedures are

described in the following subsections.

A. Research Questions

The research questions proposed in this SRL aim to gather

information about programming environments and educational

practices in LEGO R© Robotics classes. The research questions

(RQ) are:

RQ1: What environments and programming languages have

been used for teaching through LEGO R© Robotics?

The objective of RQ1 is to identify environments and pro-

gramming languages adopted in the LEGO R© Robotics context.

RQ2: How LEGO R© Robotics has been used in education?

The objective of RQ2 is to classify educational practices

applied during classes based on LEGO R© Robotics.

RQ3: What has been the target audience for the use of

LEGO R© Robotics?

The objective of RQ3 is to identify the educational levels in

which robotics has been applied with positive results.

B. Conducted Search

Planning is an imperative activity for a consistent SRL.

After the definition of RQs, the search string was constructed

in the direction of supporting the search of the studies in the

digital libraries. For this, we followed the guideline defined in

the protocol:

• Identify the main keywords of the research questions;

• Identify related words and synonyms for keywords;

• Perform tests in databases and check the quality of

the results. If necessary, select the related words and

synonyms for the keywords again;

• In the search string, use the keywords, related words,

and synonyms that returned the studies aligned with the

research questions;

• Use OR Boolean to connect synonyms/related words and

AND Boolean to connect keywords;

• Perform tests to evaluate the quality of the results. If nec-

essary, remake the search string to obtain better results.

The main keywords were identified according to the re-

search questions and the objective of the present study. The

main keywords chosen were Environments, LEGO R© and

Robotics. The related words and synonyms for the keywords

are shown in Table I.

After following the above-mentioned guideline, the search

string was defined as:

( (software OR programming OR environment OR

package) AND (lego OR mindstorms) AND robotic )

The next step was to perform the search in the ACM,

IEEEXplore, ScienceDirect (Elsevier), and Scopus digital li-

braries. These libraries were chosen because they presented



TABLE I
SYNONYMS FOR THE KEYWORDS

Keywords Synonyms or related words

Environment software OR programming OR environment
OR package

LEGO R© Mindstorms R©

Robotic -

TABLE II
SUMMARY OF THE STUDIES RETURNED IN EACH DIGITAL LIBRARY

Digital Library Search Results

ACM 36

IEEE 79

ScienceDirect 224

Scopus 1.024

Total 1.363

better results during the pilot test, besides they have been

centralized the most publications related to Computer Science

and Education. Table II shows the quantity of the studies

returned in each digital library.

C. Screening of papers for inclusion and exclusion

The selection of the studies considered inclusion and exclu-

sion criteria. The inclusion criteria defined were:

• Studies that address the use of LEGO R© Robotics in

teaching;

• Studies accessible electronically.

The exclusion criteria defined were:

• Studies that are outside the field of research;

• Studies that explore LEGO R© Robotics for the teaching

of any subject, but do not present evaluation, assessment,

or validation;

• Studies that use LEGO R© Robotics for the teaching of

any subject, but do not contemplate robot programming;

• Non-peer reviewed studies, such as abstracts only, tutori-

als, editorials, slides, lectures, posters, panels, keynotes,

and technical reports;

• Peer-reviewed studies, but not published in journals,

conferences, or workshops, such as doctoral thesis, books,

and patents;

• Studies whose language is not English;

• Studies published before 2013;

• Studies not accessible electronically.

• Duplicated and secondary studies.

Initially, we excluded duplicated and secondary studies.

Then, the selection process was performed in two steps. In

the first step, we read the titles and abstracts. The studies

related to the mechatronics industry, using or not LEGO R©

Robotics, were excluded. So, we selected 315 studies that

may help to answer the research questions. In the second

step, the introduction, methodology and conclusion sections

of the selected studies in the first step were read and the

inclusion and exclusion criteria were applied. Studies which

involved the development of LEGO R© Robotics laboratories

were withdrawn. In this phase, 36 studies fit the context of the

research with information capable of answering the research

questions. These studies were read and carefully analyzed in

order to extract the information.

IV. RESULTS

This section details the results of our SRL. The research

was conducted from October 2017 to April 2018. Initially, we

will present the general results, including the distribution of

publications by years, countries were the research has been

done, types of publication vehicles and types of scientific

research applied in the studies. Finally, the remaining sections

answer each research question.

A. General Results

1) Publication year: The absolute number of studies by

year of publication are presented in Figure 1. It is

possible to note that there is a peak of publications

in the years 2015 and 2016, both with 25% of papers

each one. The years 2013, 2014, and 2017 presented a

distribution of 11.11%, 22%, and 16.7%, respectively.

These numbers demonstrate a growing interest of the

scientific community in the use of LEGO R© Robotics as

an instrument for teaching since 2014.

2) Countries distribution: We observed that the United

States of America is the country with the most signifi-

cant number of papers involving LEGO R© Robotics with

eleven studies, followed by Germany with four studies.

South Africa, Brazil, and Spain published three studies

each one, while the United Kingdom, Italy, and Cyprus

published two studies each one. Canada, Chile, Slovenia,

Georgia, Greece, India, Japan, Puerto Rico, Portugal,

and Saudi Arabia have only one published study each

one. The fact that the United States of America leads

the research in this area may be related to the country’s

investment in Computer Education since the first years

of school. As robotics is one of the tools used to teach

computational concepts, LEGO R© Robotics stands out in

2013

2014

2015

2016

2017

0 1 2 3 4 5 6 7 8 9

Fig. 1. The absolute number of studies by year of publication
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schools motivating research involving technology. The

countries distribution where researches in this area have

been done is shown in Figure 2. Note the number

of studies is higher than the total of selected studies

because some studies have authors from different coun-

tries.

3) Publication vehicles: The studies were published in

Conferences (twenty-six studies), Symposiums (five

studies), Journals (four studies), and Workshops (one

study).

4) Types of studies: The studies were also classified by

the adopted method (Figure 3). Most of selected studies

presented the experiences with LEGO R© Robotics in

teaching some subject. Few studies showed validation,

but those who did, showed only a comparative case

study. The types of studies found in the selected papers

were case study (twenty studies), experience report

(fifteen studies), and experimental study (one study).

We highlight that the descriptive and comparative case

studies were classified only as a case study.

Case study

Experience report

Experimental 

0 2 4 6 8 10 12 14 16 18 20

Fig. 3. Types of studies distribution

B. RQ1: What environments and programming languages

have been used for teaching through LEGO R© Robotics?

According to the selected studies, the programming envi-

ronment most used for teaching though LEGO R© Robotics

is LabVIEW (twenty-eight studies), considering the LEGO R©

Mindstorm R© NXT, EV3 or both. The NXT version (NXT-

G) was used by nineteen studies, whereas the EV3 by seven

studies, but two studies used both versions. LabVIEW is a

development environment designed for LEGO R© Mindstorm R©

Education products that allows students and teachers program

robots through a specific block-based language.

The Eclipse environment was cited by two studies, while

Lejos, Enchanting, BricxCC, AIA, and AdaCore were cited

by only one study each one. Besides, the study [13] did not

mention which environment was used. Table III summarizes

the used environments identified in our SRL.

In Figure 4, we present the programming languages that

have been used for teaching through LEGO R© Robotics.

The most commonly used programming language was block-

language (total of thirty studies), out of which twenty-eight

studies were related to LabVIEW NXT and/or EV3 ([43], [7],

[2], [21], [11], [15], [51], [32], [16], [49], [19], [47], [14], [4],

[45], [5], [41], [46], [22], [33], [48], [18], [25], [50], [3], [20],

[42], [24]), while only one study was related to App Inventor

plus ([1]), and finally, one study was related to Scratch ([30]).

ScriptC language was used in two studies ([36], [37]), whereas

NXC ([17]), JAVA ([38]), C# ([17]), ADA ([39]) language

were used in one study each one.

C. RQ2: How LEGO R© Robotics has been used in education?

Our second objective was to identify which teaching prac-

tices (approaches) have been applied during classes based

on LEGO R© Robotics. In addition, we were interested in

understanding how these educational practices were applied.

In Figure 5 we show the distribution of the teaching

practices described in the selected studies. LEGO R© Robotics

was applied to teach Programming in seventeen studies and

TABLE III
THE ENVIRONMENTS USED IN THE SELECTED STUDIES

Environments Study Frequency

LabVIEW (NXT) [2], [3], [5], [7], [14], [18],
[20], [22], [24], [25], [32],
[33], [49], [41], [46], [45],
[48], [50], [42]

19

LabVIEW (EV3) [43], [21], [11], [15], [51],
[19], [4]

7

LabVIEW (NXT / EV3) [16], [47] 2

Eclipse [36], [37] 2

Lejos [38] 1

Enchanting [30] 1

BricxCC [17] 1

AIA [1] 1

AdaCore [39] 1

Not specified [13] 1
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Fig. 4. Programming languages that have been used for teaching through
LEGO R© Robotics

Sciences through interdisciplinary activities (e.g. Physics,

Mathematics, English, among others) in eight studies; the

robotics itself as science (e.g. Mechatronics) in seven stud-

ies; tournament and Olympiads in two studies; and finally,

Computational Thinking in two studies.

We highlight that “participation in tournaments and

Olympiads” was classified separately due to its peculiar

characteristics. Although this type of practice involves the

use of programming strategies, it does not focus on teach

programming itself. The culture involved in tournaments and

Olympiads transcends the theoretical teaching, covering the

social work and human development of students. In addition,

we also identified a combination of others teaching practices,

but without the same granularity.

Among all studies, two of them have as objective to stimu-

late Computational Thinking skills through the programming

of robots [11], [24]. It is important to highlight the nomen-

clature “Computational Thinking” in the context of LEGO R©

robotics because it has gained attention in Computer and

Education field, mainly in K-12.

In order to answer how teaching has been done we extracted

Programming

Sciences

Robotics itself as science

Computational Thinking

Tournament and Olympiads

0 2 4 6 8 10 12 14 16

Fig. 5. The teaching proposal of the selected studies

the approach of the activities carried out. Thus, we obtained

an overview of the practices used in classes with LEGO R©

Robotics. We identified twenty-seven approaches, but six

were more common. They are based on: Practice activities,

teamwork, theories, tournament and Olympiads challenges,

projects, and problems. Table IV shows the frequency of the

all identified approaches.

In Figure 6 we show the relation between the teaching

proposals described in the selected studies and how they were

offered to the target subjects. Considering the teaching of

Science (STEM), we observed three studies were based on

disciplines of the school curriculum and two studies in extra-

curricular disciplines. One study was offered to children with

learning disabilities. We decided to classify it as a single

category because the methodology was focused on the target

audience, not being applied to another group of students.

The studies focusing on participation in tournaments and

Olympiads (TO) were offered as extra-curricular disciplines

(two studies). The proposals based on teaching programming

(PRO) had different ways of offering: extra-curricular disci-

plines (four studies), courses (four studies), based on exper-

iments (three studies), and as a curricular discipline (three

studies). The studies focusing on teaching robotics as science

(RS) were offered as an elective curricular discipline (two

studies), curricular discipline (two studies), camping course

(two studies), and course (one study). Finally, the studies

focusing on Computational Thinking (CT) were offered as

camping course and workshop.

We also identified how the participants were selected for

each teaching proposal. The participants could be (i) an

exclusive group, (ii) all students in a class, (iii) a random

group, or (iv) a free group. In the free group, the students could

choose whether or not to participate in the research, while in

the random group, the students were randomly chosen from

the class. Considering the teaching of Science, an exclusive

group were selected by four studies, all students in a class

were selected by three studies, and a free group in one study.

Studies that focused on tournaments and Olympiads were

CT PRO RS STEM TO

0 1 2 3 4 0 1 2 3 4 0 1 2 3 4 0 1 2 3 4 0 1 2 3 4

Exclusivity

Not specified

Workshops

Camping course

Based on experiments

Curricular discipline

Elective curricular

Courses

Extra−curricular

In disciplines in the curriculum

Fig. 6. Teaching proposal and how it was offered



TABLE IV
THE APPROACHES IDENTIFIED IN THE SELECTED STUDIES

Approaches based on Study Frequency

Practice activities [7], [2], [11], [15], [51],
[32], [16], [49], [36], [4],
[39], [30], [37], [45], [5],
[41], [46], [22], [33], [1],
[18], [25], [50], [20], [42],
[24]

26

Teamwork [43], [17], [7], [2], [47],
[14], [4], [39], [30], [13],
[41], [46], [22], [33], [48],
[1], [20], [42], [24]

18

Theory [7], [11], [15], [51], [32],
[16], [49], [39], [37], [45],
[5], [41], [46], [22], [33],
[18]

16

Tournament and
Olympiads challenges

[15], [32], [16], [47], [41],
[46], [22], [33], [25], [24]

10

Projects [47], [47], [41], [46], [22],
[1], [20], [42], [24]

9

Problems [49], [36], [4], [39], [30],
[5], [13], [3]

8

Organization and re-
sponsibilities

[41], [46], [22], [1] 4

Discussions [18], [25], [50], [24] 4

Robot design,
implementation and
programming

[48], [1], [18], [25] 4

Lectures [20], [42], [24] 3

Robot design and pro-
gramming activities

[22], [50] 2

Creativity [24] 1

Digital teaching plat-
forms

[5] 1

Individual work [4] 1

Read and write activi-
ties

[18] 1

Built robots and pro-
gramming

[21] 1

Knowledge level [47] 1

Laboratory activities [51] 1

Game-based learning [14] 1

Project management [1] 1

Experimental [21] 1

Diagnosis [15] 1

Contextualization [18] 1

Presentation of semi-
nars

[4] 1

Inquiry [3] 1

Environment of
LEGO R© kit

[18] 1

Not specified [19], [38] 2

restricted to an exclusive group in two studies, while those

focusing on teaching programming were exclusive group (four

studies), all students in a class (three studies), and random

group (one study). Teaching robotics as science was offered

to an exclusive group in three studies and all students in a

class in four studies. Finally, teaching computational thinking

was offered to all students in a class in two studies.

D. RQ3: What has been the target audience for the use of

LEGO R© Robotics?

The subjects of the selected studies were students at dif-

ferent educational levels (in thirty-three studies), teachers (in

two studies), and both (in one study). Considering the students,

pupils (from primary and secondary education) were the lead-

ing audience (twenty-four studies), followed by undergraduate

students (ten studies). Postgraduate students were the audience

of one study. We could not identify the target audience in one

study. In Figure 7 we summarize the distribution of the target

audience.

V. DISCUSSION

A. Programming environments over the years

Figure 8 presents the number of selected studies over

the years considering the programming environments. We

observed that the use of LabVIEW for the NXT version had

an increase and after a decrease. In 2013, four studies were

published ([3], [20], [42], [50]), while in 2014, the number

increased to seven studies ([18], [22], [24], [25], [33], [46],

[48]), followed by four studies ([5], [14], [41], [45]) in 2015,

considering only the NXT version. In the following years, the

published studies for the NXT version decreased, while the

EV3 gained space from 2015 ([11], [15], [16], [19], [47]),

considering those who used EV3 and/or both. Finally, in 2017,

the EV3 environment had three studies ([21], [43], [51]). This

behavior may occur because the EV3 was launched in 2013,

while NXT in 2006 (older). Thus, it is possible to observe

that after the release of EV3, it took two years for the first

study to be published. This time span may be related to the

investments necessary to buy the kits and the learning curve

required for the teachers to start using the kits.

The LEGO R© Mindstorm R© EV3 version presented more

advanced technology when compared to the NXT version.

While the developers have maintained the block-based pro-

gramming and other functions, the modernization of the

Both Students Teachers

0 2 4 6 8 10 12 0 2 4 6 8 10 12 0 2 4 6 8 10 12

Not specified

Postgraduate

Secondary education

Primary education

Undergraduate

Fig. 7. Summarizes the distribution of the target audience
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Fig. 8. Number of selected studies over the years, considering the program-
ming environments

LEGO R© Mindstorm R© EV3 kit has brought new technolog-

ical possibilities for building and programming robots. Thus,

dedication and time for teachers to learn the new possibilities,

especially for primary and secondary (K-12) school teachers

that had the largest number of publications in this study SRL.

Finally, the years 2015 and 2016 presented a greater variety

of development environments, even in small numbers. Lejos

([38]), Enchanting ([30]), and Eclipse ([37]) in 2015 and

AdaCore ([39]) in 2016 were used. These environments are

free and can be used by changing the firmware of the LEGO R©

processor. This fact may be related to the popularization of

robotics since the publications have grown according to Figure

8. In addition, it is possible that the use of other environments

with LEGO R© Robotics is a response to the high investments

required to use LabVIEW.

B. LEGO R© Robotics in K-12

LabVIEW was the leading environment in all the three

education levels, but it was more applied in K-12 (twenty-

one studies). Among these studies, seven were applied in

interdisciplinary teaching sciences ([14], [16], [18], [21], [45],

[46], [47]), two focused on tournaments and Olympiads ([43],

[48]), seven focused on programming ([3], [4], [5], [7], [15],

[25], [33]), three focused on robotics as Science ([2], [19],

[32]), followed by Computational Thinking in two studies

([11], [24]).

Several contents have been taught in K-12 using LEGO R©

Robotics. In [45] and [46] the authors addressed the teaching

of physics through practical activities, while in [21], they

addressed biology and experiments. The results presented

in [16] and [47] were carried out in disciplines of the

technological area. However, the methodology of the papers

mentioned above involved contents of others sciences, such as

mathematics and physics, and participation in tournaments and

Olympiads. In [14] the authors addressed robotics concepts

and programming for students with learning disabilities and

learning difficulties. This study contributed to the inclusive

education through playful learning. Finally, in [18] the authors

reported robotics classes in language teaching.

In this context, we observed that ER is used as an interdis-

ciplinary science, as explained by Bers et al. [6], Ospennikova

et al. [34], Rogers et al. [9] and Lupetti et al. [29]. This

diversification may indicate that the activities were carried out

by teachers who not necessarily have technological training in

block-based programming with LabVIEW. This way of pro-

gramming may be one of the reasons for the high acceptance

of this programming environment in K-12 because block-based

programming favors the construction of small programs, even

by people without prior knowledge about programming and

Computer Science.

The default firmware of LEGO R© Mindstorm R© kit con-

figured with LabVIEW. Thus, the teachers tend to use the

LEGO R© kit with factory default settings because changing

factory settings requires technical knowledge, which may

indicate another reason that can influence the use of LabVIEW

in K-12.

Tournaments and Olympiads are also very popular in ER.

The studies in [43] and [48] were focused on tournaments and

Olympiads using LabVIEW. Both studies referred to the First

LEGO R© League1 (FLL) tournament, a worldwide competition

that allows students to learn STEM concepts by playing and

using the imagination to solve problems. In addition, the

competitors can develop critical thinking and team-building

skills [28]. In FLL, all equipment used by competing teams,

including programming and language environments, must be

LEGO R© products. However, there are several tournaments and

Olympiads that do not restrict the use of equipment and that

achieve similar results comparing to those proposed by FLL,

such as Robocup2.

C. LEGO R© Robotics in Higher Education

LabVIEW was also the leading environment in Higher

Education (six studies), but using non block-based languages,

such as JAVA, ADA, C, NXC, and C# (in four studies) focused

on teaching programming. The study in [36] was conducted in

a Computer Science course using Eclipse, while the study [37]

followed the same context but for the Mechatronics course. In

[39], the authors used Adacore and ADA languages in a Com-

puter Science course. Finally, the study described in [17] used

BricxCC and NCX languages in elective robotics discipline in

a Computer Science course. Furthermore, LabVIEW was also

used in Engineering courses in six studies ([20], [41], [42],

[49], [50], [51]).

D. LEGO R© Robotics and teaching practices

Teaching practices have stimulated the students’ activities

while teachers have been mediators. The selected studies

showed that ER promotes learning by making use of program-

ming. In this direction, the students have been encouraged to

develop their activities following the ER basic foundation, as

Papert’s Constructionism says “that learning is most effective

when part of an activity the learner experiences as constructing

a meaningful product”.

1www.firstlegoleague.org
2www.robocup.org



Teamwork and problem solving have been used as ap-

proaches to stimulate some students’ skills, such as analyze,

manipulate, execute, debug, re-execute, and practice. These

skills can assist the learning of theoretical content thought

practices activities. Our SRL indicates that when facing prob-

lems proposed by the teacher, the students can be able to

perform tasks in a more skillful and objective way. Developing

those abilities is one of the primary goal in ER. Then, LEGO R©

Robotics has been recognized by the scientific community as

an instrument for teaching.

VI. THREATS TO VALIDITY

Although our research has followed the protocol, some

issues threaten the validity of our SRL. The selected studies

have a direct relationship with the search engine of the virtual

libraries because each one has specific characteristics. In this

way, the search performed in the libraries may not have

returned all relevant studies. Besides, we only considered full

studies published at scientific events (conference, symposium,

workshops) and journals. Considering the objectives of this

SRL involve practical activities, it may be presented to the

academy in other types of study. Then, it is possible that

relevant studies were outside the scope of SRL. Besides,

human factors can also influence the data extraction of the

selected studies. Although all the selected studies were read

more than one time in order to minimize the bias, it is

possible that relevant information has not been considered or

misinterpreted, since the data extraction is a manual process.

VII. CONCLUSIONS AND FUTURE WORKS

Educational robotics is a pedagogical approach that relates

social and educational skills and it has increasingly attracted

the students’ interest. This SRL allowed us to understand

that there are several possibilities of applying LEGO Robotics

in the educational context. The main positive findings were:

a) the main approaches are teamwork and problem solving

involving interdisciplinary contents in the K-12 level; b)

LabVIEW is the most used environment because programming

details are hidden from the students.

We answered three research questions related to environ-

ments and programming languages associated with “what”

has been taught through LEGO R© Robotics, “how” and “for

whom”. First, we found that the programming environment

most used was LabVIEW, using NXT and EV3 versions.

The programming language most used was the block-based

programming languages. Second, we identified that LEGO R©

Robotics is used for teaching programming, interdisciplinary

contents (STEM), participation in tournaments and Olympiads,

and computational thinking. We also observed teamwork and

problem solving as main approaches, which stimulated stu-

dents to analyze, manipulate, execute, debug, re-execute, and

practice with robotics kits. Finally, LEGO R© Robotics is used

with success by students of different levels, such as K-12,

undergraduate, and graduated (mainly teachers). The studies

were not classified by age group and gender because not all

papers presented detail of these topics.

The methodological aspects of the papers considered in this

SRL were observed. We noticed that the existing research that

addresses the use of LEGO R© Robotics did not demonstrate

results based on statistical methods to validate the potential of

technology for teaching. Furthermore, some of these studies

did not present methodological or pedagogical foundations

well established. We identified Papert ideas, where students

are encouraged to take more responsibility for their learn-

ing. However, most studies cannot be replicated because the

methodological description, learning objective, or evaluation

criteria were not well presented. Another open problem is that

the studies only consider the practical application of robotic

environments and it is still necessary to investigate which is the

most appropriate depending on the level of education. More-

over, several free robotic environments have been proposed

as alternatives to LabVIEW. Thus, it is important to define

metrics to compare these environments.

Although Computational Thinking has gained attention in

Education in the last decade, only two studies were found in

our SRL. Those studies which explored Computational Think-

ing were focused on teaching programming, i.e., algorithmic

thinking mainly. Therefore, we highlight the importance of

researches focusing on stimulating Computational Thinking

skills thought robotics kits, such as LEGO R©. Then, future

works can be carried out on how to promote and assess

Computational Thinking skills using LEGO R©.

We hope that this SRL can assist the educational community

on how to use LEGO R© Robotics in instructional practices. The

programming environments, languages, teaching practices, and

approaches identified here can help to provide an overview

of LEGO R© Robotics in education. Finally, we suggest that

the educational community should better describe the method-

ological procedures and evaluative methods in order to allow

research replication.
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