
Journal of Automation, Mobile Robotics & Intelligent Systems VOLUME  8,      N°  1       2014

5

Educational Robotics for 
Promoting 21st Century Skills

Amy Eguchi

Submitted: 15th April 2013; accepted 5th July 2013

DOI: 10.14313/JAMRIS_1-2014/1

Abstract:
This paper introduces an educational robotics course 

offered as one of the Interdisciplinary Studies Courses 
under General Education category at a liberal art college 
that serves predominately underprivileged population of 
students from neighboring communities in New Jersey. It 
also presents the case study to examine participated stu-
dents’ learning from the course. The results show that, 
although the focus of the course is the educational ro-
botics and programming to control robots created with 
LEGO Mindstorms, the students identified their learning 
of collaboration and cooperation skills as well as com-
munication skills as one of the best learning outcomes 
from the course.
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1. Introduction
This paper presents a case study of an undergrad-

uate level educational robotics course offered as one 
of the Interdisciplinary Studies Courses under Gener-
al Education category at a liberal art college. Bloom-
field College serves predominately underprivileged 
population of students from neighboring communi-
ties in New Jersey, such as Newark and Oranges. Since 
Fall 2006, the educational robotics course has been 
offered every semester (twice a year) for last 6 years. 
After the first offering, students’ learning during the 
educational robotics course was evaluated using the 
instructor’s observation of student’s in-class activi-
ties and reflective essays focusing on their learning 
experience. This paper aims to report on the students’ 
learning especially with regard to their learning of 
21st Century Skills.

2. 21st Century Skills
21st Century Skills have been the focus of educa-

tional reform in several countries including the U.S., 
Australia, Finland and Singapore. Especially in U.S., 
the focus on 21st Century Skills is the core of the edu-
cational reform. The Partnership for 21st Century 
Skills, a national organization (http://www.p21.org/) 
that advocates for 21st century readiness for every 
student, states:

In an economy driven by innovation and knowl-
edge… in marketplaces engaged in intense competi-
tion and constant renewal … in a world of tremendous 
opportunities and risks… in a society facing complex 
business, political, scientific, technological, health 

and environmental challenges… and in diverse work-
places and communities that hinge on collaborative 
relationships and social networking… the ingenuity, 
agility and skills of the American people are crucial to 
U.S. competitiveness [2].

The Partnership for 21st Century Skills focuses on 
the 21 Century Skill Framework, which identifies 21st 

Century student outcomes and skills:
Core Subjects and 21st Century Themes:
•	 Core Subjects – English, World languages, Arts, 

Mathematics, Economics, Science, Geography, 
History

•	 21st Century Themes – Global awareness; 
Financial, economic, business and 
entrepreneurial literacy; Civic literacy; Health 
literacy

Learning and Innovation Skills:
•	 Creativity and innovation skills
•	 Critical thinking and problem solving
•	 Communication and collaboration skills
Information, Media and Technology Skills:
•	 Information literacy
•	 Media literacy
•	 ICT
Life and Career Skills:
•	 Flexibility and adaptability
•	 Initiative and self-direction
•	 Social and cross-cultural skills
•	 Productivity and accountability
•	 Leadership and responsibility
Among those skills, 4Cs (Critical thinking and 

problem solving, Communication, Collaboration, and 
Creativity and innovation) are core skills for our stu-
dents to be successful in the future.

Assessment & Teaching of 21st Century Skills, an-
other organization with international collaboration 
based in Australia (http://atc21s.org/), organizes 21st 
Century Skills into four broad categories as follows: 

•	 Ways of thinking. Creativity, critical thinking, 
problem-solving, decision-making and 
learning

•	 Ways of working. Communication and 
collaboration

•	 Tools for working. Information and 
communications technology (ICT) and 
information literacy

•	 Skills for living in the world. Citizenship, 
life and career, and personal and social 
responsibility

Both organizations emphasize the importance of 
creativity, critical thinking, communication and col-
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laboration (4Cs) as key of success in the 21st century. 
In next section, why educational robotics help pro-
mote 21st century skills among young students is ex-
plained. 

3. Robotics in Education (RiE)
Educational use of robotics for school-aged chil-

dren has been around for more than a decade. How-
ever it has been observed in the last several years that 
popular interest in robotics has increased astonish-
ingly [2]. In addition, the availability of robotics for 
both post-secondary level education and school-aged 
children is growing rapidly [3 and 4]. Mataric argues 
that robotics has “the potential to significantly im-
pact the nature of engineering and science education 
at all levels, from K-12 to graduate school” [3, para-
graph 1]. In higher education, robotics is use mostly 
with the courses for computer science/engineering 
related areas. Educational robotics tool, for example, 
LEGO Mindstorms set, is usually used with intro-
ductory level courses [4 and 5]. For example, Drew, 
Esposito et al. point out that LEGO Mindstorms, an 
educational robotics kit widely available around the 
world, has been integrated into curriculums at many 
higher education institutions across the world includ-
ing MIT, Brown University, University of Maryland, 
Tufts University, University of Aarhus at Denmark, 
University of Utrecht in the Netherlands, Trinity Col-
lege Dublin in Ireland, and University of Manchester 
in the UK [5]. For grades of K-12, most robotics ac-
tivities are extra-curricula (i.e. after school programs 
and summer campus) [2, 6 and 7]. Elkind [8] points 
out that educational robotics open a door for help-
ing children learn about mathematics and scientific 
concepts through the method of inquiry, as well as 
for developing technological fluency. The systematic 
study of scientific literature on the use of educational 
robotics in schools by Benitti, which focuses on quan-
titative results, identifies that most of the studies have 
focused on the fields of mathematics and physics [2]. 
It also indicates that the skills developed through 
educational robotics are thinking skills (observation, 
estimation and manipulation), science process skills/
problem-solving approaches, and social interaction/
teamwork skills. Several studies have also shown that 
educational robotics provides effective learning op-
portunities for students in both content areas such 
as physics, biology, geography, mathematics, science, 
electronics, and mechanical engineering, and also 
critical academic skills, such as writing, reading, re-
search, creativity, collaboration, critical thinking, de-
cision making, problem solving, and communication 
skills [6, 9–18].

One of the reasons why educational robotics is 
an effective learning tool is that educational robotics 
helps create a fun and engaging learning environment 
that keeps students interested and engaged in learn-
ing. Educational robotics is fun because it provides 
hands-on learning experience. Also, it is a great tool 
for project-based learning. With project-based learn-
ing, students work in groups to “explore real-world 
problems and challenges. With this type of active 

and engaged learning, students are inspired to obtain 
a deeper knowledge of the subjects they’re studying” 
[19]. Educational robotics creates a great environ-
ment for students to encounter and developed solu-
tions for real-world problems and to demonstrate 
their learning through the robots they developed. Fol-
lowing section introduces the “Educational Robotics 
as Learning Tool” course, which has been offered as 
a general education course.

4. Educational Robotics as Learning Tool
“Robotics as Learning Tool” course was first of-

fered in Fall 2006. Initially, the goal for offering the 
educational robotics course was for our pre-service 
teachers to learn to use this hands-on teaching tool so 
that they could use it in their classrooms in the future. 
However, the first educational robotics course was 
decided to be offered as an Interdisciplinary Studies 
Course under General Education (GE) program. The 
GE program at Bloomfield College offers a variety of 
courses aiming to foster the development of skills and 
knowledge needed to be successful in college and in 
the world. The program identifies seven areas of com-
petence that are integrated into both the GE and major 
areas: Aesthetic Appreciation, Communication Skills, 
Community Orientation & Citizenship, Information 
Literacy, Multicultural Awareness, Problem-Solving & 
Critical Thinking Skills, and Scientific & Technological 
Skills. This course is structured to integrate three of 
the GE competencies; Communication Skills, Problem 
Solving & Critical Thinking Skills, Scientific & Tech-
nological Skills. Successful GE courses provide a key 
to success to the students at the Institution, which 
serves predominately Black and Hispanic population 
of students. Many of the students are also first gen-
eration to attend college or even first generation to 
graduate from high school. The institution is commit-
ted to enabling students, particularly those who have 
traditionally been excluded from higher education, to 
realize their intellectual and personal goals.

A. Course Overview

Fig. 1. LEGO NXT robot

“Educational Robotics as Learning Tool” is a se-
mester long course that meets twice a week for one 
hour and forty minutes each session. LEGO Mind-
storms Robotics Invention System NXT (“Mindstorms 
kit”; Fig. 1) is used for the course. 

LEGO Mindstorms was used because it is easily ac-
cessible for anyone if students wish to continue with 
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robotics. The Mindstorms kit comes with a program-
mable brick, motors and several different sensors in-
cluding a touch sensor, light sensor, rotation sensor, 
sound sensor, and ultra-sonic sensor (distance sen-
sor). Programming can be done with PC or MAC to 
perform very simple tasks to very complicated and 
useful tasks. For programming, we use NXT-G pro-
gramming Software (Education version), which is 
a standard programming software for the kit. NXT-G 
programming environment provides a simple graph-
ic programming environment (Fig. 2), not like usual 
text-coding programming languages. The graphic 
environment provides a very useful tool for teachers 
teaching young children and those who are new to 
programming since it uses a drag-and-drop function 
with icons that are pre-programmed for some tasks. 
Entities used in programming, such as motors and 
sensors are represented as icons in a small menu sec-
tion on a computer screen. Students need to simply 
drag an icon that they want to use for their program 
and drop it on a blank space on the screen to create 
a code. This graphic environment is highly visual and 
provides a good first programming experience with 
procedural programming concepts. This is also a good 
programming environment for first time program-
mers at undergraduate institutions especially for 
those who are not intending to be a Computer Science 
major or become a programmer.

Fig 2. Simple NXT-G Program. This makes a robot go 
forward for 1 motor rotation, make a sound, wait till a 
touch sensor on port 1 is pressed, then go backward for 
1 motor rotation

With this course, throughout a semester, students 
work in groups, usually either as a pair or a group of 
three. Students in each group share one robot and one 
computer. The intention is to promote collaborative 
learning more than if each student were to use his/
her own robot and computer. We start each session 
by review programs created by each group in the 
previous session followed by a discussion on how to 
improve the programs. This promotes collaborative 
learning among the whole group. After the review, the 
instructor introduces one or two new programming 
concept(s) using SmartBoard to show examples on 
NXT-G. Following the brief lecture, the groups receive 
tasks (mini-projects) that require employing the new 
concepts. For the rest of the session, students work 
in groups to complete the tasks. This allows each 
group to progress at their own pace. However, this 

arrangement creates diverse differences of progress 
between the groups in class and makes it hard for 
one instructor to provide sufficient help needed. To 
solve this issue, advanced students are assigned by 
the instructor to help other groups. This encourages 
everyone to start offering help when asked – another 
way of promoting collaboration in the classroom 
setting.

After sessions, students are required to write 
a weekly reflective journal. They are required to re-
flect on their learning experience using the blog fea-
ture of the institution’s Blackboard. Towards the end 
of a semester, students work on a final project. Each 
semester, the final project may be different. Students 
spend about a month for completing the final proj-
ect, which is showcased on the final day of a semester. 
Each student also produces a lab report of the group’s 
final project and a written reflection of their learning 
throughout the semester.

B.	 Revision	of	the	Course	Focus	to	Robotics	Technologies
After its inaugural semester in 2006, several re-

visions have been made with the course curriculum. 
One of the biggest revisions is its focus on current ro-
botics technologies. As Barker, Nugent, Grandgenett 
and Adamchuk [20] emphasize, in recent years, “we 
have seen an influx of new robotic systems in a va-
riety of areas from space explorations to agriculture, 
from households to manufacturing production and 
medical institutions, and certainly through educa-
tion” (p.xix). There are States in the US (currently two 
– California and Nevada) that have signed a new law 
that legalizes autonomous cars driving on city streets 
[21 and 22]. In Korea, Japan and China, there are ro-
botic teacher’s aids developed to assist teachers in 
classroom [23–27]. This trend of rapid technological 
development, both with robotics and any other tech-
nologies that we use in everyday life, including smart-
phones, tablet and computers, indicates the need of 
our next generation to have interests in as well as 
understanding of those technologies. Technological 
literacy (understanding of technology as a user and 
developer) should be part of 21st Century Skills along 
with information literacy in the near future. For this 
reason, current curriculum of the course has put 
more emphasise on the history of robotics develop-
ment and current status of the technology. This part 
of the curriculum begins with the introduction of 
personal robots (AIBO produced by Sony in 1999) to 
the development of humanoid robots – QRIO by Sony, 
ASIMO by Honda, NAO by Aldebaran, and more. This 
is followed by the introduction of current robotics 
technologies. The instructor has created an online 
course list with online news on cutting-edge/latest 
robotics technology under the Robotics Resources 
section of Blackboard, which serves as a depository 
system for the curriculum and constantly updated by 
the instructor. Recent year’s “current robotics tech-
nologies” list includes search and rescue mission ro-
bots from Japanese nuclear disaster, an autonomous 
car developed by Google, Robonaut by NASA, and 
a robot arm controllable by human brain signals.
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5. Assessment of Student Learning
For the assessment of student learning for this 

study, the final reflective essays from two semesters 
(Fall 2011 & Fall 2012) were analyzed using text 
coding with quasi-grounded theory. The data from 
only fall semesters were used because the curriculum 
for spring semester is slightly different from that of 
fall semester, which include extra curricula activity. 
To keep the consistency of the students’ learning 
experience for this study, the data from the fall 
semesters were used for the analysis. Total of 27 
students enrolled in the course for those two fall 
semesters (17 students in Fall 2011 and 10 students in 
Fall 2012). Out of 27 students, 18 students completed 
the final assignment electronically (10 students in 
Fall 2011 and 8 students in Fall 2012), which were 
used for the analysis. The number of students who 
complete a semester is usually lower than the number 
of enrolled students each semester because of various 
reasons. The results indicate that the students in Fall 
2011 & Fall 2012 highlighted the following learning 
in their essays:
1. they learned collaboration/team work skills 

(100%)
2. they learned about robotics and technology –  

increased interests in those areas (83%)
3. they enjoyed/had fun with the course (78%)
4. they learned to be creative/think creatively 

(67%), and 
5. they learned problem-solving skills (67%).

In following sections, first two items (collabora-
tion/team work skills and interests in robotics and 
technology) are explained in detail.

C.  Learning to Collaborate
Although students’ learning of collaboration/

team work was high in the first study which was 
done after the first semester (Fall 2006), the result 
from Fall 2011 & Fall 2012 shows that all students 
highlighted their learning of collaboration skills in 
their essays. In Fall 2006 result, it was indicated 
that there was one student who felt that s/he 
could not build collaboration skills due to the lack 
of time the group worked together. Because of the 
structure of the course that forces students to work 
together, it is natural for students to notice the 
collaboration is the focus of the course. However, 
for all of the students studied to discuss their 
learning of collaboration and team work in their 
final essay in length is significant. Interestingly 
enough, several students stated that, in general, 
they are not in favor of working in groups mainly 
because they think group work ends up unfair. One 
student expressed:

‘Working in groups was something I hated the en-
tire time I was in high school, because when I used 
to work in group, only a portion of the group’s 
members would be working.  What made my an-
ger even worst is that they would get the same 
grade as I, and they were just sitting there doing 
nothing while I was working.’
However, course gave her a new perspective on 

collaborating with others:

‘Well, the only reason I work with a partner 
in robotics was because it was required; and 
I learned several lessons from it. First, working 
with a partner makes the assignment ten times 
easier than it is. It makes it easier because, as 
partners we divided our tasks by two, and each 
one of us would work on something different at 
the same time. Secondly, I got to share my ideas 
with that partner and his ideas too, and we just 
put everything together at the end. Sometimes 
when I felt too sick to work, he would work for 
me, and I would do the same. The third lesson 
that I have learned from working with a part-
ner is not a good one, and I am glad it happened 
in this class, so it won’t happen in other classes. 
The problem was that my first partner did not 
want to work with me, but he never had the guts 
to tell me that. One day he got up and went to 
work with another group without even telling 
me, I only heard that I did not have a partner 
anymore, I got myself another one and we did 
way better than the one before. But I learned 
never to divide our tasks, but switch them of-
ten. Because if we divide our tasks for example 
when one of us leaves the group, the one stay-
ing won’t be able to do everything because he 
only used to work on a specific task.’

Although it was a difficult experience, it gave her 
a valuable lesson on collaboration. Another student 
also shared that this course gave him a new lesson. 
He states:

‘The good thing about this was working in pairs 
(or in my case, a group of three). Working in 
a group was perhaps the best idea for this class. 
I usually prefer to work independently, and for 
reasons, I still stand by that notion. Yet, sometimes 
I caught myself in a bind with ideas on what to 
use and when. I would’ve never thought to use an 
ultra-sonic sensor to locate cups, and this is a fact. 
My partner’s brains, on the other hand, seemed to 
know exactly what to do. It took us a long time to 
figure out how to get our robot around that circle 
without going straight, but after many trial and 
errors, and a little hint, it’s like a light bulb went 
off in our heads. Working together has helped a lot 
to get the work done.’
In the class, the instructor strongly emphasizes 

and encourages students to help each other. She fre-
quently asks advanced students to teach others. It is 
not only because she cannot provide help to eight to 
ten groups at once but also because this strategy gives 
students the valuable lesson of collaboration. One stu-
dent explained his experience:

‘There were many classes where we had to help 
out the rest of the groups and give out hints and 
advice whatever project we had to do. We even 
went so far as troubleshoot their work so we could 
tell them what was wrong or where their mistake 
was, so that they could go back and figure out the 
issue and fix it. For instance, the week of October 
25–27, we acted as teachers to the class. We had 
to help the class with pushing cups out of a circle, 
without leaving the circle, until all the cups were 
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removed from the inside of the circle. Then we had 
to help them understand how to make the robot 
follow black circle without ever going straight.’
Those are one of the difficult programming tasks, 

which they successfully taught the other groups. This 
indicates their mastery of the programming skills 
required in class since teaching is the highest form of 
learning. The collaborative environment that this course 
provides the students not only helps them to learn 
collaboration skills but also enhance their learning.

D.	 Promoting	 Interests	 in	 Robotics	 and	 Technological	
Literacy

The result shows that the additional focus on 
the development of robotics and robotics related 
technology in the course after recent revision has 
proven to enhance the interests in robotics and 
robotics. Majority of the students (78%) highlighted 
their learning of robotics and robotics related 
technology in their essays. One student expressed her 
discovery:

‘Using the NXT’s [LEGO Mindstorms] helped out 
to understand a little bit about electronic devices. 
Majority of people take for granted the many 
machines around them. It’s not on purpose though. 
It’s a simple, pure lack of knowledge on people’s 
part. The more technology that is created, the less 
people understand it.’
Prior to taking this course, robots, for many of the 

students, were things in science fiction movies. One 
student described:

‘I learned a lot about technology and robotics as 
a whole. I’ve always thought of robots as technology 
of the future. Most people think of robots as future 
human beings. The fact is most robots today are 
here to do jobs human beings used to do.’
Another also commented:
‘I really did not think much of robots till I started 
the class. I thought robots were like the robots 
in the movies but I was wrong. There is more to 
robots than just them taking over the world and 
being the bad guys. Robots are more than that. 
Robots are the future and will help us in life. 
Robots are good things and they are good for us.’
Because of the influences of science fiction movies, 

some students expressed that they believed that 
robots in the future would be like human beings or 
even take over the world. At the end of the semester 
for them to be able to state “I learned that some of 
these science fiction movies that I would watch that 
involved robot were somewhat impossible” is quite 
important learning. Another student added:

‘The notable piece of the situation is that the human 
has complete control over the robot at all times, 
the robot is not permitted to freely think, it acts 
as an extension of the human. … As much as a fear 
of robots becoming aware may be irrational it is 
something that is implanted into all of us courtesy 
of Hollywood. It raises interesting questions and 
reminds us of how fragile we are compared to the 
machines we are capable of building. However, 
I am definitely excited to see where the discoveries 
being made with the assistance of robots and 

where the ever-changing world of robotics will 
take humanity.’

6. Future Considerations
The overall results suggest positive learning ex-

perience among the students through this course. Al-
though this course teaches the programming of LEGO 
Mindstorms robots, what the course aims to teach 
students is above the content knowledge that this 
course provides. This course is more or less a content-
less course targets more on students’ skill acquisition 
– skills that they need to be successful as 21st century 
citizen. All the targeted skills – collaboration/team 
work skills, communication skills, creative thinking, 
and critical thinking/problem-solving skills (4Cs) that 
the course focuses on are visible for students through 
the reflection of their learning experience. Although 
their prior experiences with group work both from 
their primary & secondary education, and college 
seem to be negative, having the positive collaborative 
learning experience through this course has changed 
their perception of collaboration. Follow up study on 
how their perception of collaboration will influence 
their performance in their future courses will help us 
understand the impact from this course better.

From the study, the other aim of the course to open 
their mind and interests in robotics and robotics tech-
nology and emhance students’ technological literacy 
have appeared to be successful as well. One of the stu-
dents also commented:

‘I now find out robotics is an interesting tool 
because the way the course ended left me open 
minded about some things in the robotic field of 
life.’
One student in particular changed his major from So-

cial Study – Criminal Justice to Engineering to pursue his 
career in Industrial Engineering because of his learning 
through the course. He expressed his learning:

‘Finally, at the end of my first semester as a col-
lege freshman, I can say that this course has really 
opened my eyes up to the world and what is to be 
expected from this generation of college gradu-
ates. Innovation is what is going to drive the econ-
omy and the very way of life.’
I hope this course will continue to have such an 

impact on our students especially because our institu-
tion serves predominantly Black and Hispanic popu-
lation of students and those are the population whose 
representation in STEM field needs to be increased. 

This course happened to be a course that students 
feel uncertain about their learning adventure at the 
beginning of a semester. Sixty seven percent of stu-
dents from Fall 2011 and Fall 2012 described that 
they did not know what they were going into at the 
beginning of the semester, and 78% of the students 
enjoyed the course. One student summarized the ex-
perience:

‘When I first began the semester, I honestly 
believed that I was not going to enjoy my Robotics 
class. I began the class with the mentally of just 
doing what I had to do and leaving. The truth 
is, I learned many great things in this class and 
I enjoyed it very much.’
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Although at times, the learning could be very 
frustrating as about half of the students expressed in 
their reflection, when they try to excel while having 
fun with their learning, the overall outcome becomes 
positive. The challenge for educators is to find the 
best way for each one of us to create such a fun 
learning experience for our students. Educational 
robotics is one of the best learning tools for creating 
such learning experience for students. This course 
is a course offered at an  undergraduate institution; 
however, the author also teaches the same curriculum 
to grade school students. It might be interesting to 
study younger students’ perception of their learning 
experience of 21st Century Skills through educational 
robotics in the future.
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