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Abstract 
 

It is very essential that the future generations of learners obtain problem solving, logical 

thinking, and coaction skills to succeed in their professional work ambitions in the twenty-first 

century. The use of technology such as drones, 3D printers, and robots in Science, Technology, 

Engineering, and Mathematics (STEM) fields plays an important function in building those 

skills. STEM Education using robots such as Lego Mindstorms EV3 improves the curriculum in 

the classroom and encourages minorities and underrepresented students to be more interested in 

the STEM fields. Mainly, the use of robots in STEM education enhance the learning process and 

is efficient. Hence, there is a lot of work to be done to lower the price of educational robots, so 

that schools can use them without going over the budgets.  

 

Introduction 

Robotics has fascinated many students, parents, educators, and scientists and has become crucial 

in Science, Technology, Engineering, and Mathematics (STEM) education and field.  According 

to the U.S. Census Bureau (2013) and U.S. Department of Education (2016), less American 

scholars especially minorities, women, and underrepresented students, pursue their education in 

STEM fields. In addition, U.S. high school students pick other majors instead of STEM as they 

enter college because they are not inspired, the subjects are too difficult, and they are not well 

prepared in science and math compared to other developed countries (Ortiz et al, 2015). Hence, 

there is a huge demand for graduates in the STEM disciplines. Furthermore, most of the gap can 

be resolved through college readiness program, academic collaboration and support, and 

financial availability students get in school.  The purpose for this literature review is to help 

readers understand the need of using robots to encourage and engage students in STEM 
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education through hands-on activities.  The goal is to guide students to become the next scientist, 

mathematicians, innovators, technologists, and engineers. 

 

Effectiveness of STEM Fields and STEM Education 

Landivar (2013) defines STEM employees as those working in science, technology, engineering, 

and mathematics fields.  In addition, STEM includes such careers as educators, education 

technologist, science technologist, engineers, researchers, practitioners, and mathematicians.  In 

fact, the U.S. Census Bureau (2013) accounted for 63 STEM workers, which is 6 percent of the 

entire employees aged 25 to 64 that have at least an associate degree and/or a bachelor degree. 

According to the U.S. Department of Commerce (2011), STEM employees inspire the country 

by breaking new ground with new beliefs, new businesses, and new enterprises. Therefore, 

STEM education is necessary in schools so that students can understand how scientific 

knowledge is used in the real world.  STEM education teaches students critical thinking, problem 

solving, and focuses on everyday life applications. 

 

Ortiz et al. (2015) believes that combining STEM institution into the real world experience can 

be both interesting and difficult.  The combination can improve and enhance the learning 

development for both STEM and non-STEM students. Moreover, Behrens et al. (2010) and 

Emily Toh et al. (2016) also explain that students receive an early perception into the real world 

experience that can motivate them to become engineers and to obtain great abilities. In this 21st 

century, students are more receptive to technology because they already know how to manipulate 

different type of devices during their playtime without being taught. This fast learning process 

can be used to engage more students to enjoy STEM in education.  
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Effectiveness of Robots 

Robots are apparatuses that can work 24 hours a day to help in our everyday task.  Robots can be 

useful in medical, automobile, entertainment, mobile phones, microwave to warm food, video 

games, sports, security, cybercrime, and policing.   It is beneficial in medical to help physically 

impaired elderly and patients in the hospital or at home by providing them with physical support 

such as cane style walking, wearable style, wheelchair, and arm supports (Brose et al, 2010; 

Hammons et al., 2013; and Suzuki et al, 2013).  For instance, Al-Halhouli et al. (2016) examine 

the use of Lego Next Mindstorms robot to assist blind patients and elderly’s in taking their 

medication, calculating blood pressure, tracking their movement for protection, and helping with 

living facilities. 

 

Additionally, Omisore et al (2017) and De Smet et al (2016) reports that robotic supports 

medical specialists in gaining access to the internal organs and assists cannulation of blocked 

retinal veins. Robotics is useful in automotive industry to cut costs, improve quality, and increase 

manufacture (Vulavala & Ulmer, 2014).  Furthermore, Murphy (2004) reports that Rescue 

Robots with the instruction of the Center for Robot-Assisted Search and Rescue (CRASAR) 

provided security and support during aftermath of the September 11, 2001 attack to look for 

victims. Finally, robots are essential to assist everybody especially those who are physically 

impaired; it can be unexpansive and accessible for companies.  

 

Effectiveness of Robotics in STEM Education  

Although, US Census Bureau (2013) and US Department of Education (2016) studies shows that 

there is less students who go into the STEM fields.  With approximately 8.6 million STEM 
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careers reported in May 2015 by Fayer et al. (2017), the US Department of Commerce (2011) 

believes STEM careers are expected to increase by 17 percent from 2008 to 2018, liken to non-

STEM jobs.  This increase can happen if more educational tools such as drones and robots are 

implemented in the lessons.  Implementing robots such as Lego Mindstorms EV3 in STEM 

education can strengthen and ameliorate the learning process in the classroom.   

 

Ortiz, Bos, and Smith (2015) study incorporates educational robotics in programs such as 

engineering design method, mathematical connections, programming, and problem based 

learning as part of in-service and preservice teachers preparation learning process to prove that 

anyone can effectively learn, enjoy, and produce a robot while engaging in STEM. The STEM 

programs use hands-on activities to introduce Lego robots, analyze and rebuild robot, generates 

hypotheses, solve problems, and share findings. The use of educational robotics help instructors 

to reinforce lessons in the classroom, so that students can be more excited and motivated about 

STEM (Alimisis, 2013; Barak & Zadok, 2009; Bolkan, 2017; Hammons et al., 2013; NJ State 

Library, 8/18/17; & Ortiz et al., 2015). According to Bolkan (2017), the computer programming 

helps students see a reason why they are learning the lessons, have an imaginative technique to 

coding, technology, and problem solving. Although there is still much to be done to reduce the 

price for schools, Hammons et al (2013) and Mclurkin et al (2013) report that the educational 

robots are innovative for academic research, has many different curricula, and low-cost tool for 

public/private schools, undergraduate, graduate, and outreach activities.  As a result to their 

study, Ortiz, Boz, and Smith (2015) concluded that more than 80 percent of the 25 contributors 

think that educational robots are fun and motivating.  Also, more than 70 percent think that 

incorporating robots in STEM lessons are effective and improve students’ classroom skills and 
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development.  It was observed that 12 percent of the participants were not prepared enough to 

instruct in an integrated way or experienced some difficulties with the technology and 

mathematics.  

 

Finally, Hammons et al. (2013), Gerber et al. (2017), and Patel et al. (2016) reported that robot 

project introduces students in engineering (2013), biology (2017), and computer science (2016) 

to be challenged, inventive, and designers. Gerber et al. (2017) biology project designed 

powerful liquid handling modules to be incorporated into different Lego Mindstorms robots.  

Patel et al. (2016) computer science project uses languages such as Java, Pyton, Scheme, and 

C++ to program educational robots.  The goals for these projects are for students to learn and 

communicate with new ideas using various kind of technology to create their own Robots. 

Additionally, with parents and educators’ support, students would understand that educational 

robots can expand on their creative, knowledge, and academic skills. 

 

Liability and Concern of Robotics in STEM Education 

The most important factor of using robots in school is for the safety of students.  School districts 

have to make sure that the safety of all students is top priority.  One of the concern for playing 

with Lego robots is that most of the parts are small enough to be a choking hazard.  According to 

the NJ Division of Consumer Affair for Toy Safety (2016), choking is believed to be the main 

cause of toy-related deaths.  Therefore, teachers and parents should always be present when 

younger kids are playing or building.  In addition, they should make sure that packages such as 

foam and plastic are disposed; students should notify them of any damages.  Parents are 

concerned that they might not be knowledgeable enough on the technology to teach children 



LITERATURE REVIEW – USING ROBOTICS IN STEM EDUCATION 

7 
 

about robots (Emily Toh et al, 2016 & Lin et al, 2012).  Therefore, schools can provide 

workshops to help parents on robots.  Teachers are concerned that they might lose their career; 

instead, Robinson et al. (2010) reported that educational robots will create more high tech jobs in 

the future.  Finally, school districts and teachers believe the cost for educational robots should be 

much less for low budget schools.  Since some school cannot afford the educational robots, only 

few students are able to learn from the robots.  For instance, Lego Mindstorms cost $389.99 a set 

for two students; so if schools want to purchase the robots for a lot of classes, it will be too 

expensive. 

 

Conclusion 

Robotics in STEM education are effective and beneficial for scholars, parents, teachers, and 

schools.  Implementing educational robots in STEM encourages and engages 21st century 

students in the classroom in an exciting, positive, and enjoyable way.  The use of robotics in 

STEM education would improve students’ problem solving, critical thinking, and academic skills 

and help focus on everyday life applications. In addition, students will learn to communicate 

with new ideas using different type of robotics technology.  Finally, low budget schools should 

not paid much for educational robots, so that all students can learn and practice from the robots. 
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