High school students are not learning mathematics enough, and as a result, students are
underperforming in the subject (NCES, 2019), causing them to enroll in remedial courses during
their first year of college. A few reasons that students struggle with mathematics are mathematics
anxiety and disengagement due to the complexity of the subject (Perry et al., 2016). Hence, it is
vital to seek strategies that enrich the learning experience and improve student engagement in
mathematics. Educational robotics has been contended to be an effective learning tool across
different subjects as it increases student engagement (Afari & Khine, 2017; Nugent et al., 2010).

Due to the challenges that students face as they learn mathematics and the assertions on
the effectiveness of educational robotics as an educational technology tool, it is crucial to
conduct the appropriate research that will establish if there is any correlation between the two
and shed light on possible auxiliary strategies.

This paper will provide extensive research on how educational robotics used as an
educational technology tool improves the learning experience by increasing student engagement
in mathematics for high school students. Additionally, it will highlight why educational robotics
is key to enhancing the 21st-century skills that are needed in today’s world. The guiding question
that will lead this study is: Given a group of high school mathematics students attending an
afterschool program based on robotics instruction, how would student attitudes, engagement, and
mathematics grade scores be affected as compared to similar students not attending an
afterschool robotics program?

The persistent decline in mathematics performance of students that transition into college
is a phenomenon that continues to be a national concern in the United States (Atuahene &
Russell, 2016, p. 12). Some factors that contribute to students struggling with the subject are the

lack of engagement and motivation in learning mathematics (Mkhize, 2017; Farooq & Shah,



2008). The lack of engagement can be a result of student perceptions of mathematics as they
perceive it as the most challenging and difficult subject (Dodeen et al., 2014).

Research suggests that educational robotics can be used as an educational technology tool
to improve learning. According to Papert (1980), mathematics is a subject where students could
benefit from through educational robotics because of its hands-on approach. Educational robotics
is a problem-solving tool that allows students to learn by engaging in meaningful activities
through the construction and programming of robots (Barak & Zadok, 2009). For its engaging
nature, educational robotics is likely to assist the struggling students and involve them in the
learning process. Additionally, educational robotics enables students to develop 21st-century
skills, such as creativity, innovation, critical thinking, problem-solving, decision-making,
communication, collaboration, and technology skills (Eguchi, 2014). Supporting students is of
importance, particularly for high school students as they prepare for college.

Currently, there is no systematic introduction of robotics in school curricula, and there is
still not enough presence of educational robotics in the classrooms (Alimisis, 2013).
Subsequently, there is also a lack of quantitative research, empirical data, and reliable
experimental designs to support that educational robotics increases learning achievement
(Alimisis, 2013; Altin & Pedaste, 2013; Benitti, 2012; Johnson, 2003; Williams et al., 2007).
Thus, the significance of this study, because without the proper research that sustains that
educational robotics improves student learning and increases student engagement, educational
robotics could just be a fashion (Johnson, 2003). If the claims that educational robotics increases
mathematics engagement are true, supplemental strategies that align with educational technology
principles through the application of constructivism and constructionism practices could be

considered for implementation into the mathematics curriculum to support students as they exit



high school. Furthermore, this study could provide additional information to other researchers
that are interested in the field of educational technology.

A relationship between the use of educational robotics and increased engagement in
mathematics is of importance because according to data from the National Center of Education
Statistics (NCES) in 2017, the National Assessment of Educational Progress (NAEP) reported
that only 25% percent of students in grade 12" performed at or above proficient levels in
mathematics and only 3% performed at or above advanced levels (NCES, 2019). Thus, it is
evident that, at a national level, students lack the necessary mathematics skills as they exit high
school. Moreover, students who struggle with mathematics often have to enroll in remedial
courses in their first year of college.

Remedial courses have the highest failure and withdrawal rates in higher education, and
students who take and fail remedial courses are less likely to earn a degree (Acee et al., 2017).
Furthermore, research shows that remediation courses can impose negative consequences on
first-year college students who are already struggling in the subject (Benken et al., 2015). Acee
et al. (2017) identified remedial mathematics as an obstacle for underprepared first-year college
students. Often, students who take remedial mathematics courses, fail, and as a result, their
attitudes and impressions towards mathematics negatively impact their beliefs about themselves
as learners. Therefore, low performance in mathematics in high school could interfere with
student success in college.

Factors such as student motivation towards learning, autonomy skills, and anxiety often
impact student performance (Guy et al., 2015). Additionally, the low engagement of students in
mathematics as they transition from primary to secondary school is also a factor that influences

student performance. Low engagement in mathematics can be attributed to a lack of motivation



to learn rather than a lack of cognitive abilities (Mkhize, 2017). Likewise, student attitudes
towards mathematics contribute to student academic success and influence student participation
(Farooq & Shah, 2008). Thus, the importance of increasing student engagement and attitudes
towards mathematics as it could impact student success in the subject.

Fredricks et al. (2004) defined engagement as a multidimensional construct that is
divided into three categories, behavioral, cognitive, and emotional. Though they are independent
elements, these categories are intertwined within an individual. They described behavioral
engagement as student involvement in academic and social activities, and it is fundamental in
preventing students from dropping out and achieving positive academic outcomes. They
described emotional engagement as the reaction, negative or positive, that students have towards
school, academics, teachers, and classmates, and how this influences their willingness to
complete school work. Lastly, they described cognitive engagement as student investment and
willingness to apply the necessary effort that it is required to master difficult tasks, and
comprehend complex ideas. Based on these assertions, the lack of engagement in mathematics,
regardless of its dimension, could have deterring consequences in student attitudes, learning, and
achievement.

Mumcu and Aktas (2015) asserted that affective behaviors towards mathematics
contribute to student success and that despite the previous knowledge that students have, if they
do not like the subject or feel anxious about it, they could become disengaged and not follow the
lesson, and as a result, they may not achieve success. Moreover, the value that students ascribe to
mathematics is an important indicator of student engagement as it is a strong predictor of

whether students will apply themselves to their mathematics courses (Howard et al., 2015).



Farooq and Shah (2008) recognized the teaching method as another factor that impacts
student attitudes towards mathematics. The lack of an effective curriculum offered in high school
mathematics education could also impact student academic performance (Benken et al., 2015).
Additionally, the way students make sense of mathematics significantly impacts their motivation
on the subject (Kele & Sharma, 2014).

Kele and Sharma (2014) attributed the learning of mathematics to a learning environment
that promotes positive beliefs. They found that students manifested positive views into learning
mathematics in a social environment where they can share with other students. Their study
concluded that students consider learning mathematics a social process and that students are
aware of the importance that mathematics has on their daily activities. Likewise, in their study,
Hall and Sink (2015) found that a positive environment positively impacts students learning.

Howard et al. (2015) suggested that to help students succeed, schools have the
responsibility of providing resources for students with different skills and aspirations to help
them find their place in the world. Additionally, they highlighted the importance of using
effective tools while teaching mathematics. Hence, the importance of faculty, administrators,
stakeholders on identifying learning strategies and tools that will prepare confident students in
mathematics and will help improve their academic achievement in high school.

One tool that creates a positive environment and supports student learning is educational
robotics because it uses a hands-on approach that creates engaging activities for students that
encourage them to explore ideas through the construction of objects and project integration in a
social context (Eguchi, 2014; Mikropoulos & Bellou, 2013). Robinson and Stewardson (2012)

affirmed that robotics activities allow educators to incorporate robots as an educational



technology tool to teach construction, programming, geometry concepts, and to develop critical
thinking skills and teamwork skills.

Research suggests that educational robotics is an effective learning tool across different
subjects, including mathematics, as it develops student skills, triggers student interest, and fosters
student creativity and excellence (Alimisis, 2012). Additionally, due to its hands-on approach
grounded on constructivism and constructionism theories, educational robotics increases student
engagement (Nugent et al., 2010).

Educational robotics aligns with the educational theory of constructivism by Jean Piaget
that asserts that students learn better through experiences that allow them to manipulate and
construct objects (Piaget, 1973), and the educational theory of constructionism by Seymour
Papert that states that students attain knowledge through constructing and making as it allows
them to become engaged in the learning process (Papert, 1980). Both educational theories relate
to different approaches that are used in educational robotics as an educational technology tool for
teaching. Supporting educational robotics with these educational philosophies is of importance
because robots alone are just another technology tool (Johnson, 2003). Thus, it is essential to
develop the proper curriculum and create optimal learning environments that could lead to
student success (Alimisis, 2013). The educational theories of constructivism and constructionism
recommend the use of robots for teaching purposes in the classroom because it has the potential
to improve student learning as it engages students through the construction of objects in real-
world based scenarios (Afari & Khine, 2017; Kubilinskiene et al., 2017).

Educational robotics enables students to understand how and what they have learned and
to correlate that knowledge of content to other settings by solving problems through exploration

and creation (Somyiirek, 2015). By trying to find the solution to a problem from different



approaches, students transfer skills from theory to practice, allowing them to be in a continual
process of discovery (Sullivan & Moriarty, 2009).

Educational robotics is an interdisciplinary, project-based learning (PBL) activity where
students construct knowledge based on their existing knowledge and own experiences and the
constructionism philosophy that asserts that students are more deeply involved in their learning if
they build tangible artifacts that they can share with others (Barak & Zadok, 2009).

Educational robotics is a mind tool that allows students to use technology through hands-
on activities to solve problems by translating abstract mathematics and science concepts into
concrete-real world applications through programming (Mikropoulos & Bellou, 2013). Due to its
engaging environment, educational robotics awakens student curiosity_and encourages them to
develop ideas (Alimisis, 2012). Robots provide students with immediate visualized and tactile
feedback that increases the attractiveness of inquiry learning (Altin & Pedaste, 2013).
Additionally, robotics activities provide open-ended questions that further the inquiry of the
students (Sullivan, 2008).

Through construction-based activities, educational robotics promotes the development of
a wide array of skills such as higher-order learning, cognitive, conceptual, problem-solving,
math, reading, writing, and computational skills through problem-solving experiences
(Castledine & Chalmers, 2011; Eguchi, 2014; Kubilinskiene et al., 2017; Nugent et al., 2010; Xia
& Zhong, 2018). Further, research suggests that through educational robotics, students have
better long-term content retention, higher motivation, as well as an enhanced social and
academic development through social interaction and cooperative learning (Nugent et al., 2010).
Additionally, educational robotics promotes joyful learning while furthering student motivation,

collaboration, self-confidence, and creativity (Atmatzidou & Demetriadis, 2016). Likewise, the



social environment associated with the collaborative work of robotics provides students with a
support network that results in a positive motivation towards learning and a higher sense of self-
efficacy (Yuen et al., 2014). Educational robotics allows students to investigate, create, and solve
problems, through themselves, through each other, and through their own experiences (Goh &
Ali, 2014).

Educational technology tools such as educational robotics is a field that is continuously
growing, and it is likely to impact education from P-16 across the curriculum as it creates
engaging learning opportunities for students to learn through hands-on activities (Alimisis, 2012;
Alimisis et al., 2007). Additionally, educational robotics promotes the development of 2 1st-

century skills.

Now more than ever, technology is omnipresent in our daily lives. Information readily
available online, digital lifestyles, human interactions through digital technologies, and rapid
technological advancements are a few characteristics that define the 21st century. Because of the
dependability that humans have in technology, it is imperative to prepare students with the
specific skills that they need to succeed in this information era, these skills are called the 21st-

century skills (Chu et al., 2017, Chapter 2).

Some of the 21st-century skills that students need to succeed are higher-order skills such
as critical thinking, creative thinking, and problem-solving skills (Sendag & Odabasi, 2009).
Likewise, robotics promotes other 21st-century skills, such as cognitive, metacognitive
(Blanchard et al., 2010), communication, collaborative, and social (Benitti, 2012), research,
logical, and decision-making (Sendag & Odabasi, 2009), interpersonal (Petre & Price, 2004), and

algorithmic skills (Afari & Khine, 2017). Because technology is vital to the attainment of 21st-



century skills, educators have started to generate ideas and develop activities to incorporate

robotics into the curriculum (Afari & Khine, 2017).

Students across the United States are currently underperforming in mathematics as they
exit high school (NCES, 2019), causing them to enroll in mathematics remedial courses as they
enter college. The underperformance of students in mathematics is a concern because not only
remedial courses have the highest failure rates, but also because students who fail remedial
courses, often fall short of completing and earning a degree overall (Acee et al., 2017). Affective
behaviors such as mathematics anxiety and a lack of engagement in mathematics (Mumcu &
Aktas, 2015; Perry et al., 2016) have been identified as factors that contribute to the
underperformance of students. Thus, the importance of education stakeholders to identify

engaging tools and strategies that support students as they learn mathematics in high school.

Robotics is a key pedagogy educational technology tool that increases student attention,
engagement, and motivation (Afari & Khine, 2017) because it permits students to establish a
direct connection between real-world problems through the construction and manipulation of
objects and project integration (Mikropoulos & Bellou, 2013). Educational robotics is founded in
the constructivist (Piaget, 1973) and constructionism (Papert, 1980) theories. The hands-on
approach of educational robotics allows students to explore ideas and increase their creative,
cognitive, thinking, and social skills (Xia & Zhong, 2018) across STEM and non-related STEM
subjects (Kubilinskiene et al., 2017). Hence, the purpose of this study is to determine if
educational robotics affects student attitudes, engagement, and mathematics grades scores on
students participating in an afterschool robotics program as compared to similar students not

participating in an afterschool robotics program.
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Stakeholders in the field of education are cognizant that robotics is a powerful platform
for engaging students in the learning process. Additionally, robotics is a powerful tool in
developing 21st-century skills. The reason that educational robotics is influential is that planning,
assembling, and operating robots challenge student’s innovation, stimulates their creativity, and
encourages their critical thinking and problem-solving skills. Moreover, because robotics is a
social interaction process, it allows students to collaborate and work together as a team while
having fun. The natural learning context experiences found in educational robotics provide
students the opportunity to transfer learning to authentic scenarios.

The need for supporting students in the mastery of mathematics during their secondary
education, the benefits that research claims educational robotics has in enhancing mathematics
skills, and the lack of empirical evidence in the field suggest that this study is worthy of being
conducted. A positive relationship between robotics and mathematics will school districts,
curriculum developers, and education stakeholders to consider using the collected data to explore
whether the mathematics curriculum could benefit from the integration of educational robotics.
A new learning strategy that uses educational robotics as an educational technology tool could

assist in narrowing the deficit in mathematics in students as they exit high school.

References



11

Acee, T. W., Barry, W. J., Flaggs, D. A., Holschuh, J. P., Daniels, S., & Schrauth, M. (2017).
Student-perceived interferences to college and mathematics success. Journal of
Developmental Education, 40(2), 2-9. (EJ1168763). ERIC.

https://files.eric.ed.gov/fulltext/EJ1168763.pdf

Afari, E., & Khine, M. S. (2017). Robotics as an educational tool: Impact of Lego Mindstorms.
International Journal of Information and Education Technology, 7(6), 437-442.

https://doi.org/10.18178/ij1et.2017.7.6.908

Alimisis, D. (2012, September 13-15). Robotics in education & education in robotics: Shifting

focus from technology to pedagogy [Paper presentation]. Proceedings of the 3rd

International Conference on Robotics in Education, Prague, CZ. https://rb.gy/d9j31b

Alimisis, D. (2013). Educational robotics: Open questions and new challenges. Themes in
Science & Technology Education, 6(1), 63-71. (EJ1130924). ERIC.

https://files.eric.ed.gov/fulltext/EJ1130924.pdf

Alimisis, D., Moro, M., Arlegui, J., Pina, A., Frangou, S., & Papanikolau, K. (2007). Robotics &
constructivism in education: The TERECoP project [Paper presentation]. Eurologo 2007,

Bratislava, SK. https://rb.gy/zdhy7]

Altin, H., & Pedaste, M. (2013). Learning approaches to applying robotics in science education.

Journal of Baltic Science Education, 12(3), 365-377. https://tb.gy/oqylr5

Atuahene, F., & Russell, T. A. (2016). Mathematics readiness of first-year university students.
Journal of Developmental Education, 39(3), 12-32. (EJ1130188). ERIC.

https://files.eric.ed.gov/fulltext/EJ1130188.pdf




12

Atmatzidou, S., & Demetriadis, S. (2016). Advancing students’ computational thinking skills
through educational robotics: A study on age and gender relevant differences. Robotics

and Autonomous Systems, 75(B), 661-670. https://doi.org/10.1016/j.robot.2015.10.008

Barak, M., & Zadok, Y. (2009). Robotics projects and learning concepts in science, technology,
and problem solving. International Journal of Technology and Design Education, 19(1),

289-307. https://doi.org/10.1007/s10798-007-9043-3

Benitti, F. B. V. (2012). Exploring the educational potential of robotics in schools: A systematic
review. Computers & Education, 58(1), 978-988.

https://doi.org/10.1016/j.compedu.2011.10.006

Benken, B. M., Ramirez, J., Li, X., & Wetendorf, S. (2015). Developmental mathematics
success: Impact of students' knowledge and attitudes. Journal of Developmental
Education, 38(2), 14-31. (EJ1083365). ERIC.

https://files.eric.ed.gov/fulltext/EJ1083365.pdf

Blanchard, S., Freiman, V., & Lirrete-Pitre, N. (2010). Strategies used by elementary
schoolchildren solving robotics-based complex tasks: Innovative potential of technology.
Procedia Social and Behavioral Sciences, 2(2), 2851-2857.

https://doi.org/10.1016/j.sbspro.2010.03.427

Castledine, A.-R., & Chalmers, C. (2011). Lego robotics: An authentic problem solving tool?
Design and Technology Education: An International Journal, 16(3), 19-27. (EJ960118).

ERIC. https://files.eric.ed.gov/fulltext/EJ960118.pdf




13

Chu, S., Reynolds, R., Notari, M., Taveres, N., & Lee, C. (2017). 21* century skills development
through inquiry-based learning from theory to practice. Springer Science.

https://doi.org/10.1007/978-981-10-2481-8

Dodeen, H. M., Abdelfattah, F., & Alshumrani, S. (2014). Test-taking skills of secondary
students: The relationship with motivation, attitudes, anxiety, and attitudes towards tests.

South African Journal of Education, 34(2), 1-18. https://doi.org/10.15700/201412071153

Eguchi, A., (2014). Educational robotics for promoting 21 century skills. Journal of
Automation, Mobile Robotics & Intelligent Systems, (8)1, 5-11.

https://doi.org/10.14313/JAMRIS _1-2014/1

Farooq, M. S., & Shah, S. Z. U. (2008). Students’ attitude towards mathematics. Pakistan

Economic and Social Review, 46(1), 75-83. JSTOR

Fredricks, J. A., Blumenfeld, P. C., & Paris, A. H. (2004). School engagement: Potential of the
concept, state of the evidence. Review of Educational Research, 74(1), 59—

109. https://doi.org/10.3102/00346543074001059

Goh, H., & Ali, M. B. B. (2014). Robotics as a tool to STEM learning. International Journal for
Innovation Education and Research, 2(10), 66—78.

https://www.ijier.net/ijier/article/view/248/168

Guy, G. M., Cornick, J., & Beckford, I. (2015). More than math: On the affective domain in
developmental mathematics. International Journal for the Scholarship of Teaching and

Learning, 9(2), 1-5. https://doi.org/10.20429/ijs0tl.2015.090207




14

Hall, J. J., & Sink, C. A. (2015). Nature of mathematics classroom environments in catholic high
schools. Journal of Catholic Education, 18(2), 74-98.

http://doi.org/10.15365/joce.1802052015

Howard, K. E., Romero, M., Scott, A., & Saddler, D. (2015). Success after failure: Academic
effects and psychological implications of early universal algebra policies. Journal of
Urban Mathematics Education, 8(1), 31-61. (EJ1085763). ERIC.

https://files.eric.ed.gov/fulltext/EJ1085763.pdf

Johnson, J. (2003). Children, robotics, and education. Artificial Life and Robotics, 7(1), 16-21.

https://doi.org/10.1007/BF02480880

Kele, A. & Sharma, S. (2014). Students’ beliefs about learning mathematics: Some findings from
the Solomon Islands. Teachers and Curriculum, 14(1), 33-44. (EJ1122035). ERIC.

https://files.eric.ed.gov/fulltext/EJ1122035.pdf

Kubilinskiene, S., Zilinskiene, 1., Dagiene, V., & Sinkevicius, V. (2017). Applying robotics in
school education: A systematic review. Baltic Journal of Modern Computing, 5(1), 50—

69. https://doi.org/10.22364/bjmc.2017.5.1.04

Mkhize, D. R. (2017). Forming positive identities to enhance mathematics learning among
adolescents. Universal Journal of Educational Research, 5(2), 175-180.

https://doi.org/10.13189/ujer.2017.050201

Mikropoulos, T. A., & Bellou, 1. (2013). Educational robotics as mindtools. Themes in Science
and Technology Education, 6(1), 5-14. (EJ1130925). ERIC.

https://files.eric.ed.gov/fulltext/EJ1130925.pdf




15

Mumcu, H. Y., & Aktas, M. C. (2015). Multi-program high school students' attitudes and self-
efficacy perceptions toward mathematics. Eurasian Journal of Educational Research,

59(1), 207-226. (EJ1070625). ERIC. https:/files.eric.ed.gov/fulltext/EJ1070625.pdf

National Center for Education Statistics. (2019). The Nation’s Report Card. National Assessment
of Educational Progress: Mathematics Report Card 2017.

https://www.nationsreportcard.cov/#

Nugent, G., Barker, B. S., Grandgenett, N., & Adamchuk, V. I. (2010). Impact of robotics and
geospatial technology interventions on youth STEM learning and attitudes. Journal of
Research on Technology in Education, 42(4), 391-408. (EJ895054). ERIC.

https://files.eric.ed.gov/fulltext/EJ895054.pdf

Papert, S. (1980). Mindstorms: Children, computers, and powerful ideas. Basic Books, Inc.

https://rb.gy/upiopf

Perry, S. M., Catapano, M., & Ramon, O. G. (2016). Teaching, academic achievement, and
attitudes toward mathematics in the United States and Nigeria. Journal for Leadership
and Instruction, 15(2), 5-12. (EJ1121156). ERIC.

https://files.eric.ed.gov/fulltext/EJ1121156.pdf

Petre, M., & Price, B. (2004). Using robotics to motivate ‘back door’ learning. Education and
Information Technologies, 9(2), 147-158.

https://doi.org/10.1023/B:EAIT.0000027927.78380.60

Piaget, J. (1973). To understand is to invent: The future of education. Grossman.

https://rb.gy/eqqeip




16

Robinson, T. P., & Stewardson, G. A. (2012). Exciting students through VEX robotic

competitions. Technology and Engineering Teacher, 72(2), 15-21. https://rb.gy/h9omjn

Sendag, S., & Odabasi, H. F. (2009). Effects of an online problem based learning course on
content knowledge acquisition and critical thinking skills. Computers & Education,

53(1), 132-141. https://doi.org/10.1016/j.compedu.2009.01.008

Somyiirek, S. (2015). An effective educational tool: Construction kits for fun and meaningful
learning. International Journal of Technology and Design Education, 25(1), 25-41.

https://doi.org/10.1007/s10798-014-9272-1

Sullivan, F. R. (2008). Robotics and science literacy: Thinking skills, science process skills and
systems understanding. Journal of Research in Science Teaching, 45(3), 373-394.

https://doi.org/10.1002/tea.20238

Sullivan, F. R., & Moriarty, M. A. (2009). Robotics and discovery learning: Pedagogical beliefs,

teacher practice, and technology integration. Journal of Technology and Teacher

Education, 17(1), 109—142. http://www.editlib.org/p/26177/

Williams, D. C., Ma, Y., Prejean, L., Ford, M. J., & Lai, G. (2007). Acquisition of physics
content knowledge and scientific inquiry skills in a robotics summer camp. Journal of
Research on Technology in Education, 40(2), 201-216 (EJ826076). ERIC.

https://files.eric.ed.gov/fulltext/EJ826076.pdf

Xia, L., & Zhong, B. (2018). A systematic review on teaching and learning robotics content
knowledge in K-12. Computers and Education, 127(1), 267-282.

https://doi.org/10.1016/j.compedu.2018.09.007




Yuen, T. T., Boecking, M., Stone, J., Tiger, E. P., Gomez, A., Guillen, A., & Arreguin, A.
(2014). Group tasks, activities, dynamics, and interactions in collaborative robotics
projects with elementary and middle school children. Journal of STEM Education:

Innovations and Research, 15(1), 39—46. https://www.learntechlib.org/p/148284/

17



