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Abstract 

 STEM (Science, Technology, Engineering, Math) education has been an exponentially 

growing field all over the world. Panama has been slow in following this trend compared to the 

rest of the world. Since 2013 there have been several non-governmental organizations whose 

mission is to teach children in Panama the importance of STEM education, and improve the 

quality of STEM education in Panamanian schools. One such non-governmental organization is 

Fundesteam, our sponsor, which is planning on creating a curriculum and proposing it to 

schools throughout Panama to encourage students between the ages fourteen and eighteen to 

pursue higher education in STEM fields. They have asked us to create workshops using 

Arduino technology to teach concepts in physics, robotics, computer science, mechanical 

engineering, and math. 
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Executive Summary 

 Panama, while better off than many developing nations, is still progressing but is behind 

many modern standards.  As a developing nation, Panama’s economy is not the most efficient 

nor productive.  One of Panama’s downfalls is its education system. Panama’s education 

system is roughly 5 years behind the USA.  A significant way to improve a country's economy is 

to increase the magnitude of the educated and skilled workforce.  This is the goal of the 

nonprofit and nongovernmental company, Fundesteam, our sponsor. 

 STEM refers to the technical subjects, which are what Panama’s education lacks the 

most.  STEM has been rapidly growing in today’s society, both in schools and the workplace.  

People with STEM degrees experience very high employment rates and vast opportunities.  

With STEM growing at faster and faster rates around the world, it is imperative that Panama 

adopts STEM into their education system to quickly advance and not fall further behind.   

 While Fundesteam has their own classroom, and provides private after-school programs 

to teach and inspire STEM related subjects, they aim to further their influence on a more 

national scale.  The task they set for themselves is to provide an online robotics curriculum that 

Panamanian public schools can access and then teach their own students.  Before our team’s 

arrival, Fundesteam has created 24 workshops; our task was to continue their effort by making 

their curriculum larger and more comprehensive. 

This curriculum utilizes Arduino technology, an open sourced module which reads 

computer programming and then controls robotic components to perform certain tasks.  It is a 

great tool for education as it provides an intersection to theoretical learning with hands-on 

practice. 

This project’s goal was to aid Fundesteam in improving Panama’s education system by 

implementing an Arduino robotics curriculum in public schools.  In pursuit of this goal we sought 

to accomplish three main research objectives. The first step was to identify potential obstacles 
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with teaching robotics in Panama.  Next was to collaborate with primary stakeholders to obtain 

as many resources as possible. The final, and main focus of this project was to develop robotics 

workshops for public school students.  We completed these objectives through cooperation with 

the employees of Fundesteam along with research of Arduino technology and its applications. 

 Our team worked on designing robotics workshops that were efficient in combining real 

world problems, aspects that interest students, and academic variety.  In our process, we found 

key attributes of a successful lesson.  We made the lessons concentrate on the different 

subjects of programming, engineering, or math.  We varied our lessons through these three 

topics. These topics all come together to cover the major building blocks of robotics.  It is more 

effective to work on one skill at a time rather trying to master several things at once. 

Our next finding is to place our modules in a context with real life problems and 

examples.  This is important because this context reaffirms the student that what they are 

learning is important and useful.  If the student is bored while completing the workshop, they will 

not absorb the material as well as they should.  In addition, seeing the potential impact they 

could have in society will serve as an inspiration to pursue higher STEM education. 

Our third finding is how valuable it is to endorse creativity from the student.  This was 

done by including a challenge at the end of the workshop.  This challenge served as a self test 

for the student to prove to themself that they genuinely understand the material by utilizing 

knowledge in the absence of step-by-step instruction.  In addition, fostering creativity instills in 

the student soft skills such as problem solving and critical thinking, which are important and 

applicable in everyday life. 

Our final finding is that it is necessary to utilize Arduino parts that the students have 

access to.  Arduino components come in pre-assembled kits.  Therefore, it is key to create 

workshops with parts to which the students will have access.  Otherwise, the lesson and its goal 

will essentially be lost. 
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At the conclusion of our work, we have come up with recommendations for future 

projects.  Our first recommendation is to have more communication with public schools.  To 

increase the the effectiveness of the curriculum, future projects should be focused on more 

direct communication with the audience, rather than relying Fundesteam for guidance.  Our 

second is to expand this project elsewhere.  Using our findings, creating a curriculum can be 

done anywhere that improvement is needed or desired. 
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1  Introduction 

In 2011, an article on the Reuters news website called Panama’s education system “the 

worst in the world”. The article stated that the education in Panama was so bad that the 

country’s future could be in grave danger, and the author even hinted that the economic boom 

seen in Panama at the time could be temporary. The article was correct. In 2011, Panama’s 

GDP had grown 11.8% (WorldBank, 2011). Five years later it only grew 4.9%. This theory is not 

put forth by just one author. The Central Intelligence Agency’s Factbook on Panama mentions 

how improving the quality of education could drastically improve conditions throughout the 

country (CIA.gov, 2018). 

Education in Panama should be considered one of the most important aspects of the 

country if its economy is to become successful (Education Counts, 2010). In the past decades, 

technology has become one of the most important industries in the world, since the way people 

live has changed monumentally due to technological advances. An improved education system 

in the technology sector could help Panamanian schools move forward, and open up the world 

of technology to students (Green & Write, 2015). In mid-2016 Panama’s president announced a 

new website to help educate Panamanians and bring more technology to the country 

(Presidencia.gob.pa, 2016). More recently, the Fundesteam organization has taken the 

challenge of developing a robotics curriculum for schools in Panama. The goal of this project is 

to create a new interactive-based curriculum using Arduino technology to teach students about 

robotics and its uses in the real world. A widely adopted curriculum could inspire thousands of 

students to innovate and possibly even start companies based on technology, which in the end 

could be very beneficial to Panama. 
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2  Background 

Improving Panama’s system of education could help the entire country’s economy and 

development. Robotics plays a major role in many of the latest technologies today, so our group 

focused on a robotics curriculum. In this chapter we will discuss why robotics is important, the 

amount of education a Panamanian student will have that is relevant to robotics, and how we 

will implement Fundesteam’s solution. 

2.1 The Importance of Robotics 

The definition of a robot is “a programmable mechanical device that can perform tasks 

and interact with its environment, without the aid of human interaction” (Larochelle D, 2015). It is 

one of the fastest growing industries. We live in a world where robots are helping us in kitchens, 

factories, and even on other planets. 

         The world and its economies are more technologically advanced than ever before, and 

the continued statistical growth of the technology industry is inevitable (CompTIA, 2018). In the 

future, computers are likely going to be the muscle and brain power of work. Robots are also 

used in many different areas such as surgery, space exploration, deep sea exploration, cooking, 

etc. Though the debate on robots versus humans is ongoing, there is no denying that robots 

have helped us in ways we could have never imagined a decade ago. Teaching the younger 

generation robotics would broaden horizons and expand vision on future directions. 

         Robotics engineering is a branch of engineering that utilizes knowledge from mechanical 

engineering, computer science, and electrical engineering. It draws on mechanical functions 

such as kinematics, stress analysis, and hardware design and uses them to create the physical 

robot. It takes programming concepts, loops, and algorithms from computer science and uses 

them to program the robot to perform specific actions and tasks, following a set of specific 

instructions (code). Electrical engineering concepts such as circuit modelling, signal processing, 
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and magnetism are employed in designing a functioning robot, which act as a glue between the 

hardware and the software, ensuring that all of the hardware is able to communicate and 

perform all of the tasks for which the robot is programmed. 

 According to Marvin Castillo, founder of Fundesteam, Panama is about five years behind 

the United States education system. He has also stated that it is even further behind in STEM 

education, including robotics. In conclusion robotics education is very important for the younger 

generation to have a better understanding of the current technological advances, and to provide 

a creative environment for them to create something useful. While learning how to create 

robots, they will also learn the basic ideas of different engineering concentrations. 

2.2 STEM Education in Panama 

Science, technology, engineering, and mathematics (STEM) are key components of any 

robotics education, since robotics typically consists of mechanical engineering, electrical 

engineering, and computer science. Each of these fields is classifiable as either engineering, or 

technology. As an example, on WPI’s tracking sheet for robotics engineering, seven 

mathematics courses are required, along with six science courses, three computer science 

courses, and a total of seven engineering courses (WPI Tracking Sheet, 2018). It is clear that 

STEM is an integral part of robotics. 

Our sponsor Fundesteam also includes arts as a part of the STEM education, 

rechristening it STEAM. This is an interesting point because it indicates the desire to include the 

ideas of aesthetic design and creativity into the more traditional STEM education. Our team was 

asked to keep this under consideration while developing the curriculum, due to the state of the 

Panama education system. 

 The Panama education system has been stagnant for decades (Scholaro, 2018). 

According to Scholaro.com, a website dedicated to providing information about schooling 

systems, Panama’s education system is one of the worst education systems in the world, and 
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“remains unchanged after 30 years because the government fears upsetting unionized 

teachers”. The country is faced with a stalemate between the government and a teachers union, 

and no changes have been made to improve the curriculum. Technology is a very current topic 

which is unlikely to be included in Panama’s education curriculum. Even if it were included, it 

would be thirty years out of date due to the stagnant education system, and the technology 

component of the curriculum would be useless. The substandard and overcrowded public 

education in Panama pushes many parents to place their children in private schools. The 

private schools in Panama offer “quality educations relatable to that of North America” (Panama 

Equity, 2017). Most schools in the United States recognize the importance of STEM education, 

and have implemented major curriculum changes to include technology and engineering (Reed, 

2018). The same has probably been done with private schools in Panama, since they are 

closely connected with the curricula in North America. 

Not every family can afford to send their children a Panamanian private school. The cost 

of private schooling can be up to twelve thousand dollars per child (Panama Offshore Services). 

The average monthly wage in Panama was 1238 Balboas in 2016 (TradingEconomics, 2018). 

This works out to be about $15,000 per year. The cost of an expensive private school is nearly 

the Panamanian average yearly wage, which indicates that only a minority of families in 

Panama can afford to send their children to private schools. Given these inequalities, attempts 

have recently been made to improve the public education system and include STEM courses. 

For example, in 2015, about one hundred professors from various schools in Panama attempted 

to create communities where students could learn about STEM topics and practice what they 

learned (Laspau, 2015). The attempt was made in a mutual agreement with the professors that 

there is a need for more developed STEM education in Panama. Clearly the STEM education 

system is underdeveloped in public schools. 

In summary, Panama’s education for public and private schools should be evaluated 

separately. Students in private schools receive an education similar to that of schools in the 
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United States, which include all the important topics that are required to move on to any STEM 

field such as basic mathematics, science, and technology education. The public schools have 

been stagnant for several decades, and often lack a proper curriculum for technology. A 

robotics curriculum will boost students’ interest in technology and STEM fields, and open up a 

the world of engineering, science, mathematics, and computer programming to the public 

schools. Even a basic curriculum that teaches the fundamentals of robotics could spark enough 

interest to make teachers develop a more advanced curriculum, or possibly inspire students to 

investigate robotics in their free time. 

2.3 Prerequisites for Robotics Education 

Robotics is technical field and so some specific knowledge is needed for getting started 

in robotics.  However, we are creating an introductory curriculum to inspire students to pursue 

STEAM education down the road.  So, these students will not be needing knowledge that is very 

advanced.  For high school students, a strong understanding of algebra and geometry and a 

good foundation of physics will suffice.  One of our initial steps should include incorporating an 

algebra review and a review of the most important concepts of physics for robotics, such as 

mechanics and basic circuitry. While knowledge in programming would be ideal, it is not 

necessary as our curriculum will teach what is needed, using simple software and hardware that 

is very teachable.  In Panama, the equivalent of US high school has students choose between 

two paths for their schooling. They either choose the academic route, or the vocational route 

(which is focused on technical job training) (Harris S. 2007).  This makes our pool of prospective 

students a little more complex.  Considering that the goal for our robotics curriculum is to inspire 

STEAM interest in students to pursue later in college, it makes sense to have our curriculum 

focused on the students that choose the academic route.  
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2.4 Arduino Technology 

 Arduino is a company that manufactures compact, programmable, modules and 

provides an open source platform for anyone to use. This platform consist of an interactive 

development environment and many libraries that have been written and shared by users. 

Arduino technology has many uses, from gathering and storing data from sensors to making 

robots. It is easy to learn and simple to use, while being able to perform complex computations. 

Everything is well documented and there is a huge community of people working with, 

developing, and sharing Arduino projects around the world and across the internet. Small 

modules are inexpensive, and well developed, while being limited with memory and number of 

connection pins. More expensive ones are a lot more powerful and larger. The smaller ones are 

great for learning the technology and creating projects on one’s own.  

 We aim to use this platform and technology to teach students STEM concepts such as 

math, robotics, physics, and programming. We hope to show students what they can do with the 

technology by developing modules and workshops around Arduino. We will approach essential 

abstract ideas in STEM by creating a physical representation of it. For example, we can use 

Arduino to teach statistics or electricity. By using mechanical parts like motors and sensors, 

students will be able to create a simple robot very easily, which will help to encourage them to 

learn more about how it all works.  

2.5 Developing a Curriculum 

It is vital that the curriculum our group develops can work for every student, and works 

around the difficult internal issues of the Panamanian education system. Students who are 

interested in the robotics program might not have the same background in STEM topics that 

students in the United States would typically have. Our curriculum has to be designed to work 

for students with any background. It is possible that thousands of students will experience our 
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curriculum in the coming years, so it is vital that we optimize the experience as much as 

possible. 

 The course our group creates should somehow relate to the outside world, and the 

experiences a student might have in the future. According to the Flinders University (of 

Adelaide, Australia) guide on creating a curriculum, the experiences received in a learning 

environment should “contribute towards their personal, academic and professional learning” 

(Flinders University, 2018). Our work should make it clear that the robotics skills we are 

introducing are not useless. In fact, according to Learn.org, robotics engineering job openings 

are expected to grow by five percent per year between 2014 and 2024, with a median annual 

salary of around $80,000 as of 2015 (Learn.org, 2015). In order to spark students’ interest and 

make the robotics topics we are teaching relevant to their future, we should make it clear that a 

robotics engineer has real potential to find a stable job that earns a high-level salary. We could 

also provide famous examples of what robotics engineers have done, such as sending robots to 

Mars to explore the planet (NASA, 2017). Capturing a students’ attention is one of the most 

important aspects of a curriculum, because if the student is not engaged with the information 

being taught, knowledge will not be retained. 

According to FAO.org, the Food and Agriculture Organization of the United Nations, 

there are six key steps to developing a curriculum (El Sawi G. Ph.D, 1996). They are 

summarized below in the context of our group’s project. 

1. Identify the problem. What are Panamanian students missing in their public 

school curriculum? Fundesteam believes that robotics education is missing from 

the current public school systems. 

2. Evaluate the characteristics of the students. What do the students know, and 

what don’t they know? Is there a knowledge gap between what Panamanian 

students know and the minimum requirements for our curriculum? Our group has 
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researched what the public schools in Panama teach for STEM topics, but 

without actually going to schools and talking to students it is impossible to know. 

3. Decide what the objectives are. What should the students know by the end of 

the curriculum? Our group along with the Fundesteam employees have to decide 

what is a reasonable expectation for what students could learn in a 40-week 

period with meetings occurring once per week. 

4. Choose the relevant content. This includes textbooks, online materials, and 

even the materials used in the curriculum. Fundesteam has chosen the Arduino 

technology as the center of the curriculum, but without further knowledge of the 

resources available to schools in Panama and the objectives Fundesteam has in 

mind, we cannot yet decide on the relevant content. 

5. Decide on the methods to achieve the objectives. How will we teach students 

the robotics technologies? Will we include visuals, a textbook, hands-on 

materials, examples of fully-functional robots? These methods should be 

diversified so we have a technique that works for every student. 

6. Evaluate the effectiveness of the teaching methods. In Panama we will see 

how students respond to our methods of teaching. Do they learn better with one 

method as opposed to another? Do the students find reading a textbook more 

useful than examining a robot? We should use the teaching methods that work 

best with the students. 

By following these steps, our group will ideally create a curriculum that is effective for every 

student, and has reasonable goals for what students can learn in the 40-week period. We will 

test different methods of teaching robotics to students, and keep track of what they enjoy the 

most, and also what methods are the most effective. As long as we keep in mind what the 

students do and do not already know, we will be able to create a curriculum that students in 
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Panama’s public schools will be able to easily understand, and learn the fundamentals of 

robotics. 

2.6 Fundesteam’s Solution 

Fundesteam is our sponsor, and the leader in promoting STEAM education in Panama.  

This organization is a non-profit and non-governmental.  They work on equipping schools with 

robotics laboratories and curricula, and they organize international robotics competitions, most 

notably the World Robotics Olympiad.  Their goal is to break the cycle of poverty in Panama 

through educational advancements.  They have raised a little more than $200,000 in donations 

to put towards their work. 

         Fundesteam has been able to implement robotics in private schools.  They have 

established after-school sessions to teach the students.  However they have struggled to 

achieve this in the public school realm as the public schools lack the resources of private 

schools, imposing a significant obstacle for Fundesteam (Pascual, P. 2018). 

2.7 Summary 

Fundesteam’s solution of implementing a curriculum that uses forty weekly meetings to 

teach robotics is perfect for Panamanian students. It gives students time to experiment with 

robotics on their own for a week, and then regroup with other students to compare the work they 

have done and take another step forward with the curriculum. Some issues may arise if the 

curriculum has too much information to be imparted to the students in a single meeting, such as 

the basics of programming and electrical and mechanical robotics. Another problem that could 

occur might be that the Panamanian students’ do not have the background to complete the 

robotics curriculum. Our group will have to design and test the curriculum we create with these 

issues in mind. Our aim is to provide a way for students to move through the curriculum at their 

own pace. 
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3 Methodology  

Creating a robotics curriculum for Panamanian students is a huge task. It will require resources 

from a variety of places such as professional curriculum developers and experts in robotics 

engineering. Any work we establish in the school systems should be looked over by STEM 

curriculum development specialists. The final product will take years to perfect. In order to 

manage our work properly, our team has established three goals. 

1. Identifying Obstacles with Teaching Robotics in Panama. Identifying obstacles 

before creating a curriculum will help us make an effective curriculum specifically for 

Panama. We can also determine what STEM knowledge the students have. 

2. Communicate with the primary stakeholders. Fundesteam and other invested parties 

will have a variety of resources for us to reference. They could also have ideas for the 

curriculum, and more experience with Panamanian schools than our group will have. 

They will be a great resource for us. 

3. Develop a curriculum. With Fundesteam we will develop and test a curriculum based 

on weekly modules specifically optimized for Panamanian students. We will test many 

different methods of teaching and see which are most effective.  

3.1 Identifying Obstacles with Teaching Robotics in Panama  

Pre-Project 

 Implementing a robotics curriculum is not a simple process.  There are cultural and 

economic complexities that need to be taken into account, especially in a developing nation 

such as Panama.  There is data collection that needs to occur first before we begin designing a 

curriculum.  Through communication with Fundesteam, and trips to local public schools, we 

need to answer the following: 

1. What technical and STEM related knowledge do the students already have? 



11 
 

2. How well do they know English? 

3. What resources do the schools have for laboratories? 

4. Do the schools have teachers with the will and the time to take on teaching a robotics 

course? 

5. What robotics knowledge do the teachers already have and what would we have to 

teach them? 

6. How many students will be interested in pursuing robotics and taking our course? 

 Our first goal in Panama is to find the answers to these questions because a lot of work 

on the curriculum will based on these findings.  This information will allow us to determine an 

approximate student/teacher ratio, how much technology the students will have to share, and 

what lessons will need to be included in our course.  Collecting data will consist of interviews 

with public school teachers, as well with members of Fundesteam. We also want to reach out to 

the private schools where robotics education has been a success for advice. 

 Once all this data is collected it will allow us to create a robotics curriculum that can be 

successful in the context in which it will taught.  This initial data collection is key to success: 

creating a robotics curriculum is useless if it is ultimately ineffective where it is being taught.  

Post-Project  

It is important to review the content and its effectiveness once completed before 

continuing.  This ensures staying on task and continuing to create good content.  Every week 

we reviewed our completed work to make sure it was up to par. This review spurred us to do 

better work every week. 

3.2 Communicating with Primary Stakeholders 

 It is very important to identify the primary stakeholders before starting to work on 

collecting data. For this project our primary stakeholders are our sponsor, the students who are 

going to learn through this curriculum, and the teachers who are going to teach this curriculum. 
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It is important to identify them because what we do in this project will directly affect these people 

and organizations. We acknowledge that in our communications with these stakeholders, it is of 

vital importance that we avoid digressing from our scope and that we strive to understand their 

expectations of our team and project. We will be using many different ways and media to 

communicate, such as in‒person discussions, emails, video conferences, and even focus 

groups. 

 To conclude, we believe communication is key to understanding what the stakeholders 

expect from us, what we aim to give them, on what points do we agree and disagree, and most 

importantly, not to misunderstand each other.  

Post-Project 

 We found that Fundesteam has very close communications with the nearby public 

schools. Many Fundesteam employees spend lots of time at the public schools, teaching 

workshops and helping students learn. Most employees at Fundesteam speak English fluently, 

however the students at public schools speak only a basic level. 

Since the Fundesteam workers visit schools on a daily basis, we are able to 

communicate our ideas and goals with all primary stakeholders through Fundesteam. 

Fundesteam’s employees understand the school system very well. They know what knowledge 

students will have in each grade level, which assisted our curriculum development process. The 

Fundesteam employees also understand how to effectively teach a robotics lesson to students. 

By interfacing with Fundesteam, our team could effectively communicate with all primary 

stakeholders in the curriculum development process. 

3.3 The Robotics Curriculum 

After assessing the robotics education in Panama and communicating with Fundesteam 

and other primary stakeholders, our group will be ready to develop and test a curriculum. We 

will determine what knowledge the students have about robotics, and from there we can decide 
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on a starting point for the curriculum. We can remove modules from the model curriculum if we 

believe they are too basic for our audience. After determining a path, students should take from 

the starting point to the end goal Fundesteam specifies for us, we will begin developing 

modules, and test them in the school environment in Panama. If we have school permission, we 

ask a sample of students from different backgrounds to work through the modules, and ask 

them questions afterwards about the difficulty of the module and how much they learned while 

working through the problem. We will implement different versions of modules using images, 

verbal and written instructions, and physical examples of the final product. Most importantly we 

will place these modules in real life contexts, such as traffic, sustainability, and data collection. 

This will help students learn the “real life” cases where this information is being used. By testing 

the different versions of the same module, we can determine which learning methods are most 

effective, and choose one or more versions to merge into the final product.  

 By testing each version of our modules on students, we will learn how to optimize the 

learning experience for Panamanian students. We cannot expect the optimal experience for a 

student from the United States to be the same as a student from Panama, since the educational 

background each student has would be vastly different. After testing just a few versions of 

modules, we can find the optimal learning experience for the average Panamanian student, and 

follow that pattern for the rest of the curriculum.  

 To make this curriculum applicable to a larger audience, our group will implement 

modules that are meant to be prerequisites for robotics education. For example, if one student 

in Panama has no knowledge of how electricity works and is struggling with the modules in our 

curriculum, we will offer a module on the basics of electricity necessary to understand our 

robotics modules. These prerequisite modules will allow students with different levels of 

knowledge about STEAM to still experience our modules. 

 By ensuring that our curriculum is applicable to the largest possible audience in 

Panama, and testing various learning methods on students, we will have developed a 
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curriculum using forty weekly modules to get students an idea of what the world of robotics is 

like. Before implementing the curriculum in schools, we will have to complete considerable 

amount of testing and make sure the modules are in order so it is easy to move from one 

module to the next. Using these methods we will create an optimal robotics curriculum for 

Panamanian students. 

 Post-Project 

 After talking with our sponsor and teachers at Fundesteam, we have concluded that 

having modules that focus on different aspects of robotics will address students with different 

interests and skills. We divided these core aspects into three: Programming, physics and 

mechanical, and math. Of course each workshop will use all three, but each workshop puts a 

higher importance on one, and goes into more depth under that subject. This will let the 

students choose which one they enjoy more and want to learn more in depth.  

 While deciding on the level of difficulty for each workshop, we decided on putting a 

section at the beginning that lists the prior knowledge required for that workshop, and which 

concepts they will learn from it. This helps the students judge for themselves if they will be able 

to do it. Listing these are important for the teachers as well, because they can use which 

concepts the students are learning from these workshops. We also use some workshops as 

stepping stones to tackle more complicated concepts. So, it is easy to see a concept on the 

“What you will learn” part in one workshop and “What you need to know” part in another.  
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4 Findings/Analysis 

Our team analyzed the most efficient ways to encourage student interest in our 

workshops. With the help of Marvin Castillo from Fundesteam, we were able to design a 

workshop template that effectively keeps students interested, teaches new material, and 

endorses creativity. 

Finding 1: Having modules concentrate on programming, mechanical, or math. 

By having each module focus on a specific topic in STEM, we allow students to home in 

on a specific skill and improve that skill. Some previous workshops had multiple subject areas 

involved, but those workshops were found to be less effective since students were overwhelmed 

by the large amount of material being presented. Just like in a classroom, it is much easier to 

learn one thing at a time than it is to learn several things at once. Our team created workshops 

in the computer science, mathematics, and mechanical engineering fields, with each workshop 

trying to improve only one skill at a time. Although many skills can be used in a workshop, most 

of these skills should be previous knowledge that the students already have, and only one 

should be a new skill. Our team found that choosing a specific topic in a specific area of STEM 

leads to more successful results.  

 

Figure 1 - An example Arduino circuit 



16 
 

 

Finding 2: Placing the modules in context with real life problems and examples. 

 Our team found that applying a context to each workshop is the best way to keep 

students interested in the material. For example, if a workshop involves controlling LED lights on 

a timer, that workshop could be related to programming a traffic light. By using real-life problems 

and applying context, the students find workshops more relatable, and therefore more 

interesting. Workshops without context are simply exercises that to students, do not have a 

meaning. 

 Students learn more when they have a consistent interest in the workshop. Without their 

interest, they can simply do the workshop without paying attention to the details, and learn much 

less. A context prevents this from occurring by making the workshop relatable. 

Finding 3: Endorsing creativity in workshops by including challenges. 

 Before we started writing these workshops, we spent a few weeks reading, studying, and 

recreating Arduino workshops made by other people. These included many we found on the 

internet and some that our sponsor has provided us. They also asked us to use the ones they 

provided as a template for the workshops we were going to create. Even though the workshops 

they gave us were all in Spanish, we managed to understand the structure enough to recreate 

them. 

 One aspect that stood out in the Spanish workshops were the inclusion of challenges at 

the end of each workshop. These challenges would use the concepts they taught in the 

workshop, and let the students come up with their own way of doing something similar to which 

they created in the workshop. We realized that giving a certain creative freedom to the students 

will encourage them to come up with their own unique approach to the challenge.  

Also considering that many students will be working on these workshops in a classroom 

environment, having the same product as everyone else at the end would not be rewarding 
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enough. So the challenges let them create an end product that they can call theirs, and not a 

product that someone else designed for them to recreate. 

Finding 4: Using Arduino parts that all students have access to. 

 When we are considering implementing a curriculum it is important to know what 

resources we, the students, and the teachers have. Fundesteam has supplied us with three 

different Arduino kits, which were composed of the same, or similar mechanical parts. We were 

told that the students will be given the “starter” kit, which was one of the three that we had. We 

had to make sure before starting a workshop that all the parts we were using were also in the 

starter kit. Even though our sponsor told us that the other parts were easily accessible and 

inexpensive, we believe that it would be disappointing if the students opened up their kits and 

started a workshop just to find out that they don’t have all of the required parts for that 

workshop. The starter kit on which based our workshops contains the following parts: 

 

Figure 2 - List of parts included in Arduino kit 



18 
 

Workshop Examples 

Example 1: Introduction to Matrices 

 This workshop is a basic introduction to matrices, matrix operations, and matrices in 

programming. It utilizes a matrix keypad, which is a 4x4 matrix of buttons. The workshop starts 

with an explanation of what a matrix is, where they are used, and how they are helpful. Then it 

explains that you are going to create a matrix calculator. The good part about the workshop is 

that the students will be able to create a matrix calculator in a couple hours without not knowing 

how matrices work at the start of the project. 

 The workshop then goes in depth explaining the 4x4 matrix keyboard and how it works. 

How it is connected to the Arduino, and how it is programmed. Then it introduces the 

mathematical introduction of what matrices are. Briefly explains basic matrix operations, 

addition and subtraction.  

 

Figure 3 - A 4x4 matrix keyboard 

After showing the whole code for this activity, the lesson explains how matrices are used 

in programming. It explains that an array is a one dimensional matrix, and that an array of 

arrays are used to create two dimensional matrices. It goes into examples of how to initiate and 

use matrices in programming, and shows example uses of matrices in the code for the activity. 

Then it discusses a programming concept called switch cases, and explains what they do,  and 

then gives examples of how to use them. The lesson explains how switch statements were 
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utilized in the activity code. Finally ,students are taught how to creating your own programming 

functions in the Arduino IDE. They are taught how to use them, how to create them, and how 

they make code easier to read and understand. All of the examples and references to the 

activity code are color coded to easily understand what piece of code does what task. 

 

Figure 4 - Example Arduino schematic 

After learning all the concepts, trying out the matrix calculator they wired on a 

breadboard, and copying the code they were given, the students are given a challenge. They 

are asked to create a small synthesizer/sound board. In order to do this they have to connect a 

buzzer into the circuit, and change the code so that the buzzer plays a certain frequency when 

you press certain buttons on the matrix keyboard. 
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Example 2: Rocket Launch Simulation 

The rocket launch simulation workshop places the student in a situation where they have 

to launch a rocket in an open field, and make the rocket travel the farthest horizontal distance as 

possible by changing the angle at which it is launched. This workshop first provides students 

with what prerequisite knowledge they need to know in order to complete the lesson. It also 

provides a list of concepts that will be taught in the lesson. This allows students to quickly look 

at the workshop and decide if they can complete it. 

The lesson moves into what an angle is, and how they are measured. Arduino lessons 

tend to use lots of visualization to help students understand what is going on along the way. 

  

Figure 5 - A screenshot of the workshop 
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 The workshop introduces trigonometry, and explains how to break a vector into its X and 

Y components using sine and cosine. Examples of sine and cosine are given, and practice 

problems are provided, along with solutions. The practice problems included in the lesson 

ensure that the students understand concepts that are taught. It also allows for independent 

work. A student can complete the problems, look at the solutions, and grade themselves without 

any outside help. 

 The lesson then goes into basic kinematics equations. It breaks down the logic of how to 

calculate the rockets horizontal distance into smaller problems. The smaller problems are 

solved, and then those answers are brought back to the original equation to solve the entire 

exercise. An example of a thirty degree angle is used to show how these equations work. 

 At this point in the project, the students will understand the physics and math behind the 

problem. They know how to take a rocket’s angle and calculate the horizontal distance traveled. 

The circuit diagram for the Arduino is provided, and code is included in the workshop. The 

student creates the circuit, plugs in the Arduino, and compiles and uploads the code. 

 

Figure 6 - Circuit diagram for the rocket workshop 
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 The joystick in the circuit allows a student to select the angle that the rocket is launched 

at. The digital display shows which angle is currently selected. When the joystick is pressed 

down, a simulation of the rocket launch is shown on the computer screen. After the simulation is 

completed, the distance traveled by the rocket is shown on the digital display. Students are 

instructed to collect fifteen pieces of data on rocket launches, and plot the points. On the X axis 

is the angle that the rocket is launched at. On the Y axis the distance traveled is plotted. 

Students will then try to estimate which angle gives the maximum distance, using the data they 

have collected. 

 After estimating the best angle for distance, the students are given the solution. Forty 

five degrees gives the maximum distance. They are shown the complete curve that they 

outlined using the fifteen data points they collected. 

 

Figure 7 - Graph of distance traveled versus rocket angle 
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 At the end, the students are challenged to complete another task. They are asked what 

angle would give maximum distance if the rocket were put on a cliff above the flat plane. They 

are asked to use intuition if the math is too difficult. In the entire workshop, only basic algebra is 

used. The formulas involved make it easy to solve for the required variables. No quadratic 

equations are involved, to simplify the learning process for the students. 

Example 3: Ultrasonic Detector 

 The ultrasonic detection workshop teaches the students about kinematics in physics.  

This workshop teaches the theory behind displacement, velocity, and acceleration; and the 

relationships between them.  Then, it has them test what they learned in an experiment.  This 

workshop also teaches skills of data management, formulation, and graphing in Microsoft Excel.   

   Most notably, the workshop utilizes the ultrasonic detector and the push button.  The 

workshop starts off by explaining the importance and applications of the parts in the circuit have 

in the real world.  It then transitions into how these parts work.  It goes into detail about what 

they do and how they do it, while providing visuals like the diagram below.  After the parts are 

explained, the workshop teaches how to use and wire them. 

 

Figure 8 - Ultrasonic detector visual 
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Figure 9 - Distance, velocity, and acceleration graphs 

After explaining the key parts of the circuit, the workshop teaches the math and theory of 

displacement, velocity, and acceleration.  It goes through an explanation of the what each one is 

and the math behind them while demonstrating example graphs as shown below. 
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At this point in the workshop, the Arduino parts and the theory of the lesson have been 

taught.  The workshop shifts into having the student set up the circuit and conduct an 

experiment.  The student is to push down on the button which tells the ultrasonic detector to 

read and record displacement of a two-liter bottle rolling.  This gives the student a set of data for 

zero-acceleration motion.  Once this first step is complete, the workshop teaches them how to 

put this data into Excel.  The workshop takes them step-by-step on how to sort the data, and 

how to make formulas to obtain data for velocity and acceleration.  The workshop provides 

several screenshots so the students know what progress and kind of data they should have.   

After they have collected and analyzed their data, they are taught how to graph it.  Then their 

experimental graphs should roughly resemble the earlier example graphs shown earlier.   

 

Figure 10 - Circuit diagram for workshop 
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Figure 11 - Screenshot of workshop data 

Once the students have successfully plotted their data correctly, they begin the 

challenge portion of the workshop.  Here they are they not directly taught something knew, but 

they are supposed to have more freedom and independence to demonstrate what they have 

learned in the workshop.  The challenge of this workshop is for them to repeat this experiment, 

except doing it with a situation where there is a constant non-zero acceleration.  There is a 

suggestion to record an object in freefall, where gravity will serve as the constant acceleration.  

However, the student is free to be creative and is allowed to use mind to think of scenarios 

where there is constant acceleration.   
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5 Conclusions and Recommendations 

With the guidance of Marvin Castillo, the CEO of Fundesteam, we successfully created 

fifteen Arduino lessons to be implemented in weekly workshops, available to over three hundred 

schools in Panama. These lessons are available online in English and Spanish. Fundesteam 

informed us of what Panamanian students know and what they don’t know, and helped us 

create effective workshops. 

Objective 1: Identifying Obstacles with Teaching Robotics in Panama. 

 In our time at Fundesteam, our team learned more and more about the Panama 

education system, and the knowledge that students have the time by the time they reach high 

school. We worked with education experts at Fundesteam to ensure that our workshops would 

be effective in teaching Panamanian students about robotics. At the start of each workshop we 

have created, we have a section dedicated to prerequisite knowledge to complete the 

workshop, and also a section for learning goals. These sections in the workshop template will 

help students make sure they can complete the lesson before starting it, so no time is wasted. 

Objective 2: Communicate with the primary stakeholders. 

 Although we did not directly communicate with the public schools in Panama, 

Fundesteam employees spend time every week at nearby schools to learn about their needs 

and also help teach the workshops being created. Since Fundesteam is in constant 

communication with the public schools, we have communicated with the primary stakeholders 

by interfacing with Fundesteam.  

Objective 3: Develop a curriculum. 

Each member of our team created one completed Arduino lesson every week. The 

lessons were presented to employees at Fundesteam and then placed in a review process 

before being implemented into the curriculum. With the guidance of Marvin Castillo, we learned 

how to create effect Arduino lessons for the students. One of the key aspects of the workshops 
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was the real-world context they had to be applied to. For example, if a workshop was created to 

control various LEDs, the context could be creating a traffic light for an intersection. Our team 

learned that if the workshops have an interesting context, the students will be engaged in the 

lesson, and are more likely to retain the knowledge they learn. 

Our overall experience with the project. 

 When we came in the first day of the project, our sponsor was excited to work with us, 

and he emphasized the importance of the work we were going to do. We believe his positive 

attitude and his emphasis on the problems we were trying to solve gave us a motivational boost 

that helped us concentrate, and create well-researched, content rich workshops. We were given 

full creative freedom while designing these workshops, which let us come up with many different 

ideas. We would usually come up with a certain topic we wanted to teach, like statistics or 

matrices, and build a workshop around that topic, or we would build a workshop around a single 

mechanical part and try to teach different concepts using that part.  

 Our work environment was an office. We had air conditioning, table space to work on the 

Arduino kits while using our laptops to write the workshops. The staff working there was helpful 

and cheerful. They were also very knowledgeable about the STEAM learning environment. Most 

of the people we worked closely with were engineers/teachers at the company and were only a 

few years older than we, so we didn’t have a problem fitting in to the work environment. It was 

also a pet friendly office, so there were few dogs with us which were distracting at times, but 

usually they kept us entertained while we were sitting in an office all day writing the workshops. 

We have definitely learned a lot from this project ranging from using Arduino’s to figuring 

out ways to teach abstract concepts using physical modules. We were given one week to 

experiment with the Arduino kits to learn how to use them. We were also given example 

workshops to use as a template while creating our own, but they were also helpful while we 

were trying to learn how Arduino works. We also learned how a small non-governmental 

organization runs. We learned to communicate with people who didn’t speak English because 
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we had to. Finally, we believe we learned to push ourselves to learn outside of our comfort 

zone. Studying for a subject or working on a project at home is very different than going to work 

every morning and getting work done in an office with your colleagues. 

 

Figure 12 - Arduino starter kit 

 

Figure 13 - Arduino circuit diagram 
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 Recommendations for Future Projects 

 While our project was focused specifically on the Panama education system, the 

architecture for this workshop-based curriculum could be applied anywhere. Arduinos are 

inexpensive small modules, which can be used to teach mechanical, electrical, and software 

engineering concepts. The beginner model called Arduino UNO is about fifteen to twenty 

dollars, however a whole kit with and Arduino UNO and mechanical parts to connect can 

increase this price. The kits we used were priced at thirty dollars.  

Students can find the lessons they are able to do by looking at the prerequisites section, 

and choose workshops that interest them. By allowing the students to choose which workshops 

they want to complete, the curriculum keeps the students engaged and interested, while 

following a stable learning curve between the different subjects. 

This curriculum design is not effective for just Panama. It can be applied anywhere. By 

translating the current workshops into various languages and continuing to create new 

workshops, this curriculum design is an inexpensive and effective option for any school system 

seeking to introduce engineering concepts.  

 For future projects, we recommend visiting schools at the start of the seven week period 

to get as much information about the users of the workshops as possible. It is extremely useful 

to know what skills the students have, and what skills they do not have. It is also useful to find 

out what kinds of resources the schools have available to them. This will help in the curriculum 

building process, since it is vital to know your audience before creating the workshops. 
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