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ABSTRACT 

The reverse engineering of simple inventions that were of historic significance is now possible in a classroom by using 
digital models provided by places like the Smithsonian. The digital models can facilitate the mastery of students’ STEM 
learning by utilizing digital fabrication in maker spaces to provide an opportunity for reverse engineer and the creation of 

working models of the inventions. Students can start with understanding the original design, and then modify it to create 
working replicas and proximities showing the understanding of the underlying STEM concepts.  
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1. INTRODUCTION 

Maker spaces with digital fabrication allow students to make creations that rely on digital technologies to 

design and help create physical models. Maker spaces vary from location to location, but tend to focus on 

things such as collaboration for people to share ideas, explore concepts, and craft or create (Moorefield-Lang, 

2014). Students can imagine an object, design it digitally, then print, or cut, custom objects to construct, 

giving physical shape to an idea. In essence, students have the power to act as inventors in these maker 

spaces. Invention by definition is, “A new device, method, or process developed from study and 

experimentation.” (American Heritage, 1994, p. 441). While students may not always be original inventors in 

maker spaces, they now have the opportunity to experience a process that parallels original inventors while 

applying science, technology, math, and engineering (STEM) to their inventions.  

The process of inventing what has already been invented is called reverse engineering. The process 
involves taking apart another object to discover and understand how that object works (Badraslioglu, 2016). 

The fundamentals of the original object can then be applied to a different, similar product, to save time and 

energy on making the second, new object (Badraslioglu, 2016). In education, classes strive to teach concepts 

quickly, effectively, and in a way that transfers knowledge to situations and contexts outside the direct 

learning environment. Reverse engineering allows for these teaching goals to be met, but does not sacrifice 

the learning objectives for the students, as they are learning through the act of doing.  

Students learn the STEM concepts through their actions of actually applying and doing STEM. Learning 

by doing is a process that has foundations in Dewey’s educational view, and still shows positive learning 

results in studies today, including: encouraging student engagement, involving critical thinking, problem 

solving, and collaboration (Dewey, et al., 1915,; Schamk, 1995,; Yazici, et. al 2014). As students are actually 

building, designing, and creating there is no disconnect between what their hands are accomplishing and the 
digital version on the screen. Students have a concrete connection to abstract concepts that cannot be easily 

dismissed from a digital disconnect. Rather, the end object either functions or does not function as a result of 

how the project was reversed engineered. The act of learning by doing through reverse engineering and 

product creation with digital fabrication provides a valuable tool base for reaching the educational goals of 

teaching STEM concepts in a transferable and real life way. 
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2. REMAKING INVENTIONS 

Learning in the digital age provides access to ideas, concepts, and resources that would otherwise be out of 

reach to the general populace. Some items of historic significance must be carefully preserved through 

special lighting, limited air exposure, or other means in a singular historical preservation location. These 

items may now be scanned with a digitizer and be accessible to people all over the world.  The access to 

these items is possible as a 3-dimensional (3D) digital model that may be turned, rotated, broken apart and 

put back together. Instead of taking a field trip, where educators need to collect permission forms, entrance 

fees, and transportation to take students to look at objects behind a piece of glass for a few hours, teachers 
can now use technology to bring those objects into the classroom, allowing students  to interact with the 

objects on a computer screen. Given the time and resources of maker spaces, that are gaining support as a 

learning tool (Chu, 2016), students and teachers can now re-create historical museum objects, make similar 

objects, and produce objects that they can physically hold, manipulate, and use in experiments. 

2.1 Specific Invention Application 

An example of this process is, “the Smithsonian and American Innovations in an Age of Discovery: Teaching 

Science and Engineering through Historical Reconstruction, (which) uses transformational inventions such as 

the telegraph, the telephone, and early electric motors as a context for reverse engineering.” (Bull, et. al., 

2016, p. 490). In this type of project, students manipulate 3D versions of the original inventions and apply 

science and math concepts to reconstruct these devices in a physical form. The way in which things are made 

will determine how, and if, the physically printed artifact will work to accomplish the task for which it was 

designed. Having the 3D model of an invention is not enough to make a printed model work. Students must 

think through the science and apply what they know to reverse engineer from the given digital 3D model to 

create their own similar working model.  

The early electric motor is an example of an invention that applies many physics concepts in a 

straightforward way. Constructing a simple working motor requires students to, “investigate and describe the 
relationship between electric and magnetic fields in applications…” (Texas Education Agency, 2010, 5G) 

which is a state standard in Texas physics classrooms. To understand how the motor works, critical learning 

connections must be made. Some of the fundamental concepts to make a working motor have been 

scaffolded for starting in elementary school science classes. For example, understanding the concept of what 

materials will conduct electricity and heat versus those that will insulate. Students must understand the 

differences between conductors and insulators in order to deduce which parts of a motor need to conduct 

electricity to work, versus the parts of a motor that need to act as an insulator. If students simply print the 

model with plastic, or cut it out of wooden pieces, the motor will not be able to produce movement. In order 

to create a design that produces movement, key pieces of the motor need to be conductors to produce an 

electromagnetic field, and other parts of the design need to be insulators like plastics and woods. 

More advanced science concepts that must be understood include magnetic attraction and repulsion and 
how an electric current produces a magnetic field. Once these concepts are understood, students must take the 

next step to be able to apply these concepts to create a design that will produce movement. Key pieces of the 

motor must be able to produce an electromagnetic field and interact with other magnetic fields, including 

fixed magnets. Students start with reverse engineering the design of the original patented motor at the 

Smithsonian through the 3D version, to begin considering why the motorwas designed the way it was. 

Students can refer to the design elements in the 3D version to understand the placement of the various parts 

of the motor in regards to science principles. As students begin connecting design elements and design 

choices of the existing model, understanding will develop that indicates that parts of these original inventions 

were not a decorative or aesthetic choice of the creator, but rather a fundamental and essential part of the 

invention. The coils in a motor allow the electrical circuit necessary for powering the movement of a motor, 

but may be otherwise thought as an aesthetically drawing feature. Students do not need to figure out how to 

apply all these science concepts to an open-ended project, but rather how to reconstruct a motor by going 
through the process of connecting the science concepts, examining the model design, and hands-on inquiry to 

see science in action.  
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Although the basic scientific understandings are fundamental in many complex inventions today, the 

original inventions have a simplicity that is easy to grasp without having to chunk multiple complex 

understandings to see results. Looking at the complex applications used today for these same concepts, may 

seem overwhelming to students who are just beginning to develop such conceptual understandings. 
Examining some of the original inventions allows students to focus on the basic concepts that allowed for a 

simple design and a basic application of the underlying STEM concepts. Through reverse engineering these 

machines and creating similar features through digital fabrication and maker spaces, students apply what they 

are learning and receive immediate feedback regarding their level of understanding of the concepts at work 

by seeing the invention work the way it was designed.  

3. CONCLUSION 

Allowing students to digitally and physically explore some of history’s inventions provides insights into 

fundamental concepts of STEM. Students know they are successfully applying the principals of STEM 

subjects when they have recreated versions of the original invention. Students may also feel ownership as 

their inventions draw on the same principles to work, but will not be an identical mechanism, thus providing 

student ownership of both the invention and furthering their learning. The end result may include student 

engagement, greater understanding of the content, and appreciation for science and history. 

ACKNOWLEDGEMENT 

The research was made possible in part by the collaborative NSF grant #1510289. 

REFERENCES 

American Heritage Dictionary. (3rd ed.). (1994). New York, New York. 

Bull, G., Standish, N., Tyler-Wood, T. 2016, Teaching science and engineering through reconstruction of historic events. 
IEEE 16th International Conference on Advanced Learning Technologies. Austin, TX, United States of America, p. 
489 – 492. 

Badraslioglu, D. (2016). “Reverse engineering” in introductory physics education. The Physics Teacher, 54, p 314-314. 

DOI:http://dx.doi.org/10.1119/1.4947166 

Chu, S. L., Angello, G., Quek, F., & Suarez, M. (2016). A systemic analysis of making in elementary schools. IEEE 16th 
International Conference on Advanced Learning Technologies. Austin, TX, United States of America, p. 478 – 482. 

Dewey, J. Dewey, E. (1915). Schools of to-morrow. New York, New York. http://www.gutenberg.org/files/48906/48906-
h/48906-h.htm  

Moorefield-Lang, H. M. (2014). Makers in the library: case studies of 3D printers and maker spaces in library settings. 
Library Hi Tech, 32(4), 583–593. doi:10.1108/LHT-06-2014-0056 

Schank, R.C., 1995. What we learn when we learn by doing. 

Texas Education Agency, 2010, Chapter 112. Texas Essential Knowledge and Skills for Science Subchapter C. High 
School. Retrieved from http://ritter.tea.state.tx.us/rules/tac/chapter112/ch112c.html 

Yazici, Y.E. and Töre, E., 2014. Learning by Doing in Architectural Education: From Urban Design to Architectural 
Design, Yenikapi-Inebey Case Study. Egitim ve Bilim, 39(175). 

ISBN: 978-989-8533-55-5  © 2016

380


	13th INTERNATIONAL CONFERENCE ON COGNITION AND EXPLORATORY LEARNING IN DIGITAL AGE (CELDA 2016 )
	COPYRIGHT 
	TABLE OF CONTENTS
	FOREWORD
	PROGRAM COMMITTEE
	KEYNOTE LECTURES
	FULL PAPERS 
	A SERVICE-LEARNING PROJECT USING CROWDFUNDING STRATEGY: STUDENTS’ EXPERIENCE AND REFLECTION
	TOWARDS A THEORY-BASED DESIGN FRAMEWORK FOR AN EFFECTIVE E-LEARNING COMPUTER PROGRAMMING COURSE 
	AN ONTOLOGY FOR LEARNING SERVICES ON THE SHOP FLOOR 
	THE IMPACT OF TECHNOLOGY INTEGRATION UPON COLLEGIATE PEDAGOGY FROM THE LENS OF MULTIPLE DISCIPLINES
	A LEARNING SUPPORT SYSTEM REGARDING MOTION TRIGGER FOR REPETITIVE MOTION HAVING  AN OPERATING INSTRUMENT 
	TASK-BASED ASSESSMENT OF STUDENTS’ COMPUTATIONAL THINKING SKILLS DEVELOPED THROUGH VISUAL PROGRAMMING OR TANGIBLE CODING ENVIRONMENTS  
	FRAMEWORK FOR INTELLIGENT TEACHING AND TRAINING SYSTEMS – A STUDY OF SYSTEMS 
	MOBILE DEVICE USAGE IN HIGHER EDUCATION 
	FEATURES STUDENTS REALLY EXPECT FROM LEARNING ANALYTICS 
	MUSIC TECHNOLOGY COMPETENCIES FOR EDUCATION: A PROPOSAL FOR A PEDAGOGICAL ARCHITECTURE FOR DISTANCE LEARNING 
	INCREASING STUDENTS’ SCIENCE WRITING SKILLS THROUGH A PBL SIMULATION
	THE EFFECT OF CHOOSING VERSUS RECEIVING FEEDBACK ON COLLEGE STUDENTS’ PERFORMANCE 
	THE IMPACT OF MIDDLE-SCHOOL STUDENTS’ FEEDBACK CHOICES AND PERFORMANCE ON THEIR FEEDBACK MEMORY 
	NUMERICAL ACUITY ENHANCEMENT IN KINDERGARTEN: HOW MUCH DOES MATERIAL PRESENTATION FORM MEAN? 
	A VIDEO GAME FOR LEARNING BRAIN EVOLUTION:  A RESOURCE OR A STRATEGY? 
	COMMUNICATION VULNERABILITY IN THE DIGITAL AGE: A MISSED CONCERN IN CONSTRUCTIVISM 
	ONLINE LEARNERS’ NAVIGATIONAL PATTERNS BASED ON DATA MINING IN TERMS OF LEARNING ACHIEVEMENT 
	AMAZED BY MAKING: HOW DO TEACHERS DESCRIBE THEIR PBL EXPERIENCE  
	GROUP WORK AND THE IMPACT, IF ANY, OF THE USE OF GOOGLE APPLICATIONS FOR EDUCATION 
	FRACTANGI: A TANGIBLE LEARNING ENVIRONMENT FOR LEARNING ABOUT FRACTIONS WITH AN INTERACTIVE NUMBER LINE 
	EVALUATION OF LEANING UNIT DESIGN WITH USE OF PAGE FLIP INFORMATION ANALYSIS 
	EINSTEIN’S RIDDLE AS A TOOL FOR PROFILING STUDENTS 
	EXPLORING STUDENTS’ E-LEARNING EFFECTIVENESS THROUGH THE USE OF LINE CHAT APPLICATION 
	FACTORS AFFECTING PERCEIVED SATISFACTION WITH FACEBOOK IN EDUCATION 
	INTERACTIVE VIDEO, TABLETS AND SELF-PACED LEARNING IN THE CLASSROOM: PRESERVICE TEACHERS PERCEPTIONS 
	COGNITIVE DESIGN FOR LEARNING: COGNITION AND EMOTION IN THE DESIGN PROCESS 
	INVESTIGATING THE POTENTIAL OF THE FLIPPED CLASSROOM MODEL IN K-12 MATHEMATICS TEACHING AND LEARNING 
	LEARNING ANALYTICS TO UNDERSTAND CULTURAL IMPACTS ON TECHNOLOGY ENHANCED LEARNING 
	WIDENING AND DEEPENING QUESTIONS IN WEB-BASED INVESTIGATIVE LEARNING 
	YEAR 9 STUDENT VOICES NEGOTIATING DIGITAL TOOLS AND SELF-REGULATED LEARNING STRATEGIES IN A BILINGUAL MANAGED LEARNING ENVIRONMENT 
	PURPOSEFUL EXPLORATORY LEARNING WITH VIDEO USING ANALYSIS CATEGORIES 
	BUILDING A LEARNING EXPERIENCE: WHAT DO LEARNERS’ ONLINE INTERACTION DATA IMPLY? 
	RULES FOR ADAPTIVE LEARNING AND  ASSISTANCE ON THE SHOP FLOOR 
	PARTICIPATION AND ACHIEVEMENT IN ENTERPRISE MOOCS FOR PROFESSIONAL LEARNING 

	SHORT PAPERS
	CONNECTIVIST COMMUNICATION NETWORKS 
	LEARNING AND SKILLS DEVELOPMENT IN A VIRTUAL CLASS OF EDUCOMMUNICATION BASED ON EDUCATIONAL PROPOSALS AND INTERACTIONS 
	THE RELATIONSHIP AMONG ICT SKILLS, TRADITIONAL READING SKILLS AND ONLINE READING ABILITY 
	TOWARDS CONCEPT UNDERSTANDING RELYING ON CONCEPTUALISATION IN CONSTRUCTIVIST  LEARNING 
	E-LEARNING IN CHEMISTRY EDUCATION:  SELF-REGULATED LEARNING IN A VIRTUAL CLASSROOM 
	RELATIONSHIP OF MOBILE LEARNING READINESS TO TEACHER PROFICIENCY IN CLASSROOM TECHNOLOGY INTEGRATION  
	HUMAN COMPUTER INTERACTION (HCI) AND INTERNET RESIDENCY: IMPLICATIONS FOR BOTH PERSONAL LIFE AND TEACHING/LEARNING 
	A PORTFOLIO FOR OPTIMAL COLLABORATION OF HUMAN AND CYBER PHYSICAL PRODUCTION  SYSTEMS IN PROBLEM-SOLVING  
	INNOVATIVE COLLABORATIVE LEARNING STRATEGIES FOR INTEGRATED INTERACTIVE E-LEARNING IN THE 21ST CENTURY   
	EDUCATIONAL CRITERIA FOR EVALUATING  SIMPLE CLASS DIAGRAMS MADE BY NOVICES  FOR CONCEPTUAL MODELING 
	DIGITAL NATIVES AND DIGITAL DIVIDE: ANALYSING PERSPECTIVE FOR EMERGING PEDAGOGY 
	E-LEARNING SYSTEM USING SEGMENTATION-BASED MR TECHNIQUE FOR LEARNING CIRCUIT CONSTRUCTION 
	STUDENTS’ GOOGLE DRIVE INTENDED USAGE:  A CASE STUDY OF MATHEMATICS COURSES IN BANGKOK UNIVERSITY 
	AN EMPIRICAL STUDY ON THE IMPACT OF SELF-REGULATION AND COMPULSIVITY TOWARDS SMARTPHONE ADDICTION OF UNIVERSITY STUDENTS  
	ADAPTIVE GAME BASED LEARNING USING BRAIN MEASURES FOR ATTENTION – SOME EXPLORATIONS 
	EVALUATION OF THE COURSE OF THE FLIGHT SIMULATORS FROM THE PERSPECTIVE OF STUDENTS AND UNIVERSITY TEACHERS
	DEVELOPMENT OF CRITICAL THINKING WITH METACOGNITIVE REGULATION 
	ENACTING STEM EDUCATION FOR DIGITAL AGE LEARNERS: THE MAKER MOVEMENT GOES TO SCHOOL
	NEW SCENARIOS FOR AUDIENCE RESPONSE SYSTEMS IN UNIVERSITY LECTURES
	ACADEMIC RETENTION: RESULTS FROM A STUDY IN AN ITALIAN UNIVERSITY COURSE  
	LEARNING HOW TO WRITE AN ACADEMIC TEXT: THE EFFECT OF INSTRUCTIONAL METHOD AND REFLECTION ON TEXT QUALITY 

	REFLECTION PAPERS
	TEACHERS’ ATTITUDE TOWARDS ICT USE IN SECONDARY SCHOOLS:  A SCALE DEVELOPMENT STUDY 
	INVENTING THE INVENTED FOR STEM UNDERSTANDING 

	AUTHOR INDEX 



