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Smart Motors is a low-cost, trainable robotic system that aims to lower the barriers of entry into 
robotics. There are many kits in the market that aim to teach robotics to children and have 
enabled increased integration of educational robotics into the classrooms. However, many 
barriers like equitable access still exist that emerge from high cost, high barriers to entry that 
have limited widespread adoption. We have created an open sourced robotics education 
platform that will enable teachers and students to build their own robotics kits and customize it. 
For the creation of the hardware we have extensively utilized the cloud based CAD software 
called Onshape. Onshape has enabled our team to work collaboratively to implement features 
that enhance the user experience. The assembly feature lets us quickly test how well our parts 
fit with the PCB and make changes in real time. The parts designed on Onshape can be 3D 
printed and laser cut for assembly. Once we finalize the designs we will make them publicly 
available for the users to download and print, as well as modify according to their need. This 
democratization of technology will enable access to robotics education.

Abstract

Introduction to Smart Motors
Smart Motors are robotic kits developed at the Center for Engineering Education and 
Outreach, Tufts University  to lower the barriers of entry to robotics for teachers and 
students in elementary and middle schools. 

1. Smart Motors are pre-programmed trainable motors that can be trained to respond to 
different sensor inputs. 

2. By eliminating the need of a computer and extensive programming and hardware knowledge 
we want to make it easier for the teachers and students to get comfortable with use of 
technology in classrooms.

3. Allows different types of activities and affords solution diversity in a classroom.

Fig 1 : Demonstrating the workings of Smart Motors

Fig 2 : Earlier prototypes started from using cardboards to 3D printed parts

Using Onshape 
We have used Onshape to build our CAD models for 
prototyping. Onshape has allowed us to prototype quickly,, 
share our designs and keep track of the project files..

1.Cloud based: Sharing the build designs with collaborators 
outside Tufts and working remotely has been easier with 
Onshape. Everyone is up-to-date on any changes made to 
the designs. This has enabled  distributed manufacturing 
of Smart Motors. 

2.Assembly: Importing the PCB’s CAD files and using those 
to build parts has made designing reliable and faster. We 
can check how everything fits together in an assembly even 
before creating a physical copy. 

3.Storage: Having files saved on the cloud have made it 
easier for us to access designs from all the previous  
prototypes as well as to make use of  publicly shared files. 

4.Versions: Maintaining different versions of the different 
parts within the same file made it possible us to quickly 
change  and test the designs, allowing us to explore 
different possibilities at the same time. 

Development of the tool
The design process involves continuous user testing and refinement. For 
the initial designs, we used user feedback from hackathons and experts’ 
opinions to inform our design constraints. All the prototypes shown above 
have been tested in classroom settings with children from the  targeted 
age group. The following needs came through user testings.

1.Need for pre-trained Motors: Prototype shown in Fig.3 is a 
pre-trained system with a detachable training hub. The hub is 
connected when the Motor needs retraining. This enables users to 
quickly turn on and start creating.

2.Need for a visual feedback : Users want to know different states of 
the motor and sensors. They want to understand what the motor is 
doing and why it is behaving in certain way, Fig. 4. 

3.Standalone Smart Motor: To reduce the user error and streamline 
their experience as well as to reduce the cost we built a system with 
Motor with screen, essentially combining features of 1 and 2,  Fig. 6.

4.Building support to build: Fig. 7 shows our latest prototype with 
laser cut plywood and 3D printed sides. We have incorporated holes 
to allow building with LEGO pieces. Other materials can be attached 
to the side with tapes and hot glue. 

Future work
1. Conduct more usability tests to gather more data. 
2. Compile a list of lesson plans for teachers to use Smart Motors.
3. Document and share the project files with instructions on building 

with the public. 

Results
We have found that Smart Motors 
1. Supports creativity : The ability to create solutions to problems 

within the constraints of the project. 
2. Supports solution diversity : Use the same tools to find different 

ways to solve the same problem.
3. Are easy to learn to use: We have found that users find it easy to 

understand the concept of training and use it to build project without 
much scaffolding.

4. Enable engaging lesson plans : We have found teachers are able 
to create engaging lesson plans using Smart Motors. 
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Fig 6 : Standalone Smart Motor system 
with on board screen

Fig 3 : Standalone Smart Motor system 
without screen

Fig 4 : Standalone Smart Motor system 
based on Wio Terminal

Fig 5 : Smart Motors system with a 
detachable training hub with screen Fig 7:  Current Smart Motor prototype
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