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Abstract 
 
The vast amount of knowledge and the multitude of disciplines encompassed by engineering can 
often be intimidating and difficult, creating an educational barrier for beginning students. The 
goal of an introductory engineering class is to present engineering as an exciting and welcoming 
field of professionals who work together to solve problems. An introductory engineering class 
that lacks creativity, teamwork and encouragement often fails to inspire students and may turn 
some away from engineering.  This paper describes a modern approach to team-based learning 
and peer teaching in the context of an introductory course for freshmen engineering students. 
More specifically, the use of LEGO NXT© construction kits was tested as tool to enhance the 
experience of group projects. LEGOs are approachable, intuitive and have application in 
numerous construction projects. The low cost, reusability, and availability of a variety of sensors 
for LEGO kits make them ideal teaching materials compared to other expensive, specialized 
products. Our project involved presenting students with a task of designing a ribbon-climbing 
robot which must detect a randomly placed marker and report its height through a wireless 
communication link. The students were provided with basic mechanism design formulas and 
calculations allowing them to optimize their design. The project culminated in a final 
competition between the teams in the class. The project emphasized self- and team learning. The 
teamwork and the final competition encouraged flexibility, interaction and support between the 
students, behavior necessary of successful engineers.   
 
Introduction  
 
Engineering is often a daunting subject for incoming students.  Lack of knowledge about their 
chosen field can be very intimidating to new engineering students, and may result in difficulty 
maintaining high retention rates in engineering disciplines among undergraduates [4]. 
Introductory courses aim to inform students about both their field of interest and what skills and 
processes are needed to be a successful engineer [1]. However, it is often difficult to construct a 
course that introduces concepts of the different engineering disciplines while developing team 
working and project design skills that does not also require prerequisite knowledge, specifically 



within math and science. Students frequently enter college without sufficient knowledge in these 
areas that would allow for more complex projects in their introductory courses [4]. This often 
results in introductory engineering courses that are remedial and boring, potentially deterring 
students from pursuing engineering.  
 
Beginning courses often employ projects that are contrived such that a “correct” solution is made 
apparent at the beginning and does not require an iterative design process. For example, the 
introductory course ENGR 102 at the University of Arizona uses a catapult project in which 
students must launch a ball a certain distance by utilizing different configurations of rubber 
bands on a pre-constructed wooden catapult.  One student could easily arrive at the “correct” 
solution without consulting their team, making it both a pointless and boring exercise that does 
not meet the intent of an introductory engineering course. In order to create a more exciting and 
relevant project for undergraduates, a replacement project employing the LEGO NXT© 
construction kit was implemented in ENGR 102 classes. LEGOs are an ideal educational 
engineering tool, incorporating a highly versatile construction set that is approachable, intuitive, 
and not prohibitively expensive allowing iterative designs and implementation of projects with a 
team [2].  
 
Methods 
 
Students were given the task of building a robot capable of climbing a ribbon. ENGR 102 
students were provided with basic information about the LEGO NXTs, specifically graphs on 
motor information (Fig 1; Fig 2). 

 
Figure 1: LEGO NXT motors Current vs. Torque Graph. The Blue and Yellow data points are 
with the motor running at 100% power: blue with a small hub for the pulley, yellow with a large 
hub. The Red data points are with the motor running at 50% with the small hub[5]. 
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incoming freshman to understand.  Furthermore, it was important that the project was interesting 
and necessitated teamwork while requiring the students to go through an iterative design process.  
In this regard the project successfully met its goals.  Students remained interested in the project, 
working in teams and brainstorming alternate designs to maximize the speed and efficiency of 
their robots. 
 
The ENGR 102 class use of the LEGO NXT opens many opportunities to expand or change the 
102 project entirely to fit the needs of the students.  Currently our lab has been able to power an 
NXT using silicon solar panels.  This would allow a solar variant of this project to be 
incorporated, introducing yet another pertinent and exciting subject, renewable energy, to 
incoming engineering freshman. While being more complicated than running an NXT off of a 
battery, the concepts of supplying enough voltage and current through series and parallel panels 
is a simple subject that can be broached with incoming or first year students while maintaining 
their interest. Other projects demonstrating the versatility and possible direction for future 
introductory engineering projects include an autonomous LEGO soccer field with remote 
controlled soccer playing robots, another system developed in our lab.  
 
LEGOs are extremely versatile and with their many sensors (touch, light, ultrasonic rangefinder, 
as well as many aftermarket custom sensors) can be made to model many systems that today’s 
upcoming engineers might encounter when moving into the workforce. This system prepares 
students for the problem solving and designing process required of engineers while being 
presentable in manner that is both welcoming, relevant, and within the intellectual reach of 
incoming freshman engineers. 
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