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Freshman engineering courses are often a broad overview of the engineering dis-

cipline, the college orientation experience and success strategies. Recently, the University 
of XXXXXXXXX College of Engineering redesigned the introduction to engineering 
sequence. In this paper we will present the pedagogical and course content changes that 
have been introduced into the Introduction to Mechanical Engineering course. The goal 
of this freshman course transformation is to increase the engineering relevance and repre-
sentation of the engineering material being delivered while providing an engaging and 
representative hands-on learning experience for our freshman students. The approach is 
designed for scalable deployment, ranging from small classes to large freshman offerings. 
 

 
The course is a 2-credit, hands-on approach to introducing key future mechanical 

engineering curricular components such as: materials science, strengths of materials, 
thermal fluids systems and mechanical design. The students are also introduced to matlab 
computer programming and engineering communication exercises (memos, lab reports, 
presentations and technical product reports). Inexpensive desktop CNC prototyping tools 
(figure 1, shapeoko and zentoolwoks CNC machines), light-duty tensile/compression 
testers (MK-10, figure 3) and fans/wind tunnels form the core hands-on experiences. The 
CNC machines are extensively used to manufacture student designs. We will discuss how 
we have strategically designed the course to allow students to participate in CNC machin-
ing within the first 3 weeks of the semester through an introductory logo ideation/creation 
exercise (figure 2). This is followed by a series of three short-laboratory exercises that 
each use CNC machining, tensile/three-point testing and wind tunnel testing (paper ma-
che material science, beam bending and airfoil aerodynamics). Finally, students are given 
the final 5-6 weeks of the semester to perform a cornerstone engineering design project 
(portable wind turbine design) in groups using the knowledge gained in the laboratory 
activities. In addition to introducing curricular changes, we also performed a weekly stu-

  
Figure 1: (a) A Shapeoko II with the University of XXXX modifications shown. (b) A Zentoolworks 7” x 12” CNC 
machine. 



dent motivation self-assessment study to gage student interest and motivation. These re-
sults indicate the students have high self-reported motivation as shown in figure 4. 
 

   
Figure 2: An example of a student logo stamp. (left) The milled machinable wax mold (center) The sili-
cone stamp and (right) the resulting ink stamp. 
 

 

 

 

Figure 3: (left) An EPS ‘dog bone’ coupon mold was manufactured using the CNC machines to cast paper 
mache materials for tensile testing (center) A three-point bending test is used to test student beam samples 
(with kerfing) and (right) a low speed educational wind tunnel was used to relate angle of lift coefficient to 
angle of attack. 
 

  
(a) The self determination index for Introduction 
to Mechanical Engineering compared with project 
based, lecture based courses.  

(b) The number of Introduction to Mechanical 
Engineering respondents per week on the SIMS 
survey. 

Figure 4: (a) Overall SIMS motivation over time data for three courses in this study, and (b) survey re-
sponse rates for the Introduction to engineering.. 
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