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The transfer of mathematical skills to the analysis of evolving processes has been 

notoriously problematic for STEM academic programs.  Our investigation of an introductory 

computational curriculum suitable for engineering- and computer-science- bound students 

has discovered that engagement of students in the mathematical modeling of evolving 

processes as simple imperative programs can help elicit such understandings.    

 

Our NSF-funded experiment with "CS-0" has been offered to entering freshmen for several 

semesters.  Initial motivations for this course included reduction of attrition among entering 

students intending to study Engineering and Computer Science but had never programmed 

by giving them an opportunity to have fun programming multimedia.  However, deeply 

engaging these students turned out to be subtle, as that they appear to be more interested 

in academic relevance and understanding how things work than in superficial dramatics.  

So, our focus shifted to introducing students to engineering analysis through the use of 

programming. 

 

This shift required modification of the programming framework provided to students.  For 

example, rather than using abstract iterators that hide the process of enumerating every 

pixel at each row and column, we immediately exposed students to explicit row-column 

addressing and the use of nested “for loops.”  Since the progress is graphically displayed, 

CS-0 students identify misconceptions and gain insights regarding evaluation order and 

iteration stride more quickly than the calculus-ready students attending our conventional 

first-semester major's course.   

 

This early exposure to row-column addressing also enables students to apply these concepts 

to the plotting of mathematical functions.  First linear functions are utilized (which they use 

to draw lines), and then of quadratics (which expose curves as functions whose slope varies 

in an understandable manner).  This permits exploration of physical phenomena that can be 

demonstrated in class such as ballistic motion, exponential decay and 

resonant      oscillation that students frequently find confusing.   The inset illustrates an 

simulation of how harmonic oscillation of a weight-on-a-spring can be analyzed through the 

construction of a simple and fully understandable simulation that generates a sinusoidal plot 

of the same frequency without reference to unfamiliar trigonometric functions.  This 

exercise also exposes students to the otherwise unintuitive notion that a sinusoid’s rate-of-

change is itself sinusoidal.   

 

We observed dramatic knowledge-transfer during this first semester in which 

mathematically intensive projects have been integrated into CS-0.  Students were initially 

confused by the mathematics required to translate parabolic functions.  However, once they 

independently recognized the relevance of their study of pre-calculus, notebooks appeared 

and students were excitedly translating (and even rotating) parabolas in a dramatic fashion.  

Informal exit interviews indicate that many students found the process of programming 

enhanced their understanding of mathematical concepts.  Our team is presently examining 

how this transfer can be instrumented and the applicability of this approach to additional 

STEM disciplines.  

 



System being simulated: 

                               

 

Program that simulates hat’s resonant behavior: 
 
mass = .05; springConst = 0.01 #  parameters 
img = Raster((200,101)) # create palate  
y=1; velocity=0   #initial position & speed 
 
for x in range(0,200):  
    img.setRGB((x,y*50+50),green) 
    img.setRGB((x,velocity/10+50), blue) 
    force = -y * springConst   
    acceleration = force / mass 
    velocityChange = acceleration * interval 
    velocity = velocity + velocityChange  
    yChange = velocity * interval 
    y = y + yChange  

 

approximates 


