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Abstract - In Fall 2007, the Computer Science 

Department of the University of Texas at El Paso  

introduced a media-centric programming course 

informally titled  “Multimedia Exposed” for incoming 

freshmen with weak mathematics preparation.   These 

students typically have to spend several semesters in 

preparatory math courses before enrolling in the major’s 

first course. 

Multimedia Exposed is intended to circumvent this 

delayed entry into STEM subjects by offering an 

accessible, enticing introduction to physical modeling 

and computational science.  The main curriculum 

objectives are to exploit introductory programming as a 

vehicle for strengthening student intuition and 

confidence in pre-calculus concepts via hands-on 

simulation of physical phenomena, and thereby stimulate 

interest in more advanced study within these technical 

areas. 

The course uses programming as an understandable 

manipulatable framework for modeling physical 

processes.   By reinforcing the concepts and intuitions of 

pre-calculus and mathematical modeling by engaging 

students in hands-on simulations of physical systems, 

Multimedia Exposed simultaneously teaches the 

foundations of programming and promotes 

mathematical competence necessary for academic 

success.   

This paper describes the structure of Multimedia 

Exposed including an overview of the course 

organization, expected outcomes and example problems 

that model ballistics and resonant systems.  The 

evaluation plan is described and early results are 

presented. 

 

INTRODUCTION 

 

Multimedia Exposed was initially introduced  in the Fall of 

2007 at the University of Texas at El Paso to reduce attrition 

among students unable to attend the first semester major‟s 

course in computer science (“CS-1”) due to weak math 

preparation. There is significant attrition during the two-to-

three semesters such students typically spend in remedial 

math classes prior to being “calculus ready” and able to 

attend CS-1.   

Mark Guzdial‟s “Media Programming” curriculum [1] 

was initially chosen because it had been successful at 

engaging students with weak math skills to programming 

and algorithm development [2].  However, the course is 

tuned to engage students in Liberal Arts programs by 

focusing on the aesthetic rather than engineering creativity.  

As was also observed by Guzdial at other institutions [3], 

while students enrolled in pre-engineering and other pre-

professional programs (e.g. nursing) enjoyed learning how 

programs worked, they were generally not engaged by the 

aesthetically focused projects that dominate Guzdial‟s 

curriculum. [4]   

As a result, we were forced to rethink our course 

objectives and decided, to develop a program that combines 

the study of programming with practical problem-solving 

using mathematical modeling and physics.  Following 

Guzdial‟s lead, we realized that programming should not be 

taught for its own sake, and decided to seize the opportunity 

to use it as a tool for reinforcing the mathematical concepts 

and intuitions of pre-calculus and physical modeling by 

engaging students in hands-on simulations of elementary 

mechanical systems. 

As a result, Multimedia Exposed now  

 principally uses image manipulation to introduce 

programming as a means to visualize computation;   

 emphasizes analytical skill development and problem-

solving rather than image manipulation for aesthetic 

effect; and 

 utilizes simpler programming constructs that need less 

focus on syntax and permit more focus on problem-

solving skills and algorithm design. 

In order to engage a large number of freshmen, the course is 

incorporated into selected sections of a required first 

semester "University Studies" program designed to teach 

skills necessary for academic success and to provide career 

guidance. Students attending this course are provided an 
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accessible early exposure to simple dynamic systems 

simulations in a manner that includes both programming and 

mathematical modeling.  Students‟ reactions to these 

experiences support the course‟s career guidance 

components - which provide opportunities for students to 

adjust their choice of major early in their academic careers.   

The change in course focus resulted in significant 

structural changes to the programming interface used in 

coursework.  The programming interface presented by the  

object oriented (OO) graphical library used in Guzdial‟s 

course utilizes Java‟s AWT toolbox which provides multiple 

mechanisms for pixel enumeration, selection, and 

modification.  Furthermore, all such operations required the 

explicit reference of multiple interfaces that represented 

images, pixels, and colors.  As a result, in addition to 

designing programs, student efforts at creating and 

debugging programs were dominated by code needed to 

access and modify pixels.   

In response, we developed an alternate shallow 

Raster class that enables students to focus on imperative 

programming. All pixel accesses explicitly specify row-

column addresses, and all row-column pairs and red-green-

blue triples are represented tuples.  Algorithms that visit all 

pixels in a rectangular region explicitly utilize nested 

iteration.  As reported in [5] students have little trouble 

understanding nested iteration in this context and an initial 

set of algorithms examined by students that expose programs 

that plot lines and parabolae.   

This paper begins with an overview of the Raster 

programming interface, which has been extended in a 

manner that introduces object oriented programming as a 

solution to the problem of managing software complexity.  

We also present an outline of the course organization linked 

to learning outcomes and example problems including newly 

developed modules on mechanical resonance and coupling. 

Finally, we report on our in-progress course evaluation 

and adaptations to the evaluation plan in response to the 

course‟s evolved focus.  . 

 

AN (MOSTLY) IMPERATIVE-FIRST COURSE 

 

It is important that programming techniques in early courses 

are chosen to minimize cognitive load while maximizing 

pedagogical value.  The original course relied heavily upon a 

modern object oriented graphical library.  As a result, 

students needed to simultaneously learn a programming 

language‟s syntax and the semantics of a complex hierarchy 

of objects and methods. 

Early examples in Guzdial's course initially examine the 

manipulation of entire raster images and rely upon opaque 

pixel iterators that enumerate all pixels without regard to 

location.  Thus, his course delays exposure to Cartesian 

coordinates and avoids the need for nested row-column 

iteration.  Similarly, these examples reference opaque 

Pixel objects whose opaque Color attributes are 

compared with an opaque distance function.   

As a result, techniques used in early labs could not be 

readily applied in different contexts.  For example, 

enumeration and pixel-access mechanisms taught in early 

labs were ill-suited for projects that generate numerically 

sequential values.  Students attending the original course 

were confused when one method of iteration was used in 

early labs, and then another was introduced to solve slightly 

different problems at a later point.    

While teaching Guzdial's course in its original form, we 

observed that even non-engineering students were already 

comfortable with Cartesian coordinates.  We modified the 

graphical library to include a new Raster class presented 

in Table 1 which provides only random-access row-column 

accessor functions that conveniently represent coordinates 

and Red-Green-Blue pixel contents as Python tuples.    

 

TABLE 1.  

RANDOM-ACCESS RASTER CLASS 

Public interface of 
Raster   

Constructors 

 Raster((numCols, numRows)) 

 Raster((filename)) 
 

Accessors  

Origin is in lower-left corner 

Parameters & return values are tuples 

 r, g, b = getRGB((col, row)) 

 setRGB((col, row), (r, g, b)) 
 
 

Controls 

 autoRepaint 
true: redraw on every access 

 ignoreOutOfRange 
true: silently ignore out-of-range accesses 

 

Actions 

 write(filename) 
save to file 

 repaint() 
redraw now 

Function presented 

in first session that 

dramatically 

modifies a familiar 

cartoon image. 

 def changeKim(): 
  file = r"\F:\KimPossible.jpg"  

   p = Raster(file) 

   green = (0, 255, 0) 
   cols,rows =  r.widthHeight() 

   for x in range (cols): 

     for y in range (rows): 
        r,g,b = p.getRGB((x,y)) 

        if r<40 and g<40 and b<40: 

           p.setRGB((x,y), green) 
   p.repaint() 

 

This permitted the course to begin with an immediate 

exposure to nested loops, a topic that is difficult for many 

students to master in CS-1.  In contrast, when introduced to 

nested looping in this 'natural' context, students expressed no 

confusion and they were self-motivated to experiment with 

adjustments to ranges and strides.   Furthermore, students 

were not intimidated by these explicit uses of tuples to 

represent RGB triples and more quickly designed and 

constructed novel algorithms using these natural and 

compact abstractions than the cohorts of students who first 

learned the object oriented interface.  This early and solid 



 

 

understanding of Cartesian pixel accessors enabled us to 

refocus the course from media manipulation to the use of a 

raster to plot and investigate mathematical functions and 

dynamic systems.   

 

The upper row of Table 1 contains a summary of the 

entire Raster class‟s public interface.  While not presented 

in its entirety in that class, it is referenced on the first day of 

class and provides the basis for all graphical programming 

assignments in Multimedia Exposed.  The lower row of 

Table 1 contains a definition of changeKim, a function 

presented on the first day of class which dramatically 

modifies a familiar cartoon image and is easily understood 

and modified by students who have never previously 

programmed.   

In order to facilitate projects that plot mathematical 

functions, Raster‟s origin is located in the lower-left 

corner, and thus column-row addressing directly mimics x-y 

coordinates within the first quadrant of a Cartesian plane.   

Our minimal use of opaque classes and functions in 

favor of exposing reusable mechanism seems to elicit 

curiosity from students, and we find that even non-STEM 

students are well prepared and motivated to investigate and 

define solutions to problems that arise in class.  

We are advocates for Object oriented programming and 

the rigorous application of software engineering techniques, 

the goal of our course is to engage students in the 

understanding and creative design and implementation of 

algorithms.  Rather than overwhelming students early-on 

with linguistic constructs, we instead introduce objects as an 

approach to reducing complexity.   

 

A MOTIVATED INTRODUCTION TO OBJECTS 

 

Object oriented programming models directly express 

abstract data types and permit programmers to create or 

extend interfaces so that they will be suited for a project‟s 

problem domain. In order to facilitate early projects that plot 

mathematical functions, our Raster image class‟s origin is 

in the lower-left corner.     

TABLE 2. 

POSNEGGRAPH  

Public interface of  
PosNegGraph  
 

Extends 
Raster 

Constructor 

 PosNegGraph((numCols, range)) 
The y axis extends from +range to –range 
  

Public interface 
Same as Raster 

 only setRGB and getRGB are overloaded 

 

The Raster class is inconvenient for plotting negatively-

valued functions since the origin must be moved and all 

accesses must be uniformly translated.  Our course 

pragmatically utilizes this inconvenience to motivate the 

introduction of a PosNegGraph class that extends 

Raster.   Both Raster and PosNegGraph are both 

referenced by examples in this paper.   

 

 

 

TABLE 3.  

COURSE MODULES, THEMES, OUTCOMES, AND SCHEDULE 
Theme 

& Wk 

Major Course Module Outcomes 

A 

1 

First day / teaser 

 “Conversational” 

introduction to 

programming 

o Introduction to 

program source code 

(in Jython) 

o Login, start IDE, load 

file 

o Run, discuss, and 

modify recoloring 

program 

 Can login to computer 

 Knows what a program is 

 Can run a program 

 Familiarity w/ control flow 

o (nested ) iteration 
o if statements,  relational, and 

Boolean operators 

 Familiarity w/ Raster class  

B 

1-3 

Further examination & 

experimentation w/ syntax 

& semantics of above 

 Familiarity w/ syntax & semantics 
of above including array stride 

(painting stripes) 

C 

4-8 

Generating lines w/ 

summation and object 

extension 

 Horiz, vert, slope,  y-

intercept 

 Relate summation to 

closed form (y=mx+b) 

 Examine translation, 

negative ranges and 

PosNegGraph object 

 Intuition that slope is a “rate of 
change.” 

 Intuition re. multiplication 

 Understanding motivation for O-O 

programming 

 Greater proficiency at programming 

D 

9 

Touch of OO: Derived 

classes 

 Define & use 

PosNegGraph 

 Plot lines w/ neg range  

 Familiar w/ objects 

 Can plot fns w/ negative range 

E 

10- 

11 

Generating curves 

(parabolae) 

 Using summation 

 Relate to closed form 

 Intuition that curves have „slope 
that changes‟ 

 Knowledge: parabolae‟ slope 
changes linearly. 

 Familiarity w/ linear sums 
o Including  geometric proofs  

F 

12 

Ballistic motion (in vacuum) 

 Acceleration as change-of-

rate 

 Gravity as constant  

acceleration 

 Program that simulates 

bounce 

 Relationship to parabola 

 Intuition:physics models familiar 

phenomena 

 Familiarity:  

o Velocity as rate 
o Acceleration as rate of velocity 

change 

o Gravity as constant accel  
o Relationship to parabola 

G 

13-14 

Resonance 

 Idealized (linear) spring 

 Construct and run 

simulation 

o Plot position & velocity 

o Coupled resonance 

 Knowledge:  
o Generated by linear acceleration 

o Rate-of-change is sinusoidal 

o Frequency independent of 
amplitude 

 

TOPIC SEQUENCE  

 

Table 3 indicates the sequencing and approximate duration 

of each of the course‟s major educational themes.  After 

familiarizing students with programming through the 

manipulation of raster images in Jython, our course proceeds 

to projects that draw lines and curves, and eventually, 

ballistic and resonant systems that mimic the familiar 

phenomenon of ball bounce and spring resonance that 



 

 

frequently are not well understood by students completing 

their first semester of college physics [6].  We prefer to 

introduce evolving processes using progressive summation 

and multiplication due to their intuitive simplicity.   

This topic sequence is tightly coupled to Multimedia 

Exposed‟s approach to progressively simulating increasingly 

complex dynamic systems through summation rather than 

integration.  Table 4 presents a characteristic exercise 

associated with each theme.   

 

TABLE 4.  

CHARACTERISTIC PROJECTS FOR EACH THEME 

def horizDots():       # Theme B 
  nCols, nRows = 100,100 
  i = Raster((nCols, nRows)) 
 
  row = 50        # middle row 
  for col in range(20,50,4): 
    i.setRGB((col, row), green)  
 
def drawLine():        # Theme C-D 
  nCols, range = 100,50 
  i = PosNegRaster((nCols, range)) 
 
  row = 45        # y-intercept 
  slope = -2      # slope 
  for col in range(numCols): 
    i.setRGB((col, row), white) 
    i.setRGB((col, slope), green) 
    row += slope 

 

def parabola():        # Theme E 

  … 

  row=45; slope=0 # initial params 
  rate = -.1      # acceleration 
  for col in range(numCols): 
    i.setRGB((col, row), white) 
    i.setRGB((col, slope), green) 
    row += slope 
    slope += rate  
def bounce():         # Theme  F 

  … 

  row=45; slope=0; rate = -0.2   
  decay = .8      # bounce  
  for col in range(numCols): 
    i.setRGB((col, row), green) 
    i.setRGB((col, slope), blue) 
    if (row <= 0 and slope < 0): 
      slope *= -decay # bounce! 
    row += slope 
    slope += rate 

 
def harmonic():       # Theme G 

 … 

   pos = 45; speed = 0 
    springConst = 0.01 
    interval = 0.1; mass = 0.01 
    for x in range(i.width): 
      i.setRGB((x, pos), green) 
      i.setRGB((x, speed), blue) 
      force = -pos * springConst 
      accel = force / mass 
      speed += accel * interval 
      position += speed * interval 

 

 

For mathematical and physics problems, we minimize 

reliance upon layers of mathematical concepts that students 

generally memorize but rarely understand at an intuitive 

level.  Much like [7], we instead compose programs upon 

summation operations that are simple to understand and 

model familiar phenomena.  We only relate a problem or 

project to mathematics after students understand the 

underling concepts.  Thus, our approach is intended to 

provide insight in a context that, exploits their internalized 

understanding of familiar, real-world processes to teach and 

reinforce mathematics.   

Math-centric programming projects generally begin 

with an exploration of the effects of rates-of-change.  Then 

students are guided, through a graphical method to reduce 

the already familiar summation problems (implicitly a 

recursive formulation) to closed form.   

Theme A:  Introduction to media programming.  In a 

manner analogous to an immersive language course, 

students begin to „converse‟ with the computer using 

complete simple programs provided by the instructor that 

they proceed to modify.  A file containing a jpeg of a 

familiar cartoon character and a program approximating 

ChangeKim from Table 1 are already loaded onto each 

student workstation.  Students in this studio class are lead 

through the process of logging in, starting a Jython 

development environment (JES), loading, and then 

executing the program.  Students are then encouraged to 

make minor changes to threshold criteria and color in order 

to achieve novel effects.  Theme A has also been 

successfully used as the basis of one-shot enrichment 

courses offered to youth camps hosted by the university.  

Theme B: Examination of Jython syntax.  The 

program examined by Thene A included a several language 

features such as iteration, variables, conditionals, tuples, 

functions, and operators.  Their syntax and semantics are 

examined during the second through fourth weeks.  The 

function horizDots which uses the same 

random accessor as ChangeKim of Table 1 

illustrates an exercise typical of Theme B that examines 

iteration limits and stride while drawing a line with zero 

slope.   

Theme C: Drawing lines.  After students are familiar 

with Jython‟s syntax and semantics, projects examine 

various approaches to drawing lines.  Early projects utilize 

only progressive generators such as drawLine that 

evaluate each row from left-to-right, using the value 

computed for the previous column to compute the next.  For 

straight lines, the difference between rows for successive 

columns (the slope) is a constant, and the y-intercept 

corresponds to the first value plotted.   

Theme D: As described in greater detail in the section 

title “A Motivated Introduction to Objects,” this theme will 

plot functions with both positive and negative ranges.  This 

motivates the introduction of a PosNegGraph class whose 

constructor‟s parameters include a non-negative X size and a 

symmetric positive and negative y range.   

The equivalence of progressive and standard “closed 

form” equations of lines are also discussed in class and 

reinforced with short programming assignments to draw 

parallel or overlaid lines. 

Theme E: Examination and generation of curves. 

Curves are presented as lines whose slope varies.  The 

curves investigated are parabolae, which have slope that 

changes linearly. This is visualized clearly by the 

parabola  function of Table 3 which uses PosNegGraph 



 

 

to plot both position and slope.  Projects in Theme D 

examine the effect of various initial conditions and rates of 

change including examples where the slope and rate have 

different and same signs.  These are intended to provide 

students with intuitive understandings necessary to examine 

ballistic motion in Theme E.   

Finally, the relationship between parabolae and 

quadratic functions are made concrete through geometric 

proofs  such as the one depicted in Figure 1 presented by the 

instructor. 

Theme F: Ballistics.  In ballistic problems, objects are 

accelerated only by gravity.  Their trajectory is parabolic.  

The slope of their trajectory with respect to time corresponds 

to velocity. The slope of their velocity with respect to time 

corresponds to acceleration.  The mapping of trajectories to 

parabolae  is straightforward: slope corresponds to velocity, 

and the slope‟s constant rate of change maps to acceleration.  

Students first simulate a single “toss,” and then are 

challenged to simulate implement a bounce as an inelastic 

collision with the ground, where at each bounce, velocity is 

reduced by 20%.  This leads to an exponential decay in the 

maximum height achieved after each bounce.  The 

parabola program‟s overlaid plot of position and velocity 

illustrates both continuous and discontinuous evolution of 

physical parameters.   

 

 

 
FIGURE 1.   

GRAPHICAL DEPICTION OF LINEAR SUMS IN  

CLOSED FORM AS A QUADRATIC FUNCTION 

 

 
FIGURE 2 

SIMULATION OF COUPLED RESONANCE 

 

Theme G: Resonance.  The course completes with an 

example of coupled resonance illustrates the principle 

underlying an opera singers‟ wine-glass shattering trick and 

the catastrophic failure of the Tacmoa Narrows bridge (see 

Figure 3) in 1940 and the crashes of several Lockheed 

Electras around 1960.   

 

 
FIGURE 3  

THE TACOMA NARROWS BRIDGE [8] 

 

Figure 3 illustrates the result of an advanced project that 

examines coupling when both the oscillator and resonator 

are tuned to the same frequency.  In this example, a “driver” 

oscillator (implemented as a free-running resonator) is 

coupled to an initially idle “slave” resonator by (virtually) 

tapping it on falling zero-crossings.  Like the catastrophic 

failures enumerated above, this resonator quickly 

accumulates energy from the oscillator.  Projects examine 

the effect of tuning and de-tuning the system.  Lecture 

components describe how advanced math courses teach 

techniques useful for offline analysis. 

 EXTENSIONS TO AN ALGORITHMS COURSE 

We are adapting this approach of motivating math from 

concrete problems to the teaching of algorithms. There, the 

objective is to use specific problems as a vehicle for 

teaching algorithms as general methods that can be adapted 

to solve related problems of interest.  We find that by 

teaching algorithmic schemas to solve “purified” problems, 

students can follow the reasoning far more easily and can 

sometimes develop the computational idea themselves.  As 

in „Media Exposed,‟ the layered elaborations are introduced 

step-by-step to solve increasingly complex problems   

 

For example, consider the problem of Huffman codes.  The 

problem definition is technical and understanding requires 

intuition regarding probabilities and tree depth. We found 

that students had no idea how to solve it, and that the 

traditional correctness proof was not well understood by 

most. 

 

Our alternative is to first present the problem as an exercise 

in the pair-wise merging of k sorted lists of various lengths. 

We found that students quickly realize that it makes sense to 

select the shortest two lists to merge first, and to repeat this 

scheme k-1 times.  The proof of correctness is trivial and 

references objects understood by students (each datum) rand 

list depths rather probabilities.  The correspondence to 

probabilities is trivial, and therefore the mapping to the 

Huffman Code problem provides an opportunity to teach 



 

 

mathematical intuition rather than a dependency upon it.  

This approach is more fully described in [9]. 

 

 
FIGURE 4.   

FIRST ATTEMPT PASS RATES FOR PRE-CALCULUS AND 

CALCULUS 1 AT UTEP 

 

EVALUATION 

 

More than half of the students entering UTEP intending to 

study CS are not “calculus ready,” as required for CS1.  

Figure 4 presents the first-attempt pass rates for both “pre-

calculus and calculus 1.  First-attempt pass rates for CS-1 

range from 50 to 70%, which surely contribute both to time-

to-graduation and attrition.   

UTEP is a member of the Computing Alliance of 

Hispanic Institutions, which is evaluating CS-zero courses at 

multiple institutions. In their 2008 report, they measured 

high levels of both interest and confidence [10] among 

entering students, though less than 20% have previously 

programmed.  

The initial motivation for offering introductory media-

oriented programming was to provide an engaging and 

realistic exposure to computer science which was hoped to 

motivate students to persevere in pre-calculus.   

In previous versions of the offering, which were mostly 

based on Guzdial's Media Programming, almost all of the 

students demonstrated understanding of basic programming 

concepts and passed the course.  Post-course surveys 

indicated that 25% of the students were not motivated to 

continue studies related to computer science. This is likely a 

positive result if these since students discovered poor-fit 

with computer science early in academic careers.  

Student academic progress in CS courses is being 

tracked longitudinally by the CAHSI study.  The revisions to 

Multimedia Exposed have only recently been implemented 

and therefore there is not follow-up data yet.  Passing rates 

in CS-1 for students who attended an early version of the 

course, which implemented Guzdial‟s curriculum, had 

similar passing rates as the general population 

Our evaluation has been broadened to measure changes 

in self-efficacy and competence in math and physics related 

to the course and to compare the academic success of 

students who attend Multimedia Exposed in preparatory 

math courses with cohorts who do not attend the course.  

However, the course design has been evolving to adjust to 

student needs and interests. For example, the use of 

summations as a generic tool, and the inclusion of the more 

advanced components, which are intended to stimulate 

interest in and understanding of calculus (as opposed to pre-

calculus) concepts have been fully implemented for just one 

semester. 

Should this paper be accepted to FIE, the final version 

will include an assessment of changes in attitudes towards 

and skills in math and physics. 

 

SYNOPSIS 

 

We have summarized an evolving introductory 

programming course that gently introduces students to 

mathematical modeling and science principles.  This course 

is suitable for incoming STEM students whose initial choice 

of course-of-study is likely to have been made without 

significant relevant experience.   
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