Javascript as an Introduction to Computer Science

INTRODUCTION
Coding academies were mentioned by Hillary Clinton in the 2016 presidential race as
one of the retraining options for communities hit by outmoded industries, like coal mining
towns in West Virginia. These programming credential schools often last 12-16 weeks with a
time commitment of 10 or more hours per day, in a kind of cramming. Employers notice the
difference vs. those with a computer science bachelor’s degree (Mitchell, 2016; Cannon, 2016).
In short, they know how to do their job in a narrow kind of way, but lack creativity and breadth
of experience.
This project seeks to remedy that by exposing them to many of the breadth
requirements for a computer science degree based on that of UC Santa Cruz’ B.A. program, due
to personal experience. Being a graduate of the program myself helps to teach the concepts.
The major topics in computer science which are typically reserved for teaching at college (not
covered in high school) make up a learning track with classes that you take in different subject
areas, such as binary logic gates (AND, OR, NOT, XOR); 3D computer graphics; how text parsing
and compiling programs into executables works; and also including CS 101, Analysis of
Algorithms. All these are covered in my project, an online class which should be seen as a
starting point for coding school graduates to cover the topics which would have been missing
from their coding school education.
A coding school graduate knows one or more programming languages, though less than
half trained with the one focused on in the project: Javascript (Course Report, 2016). Therefore
my online course seeks a casual knowledge of the language itself, and focuses on using
Javascript to demonstrate the computer concepts live in the web browser. The idea was to
make a playground which stimulates independent learning, similar to Seymour Papert’s
“microworlds”: a term which he coined to describe the rich learning environment provided by
his turtle graphics package LOGO.
The ability to make web pages with embedded parsers and 3D computer graphics using
open source projects is probably unique to Javascript in these days of the obsolete Java applet,
and I think this project would have been very difficult to accomplish in Flash, for instance.
Another key feature of Javascript is the ability to let the student write programs in text boxes
that can be run by the host web page.

FRONT-END ANALYSIS
I noticed the possible instructional need for this project while comparing and
contrasting my experience as a bachelor’s degree holder to the coding school graduates’. I
thought they must be missing out on some important and interesting concepts which I noticed
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that I still remembered after a decade. Further research bore this out (Mitchell, 2016; Cannon
2016) and employers often found something not to like about the coding school graduates vs.
the college-educated ones.
The terminal goal is to have coding school graduates who can compete better with 4year computer science graduates in the industry marketplace, shown by improved perceptions
in the hiring managers surveyed, and who have at least heard of major topics in the field that
may not have come up during their language-focused and results-oriented programming
bootcamp. The interactive nature of the lessons may help stimulate recall and/or transfer by
adding interest and a non-threatening real-life taste of these complicated subjects.
Possible learning contexts include: the course can be assigned as career development
training by the hiring company, in which case it can be presented with an instructor (or more
experienced co-worker). It can also be promoted by a bootcamp in a similar setting.
Another option requiring total self-study is for a link to the website to be marketed to
coding bootcamp graduates by targeted online advertising, in an effort to improve industry
perceptions of coders on a grand scale. However, from the results of my small group
evaluation, I recommend supervision when available. Each tester required individualized
instruction beyond whatever design flaws were apparent in the project. Perhaps an email
address would have worked so they could have emailed their questions to an expert, but of
course it isn’t the same as having someone in the same room to look over their shoulder when
they ask about something.

Learning objectives:
Complete an overview of the breadth requirement from a sample 4-year school curriculum
(UCSC circa 2000)
1. Decode a binary file (covered in Computer Engineering 100: Logic Design in the UCSC
curriculum)
2. Observe the performance improvement given by using algorithms over common-sense
programming strategies, in order to become a believer and seek them out when
appropriate (since it takes extra time to adapt them for your own use vs. the naïve
programming strategy)
3. Write parsing grammars for simple computer languages such as calculator and text
adventure commands (grammars are how the computer interprets each word or
mathematical symbol in a program)
4. Make an animation based on 3D transformation matrixes (a kind of mathematical way of
moving [translating], spinning [rotating], or stretching [scaling] part or all of a drawing)
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Learner analysis: The typical bootcamp attendee is 30 years old, has 6.8 years of work
experience, has at least a Bachelor's degree, and has never worked as a programmer (though
nearly 50% have some informal programming experience) (Course Report, 2016). Only a third of
them went to a coding bootcamp that taught Javascript. 43.3% of bootcamp graduates are
female, which suggests a gender-neutral approach. 69.9% are white, and 78.7% were born in
the U.S. For the remaining 21.3%, Google Translator accomodations have been built into the
website interface so that you can choose the language the site is presented in.

Figure 1: A list of the languages available in the site interface.

Figure 2: The same page presented in Spanish.
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DESIGN
The 2 main design frameworks for this course are Richard Mayer’s Multimedia Theory
and Seymour Papert’s Microworlds. What they have in common is that they posit a rich learning
environment which engages the student better than words alone, aiding in transfer and
retention.
In this class, “multimedia” has been stretched from its original definition of “teaching
with both words and pictures” (Mayer, p. 63) to “teaching with words and live programming
exercises.” These exercises are placed in close temporal and spatial contiguity to the relevant
word descriptions through a special layout in lessons 3-4, in accordance with Multimedia
Theory (Mayer, p. 81). (For a more thorough explanation of these layouts, see the
Implementation section below.)

Figure 3: Instructions on the left displayed in close contiguity with the controls on the right in Lesson 3.

Much of the remainder of Multimedia Theory deals with the use of audio files as
superior replacements for text. Due to the complexity and highly abstract nature of the terms
and concepts used in this computer science course, I decided to dispense with this part of the
theory, though Mayer concludes that even user control of the playback is unnecessary (Mayer,
p. 146). Also, while it would have been possible to host audio files within a Moodle
environment, it is much more geared towards a text presentation.
This class occupies a special place in the Clark vs. Kozma debate that Multimedia Theory
touches upon briefly (Mayer, p. 70): does the use of advanced technology affect the quality of
learning? Though Mayer concludes it doesn’t, this must be examined with new eyes when
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talking in the context of an online class on computer science. In this case, computer-based
illustrations of the concepts are not only flashy but necessary to provide a practical
demonstration, just as a car engine would be in shop class.
In regards to his own live programming exercises in Mindstorms’ chapter on
Microworlds, Papert says this approach encourages heutagogy, or self-motivated learning.
Transitional theories are invented and discarded by the learner when they can prove by
experiments that they are wrong (Papert, p. 132). This increases personal connection and
mastery over the learning process, even when serious gaps in prerequisite knowledge exist.

Task analysis:
1.

Decode a binary sequence

1.1

Look up the file format specification

Quiz

1.2

Write a simple program to read the file into
memory (differs according to programming
language)

Quiz

1.3

Use bit shift and bitwise operators or their
equivalents to separate the file into its
constituent variables

Quiz

2.

Observe the performance improvement given by using algorithms over
common-sense programming strategies, in order to become a believer and
seek them out when appropriate

2.1

Explore the concept of benchmarking in order
to interpret speed statistics

Exercises 2 & 3

2.2

Read the pseudocode or prose description of
the algorithm and recreate new ones in your
programming language of choice

Exercise 3

3.

3.1

Write parsing grammars for simple computer languages such as calculator and
text adventure commands
Locate a parsing engine that suits your needs
(regular expression features)
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3.2

Define the low-level building blocks of a
grammar: “nouns”, “verbs”, spaces, and often,
punctuation

Exercises 2 & 3

3.3

Write more definitions to combine the low-level
pieces into complete sentences or commands

Exercises 2 & 3

3.4

QA grammar with test phrases to make sure it
works as expected

Exercises 2 & 3

4.

Make an animation based on 3D transformation matrixes

4.1

Write the boilerplate for a simple 3D Javascript
animation

4.2

Edit it to include different shapes and lay them
out geometrically

Exercises 2 – 4

4.3

Use transformation matrixes to change the
“registration point” or the center of
rotation/scale/skew and other transforms, if
needed

Exercises 2 & 4

4.4

Animate the quality to be changed around the
registration point

Exercise 4

Exercise 4

DEVELOPMENT
The basic requirement of this project is the ability to embed custom HTML in web pages.
This allows the advanced interactions by students needing only a web browser. However, 100%
HTML coding was not desirable since it would have taken too long. I chose Moodle (Dougiamas,
2016) as the Learning Management System for this online class due to the impressive
organization features provided by the framework. By using Moodle I was able to dispense with
a lot of administrative details, like making menus and navigational links on each page, and it
was all handled for me by the system.
Moodle comes as a zip file that you can download onto a Linux web server with Apache,
MySQL and PHP installed. (A web server is a computer which has a folder open to everyone on
the Internet. This folder hosts the files that you see on a website.) My web server is provided
through Amazon AWS. The special thing about this relationship is that many web hosting plans
don’t allow you to install your own programs on the web server. Amazon’s virtual private
servers are perfect for this. By partitioning off a tiny piece of their server farm, Amazon has
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made an environment where your security decisions don’t affect anyone else’s, and this allows
for greater freedom. Other providers offer similar service, but at premium prices that are
unaffordable for a start-up, while this is under $10 / month for the first year.1
Moodle is designed to be used by students who log in with a username and password.
However, it can also be set to allow users to Login as Guest, which is what I chose. You sacrifice
some features like tracking grades that way; however this is designed as an open-ended and
student-directed beginning to a course of study. This decision also introduced a few bugs into
the Moodle navigation features: Guest users who viewed a lesson for the first time were
presented with a screen that asked them “Do you wish to return to the last place you have
viewed in this lesson?” causing confusion in the user. Quiz question navigation was also
affected, but fortunately the only place quizzes were used was in lessons 1 & 2. As well, the Solr
search plug-in, which would have allowed users to find key words or phrases anywhere in the
course, also did not work in Guest mode (bug reported to Moodle at
https://tracker.moodle.org/browse/CONTRIB-6606).
The class is presented as 4 lessons, each of which have an online prep activity from
another site that is designed to take 30 minutes. Each lesson itself took 15-45 minutes for my
student testers to complete: the fast one, an undergraduate computer science major, and the
slow one, a biology major with some programming experience. There are also links to further
resources for each section since this is a starting point for self-study.

Lesson 1
Exercise #1 The first lesson, on bit operations, is built around a Binary Calculator written
in HTML/Javascript. Using this, students can flip individual digits from 0 to 1 and back, and see
the result update in the decimal number at right.

1

What you trade off for in cost is made up for in personal attention. My site is probably more vulnerable to
hacking than a commercially-hosted Moodle site would be. There are inevitable bugs when it comes to
administering a Linux web host, such as getting programs to install correctly, applying updates, and setting
the correct file permissions. Any one of these done in the wrong way can lead to intrusions and perhaps
content being altered.
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Figure 4: Setting the binary calculator from a decimal number.

Exercise #2 After this, students are asked to break the calculator by using a number too
big for Javascript to handle. This was to add interest, saying to the student that here was a
reproducible bug in the course that had to exist by the nature of Javascript. The maximum
number in Javascript is about 9,000 trillion, so to make the calculator break, they had to flip
enough zeroes to ones (53 or more). A button was provided to flip all the digits at once, to be
user-friendly. The fact that this bug exists is germane to the topic of decoding binary files, since
it speaks to word boundaries, or the sometimes-arbitrary places where one piece of
information gives way to the next.
Exercise #3 As they move along in the lesson, further permutations of the Binary
Calculator are presented so as to illustrate bitwise operators: AND, OR, and XOR. Two
calculators are stacked on top of each other, with a third beneath for the result (this one not
toggleable from 0 to 1 or back).
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Figure 5: Bitwise operators explorer, showing the result of 36 & 4.

Exercise #4 Also, a copy of the Binary Calculator web page was displayed in an iframe in
order to demonstrate bit shifting. This is a workaround since the initial design was not made to
change the number of digits it was displaying.
Quiz At the end, the student uses multiple choice questions to complete a program to
“decode a binary file” and find out the author’s favorite number, which fortunately for people
who have to decode it is under 20. Again, these questions are not graded or tracked by Moodle,
since they are logged in as guest, and the quiz format is just a gimmick for interactivity rather
than a real quiz. A few practice questions are also thrown in as interstitials between exercises.

Lesson 2
Lesson 2 deals with algorithms and tries to demonstrate them for the student, along
with the non-algorithmic way of dealing with the problem of searching (for a value among a list
of values) and sorting a list. An algorithmic way of dealing with searching is called the binary
search, because at each step it eliminates half of the possibilities for where the value it is
searching for could be. It does this by examining the value halfway between the beginning and
end of the list, and then if the value is less than what it is searching for, all values less than the
halfway value are discarded as possibilities. (This only works on pre-sorted lists.) Then this is
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repeated with the unexamined values in the list until found or declared impossible to be in the
list.
Compare this to just checking all values in the list until the target is found or not found.
It is much faster, especially in long lists. Computer scientists say it runs in “logarithmic” time,
because it eliminates half the possibilities and they’re divided by two with each step, similar to
a logarithm in math. Just checking every value is said to run in “linear” time, which is less
desirable.
Exercises #1-2 There is both a binary search simulation where the algorithm as
described 2 paragraphs above is presented visually, and also a dictionary search interaction for
a large number of randomly-chosen words which is noticeably sped up when you select the
option for using binary search. The English Open Word List, with 100,000+ words, was used to
generate the dictionary (Loge, 2012).

Figure 6: A completed binary search using the simulator.
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Figure 7: Benchmarking the brute force search using the dictionary interaction page.

Exercise #3 In the next section, three algorithmic alternatives are posted along with a
slower non-algorithmic way of sorting a list of numbers or randomized “words.” The student is
invited to compare the performance of these sort methods by running an experiment on the
page. The amount of information and complex layout necessitated a user interface library,
jQuery UI (jQuery Foundation, 2016) to collapse information not being looked at immediately.
To describe the algorithms: the non-algorithmic sort goes over a list and removes the
minimum value found, puts it at the tail of a new list, and repeats until none are left in the
original list. Mergesort, a recursive or self-referential algorithmic sort function invented by
ENIAC scientist John von Neumann in 1945, splits the original list in half repeatedly until
yielding lists of size 1 and merges them to create a finished sorted list. Quicksort, another
recursive algorithm, was invented by Tony Hoare in 1959, and uses a “pivot and partition”
scheme to deliver on average the best performance of the 3 algorithmic alternatives presented.
These 3 sorting programs were written by me in Javascript based on the instructions in
their Wikipedia definitions. The last algorithmic alternative is to use the built-in sort function
from the browser’s Javascript engine.
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Figure 8: Brute force, one of the algorithms available to use for sort benchmarking.

As you can see, a short bio of the inventor is presented along with a pseudocode
program of their algorithm. (Pseudocode is a universal computer language made for
communication of algorithms among computer scientists.) Students hover their mouse over a
piece of pseudocode and get a plain English explanation of what the code does. They can
benchmark each of the 4 alternatives against each other and get a readout of how much time
they took to sort the sample list. The sample list is filled with different values on each page
load.
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Figure 9: Using the benchmarking app to meaure the speed of Array.sort().

Quiz Finally the section is rounded off with a few multiple choice quiz questions to
solidify concepts before concluding the lesson. Students are asked what situations are best for
which algorithms, and asked some creative questions about the possible uses of each one.

Lesson 3
Lesson 3 took the longest for my student testers to complete. This one, about text
parsing and regular expressions, allowed the student to use an in-browser parser, PEG.js
(Majda, 2016) to write their own grammar for interpreting text adventure and calculator
commands. Grammars allow computers to go over each word of a command and process the
meaning of the words both separately and as a whole.
Exercise #1 The take-home assignment preceding this lesson was about regular
expressions, teaching how to specify a pattern of text to search. The first page in the lesson
gives a copy of the U.S. Constitution and asks students to use regular expressions to make a few
strategic edits. This is done to jog their memory before moving into likely unfamiliar territory.
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Figure 10: Finding all phrases starting with “shall not” in the Constitution using regular expressions.

Exercise #2 Text adventures were popular in the 80’s before graphics became advanced
enough to run our modern games. In them you get a text description of the room you are in,
and a DOS prompt where you can type your simple 2-3 word commands to interact with your
virtual world. There is an excellent online text adventure based on The Hitchhiker’s Guide to
the Galaxy (BBC, 2014), and students are introduced through this external resource to the
concept.
Then students are asked to write their own grammar for a text adventure, which would
accept simple commands like “get the green book.” Using a combination of whitespace,
adjectives, verbs and nouns, they can see when the parser accepts only the example commands
which should work in their imaginary stripped-down text adventure, and when small changes
are made to these commands, they work differently or break the parser. For example, in the
sample grammar in the figure below, “big green house” is a valid phrase, as seen at the bottom
middle of the figure.
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Figure 11: Starting to write your own text adventure command interpreter.

Exercise #3 Finally students are given the grammar for a calculator interpreter (Majda,
2016) which interprets things like (10 + 8) * 3 and gives the result when the command works.
Given a simple checklist of small edits they can make to extend the calculator with new abilities,
they are encouraged to experiment with this grammar.
Use of a performance checklist The interest value of this and the next lesson, on 3D
computer graphics, was such that I felt that no multiple-choice questions were necessary as a
finisher to solidify their memories, and probably would interfere with their own positive
memories of the segment. This is fortunate, since it would have been difficult to interface a
PEG.js parser with the quiz questions in Moodle to make a working quiz. The live exercises in
this lesson along with the live programming exercise in Lesson 4 will have to stand in for a
classic quiz with pre-written feedback. The feedback is provided by the error messages (or lack
of them) in the parser, and in lesson 4 by the animation working or not.
Learning design modifications The volume of information presented on Exercises 2 & 3
made some tweaks to the layout necessary. According to multimedia theory, spatial contiguity
of information is important, as in the distance separating instructions from the place available
to write the program in – in bad layouts necessitating a lot of scrolling. I was able to fix the
place available to write the program to the top right of the screen, while the left-hand contains
the instructions and is still scrollable. Temporal contiguity is also satisfied by placing these 2
items on the same page.
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The instructions are in an “accordion widget” (jQuery Foundation, 2016) so that they
can be collapsed and expanded by section, hiding extraneous information in the left-hand
column.
As a further measure, I was able to find a code library on the web for making fancy text
editors in the browser using Javascript and CSS (Haverbeke, 2016). This is what is shown in the
controls on the right-hand side of the screen. The advantage of using this for editing your
grammar is that it allows for syntax highlighting, a way of coloring key types of words in
program code that may increase understandability. (Imagine a long poem whose proper nouns
were highlighted in blue for easy reference.) It also allows for code folding, a way to hide
unnecessarily complex parts of the program from the user until needed.

Lesson 4
The 4th lesson starts out with a discussion of matrix mathematics. As in the movie The
Matrix (Wachowski, 1999), matrixes are essential to laying out and animating a virtual world.
The department of geometry that deals with matrix multiplication allows you to move around
inside your layout and do interesting things with the objects you have drawn there, causing
them to spin, move, or warp.
Exercise #1 How does matrix math work? While it is uncommon for a programmer to do
the math by hand for matrix transformations, the purpose of this class is to give someone a
classical university computer science education so that they understand what is being done
behind the scenes.
This page is a demonstration of matrix multiplication done on 3x3 matrixes with random
values in each position. The values are chosen anew at each page load. When you click on a
position in the result matrix, it highlights the positions in the original 2 matrixes that are
responsible for filling in its value, and displays the equation. Color coding is used to explain how
the numbers in the result matrix are arrived at.
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Figure 12: Inspecting the derivation of a number, -8.27, in the 3 (result) matrix.

Exercise #2 The next matrix demonstration lets student see the result of matrix math
with 2D computer graphics. 2D computer graphics use the same 3x3 matrixes to do their
geometric layout as 3D graphics, but many cell values are filled in with zeroes and ones,
simplifying the math involved greatly. A picture of a compass rose is given and students add
matrixes to change its position, rotation, etc. The matrixes are saved in a queue and can be
moved up or down in position, so that the transformation any one matrix represents can be
applied at a sooner or later time than the others, which has a result on the final product. This
concept of the non-commutability of matrix multiplication is essential to performing the last
exercise in the lesson. (In other words, B x A does not equal A x B.)

Figure 13: A sample transformation equation to move and rotate the compass rose.
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Exercise #3 The third exercise gives a user-controlled animation of a spinning 3D object.
Which object it is can be chosen from a list of common primitives, or simple objects you can
construct your more complex shapes from. The animation uses the popular 3D library, three.js
(Cabello, 2016b), which shares much in common with its predecessor, OpenGL (or the language
covered at UC Santa Cruz in 2001). This introduces students to the highly realistic light, shadow,
and texture effects possible to achieve with this framework.

Figure 14: The 3D box object showing steel tread texture, under a virtual spotlight.

Exercise #4 The last exercise gives the student the chance to fill in a simple Javascript
program with code to generate one or more shapes and manipulate them in 3D space, given
what we have learned about matrix geometry. The focus of the lesson is on changing the
registration point of objects so that they rotate around a different point in space than the
center, for instance.
This page is notable in that it overlays the 3D wireframe animation the student is
making over the program that creates it (Cabello, 2016a). Usually separate windows for editing
the program and viewing the result are needed when programming. Not true on this page. A
more perfect demonstration of the spatial contiguity principle in Multimedia Theory can hardly
be imagined than when the end result is superimposed on the code that makes it. Also, when
there’s a problem in the code, the overlay goes blank, providing instant feedback when the
programmer has made a mistake.
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Figure 15: A spinning wireframe cube animated over the code that generated it.

Using the interface of a button group at the top right of the figure, students can Insert
Shapes, which uses a pop-up modal alert window to present UI-mediated settings that are then
applied to the code block that’s generated (jQuery Foundation, 2016; Grinstead, 2016). The
result is a new shape in the animation.

IMPLEMENTATION
For implementation, I recommend a setup similar to the one used in user testing:
weekly 1-hour lessons, supervised in computer lab. The “flipped classroom assignments” or
take-home preparation for the upcoming class can take up to an hour of the student’s own
time. The supervisor should be available by email during the week in order to answer questions
from the take-home prep assignments.
The computer lab should run a modern HTML5 web browser to minimize the chance of
cross-browser issues. Obsolete browser detection and workarounds using libraries such as
Modernizr was not part of this project, so unexplained bugs or freezing may occur if the web
browser hasn’t been updated for several years. My user-test computer lab was running Safari
web browser on iMac’s, while my development computer used Safari, Chrome, and Firefox on a
12” Macbook. So while the site should work with various screen sizes (including phones and
tablets), it is probably optimized for laptops.
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Students’ home computers and even the lab computers can be among the most
inexpensive available, likely including Chromebooks. The site was tested on a bare-bones
“Windows Chromebook” designed to be little more than a web browser with a 32 GB hard
drive; while the computer cost under $150, the advanced interactivity normally covered only at
the university level still worked. High-speed Internet may be necessary to view some of the
video or other resources available at the flipped homework assignments. It is likely that coding
academy graduates would have both a computer and an Internet connection at home before
taking this class.
All this makes the class somewhat m-learning friendly, in that it can be run on a variety
of devices according to the user’s preference, which can theoretically boost learning. However,
the last 2 lessons are ineffective on phone and tablet screens. Although the advanced
interactivity still works, they involve editing text, which makes the virtual keyboard cover half
the screen, obscuring the activity.

EVALUATION
For this project’s small group evaluation I recruited 2 from a pool of San Francisco State
University student volunteers, drawn in through a flyer posted by a friendly Computer Science
professor. In accordance with human rights guidelines, a token amount of $25 in cash per 1hour testing session was offered; not enough to sway their judgment about the project, but
enough to repay them for their time. Note that the cartoon in the flyer somewhat resembles
me.

Figure 16: Volunteer recruitment flyer.
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In the computer lab we chose for the sessions, screencasting software recorded a video
of the user while they interacted with the lessons. Audio from the computer’s microphone was
used to listen to the user’s experience. The video was later destroyed. This revealed mainly
weak spots in the writing where the explanations or instructions caused the user to “hang” and
need a question to get back on track. This included things such as:
•

•
•

Providing hints to the Constitution & regular expressions exercise at the beginning of
Lesson 3, as links to pages in the online background resource (“flipped classroom
exercise”) that cover the 3 questions on the page
Providing hints to the text adventure page in Lesson 3 that cover some common
mistakes that break your grammar
Adding code snippets in the wireframe animation program at the end of Lesson 4 can be
done by mistake in inappropriate places, making the screen go blank

Two expert reviews were conducted as a formative evaluation step. The first expert, an
instructional designer at Cisco Systems, was recruited through an e-mailing list of ITEC alumni
and students. The second was a computer science master’s student at San Francisco State
University. The payment schedule for the experts was nearly twice that of the user testers, in
deference to their experience. Since our correspondence was nearly all by email, with the
exception of one videoconference, they were paid by Amazon gift card due to the ability to
send “money” to an email address.
The instructional designer contributed several good ideas but the main one was the
addition of a “help screen” where students, when confronted with one of my interactive apps,
could click a button and see screenshots of what they were supposed to do next. She said that
was a common strategy at her work. On thinking about the parts of Multimedia Theory that I
had skipped before because the computer science content was so complicated, I decided to
make an audio help system that could make user interface components of the app blink yellow
while the appropriate part of the audio was playing. This would leverage the dual track
audiovisual way of explaining things that Mayer had originally suggested in part of his theory
(Mayer, 2001, p. 46).
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Figure 17: The audio help system highlighting in yellow what’s being talked about in real time.

The CS master’s candidate contributed some valuable insights, such as:
•

Bit shifting should conceptually come before bitwise operators in Lesson 1

•

The matrix multiplication page in Lesson 4 should include not only 3x3 matrixes but also
1x3 matrixes called vectors

She was the most critical of the project of all my evaluators, but all my evaluators
agreed that Lesson 3, about text adventures and command interpreters, was very effective. She
differed from the rest in a negative vote on lesson 4, on 3D graphics, on the grounds that it was
more of a demonstration than a teaching exercise. However, I feel that many of the users of
this online class might be entirely new to 3D programming, and a demonstration of the special
effects that can be achieved such as textures and perspective shading would be helpful to
them.
In a summative test I would be interested in whether the audio help system works
better than the written help instructions I replaced, and see if they follow the predictions of
Multimedia Theory by the audio/visual help being superior. This would mean such things as it
being a mistake to provide both written and audio instructions; better to choose one or the
other, and audio is preferred since you can listen to it while you look at what’s being talked
about, unlike printed text. I would redo the small group evaluations to see if the user questions
based on my poorly chosen wording have gone away (or if new ones have taken their place).
The main criteria for judging this project successful would be the learner’s retention: as
long as a student remembers the content next year, or the year after that, they will be a more
interesting conversational partner to hiring managers. Due to the novelty of some of the
exercises I feel that may be a side result in my user testing group. In follow-up I would send
them a questionnaire to see if any information was retained.
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