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Abstract

WMin IBM there are many groups that have made
small-scale multimedia titles. Large titles, however, are
not so common. This paper describes the process that we
followed to create a large title, Experience C++. It begins
with a description of why we decided to create a multi-
media title about C++. It then describes the process that
we followed to make the title. Finally, it describes the les-
sons that we learned and our plans for fhe future.
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Introduction

‘Ilk paper describes the process that we followed to
create a large multimedia title, Experience C++. This title
describes the C++ programming language and introduces
some of the key concepts of object-oriented programming.
This is a big topic, and the resulting title has the following
dimensions:

● More than 400 screens

“ More than six hours of audio

● More than 80 code examples

● 20 animation sequences

This paper begins with a discussion of how we
planned the project. It then outlines the process we fol-
lowed to actually create the title. Finally, it describes the
lessons that we learned and our plans for the future.

The First Steps

The process of creating Experience C++ began with
the idea of using multimedia to describe the C++ language.
Before we could take concrete steps to turn this idea into
Experience C++, we had to answer the questions listed in

this section.

why c++?

The IBM Toronto Lab creates a range of C++ soft-
ware products, including C++ compilers for the AIX and
0S/2 operating systems. To accompany the software, the

IBM Toronto Lab also creates detailed documentation on
the C++ language. Thus, when the group in the Lab that
was responsible for documentation decided to develop a
substantial multimedia title, C++ was one of the candidate
topics.
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C++ is a difficult programming language to
describe. It has a relatively large set of features, and its
syntax can be confusrng. Furthermore, most programmers
want to use C++ to create programs in a style called object-
oriented programming or 00P. This style of program-
ming, with ita emphasis on objects rather than processes,
can be baffling for a prograrmner who is used to traditional
programming techniques. Nevertheless, a discussion of
C++ is not complete unless it rncludes the basics of 00P.

If C++ is such a difficult language, why choose it as
the topic of amultimedia title? It was appealing for several
reasons:

● The staff at the IBM Toronto Lab includes several
C++ experta along with dozens of programmers
who have programmed in the language for years

“ A multimedia title on C++ would complement the
C++ products produced by the IBM Toronto Lab

● There is a high demand for information on C++
(demonstmted by the dozens of books on the sub-
ject), but we felt that existing books, videos, and
courses did not really meet the requirements of all
the programmers who needed to learn the lan-
guage. We felt that the tough concepts in C++
could be explained efficiently by combining text
with audio and animation.

Why Multimedia?

We knew it would cost more to produce a multime-
dia title on C++ than it would to produce a book or conven-
tional online documentation. To create a multimedia title,
we had to learn new skills or h~e people from outside the
IBM Toronto Lab who had these skills. We also had to get
some new equipmen~ such as a CD recorder and a PC
server with lots of hard disk space.

We had to justify the cost of using multimedia to
describe C++. Our justifications included

● The popularity of the topic

● The ease with which difficult C++ concepts such
as exception handling could be explained by
using sound and animation

● Multimedia’s ability to present large, meaningful
code examples that could really illustrate the
power of C-t+

● The room in the market. When we started the
Projecc there were no other C++ multimedia titles
available.

Who is the Audience?

After we had decided to produce a multimedia title
about C++, the next important step was to define the audi-
ence. A clear audience definition helped us to

● Focus the scope of the title

● Determine which media elements, such as audio
and video, we had to include and what the expec-
tations would be for their quality

The more audio, video, and animation that there is
in a title, and the better the quality, the more the title will
cost. For example, professional video is expensive to cre-
ate and requires a lot of space to store digitally. Consider a
multimedia presentation on car engines. If thk presenta-
tion is aimed at mechanics, it maybe essential to include
video segments. If, however, the presentation is aimed at
salespeople who work in dealerships, a still photo or an
animation may be sufficient and would cost much less.

We defined the audience for Experience C++ to be
people with a programming background who were inter-
ested either in Iearning C++ or upgrading their knowledge
of the language. We debated whether or not to limit our
audience to programmers who already knew the C pro-
gramming language. C+t is based on C, and it is much
simpler to teach C++ to somebody who already knows C
than it is to teach someone who doe-snot know C (Liu
1992, p. 94). In the end, we decided that it would be
worthwhde to include a brief description of the common
elements of C and C++ in Experience C++ so that pro-

grammers who did not know C could still use the title.

Our audience definition let us make two important
assumptions:

● Our audience would not require video or high-
quaJity audio. Our estimate for the cost of the fin-
ished title did not have to include the cost of video
production, and our estimate for the space
required by the tutorial could be lower.

● Our audience would not need to be taught basic
programming concepts. The content of the title
did not have to include an introduction to pro-
gramming.

What is the Scope of the Content?

The actual scope of the title was only settled after
we completed a detailed outline. Nevertheless, it was nec-
essary to make a broad statement about the scope of the
title early in the project. TKE statement helped m

● Determine who needed to be on the project team.

● Estimate the overall cost of the project.
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● Keep the project to a manageable size. The Expe-
rience C++ project team was under steady pres-
sure to expand the content of the title. This extra
content may have been interesting to some of our
customers, but if we had accepted every sugges-
tion to add contenc we would still be working to
finish the title. Our clear definition of scope,
along with the audience definition, allowed us to
make justifiable decisions to exclude extra topics
from the title.

Analysing the Competition

After we had selected a topic and defined the audi-
ence, we wanted to look at other titles in the same subject
area. Analyzing competitive titles is especially important
for multimedia because it is hard to tell what the audience
expects. Some titles are like movies on a CD, with beauti-
ful animation and sound. Other titles barely deserve the
name multimedia. By looking at competitive products,

you can judge what your audience expects and what level
of quality they are willing to pay for.

We were not able to find any other multimedia on
C++ when we began in early 1993. Since then Microsoft
has created a brief title on C++. The closest competition
we found at the time was the World of C++ from Borland.
This package included a video and a work booklet that
introduced the C++ language. It was competently made,
but it really did not help us to understand what our audi-
ence’s expectations would be.

Selecting a Multimedia Authoring
Tool

After the topic had been selected, we had to decide
which multimedia authoring tool to use. Dennis Living-
ston defines multimedia authoring tools as “productivity
tools that provide developers with predesigned modules
used to piece together the components of multimedia pack-
ages.’’(Livingston 1994, p. 83) These components can be
texg audio, video, or graphics. The decision of which
authoring tool to use affects the entire projec~ from tie
size of rhe project team to the appearance of the final title.

You can compare the current state of authoring tools
with the state of word processing software ten years ago.
There are many multimedia authoring tools available, but
there is no clear leader, and all of the tools have obvious
weaknesses. The weaknesses will be evident in the final
title, and thus the authoring tool that you choose has a
direct effect on the overall quality of the title.

Our process for evaluating
qualities described in this section.

Robustness

the tools looked at the

A multimedia authoring tool is a complex piece of
software that has to manage many operations using hard-
wafe, such as audio cards, that is notoriously noncooper-
ative. The authoring tool should be able to handle errors
gracefully, and it should behave predictably. This should
go without saying for any piece of professional software,
but there are multimedia authoring tools out there that do
not meet these criteria. Barry Hudson sums it up nicely
when he describes the tools he had to work with to create a
mukimedia CD-ROM for tbe proceedings of a conference
“Much of what is out there doesn’t work the way I expect-
ed.’’(Hudson 1994, p. 69)

Operating System

When we were evaluating authoring tools, we asked
ourselves two key questions:

● What operating system does it run on?

“ What operating systems can its output be run on?

The authoring tool that we chose for Experience
C++ was LinkWay Live, and one of the key features of this
tQol was that its output ran in DOS. We decided thata
DOS-based tutorial would reach the largest number of our
potential customers. We could make the tutorial available
in a DOS session to 0S/2 users and in native DOS for DOS
and Microsoft Wktdows users.

Environment

It maybe possible to extend the authoring environ-
ment provided by the tool, but the more complete it is to
start with, the easier it will be to use. Does it include a
good editor or allow you to use one of your choice? Can
you create graphics inside the tool itself? Is the interface
of the tool easy to use? These are the ktnds of questions
that we asked when we evaluated au authoring tool’s envi-
ronment.

One of the best qualit.kx of LinkWay Live is its

extensibility. The basic environment that is provided with
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the tool is not comprehensive, but it is easy to add tools to
it.

Contractual Questions

Some multimedia authoring tools require a royalty
for using their runtime code in your titles. Such royalties
not only reduce the revenue potential of the title, they also
introduce an accounting headache. One of the advantages
of LinkWay Live was that it did not require any runtime
royalty.

Other Successful Titles

One of the best ways to judge an authoring tool is to
look at titles that have atready been produced using it. If
possible, it is a good idea to talk to the individuals who cre-
ated the titles to get their impressions of the tool. How-
ever, it is important to remember that such people will not
be offering their first impressions. They may have grown
to appreciate a tool which initially frustrated them. There-
fore, it may aJsobe worthwhile to talk to somebody who
hasjust started a title using the tool.

LinkWay Live was used to create one of the first
successful multimedia titles on CD-ROM, National Geo-
graphic’s Mammals. We were impressed by the qwdity of
Mammals and by its size. The fact that such a large title
could be written in LinkWay Live demonstrated to us the
robusmess of the tool.

Creating a Team

The steps that we have described so far can be hm-
dled by a single person. This person, the person who
defines the overall goals of the project and oversees i~ can
be called the director or the architect. The rest of the pro-
cess to complete the title requires the talents of more than
one person. Barry Hudson mikes the following observa-
tion about creating multimedia “Multimedia CD produc-
tion is a major publishing effort and should involve a team
of technical writers, graphic artists, and computer analysts.
It is not a one-person effort or an overnight project.” (Hud-
son 1994, p. 74)

A Variety of Skills — One Goal

A team that includes a variety of skitls will also
include different viewpoints on what a multimedia titie is.
The programmer, for example, wants the title to work as a

piece of software. Every button has to behave as expected,
and the transitions between screens have to be reasonably
efficient. The technical writer, on the other hana wants the
title to work as a piece of information.

The content has to be complete and accurate, and it
has to convey usefid information to the reader. Because of
these different viewpoints, it is important to ensure that the
whole team has a clear goal, and that everyone is working
towards that goal.

The following is a list of some of the skills we
needed for Experience C++

THE ARCHITECT
The architect (also called “the director”, a reflection

of the cinematic heritage of multi-media) defines the over-
all goals of the projec~ co-ordinates the rest of the project
team, and manages its operation.

AUTHORS
The authors work in the authoring tool to create the

actual software that is the title. They integrate the material
created by the writers, audio experts, and animation
experts.

WRITERS
The writers write the audio scripts and text that

appear m the title. Ideally, the writers should be familiar
with the content. All of the writers who worked on Experi-
ence C++ had some experience with C++. The distinction
between an author (who usesmultimedia software to bring
together all the pieces of a title) and a writer (who creates
some of these pieces, such as text descriptions and audio
scripts) is significant.

CONTENT EXPERT
The content expert reviews the material written by

the writers to ensure that it is technically correct.

GRAPHICS EXPERT
The graphics expert has hvo roles. The first is to

review and make recommendations on the graphic design
of the title. The second is to create graphics that the
authors cannot create.

AUDIO EXPERT
The audio expert supervises the recording of narra-

tion and the selection of sound effects and music. The
audio expert can also make decisions about the overall
quality of the audio in the title.

ANIMATION EXPERT
The animation expert creates the animation

sequencesthat are included in the title.
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USABILITY EXPERT
The usability expert reviews the title both at the pro-

totype stage and when it is close to completion. The
usability expert then makes recommendations to improve
the interface of the title and its organization.

EDITORS
The editors review the material written by the writ-

ers to ensure that it is clear, grammatically correc~ and
appropriate for the media. For example, apiece of text that
is acceptable in a pop-up window may be too long and for-
mal for an audio script. For Experience C++, we were
lucky to have the skills of a professional editor who had
broad experience in radio broadcasting and who was able
to make valuable suggestions for improving the audio
scripts.

SOFTWARE TESTERS
The software testers test the title to make sure that

all of the parts of the interface work as they should. They
have to test all of the buttons, all of the links between
screens, and the special functions such as the index and the
glossary. Finally, they have to test the installation routines,

CONTENT TESTERS
The content testers put themselves in the shoes of a

customer who is trying to use a title. In fac4 Experience
C++ was tested by potential customers outside of IBM as
well as by staff at the Toronto Lab and other IBM sites.
The content testers use the title to actually learn C++ and
they make comments on the content and the way it is orga-
nized.

In the Experience C++ team, each team member
was able to fulfill more than one skill requirement. The
architec~ for example, was also an author, and one of the
writers was also a content expert.

Designing the Content

After we had selected an authoring system, we had
to put multimedia issues to one side and concentrate on the
content. This section describes the steps that we followed
to design the content of Expedience C++.

Limits of the Content

There were two factors that limited the size of Expe-
rience C++:

THE RESOURCES OF THE PROJECT TEAM
We defined the overall scope of the title at the

beginning of the process (see “What Is the Scope of the

Content?” on page 3), but we still had to decide how much

detail we could handle within this scope. To make this

decision, we looked at the size of the project team and the

time we had available. For example, we originally wanted

to include a chapter describing more about object-oriented

programming, but our schedule did not allow us enough

time to complete it.

THE SIZE OF THE CD-ROM
We knew iiom the beginning of the process that we

would be delivering the completed title on a CD-ROM.
We initially thought that a CD-ROM would be big enough
for anything we could possibly say about C++, but we had
to remember that this space was not unlimited. One of the
purposes of the prototypes was to allow us to estimate how
much space the finished title would take on the CD.

We kept both of these restrictions in mind as we
designed the content of Experience C++.

Creating a Detailed Outline

To begin the design we wrote a detailed ou~me of

the title. This outline listed all of tie major topics in the

title and all of the sections within each topic.

We modified the detailed outline at the following

stages in the process:

● After testing the prototypes.

● After testing the content.

Despite these changes, the detailed outline remained

fairly consisten~ We used it throughout the process, par-

ticularly when we wem writing the content for one chapter

and had to refer to
been written yet.

Identifying

a topic in ‘mother chapter that had-not

Multimedia Elements

After we had finished the detailed outline of the

conten~ we had to decide where the multimedia elements

would go. We used the audience description (see “Who Is

the Audience?” on page 2) as a guide to &termine where

we could use audio, animation, and graphics most effec-

tively. For each of these elements, we kept in mind the
cost of creating them and the space that they would take up
on the CD.

TEXT
Our audience description told us that some of our

customers would not have sound cards. Therefore, we had
to provide a text version of all of the information that we

130



were including as audio narration. In addition, we decided
to display the main topics as on-screen text. Detailed
descriptions of these topics would be available as text in a
pop-up window or as audio narration.

GRAPHICS
In Experience C++, we added most of the graphics

as we went along. In general, however, it would be a good
idea to have a common design for all of the graphks in a
title and a clear @icy on where graphics would be used.

INTERFACE
The interface included all of the elements of the title

that were visible to the user, including the design of the
individual screens, and the buttons that appear on the
screens.

The framework was designed with our detailed out-
line m mind, but we did not put anything specific to C-t-t in
the framework. Thus, the framework that we created for
Experience C++ could be reused for other topics

AUDIO
Most of the audio in Experience C++ is narration. Initial Design of the Interface

In addition to the narration, we used two music sequences
and a dozen sound effects, although we probably could
have improved the usabilhy of the title by using more
sound effects, especially in the long animation sequences.
In this situation, it would have been a good idea to get the
advice of an audio expert to help us set a clear policy for
the use of music and sound effects.

We began the interface design on paper. We drew
rough sketches of what the various screens would look like
and drew diagrams to show how the user would move from
screen to screen. We defined buttons for all of the tasks
that a user would need to perform. We changed the posi-
tion and d%nition of some of the buttons later in the pro-

ANIMATION
cess, especially after the usability tests, but the inte&ce

We decided that there were some C++ concepts,
defined at this point is essentially the same as the one in the
finished title.

such as polymorphism and exception handling, that just
begged to be illustrated with animations. We created the
rough sketches for the individual animations when we
wrote the surrounding material. We set a clear policy to Implementing the Interface
only use animation sequences to explain key C+ con-
cepts. We created a common “workman” character who After the interface had been designed on paper, we
appeared in some of the animations, but with a little fore- had to create the graphics for the interface, including the
thought we could have made better use of thk character backgrounds, the buttons, and the icons. We also had to
and turned him into a mascot for the title. write the code behind the buttons. For example, we wrote

the code for the buttons that allowed the user to:
VIDEO
We decided early in the process not to use video in

Experience C++. We thought that it would lx too expen-
sive to shoot professional video, and the finished material
would take up too much space on the CD. In addition, our
audience description told us that the technical people who
would be using Experience C++ did not require video in a
description of a programming language such as Ci+.

Framework Development

At7er we had selected the authoring tool and written
a detailed outline of the conten~ we had to create a frame-
work that customized our authoring tool, LinkWay Live, to
work in our specific environment. The framework was
made up ofi

TOOLS
We wrote a set of programs in LinkWay Live that

acted astools for the authors. These tools let us import ele-
ments from outside LinkWay Live, format elements inside
of LhkWay Live, and test the title.

● Go to the next screen

● Go to the previous screen

● Retrace to the last viewed screen

● Go to the menu

From this implementation we created a skeleton
chapter that included all of the buttons, screens, and other
elements that could be used in a chapter. We used this
skeleton as a starting point when we brought the content of
the title into LinkWay Live.

Customizing the Authoring Tool

LkkWay Live gave us a solid base on which to cre-
ate a complete authoring framework. Using the LinkWay
Live command language, we wrote tools to accomplish the
following tasks:

AUDIO RECORDING
We created a tool that managed the text files and

presented them in order so that they could be used as
scripts for the audio recording.
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IMPORTING TEXT FROM AN EXTERNAL
EDITOR
LinkWay Live has a poor text editor, so we wrote a

tool that allowed us to edit text using an external editor.

FORMATTING TEXT IN LINKWAY LIVE
We wrote several tools that allowed us to format and

reflow the text that appeared on the screens of the tutorial.
These tools were essential because the formatting facilities
of LinkWay Live created unexpected results.

MAKING PERVASIVE CHANGES
We wrote a tool that allowed us to change an ele-

ment on every screen of the title. For example, if we
needed to modify how the “EXIT” button worked, we
could change it in one place and then use this tool to make
the change on every screen.

Testing

We wrote a simple tool that played the entire title
from beginning to end. We used this tool extensively to
test the title. We also wrote tools that checked to see that
every hyperlink went to a valid location, and that every
entry in the index pointed to a valid destination.

Sometimes we anticipated the need for these tools,
but most of them were written as we went along. As soon
as we found that we were repeating a task several times,
we would write a tool to automate i~ It is a testament to
the flexibility of the LinkWay Live command language that
we were able to write the tools that we needed so quickly.

Prototyping

Before we went ahead and began creating the title,
we had to test:

* The detailed outline

● The framework

To do this, we created short prototypes that included
all of the elements that would be used in the completed
title. These prototypes combined the chapter skeletons
described in “Implementing the Interface” on page 12 with
samples of actual content of the title. After we tested the
prototypes, we modified the detailed outline and the ikune-
work to reflect what we learned.

Using Prototypes to Test the
Framework

We used the prototypes to test if the buttons and
other LinkWay Live programs that we had written actually
worked. By working with the prototypes we were able to
determine whether we had missed any important features.
Finally, the prototypes allowed us to test the authoring pro-

cess to see if we needed to add any new tools.

Using Prototypes to Test Efficiency

We wanted to ensure that the completed title would
be reasonably efficient In particular, we wanted to be sure
that there would be no long delays between screens, and
that the audio and animation sequences would begin play-
ing soon after they had been requested. We also wanted to
test the file organization that we had chosen for the CD-
ROM to make sure that it was efficient. By putting the
prototypes on writable CDs, we were able to complete
these tests.

Using Prototypes to Test the

Organization of the Content

To begin with, we wanted to give Experience C++ a
hiermchicd organization. There would be a main table of
contents under which there would be tables of contents for
each major topic. Under each of these subordinate tables
of contents there would be lists of topics. We thought that
this organization would be the most efficient way for the
user to get to the exact topic of interest. When we tested
this organization, however, we found that it was easy to get
lost and that users did not like having to go through three
layers of menus before getting any real content.

Because of these results, we decided to try a flatter
organization that only had two levels of tables of contents.
This organization had a large main table of contents that
pointed to chapters. Each chapter had its own table of con-
tents that pointed to each topic in the chapter. The disad-
vantage of this organization is that the main table of
contents is very large, and users may have to scan through

several screens before finding the topic they want. The

advantage is that the organization is familiar to users and

thus easy to understand.

This section describes how we used the prototypes
and why they were important.

132



Using Prototypes to Estimate the
Time and Space Requirements

We tried to estimate the time that it would take to
create the title early m the process, but our estimates could
not be very accurate because we were doing tasks that we
had not done before. We had no idea, for example, how
long it wordd take us to test the audio and animation
sequences. By creating the prototypes, we could make bet-
ter estimates of how long it would take to complete the
entire title. In addition, we could look at the space taken
up by a prototype and extrapolate how much space the fin-
ished title would take.

Using Prototypes to Demonstrate
the Progress of the Project

We used the prototypes to demonstrate that progress
was being made on the title. In a project as big as Experi-
ence C++, it is possible for months to pass without any
results that can be shown to sponsors, managemen~ and
interested people outsi& the team. By spending sometime
to create prototypes, we were able to show these people
that we were getting something done and they were able to
judge our progress on tangible results.

Writing the Content

After we had tested the prototypes we were ready to
begin writing the content of the title. Each writer was
assigned several chapters, and the same process was used
to write each chapter. The input to thk process included
the relevant part of the detailed outline (see “Creating a
Detailed Outline” on page 9 for more details), as well as
parts of existing IBM C++ documentation. The output was
a formatted document that we crdled the chapter document.

As we went along, we developed standards for the
chapter documents that specified

● How to format code examples

● How to indicate where an animation sequence
should go

● How to indicate that a term should be rncluded in
the index or the glossary

“ How to specify that the author should begin a new

screen

For each chapter, the writers followed the steps
described in this section to create the chapter document.

Fleshing Out the Outline

Taking the relevant section of the detailed outlhe
for the particular chapter, the writer filled in the content for
each point. Our sources for this detailed information
included

●

●

●

Existing IBM C+t documentation

IBM C++ experts from the Toronto Lab and other
sites

C++ reference texts such as (Stroustrnp 91) and
(Lippmann 92).

The nxdt of this step was a formatted document
Just like the script of a play, this document included all of
the text for the chapter as well as stage directions for the
author. The text included

● All of the topic headings and major points that
appeared directly on the screen

● All of the detailed descriptions that appeared in
pop-up text windows or as audio.

The stage directions told the author where to put
examples, how to group topics together, and which special
items such as animation sequencesor graphics would have
to be added to.the chaptex

Creating Examples

In addition to writing the script for a chapter, the
writers were responsible for writing (or finding) code
examples to illustrate the main points of the chapter. It was
easy to create examples for the early chapters that
described the basics of C++ syntax, but we had to be more
careful with the large examples that we included in the
later chapters. Instead of writing new examples for each
chapter, we decided to reuse two main examples: a pro-
gram for doing fraction arithmetic and a telephone book
program. We developed these examples through several
chapters. When we introduced anew feature, we added it
to one of these examples.

Two of the chapters of Experience C++ me built
around large, extended examples. To create these exam-
ples, we used the skills of the content expert on the team.

Since the author and the writer were rarely the same
person, it was important for the writer to be very specitic
about these instructions.
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SKETCHING ANIMATION SEQUENCES
The animation sequences in Experience C++ were

created by a graphics expert. The writers created rough
paper sketches of the animation sequences and gave them
to the graphics expefi along with the andio script that was
supposed to accompany the sequence. From these the
graphics expert created the frames that made up the fin-
ished sequence.

EDIT
Once the chapter document was complete, it was

sent to the editor. The editor evaluated it for clafity and
grammatical correctness. The editor also made recommen-
dations to improve the suitability of the text for narration.
The writer then corrected the chapter document and
reported major recommendations to the entire team.

INTERNAL REVIEW
After the chapter document had been edited, it was

distributed to all of the team members for a review. After
everyone had read the chapter, we met briefly to discnss it
page by page. These meetings were very valuable because
they helped us to ensure that the content of the chapters
was consistent

TECHNICAL REVIEW
After all of the content of Experience C++ was com-

plete, the entire tntmial was reviewed for technical correct-
ness. As we were writing the individual chapters, however,
we decided that some of the more technically challenging
chapters needed to be reviewed by a technical expert
immediately to avoid major revisions later in the process.
The Memory Management chapter, for example, was
reviewed by a technical expert as soon as it was written.
This allowed us to make major revisions before the content
was imported into LinkWay Live. After a chapter had been
imported into LinkWay Live, it was easy to make changes
to a sentence here or there, but it was difficult to replace
entire sections.

IMPORTING CONTENT INTO THE
AUTHORING TOOL
After the chapter document for a chapter was com-

plete and had been reviewed we were ready to import it
into LinkWay Live. For each chapter, the input to this step
was the chapter documen4 along with the source files for
examples, graphics, and animation sequences. We fol-
lowed the steps described in this section to turn this input
into a chapter in the LinkWay Live framework.

COPYING THE CHAPTER SKELETON
The LinkWay Live code for each chapter was

mostly identical, so we began entering a chapter into Link-

Way Live by making a copy of the chapter skeleton, We
modified the skeleton to include the chapter title and the
table of contents for the chapter. We then went though the

chapter screen by screen and entered the elements from the
chapter document.

IMPORTING TEXT
We created a tool that allowed us to copy text from a

He directly into LinkWay Live. We used this tool to bring
in the text for the topic headings that appear on each
screen. The description tex~ which also acted as the
scripts for the audio narration, was stored separately in
plain text files. In all, Experience Ci+ inclndes over 1,300
of these text files.

IMPORTING EXAMPLES
The toughest part of entering a chapter into Link-

Way Live was entering the examples. Most of the exam-
ples were too large to display completely. We only had
enough room on a screen to show the lines of code that
were most signhicant. Once these lines had been selected,
they had to be colour coded manually. Finally, we had to
make the connections belxveen the lines of code and the
text that described them, and buttons had to be added to let
the riser see the complete source code and run the example.

Creating Additional Material

This section describes the additional material that
we included in each chapter of Experience C++.

INDEX
We created the index for Experience C++ as we

went along. Each chapter document listed the terms in the
chapter that should appear in the index, and these were
entered in the index when
brought into LinkWay Live.
complete, we reviewed the
terms that were missing.

GLOSSARY

the rest of the chapter was
After all of the chapters were
entire index and added any

Experience C++ reused the glossary from the docu-
mentation for the IBM C Set ++ for 0S/2 product, This
was one of the rare cases where we were able to reuse
existing C++ documentation without having to rewrite it.
When the content of the title was complete, we added some
extra terms to complete the gloss~.

BIBLIOGRAPHY
Each chapter in Experience C++ includes a bibliog-

raphy that lists the C++ reference books that contain more
detailed information about the topic of the chapter. We
created these chapter bibliographies as we wrote each
chapter. In addition, tlere is an overall bibliography that
lists more than 20 books about C++ and object-oriented
programming.
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Special Media Creation

We had the facilities to create the text and some of
the graphics in LinkWay Live as we created each chapter.
The animation, graphics, and audio for a chapter usually
had to be completed after the chapter had been entered into
LinkWay Live. This section describes how we created
these elements of Experience CH.

GRAPHICS
We divided the graphics in Experience C++ into two
groups:

● Simple graphics that could be created using Link-
Way Live’s own graphics tool. These graphics
included

- Diagrams made up of boxes and lines, such as
the one in Chapter 11 that describes the I/O
stream class library

- Some of the icons, such as the “NEXT” and
“PREV” icons

- The beige file-folder background that appears on
every screen except for the Main Menu screen

- The buttons

● Complex graphics that could not be created in
LinkWay Live. These graphics were created in
external graphics packages such as Corel
DRAW. These graphics included

- The openrng screen
- The marble background
- The Experience C++ logo
- Some of the icons, such as the “GLOSSARY

icon

ANIMATION
When the writers wrote a chapter docutnen~ they

included an initial sketch of any animation sequences in
the chapter. Our graphics expert took this rough sketch
and created a series of frames from it. We used a tool in
LinkWay Live to import these frames. Finally, we tested
the imported animation sequence to ensure that it fit with
the surrounding material.

AUDIO
We recorded some audio narration when we created

the prototypes, but most of the narration was recorded after
the text had been entered into LinkWay Live and thor-
oughly reviewed. If we had started recording the narration
before rids point we would have had to re-record many
sequencesevery time the text was updated.

We used a tool written in LinkWay Live to record

the audio narration. This tool displayed the text for the
narration one file at a time and checked to seeif any of the

text files had been changed after the audio had been
recorded.

Testing

It is difficult to test a multimedia title. In our initial
plan, we assumed that testing would take about half the
time it actually took. On top of this, we had to spend tie
creating tools to test certain aspects of the title automati-
cally and to make manual testing as painless as possible.
Thii section describes the different kinds of testing that we
did.

TESTING THE FRAMEWORK
After all of the contenc including tex~ examples,

animation, and namation, had been entered into the author-
ing tool, the entire title was tested to see if the framework
still worked correctly. In this step we simulated the differ-
ent paths that a user could take through the title to ensure
that all of the navigation features worked properly. We
used the tools we developed in the framework develop-
ment step to automate the testing process.

TECHNICAL EXPERT TESTING
‘Ihe complete title was given to two technical

experts, one who had worked on the IBM C Set i-t com-
piler and another who was an expert C++ application pro-

-m. These testers went through the title and made
comments about the technical accuracy of the content and
the relevance of the examples and animation sequences.

USER TESTING
Jn addition to being given to C++ experts, Experi-

ence C++ was also given to average programmers to test
how well the content was delivered. Both experienced and
novice C++ programmers were asked to go through the
entire tutorial and make comments on the content of each
screen. The experienced programmers gave us comments
on the accuracy of the information, and the novices gave us
comments on the usefulness of the content for somebody
who Wanted to learn C++.

We included a “COMMENT” button in test versions
of Experience C++. When a user clicked on this button, an
editor session opened up and the user could record a com-
ment. This provided a convenient way for the tester to
record comments and for us to go through the comments
afterwards.

After the testers had recorded their comments, we
went through them chapter by chapter. If the comment
pointed out a technical error or a problem in the interface
that we could EL we made the correction and saved the
comment as a fixed comment, Some comments about the
interface pointed out problems that could not be corrected,
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either because of limitations in LinkWay Live or because
we did not have enough time to make the correction. We
saved these comments in a separatepool and used them as
an initial list of requirements for a possible future release
of Experience C++.

If our testers found that an important topic was
missing, we would change the detailed outline to include
this topic, if possible. For example, after the content of the
Memory Management chapter had been tested, the testers
told us that we should include more detail on dynamic
memory allocation. Sometimes the testers suggested omit-
ting a section. For example, we had originally planned to
include more detail on formatting in the Input and Output
chapter. After the chapter had been teste~ however, we
decided that a complete discussion of formatting was
beyond the scope of Experience C++.

TESTING THE AUDIO
After the comments from the content test had been

integrated into the title, each audio segment was tested to
ensure that it was clear and complete. We couId automate
the test to ensure that every audio segment existed, but we
had to test the quality of the audio segments manually.
This job was time-consuming and tedious.

USABII-XI’Y TESTING
It is important to test the usability of a multimedia

title as early in the process as possible. For Experience
C++, we only performed usability testing after most of the
content was complete. This meant that while we could fol-
low some of the recommendations that came out of the
testing (such as rearranging the navigation buttons), it was
too late to make big changes to the interface,

The usability test had two phases. Firs4 a usability
expert at the IBM Toronto Lab looked at the interface and
made recommendations for improving it. Next he brought
in a potential user and watched as the user went through
the title. This user made comments about both the inter-
face and the organization of the content.

After the usability testing, we corrected all of the
problems that we could. We collected the other recom-
mendations so that they could act as requirements for a
possible future release of the title.

EXTERNAL BETA TESTING
All of the testing described so far in this section was

done within IBM using IBM equipment. After we had cor-
rected the errors uncovered by this testing, we distributed
CD copies of the title to 5 customers in North America.
We asked these customers to install the title, go through a
few sections, and give us their comments.

While the beta testing for Experience C++ did
reveal some problems with the installation routine that we

were able to correcq it was not as valuable as it could have
been because

● The beta testers were not selected carefully
enough. Two of them did not have the correct

hardware to use the title properly.

● The testing was done too late in the process. We
did not have the to make major changes to the
title.

● There were too few testers, and they did not rep-
resent a wide enough range of the potential mar-
ket for Experience C++.

A proply administered beta test program is not
easy to conduc~ especially for a multimedia title that has
very speciiic hardware requirements. Nevertheless, the
ultimate test of a product is the judgment of real customers.
In an area as new as multimem this judgment is espe-
cially important.

TESTING THE COMPLETED TITLE
After all of the other testing was complete and all of

the errors had been corrected, we had to test the titte again
to ensure that no new errors had been introduced. There
were two parts to this testing:

●

✎

Manual testing to ensure there were no errors in
the audio narration or text. One of our testers had
to listen to every piece of narration in the title and
read every piece of text.

Automatic testing to ensure that all of the naviga-
tion elements of the title worked properly.

Creating and Testing the

Installation Routines

To use Experience C++ without audio, the user only
had to we the commamd “CSTART’ from the command
line. The audio portion of Experience C++, however,
needs to use the DOS driver for the user’s audio card. The
installation routines for DOS and 0S/2 ask the user to
specify an audio card and options for the audio card. They
use this infcmnation to make the DOS device driver for the
audio card available to Experience C++.

The installation routines were tested for each of the
supported sound cards in a variety of environments. Test-
ing was done manually, and we had to work hard to ensure
that we had access to al of the sound cards that we had to
test.
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Creating a Final Master

After the entire tutorial had been tested, including
the installation routines, we were ready to create a final
master of the CD, This final master also had to be tested to
ensure that no files were missing. Despite our best efforts,
we still made errors in this part of the process. Because a
recordable CD can only be written once, we had to recreate
the entire CD when an error occurred. In the end there
were three generations of final masters before we finally
created one that was complete and correct.

Conclusions

This section lists what we learned in the process of
creating Experience C++ as well as our plans for potential
future releases of the title.

WHAT DID WE LEARN?
This is a list of some of the key things that we

learned by creating Experience Ci+:

● Multimedia costs more than traditional media,
and this cost has to be justilied. Why will the
multi-media title be better than a book? Wdl cus-
tomers be willing to pay for it?

● The scope of the title has to be clearly defined
early in the process. If the content and range of
media elements are not defined early in the pro-
cess, the cost of the project cannot be controlled

● No one authoring tool does everything well, so
you must choose the tool that has flaws that you
can live with.

● Testing mukirnedia is difficult. You can create
tools to automate some of the testing. Other test-
ing, such as testing the audio conten~ has to be
done manually.

● Late changes area lot of work. We tried to test all
the material and get it approved as early as possi-
ble, but there were still some late changes. For
example, some technical errors were not discov-
ered until after the audio had been recorded. To
correct these errors we had to modify the text
description file, modify the LinkWay Live source,
and re-record the audio narration.

● The final stages of the development process
require many recordable CDs. To test Experience
C++ and back up our development systen we

consumed between 60 and 70 recordable CDs
over the course of nine months.

WHAT WOULD WE DO DIFFERENTLY?
We made several mistakes in the process of creating

Experience C++:

Consistency was not enforced. We had four writ-
ers working on Experience C++ and one author.
The author and the editor tried to enforce some
consistency on the conten~ but m the end many
inconsistencies in style and format managed to
slip through. For instance, the format of exam-
ples varied, and some chapters did not have intro-
ductory sections.

Installation routines were an afterthought. We
should have planned to write smooth, automatic
installation routines from the start of the project.

Experience C++ has a wide potential audience
becauseit is DOS based, but controlling the inter-
action between a DOS application and a sound
card is much more difficult than we originally
imagined. When we startea we did not under-
stand how many things could go wrong with a
DOS application that uses audio.

The world of multimedia moves quickly, and the
expectations of customers are getting higher all
the time. The initial reaction to our prototypes in
early 1993 was enthusiastic. People were

delighted to see any kind of multimedia on Ci+.
A year later, our customers were tellhg us that
while they liked the content of Experience C++,
they were frustrated by the limitations of its inter-
face. They had seen the sophMicated interfaces
of multimedia entertainment titles, and they
wanted to seethe same standards applied to multi-
media on technical topics.

WHAT WILL WE DO NEXT?
A new release of Experience C++ has just been

made available. For this release, we corrected two minor
technical errors in the contenq but most of the content we
left unchanged. We put most of our efforts into improving
the installation routines and supporting a wider range of
audio cards.

We are considering the possibility of moving the
content of Experience C+ to an authoring tool that pro-
duces output that can run directly in 0S/2 or Microsoft
Windows. Such an authoring system would allow us to
integrate Experience C++ more closely with existing IBM
C++ products. We could create a more sophkicated inter-
face that combined the strengths of the existing interface
with new facilities like audio pausing and persistent book-
marks. In addition, we could rely on the multimedia facili-

ties of 0S/2 to manage the interaction between the
application and the sound card instead of having to manage
this directly.
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Trademarks

The following terms are trademarks or registered
trademarks of International Business Machines Corpora-
tion:

AIX
C Set++
IBM
LinkWay Live
0s/2

The following terms are trademarks or registered
trademarks of the indicated organization:
Borland — Borland Corporation
Corel DRAW — Corel Corporation
Microsoft — Microsoft Corporation
National Geographic — National Geographic Society
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