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Abstract

LecTix 2.0 is a m ultimedia pla y er designed sp eci�cally for the pla ybac k of recorded

classro om lectures. LecTix 2.0 pla ys m ultimedia consisting of sync hronized audio,

video, and P o w erP oin t-st yle slides. In addition to con trols commonly found in m ulti-

media pla y ers, LecTix 2.0 features con trols designed sp eci�cally for lecture-m ultimedia

pla ybac k suc h as customizable skip, v ariable-sp eed pla ybac k with pitc h-normalization,

and a bro wsable timeline of slides.

LecTix 2.0's features con tribute to its b eing usable, widely a v ailable, and exten-

sible. LecTix 2.0's automatic media sync hronization and large, externally consisten t

con trols for na vigation mak e for a learnable, memorable, and e�cien t user in terface.

LecTix 2.0's op en-source implemen tation using the Ja v a Media F ramew ork allo ws it to

b e freely distributable, p ortable, and con v enien t to use without a net w ork connection.

LecTix 2.0's media class hierarc h y , ev en ts, and lecture description result in a mo dular

pla y er that can b e extended to supp ort new media t yp es without recompilation of

the pla y er's core.

In addition to presen ting LecTix 2.0, this thesis reviews sev en pla y ers in use to da y .

I compare them to LecTix 2.0 in terms of usabilit y , a v ailabilit y , and extensibilit y . I

also presen t a case study of the pro duction of lecture m ultimedia and the use of an

early v ersion of LecTix in an in tro ductory algorithms course.

Thesis Sup ervisor: Charles E. Leiserson

Title: Professor
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Chapter 1

In tro duction

Distance education and e-learning hold the promise of an ytime, an ywhere education.

These tec hnologies can b e essen tial for learners place-b ound b y factors suc h as em-

plo ymen t, c hild-care demands, disabilit y , or remoteness of the lo cation where they

liv e [39]. Other learners ma y simply prefer not to ha v e their sc hedules constrained

b y a class or a tutor. In this con text, the lecture-m ultimedia pla y er has arisen as a

fundamen tal e-learning to ol.

F rom Multimedia Pla y ers to Lecture-Multimedia Pla y ers

T o understand what a lecture-m ultimedia pla y er is, w e m ust �rst understand what a

m ultimedia pla y er is. Figure 1-1 sho ws RealPla y er [38], a p opular m ultimedia pla y er.

Lik e most m ultimedia pla y ers, RealPla y er is designed primarily for listening to m usic

or online radio, and for w atc hing mo vie trailers, m usic videos, news clips, and the

lik e.

RealPla y er's user in terface re�ects this design. A large p ortion of space is dev oted

solely to the video. Con trols lie along the b ottom of the pla y er, allo wing the user to

pla y , pause, seek to an y p oin t in time, and adjust the v olume.

Lecture-m ultimedia pla y ers extend the capabilities of regular m ultimedia pla y ers

b y o�ering additional features geared to w ard viewing lectures. They pla y audio and

video lik e other m ultimedia pla y ers; ho w ev er, they also presen t additional m ultimedia

relev an t to the lecture (suc h as P o w erP oin t-st yle slides), and extra con trols for quic k
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Figure 1-1: RealPla y er: a m ultimedia pla y er b y RealNet w orks.
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na vigation. Lecture-m ultimedia pla y ers feature extra na vigation con trols b ecause

studen ts often w an t to w atc h a sp eci�c part of a lecture.

1.1 LecTix 2.0: A Lecture-Multimedia Pla y er

This thesis presen ts LecTix 2.0, a lecture-m ultimedia pla y er I designed and imple-

men ted to b e usable, �a v ailable,� and extensible.

LecTix 2.0's user in terface is designed sp eci�cally for in teractiv e viewing of lecture-

m ultimedia. Sho wn in Figure 1-2, LecTix 2.0 pla ys audio, video, and accompan ying

P o w erP oin t-st yle slides. The user in terface also includes a con trol panel and a bro ws-

able time line of the slides. In addition to the con trols common in regular m ultimedia

pla y ers for pla ying, pausing, seeking, and adjusting v olume, LecTix 2.0 has con trols

for skipping forw ard or bac kw ard a customizable n um b er of seconds, bro wsing through

the slides, and adjusting pla ybac k sp eed.

LecTix 2.0 is a pro duct of the LecTix pro ject, a researc h e�ort to design and

implemen t a lecture-m ultimedia pla y er. The LecTix pro ject iden ti�es three prop erties

that a lecture-m ultimedia pla y er should ha v e:

� Usability : The lecture-m ultimedia pla y er should b e easy , practical, and pleasan t

to use.

� A vailability : Studen ts should b e able to obtain the pla y er at a lo w cost (ideally ,

free), and use it to view a lecture an ywhere, an ytime, in an y format, and on the

computing platform of their c hoice.

� Extensibility : It should b e p ossible to add new features�in particular, sup-

p ort for new media t yp es. Ideally , adding new media t yp es should not require

recompilation (a new release) of the pla y er.

This thesis sho ws ho w the design and implemen tation of LecTix 2.0 attempts to

attain eac h of these three prop erties. Ov erall, it successfully do es so; LecTix 2.0 is

usable, extensible, and mo derately a v ailable.

15



Figure 1-2: LecTix 2.0's main comp onen ts.
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LecTix 2.0 successfully ac hiev es usabilit y and extensibilit y . LecTix 2.0 ac hiev es

usabilit y b y o�ering an automatically sync hronized presen tation and large con trols for

na vigation that are consisten t with the real w orld. LecTix 2.0 ac hiev es extensibilit y

b y b eing op en-source and featuring a decoupled, mo dular class hierarc h y with supp ort

of the addition of new media t yp es without recompilation of the LecTix core.

With regard to a v ailabilit y , ho w ev er, LecTix 2.0 is only mo derately successful. In

the United States and other coun tries where ideas in soft w are can b e paten ted, a

con�ict of a v ailabilit y arises that pits the distributabilit y and p ortabilit y of a pla y er

against its compatibilit y with con temp orary paten ted co decs. LecTix 2.0 giv es up

some compatibilit y so that it can b e a free, op en-source, p ortable pla y er.

1.2 Organization of the Thesis

This thesis con tains sev en c hapters, a glossary , and a bibliograph y .

Chapter 2: Usabilit y This c hapter describ es the features of LecTix 2.0 that con-

tribute to its usabilit y . Usabilit y is brok en do wn in to �v e attributes as iden ti�ed b y

Nielsen [31]. Eac h attribute is sho wn to b e addressed b y a feature in LecTix 2.0. The

c hapter also presen ts LecTix 2.0's con trols and compares di�eren t metho ds of media

sync hronization.

Chapter 3: A v ailabilit y This c hapter describ es the features of LecTix 2.0 that

a�ect its a v ailabilit y . A v ailabilit y is brok en do wn in to four attributes, and the features

of LecTix 2.0 that a�ect eac h of the four attributes are discussed. The c hapter also

giv es an o v erview of the restrictions and fees asso ciated with the implemen tation and

distribution of state-of-the-art co decs (MPEG-4, RealVideo, Sorenson, and Windo ws

Media Video) and wh y these restrictions and fees p ose problems for op en-source

pla y ers.

Chapter 4: Extensibilit y This c hapter describ es the features of LecTix 2.0 that

con tribute to its extensibilit y . Extensibilit y is sho wn to consist of three attributes,
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eac h of whic h are addressed b y features of LecTix 2.0. F eatures that are discussed

include the media-class hierarc h y , ev en t mec hanism, and lecture description.

Chapter 5: Related W ork This c hapter reviews sev en lecture-m ultimedia pla y-

ers. It compares the features of the sev en pla y ers and LecTix 2.0, and discusses ho w

those features a�ect the usabilit y , a v ailabilit y , and extensibilit y of eac h pla y er.

Chapter 6: LecTix 1.3 Case Study This c hapter discusses the use of the prior

v ersion of LecTix, LecTix 1.3, in the course, 6.046: Intr o duction to A lgorithms . The

c hapter also describ es the metho ds used to pro duce lecture m ultimedia for the class.

Chapter 7: Conclusion This c hapter concludes with commen ts on the con tribu-

tions of LecTix 2.0 and the LecTix pro ject. Ideas for future w ork are also presen ted.

Glossary The glossary de�nes terms that migh t b e unkno wn to readers unfamiliar

with distance education or m ultimedia.

Bibliograph y The bibliograph y lists w orks that ha v e enabled me to �stand on the

shoulders of gian ts� [7].
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Chapter 2

Usabilit y

While usabilit y is imp ortan t in an y soft w are that in teracts with a user, lecture-

m ultimedia pla y ers place a greater than usual emphasis on the user due to its fo cus

on the user in terface. Other features suc h as reliabilit y and p erformance directly im-

pact the usabilit y of a pla y er. This c hapter lo oks at the �v e attributes that comp ose

usabilit y as de�ned b y Nielsen [31] and demonstrate ho w LecTix 2.0 con tributes to

eac h of these �v e attributes, hence making it a usable lecture-m ultimedia pla y er.

2.1 A ttributes of Usabilit y

Ov erall, usabilit y is the degree to whic h a system is easy , practical, and pleasan t to

use. The attributes of usabilit y as de�ned b y Nielsen [31] are:

� L e arnability : The degree to whic h the system is easy to use.

� E�ciency : The degree to whic h the system can b e used e�cien tly , once the

user has learned the system.

� Memor ability : The degree to whic h it's easy to remem b er ho w to use the system,

ev en if used infrequen tly .

� F ew and Nonc atastr ophic Err ors : The degree to whic h there are few errors, the

degree to whic h those errors are disco v ered b y the user, and the degree to whic h
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T able 2.1: LecTix 2.0 features that con tribute to usabilit y

F eature Learnabilit y E�ciency Memorabilit y F ew Errors Satisfaction

Large Con trols � X � X �

Real-W orld Con trols X � X X �

Na vigation � X � � X
Sync hronization � X � X X
V ariable-Sp eed � X � X X

those errors do not destro y the user's w ork.

� Satisfaction : The degree to whic h the system is pleasan t to use.

These �v e attributes comp ose usabilit y . A pla y er that addresses all �v e issues is

considered usable.

2.2 F eatures of LecTix 2.0 that Con tribute to Us-

abilit y

Fiv e features of LecTix 2.0 con tribute to the �v e attributes of usabilit y . These �v e

features are (1) large con trols, (2) con trols that matc h the real w orld, (3) con trols

for na vigation, (4) media sync hronization, and (5) v ariable-sp eed pla ybac k. T able 2.1

sho ws whic h usabilit y attributes eac h feature con tributes to.

2.2.1 Large Con trols

Large con trols con tribute to high e�ciency and few errors. Large con trols are more

quic kly hit than small con trols. F urthermore, users are less lik ely to acciden tally miss

hitting them.

LecTix 2.0's large con trols tak e adv an tage of Fitts's La w [12] so that they can

b e more quic kly hit, thereb y impro ving e�ciency . Fitts's La w states that the time

to mo v e the p oin ter to a target is prop ortional to the logarithm of the ratio of the

width of the ob ject to its distance from the p oin ter. MacKenzie prop osed the sligh tly
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di�eren t but more accurate Shannon form ulation of Fitts's La w [26]:

T = a + blog2

�
D
W

+ 1
�

; (2.1)

T is the a v erage time to mo v e to the target, a and b are empirically determined

constan ts, D is the distance to the cen ter of the target, and W is the width of the

target measured along the axis of motion. As w e can see, increasing W , the width of

the target, decreases T , the time to hit the target.

Large icons also reduce the probabilit y of an error o ccurring. An error o ccurs

when the user, thinking he or she has hit the target, actually misses the target and

clic ks the mouse an yw a y . In Equation 2.1, W is the maxim um distance (along the

axis of motion) from the cen ter of the target that the user can p osition the p oin ter

to correctly hit the target. Card, Moran, and New ell sho w ed Fitts's La w could b e

deriv ed b y mo deling the mo v emen t to the target as a series of successiv e mo v emen ts

un til the p oin ter hits the target [5]. Eac h successiv e mo v emen t carries with it a

probabilit y that the user misses the target. Once the user thinks he or she has hit the

target, mo v emen t can end. Therefore, as W increases, the user needs few er successiv e

mo v emen ts on a v erage to hit the target. With few er c hances for the user to mistak enly

think he or she has hit the target, the probabilit y of an error o ccurring decreases.

2.2.2 Externally Consisten t Con trols

Con trols that matc h the real w orld, or externally consisten t con trols, con tribute to

high learnabilit y , high memorabilit y , and few errors. Users can quic kly learn, easily

remem b er, and correctly in terpret the purp ose of these con trols.

The lab eling of LecTix 2.0's con trols matc hes the user's in tuition w ell, allo wing the

user to quic kly learn and remem b er their functions. Figure 2-1 sho ws ho w LecTix 2.0's

rewind and fast-forw ard buttons compare to those of RealPla y er. LecTix 2.0 lab els

the rewind and fast-forw ard buttons consisten t with the V CR. RealPla y er, on the

other hand, relegates the r ewind and fast-forwar d to b e secondary functions of the

previous-clip and next-clip buttons. T o rewind or fast-forw ard, users m ust hold do wn
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Figure 2-1: LecTix 2.0's rewind and fast-forw ard buttons (left) b etter matc h the real w orld

than RealPla y er's (righ t). Despite rewind and fast-forw ard b eing useful functions for lecture

viewing, RealPla y er maps the buttons' primary functions to pr evious-clip and next-clip . T o

rewind or fast-forw ard, the user m ust hold do wn one of the buttons�a pro cedure not readily

apparen t. Man y users ma y not ev en realize that RealPla y er can rewind or fast-forw ard.

the previous-clip or next-clip button, resp ectiv ely . It ma y not b e apparen t to do

so, p oten tially lea ving man y users unkno wledgeable that the pla y er can rewind or

fast-forw ard.

2.2.3 Na vigation Con trols

Con trols for na vigation con tribute to high e�ciency and satisfaction. A v ariet y of

con trols for na vigation ensures an appropriate con trol is used for the task at hand.

Using the appropriate con trol increases e�ciency and decreases frustration whic h

leads to increased user satisfaction.

T o get an idea of the range and v ersatilit y of LecTix 2.0's con trols, I describ e eac h

con trol in turn and then presen t scenarios for whic h a particular con trol sho ws most

useful.

Sho wn in Figure 2-2, LecTix 2.0 pro vides con trols t ypical of m ultimedia pla y-

ers, as w ell as con trols designed sp eci�cally for lecture viewing. The con trols of

LecTix 2.0 t ypically found in m ultimedia pla y ers include pla y , pause, rewind, fast-

forw ard buttons, and seek and v olume sliders. The con trols designed sp eci�cally for
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Figure 2-2: LecTix 2.0 con trols.

lecture-viewing are customizable skip-bac k and skip-forw ard buttons; previous- and

next-slide buttons; an in teractiv e slide timeline; and a sp eed slider with shortcuts for

slo w, normal, and fast settings.

As is common in man y media pla y ers, there is one button to pla y and pause. This

button toggles b et w een a play state and a p ause state.

Unlik e man y media pla y ers (but similar to man y V CRs), the rewind and fast-

forw ard buttons are also toggle buttons. Clic king on the rewind button, for example,

b egins rewinding. The user can then clic k on rewind button or pla y button to stop

rewinding. This in terface remo v es the need for the user to hold do wn a button while

rewinding or fast-forw arding.

While rewinding or fast-forw arding, LecTix 2.0 mo v es the video along accordingly .

This feature is an impro v emen t o v er RealPla y er (Figure 1-1, page 14) whic h pauses

the video un til rewinding or fast-forw arding is completed.

The seek slider allo ws the user to quic kly jump to an y p oin t in the lecture, but
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with lo w accuracy .

The skip-bac k and skip-forw ard buttons enable the user to skip bac k or forw ard a

sp eci�c amoun t of time. Underneath the skip-bac k and skip-forw ard-buttons are t w o

dials for customizing the n um b er of seconds to skip.

T o the righ t of the skip buttons are the previous- and next-slide buttons. These

allo w the user to quic kly scan the topics in a lecture.

Another con trol related to the slides is the slide timeline whic h sits along the

b ottom of the user in terface. Users can clic k on a slide to go to the relev an t p oin t in

time in the lecture. The slide timeline also serv es as media, presen ting a view of the

slide through th um bnails in tersp ersed with the times at whic h slide transitions o ccur.

The sp eed slider allo ws the user to alter the pla ybac k sp eed of the lecture m ul-

timedia. T o prev en t the audio from sounding to o high or lo w, LecTix 2.0 shifts the

pitc h of the audio bac k to normal. Three buttons serv e as shortcuts for slow , normal ,

and fast settings.

The slider to the v ery righ t con trols the v olume. LecTix 2.0 pro vides a shortcut

button for m uting the audio, and another for setting it to full v olume.

Most of LecTix 2.0's con trols' main purp ose is na vigation. These con trols include

pla y , pause, rewind, fast-forw ard, skip-bac k, skip-forw ard, previous-slide, next-slide,

the slide timeline, and the sp eed slider. Nonetheless, eac h of these con trols ha v e a

somewhat di�eren t purp ose, and they are used appropriately in di�eren t situations.

Listed b elo w are some scenarios for whic h di�eren t con trols ma y b e used.

� Start w atc hing the lecture: pla y button.

� T ak e a break: pause button.

� Course-grained scan: seek slider or skip-forw ard button.

� Fine-grained scan: rewind and fast-forw ard buttons.

� Rep eat something that w as unclear (instan t repla y): skip-bac k button.

� Skip-o v er unin teresting ev en ts: skip-forw ard button.
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� Scan the topics: previous-slide and next-slide buttons.

� Select a topic: slide timeline.

� Quic kly w atc h or review material: sp eed slider (fast setting).

� The lecturer is sp eaking to o quic kly in one of the user's non-nativ e languages:

sp eed slider (slo w setting).

By ha ving con trols sp ecialized for common tasks, users can e�cien tly w atc h lec-

tures and learn. In turn, users exp erience less frustration, leading to greater o v erall

satisfaction with LecTix 2.0.

2.2.4 Media Sync hronization

A feature t ypical of lecture-m ultimedia pla y ers is the sync hronization of m ultimedia.

Sync hronization ties together individual media streams, ensuring eac h one con tin ually

presen ts con ten t relev an t to the other media streams' con ten t.

Automatic sync hronization of media con tributes to high e�ciency and few errors.

It reliev es the user of the burden of sync hronizing the m ultimedia on their o wn,

allo wing them to dev ote more atten tion to the lecture and eliminating errors that

could o ccur during man ual sync hronization.

In general, lecture-m ultimedia consist of t w o t yp es of media: con tin uous and

discrete. Con tin uous media, suc h as video and audio, frequen tly c hange with time.

Discrete media, suc h as slides, c hange infrequen tly with time. T ypically , a lecture-

m ultimedia pla y er links to a library that automatically sync hronizes con tin uous media

to a clo c k. In con trast, the pla y er, if it supp orts sync hronization, m ust directly

sync hronize discrete media. Therefore, the problem of sync hronization from the p oin t

of view of the pla y er is to sync hronize discrete media and an y clo c ks that con tin uous

media sync hronize to. (See Section 4.2.3, page 47, for a discussion on ho w LecTix 2.0

implemen ts con tin uous and discrete media.)

Man y lecture-m ultimedia pla y ers a v ailable to da y (see Chapter 5 for a review and

comparison of sev eral suc h pla y ers) feature some form of sync hronization. Not all
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pla y ers, ho w ev er, pro vide automatic sync hronization that op erates correctly during

user in teraction. Some pla y ers do not pro vide an y automatic sync hronization at all,

lea ving sync hronization to b e p erformed man ually b y the user.

LecTix 2.0 implemen ts a form of media sync hronization I call segmen t sync hro-

nization. Segmen t sync hronization correctly main tains sync hronization in the face

of user in teraction. An inferior form of sync hronization that ma y momen tarily lea v e

media unsync hronized during or after user in teraction is called trigger sync hroniza-

tion. A complete lac k of automatic sync hronization (except for audio and video whic h

are sync hronized not b y the pla y er, but b y their con taining format) is called man ual

sync hronization.

Man ual sync hronization

Other than p ossibly starting all media streams from the b eginning when a m ultimedia

presen tation is loaded, a pla y er that o�ers only man ual sync hronization mak es no

e�ort to sync hronize media streams. It is therefore left to the user to sync hronize

media streams.

There is an adv an tage to lea ving sync hronization to the user: he or she can bro wse

through media without jumping to that time in the lecture. The disadv an tage, of

course, is that w atc hing the lecture requires constan t main tenance on b ehalf of the

user to ensure all media streams remain relev an t to eac h other.

Another option is to allo w sync hronization�trigger or segmen t�to b e turned o�,

enabling man ual sync hronization. An earlier v ersion of LecTix, LecTix 1.3 (page 67),

pro vides this option. The user can turn on sync hronization when w atc hing the lecture,

and turn sync hronization o� while bro wsing through media. LecTix 2.0 do es not ha v e

this option, but adds a slide time line for indep enden t bro wsing.

T rigger sync hronization

T rigger sync hronization is the sync hronization of m ultimedia only when the video

pla ys thr ough a certain p oin t in time. In the example sho wn in Figure 2-3(a), a user

pla ys a lecture from video frame 1 to video frame 7, during whic h the user do es not
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in teract with the pla y er. Under these circumstances, the transition from frame 3 to

frame 4 triggers the transition from slide A to slide B . Lik ewise, the transition from

frame 6 to frame 7 triggers the transition from slide B to slide C .

If the user na vigates through the lecture while the lecture is pla ying (for example,

b y dragging the seek slider), then trigger sync hronization ma y fail to k eep the lecture

sync hronized. F or instance, in Figure 2-3(b), if the user seeks directly from frame 2

to frame 5, then the pla y er misses the transition to slide B . The pla y er should sho w

slide B during frames 5 and 6, but do es not b ecause it nev er transitions from frame

3 to frame 4. The lecture resync hronizes, ho w ev er, once the pla y er transitions frame

6 to frame 7, causing a transition to slide C .

Segmen t sync hronization

T o sta y sync hronized in the face of user in teraction, a pla y er m ust supp ort segmen t

sync hronization. Figure 2-3(c) illustrates the adv an tage of using segmen t sync hro-

nization. In this example, the curren t slide remains sync hronized despite the user

seeking from frame 2 to frame 5.

One w a y to implemen t segmen t sync hronization uses a mo di�ed form of trigger

sync hronization. If, in addition to sync hronizing at trigger p oin ts, the pla y er also

forces a sync hronization ev ery time the pla y er mak es a discrete jump in time�for

example, the user seeks to a di�eren t p oin t in the video�then the presen tation sta ys

correctly sync hronized.

Another w a y to implemen t segmen t sync hronization is b y p erio dically forcing a

sync hronization of the video and slide streams. As long as the p erio d b et w een syn-

c hronizations is small enough, then the user sees correct sync hronization of the m ul-

timedia.

W e can de�ne ho w small this time in terv al should b e b y comparing it to the cycle

time of the mo del h uman's p erceptual pro cessor as dev elop ed b y Card, Moran, and

New ell [5]. If a corresp onding video frame and slide app ear within one cycle of the

p erceptual pro cessor, then the mo del h uman p erceiv es the t w o ev en ts as happ ening

at the same time. Card et al. giv e a range for the duration of one cycle of the h uman
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Figure 2-3: Segmen t sync hronization succeeds where trigger sync hronization fails. Eac h

sub-�gure depicts t w o concurren t media streams: a video stream and a sequence of slides.

A sequence of n um b ered frames represen ts the video stream. Eac h slide is assigned a capital

letter. Thin dividing lines represen t transitions b et w een video frames that do not cause a

slide transition. Thic k dividing lines represen t video frame transitions that cause a slide

transition. (a) T rigger sync hronization prop erly transitions slides during normal pla ybac k

without user na vigation. The transition from video frame 3 to video frame 4 triggers a

transition from slide A to slide B . (b) If the user drags the seek slider�jumping the video

from frame 2 to frame 5�then trigger sync hronization misses the transition to slide B .

The lecture later resync hronizes when the transition from video frame 6 to video frame 7
triggers the transition to slide C . (c) Despite the user seeking to video frame 5, segmen t

sync hronization prop erly transitions to slide B .
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p erceptual pro cessor as b eing b et w een 50 and 200 milliseconds with an a v erage of 100

milliseconds. The correct time of transition, ho w ev er, ma y b e an y time from within

a range of sev eral seconds. Longer transition times are particularly w ell tolerated

for solely blac kb oard-based lectures. Lectures with slides presen ted in the recorded

video, ho w ev er, ha v e a narro w er range of correct sync hronization times suc h that the

cycle time of the p erceptual pro cessor ma y b ecome signi�can t.

Although p erio dically forcing sync hronization has some o v erhead, dev elop ers can

implemen t it more easily and cleanly than a mo di�ed trigger sync hronization. T rigger

sync hronization requires supp ort from the video pla y er to send noti�cation when it

reac hes a trigger p oin t. P erio dically forcing sync hronization, on the other hand,

requires the op erating system to send noti�cations (alarms) p erio dically�a feature

found in most op erating systems�and that sync hronization calls are c heap, esp ecially

in the case where no transition should o ccur.

LecTix 2.0 implemen ts segmen t sync hronization b y the latter metho d. Discrete

media and the con tin uous media's clo c ks sync hronize ev ery 300 milliseconds. While

outside of the range giv en b y Card et al. for the p erio d of the cycle time of the

h uman p erceptual pro cessor, infrequen t calls to sync hronize presen t a lo w load to the

computer's pro cessor.

2.2.5 V ariable-Sp eed Pla ybac k

V ariable-sp eed pla ybac k con tributes to high e�ciency , few errors, and high satisfac-

tion of use of LecTix 2.0. Whether users wish to review a lecture at fast pace, or

slo w do wn the lecture so that they can understand the lecturer clearly , v ariable-sp eed

pla ybac k allo ws users to w atc h the lecture at a pace that is natural for them.

Both pla ying a lecture fast or slo w ha v e adv an tages that con tribute to usabilit y .

Users pla ying a lecture fast can �nish w atc hing the lecture more quic kly than if they

had w atc hed it at a normal pace, thereb y increasing e�ciency . F or users whose nativ e

language is the one sp ok en b y the lecturer, pla ying the lecture slo w decreases errors

in listening.

F urthermore, informal feedbac k from studen ts sho ws that the con trol for v ariable-
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sp eed pla ybac k is fun to use, thereb y increasing user satisfaction.

V ariable-sp eed pla ybac k is usually accompanied b y pitc h-shifting of the audio

bac k to its original pitc h, otherwise kno wn as pitc h-normalization. LecTix 2.0 b orro ws

Andrew J. Leiserson and Luis F. G. Sarmen ta's implemen tation of pitc h-normalization

found in Lecture View er [18], a predecessor to LecTix. This implemen tation uses the

sync hronized o v erlap-add algorithm for time-scale mo di�cation of sp eec h prop osed b y

Roucus and Wilgus [40].
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Chapter 3

A v ailabilit y

A lecture-m ultimedia pla y er is of limited use if it cannot b e acquired at a lo w cost

(after all, studen ts tend to ha v e a limited budget), and if it cannot pla y an y lecture

m ultimedia, an ywhere, an ytime, on the studen t's computing platform of c hoice. This

thesis uses the term �a v ailabilit y� to refer to ho w successfully a user can access and

e�ectiv ely use a pla y er in a v ariet y of scenarios.

This c hapter decomp oses the prop ert y of a v ailabilit y in to four attributes, and

sho w ho w features in LecTix 2.0 a�ect eac h attribute. Because of an inheren t con�ict

of a v ailabilit y b et w een a pla y er's price and compatibilit y with con temp orary co decs,

this c hapter also giv es an o v erview of the restrictions and fees asso ciated with the

implemen tation and distribution of con temp orary co decs in coun tries where soft w are

can b e paten ted, and discusses ho w these restrictions and fees p ose problems for

op en-source pla y ers.

3.1 A ttributes of A v ailabilit y

A v ailabilit y is the degree to whic h a user can acquire a pla y er c heaply , and use it to

pla y an y lecture-m ultimedia, an ywhere, an ytime, and on an y platform. A v ailabilit y

consists of four attributes:

� Distributability : The degree to whic h a pla y er ma y b e distributed c heaply and

without restriction.
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T able 3.1: LecTix 2.0 features that a�ect a v ailabilit y

F eature Distributabilit y P ortabilit y Con v enience Compatibilit y

GPL X X � �

Ja v a � X � �

JMF X * X �
�

On one hand, the Ja v a Media F ramew ork (JMF) con tributes to p ortabilit y b y

pro viding pla ybac k for the Cinepak, MJPEG, and H.263 co decs across all Ja v a-

supp orted platforms. On the other hand, the JMF only supp orts pla ybac k for the

MPEG-1 co dec on select platforms.

� Portability : The n um b er of platforms the pla y er runs on, and ho w easily the

soft w are can b e p orted to other platforms.

� Convenienc e : The degree to whic h the pla y er can pla y a lecture an ywhere,

an ytime.

� Comp atibility : The degree to whic h the pla y er can pla y all lecture m ultimedia,

enco ded in an y format or co dec.

These four attributes comp ose a v ailabilit y . A pla y er is a v ailable if it addresses all

four issues.

3.2 F eatures of LecTix 2.0 that Con tribute to A v ail-

abilit y

As sho wn in T able 3.1, three features of LecTix 2.0 a�ect the four attributes of

a v ailabilit y . These features are (1) its op en-source license, the GNU General Public

License; (2) the Ja v a language, in whic h it's implemen ted; and (3) its use of the Ja v a

Media F ramew ork. All three features con tribute in some w a y to a v ailabilit y . Some

facets of the Ja v a Media F ramew ork, ho w ev er, detract from LecTix 2.0's p ortabilit y

and compatibilit y .
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3.2.1 The GNU General Public License

LecTix 2.0's op en-source license, the GNU General Public License (GPL) [13] con-

tributes to LecTix 2.0's distributabilit y and p ortabilit y . As an op en-source license,

the GPL allo ws LecTix 2.0, its source co de, and deriv ed w orks to b e freely redis-

tributed. F urthermore, the GPL r e quir es that the source co de to an y deriv ed w orks

b e made a v ailable up on distribution. With access to the source co de, dev elop ers can

p ort LecTix 2.0 to the platform of their c hoice.

3.2.2 The Ja v a Programming Language

LecTix 2.0's language of implemen tation, Ja v a [17], con tributes to p ortabilit y . Pro-

grams written in the Ja v a language can run on a wide v ariet y of platforms, from cell

phones to high-end serv ers.

Ja v a o w es its high p ortabilit y to the Ja v a Virtual Mac hine (JVM). The JVM is an

abstract computing mac hine, em ulated on real computing platforms b y JVM imple-

men tations. Programs written in Ja v a compile to JVM instructions, also kno wn as

b yteco des. The JVM is designed to b e e�cien tly em ulated, allo wing it run e�cien tly

on an y platform.

T able 3.2 sho ws the wide range of desktop and serv er op erating systems p orted

to b y v arious JVM implemen tations. T able 3.2 lists 18 op erating systems that can

run a Ja v a program. Man y of the op erating systems run on wide v ariet y of hardw are,

further increasing the n um b er of platforms with JVM implemen tations.

Not all of the op erating systems listed in T able 3.2, ho w ev er, can run LecTix 2.0.

The Graphical User In terface (GUI) to olkit that LecTix 2.0 uses is not p orted as

widely as JVMs for the Ja v a language. The Ja v a Swing library is included with the

JVM implemen tations represen ted b y the V endor , IBM , and Sun columns. T w elv e

of the op erating systems listed ha v e a p ort from one of those JVM implemen tations,

and are exp ected to b e able to run LecTix 2.0.
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T able 3.2: Ja v a Virtual Mac hine p orts to desktop and serv er op erating

systems

Op erating JVM Implemen tation

System V endor

a
Blac kdo wn

b
GCJ

b
IBM

c
Jik es

b
Ka�e

b
Sun

c

AIX X d
� X X d X X

AmigaOS � � � � � X �

BeOS � � � � � X �

BSDi X � � � � X �

F reeBSD � � X � X X X e

Hurd � � � � X X �

HP/UX X � X � X X �

IRIX X � X � � X �

Lin ux � X X X X X X
Mac OS X X � X � X � �

NetBSD � � X � X X X f

NeXTStep � � � � � X �

Op enBSD � � X � X X X f

Plan9 � � � � � X �

Solaris X g
� X � X X X g

SunOS � � � � � X �

T ru64 X � X � X � �

Windo ws X � X X X X X
Sour c es : Jik es [22], Pic k [33], Sc hmidt [41], the GCC T eam [15].

a
V endor of the op erating system.

b
Op en-source pro ject.

c
V endors that distribute JVMs for op erating systems b esides their o wn.

d
V endor and IBM are the same p ort.

e
P orted b y the F reeBSD T eam.

f
Using Lin ux binary em ulation.

g
V endor and Sun are the same p ort.

34



3.2.3 Ja v a Media F ramew ork

The Ja v a Media F ramew ork (JMF) is a set of libraries that pro vide a m ultimedia

framew ork for Ja v a programs to w ork with. It pro vides implemen tations of v ari-

ous m ultimedia formats and co decs. LecTix 2.0 relies on the JMF for m ultimedia

pla ybac k.

The Ja v a Media F ramew ork (JMF) is a mixed bag when it comes to a v ailabilit y .

On one hand, the JMF con tributes to distributabilit y and con v enience. But on the

other hand, the JMF detracts from compatibilit y . When it comes to p ortabilit y ,

v arious asp ects of the JMF con tribute to p ortabilit y , while other asp ects detract from

it.

Ov erall, the JMF con tributes to LecTix 2.0's distributabilit y . Despite the source

co de to the JMF b eing publicly a v ailable, the JMF is not tec hnically op en-source

b ecause it imp oses restrictions and legal liabilities up on its distribution. Suc h legal

liabilities migh t discourage its distribution. Nonetheless, the JMF b ene�ts the dis-

tributabilit y of LecTix 2.0 b ecause it is distributed separately b y Sun Microsystems, a

compan y able to negotiate, asses the risk of paten t litigation, and cross-license paten ts

if necessary .

1

The JMF con tributes to con v enience b y allo wing m ultimedia to b e pla y ed from

the clien t mac hine. After do wnloading lecture m ultimedia from a serv er, a studen t

can then w atc h the lecture without a net w ork connection. The lifetime of lecture

m ultimedia on a serv er (as w ell as the serv er's stabilit y) ma y b e limited, and a net w ork

connection ma y not alw a ys b e a v ailable from a studen t's laptop. Storing the lecture-

m ultimedia lo cally means it can b e pla y ed an ywhere, an ytime.

The JMF b oth con tributes to and detracts from p ortabilit y . T able 3.3 sho ws a

selection of video co decs supp orted b y the JMF. On one hand, the JMF supp orts

pla ybac k of the Cinepak, MJPEG, and H.263 [20] video co decs on an y platform with

an implemen tation of the Ja v a Swing to olkit. On the other hand, the JMF only

1

The Ja v a Virtual Mac hine shipp ed b y Sun is licensed in a similar fashion to the JMF. Of

course, this can b e distributed separately as w ell. Stallman [43] giv es an excellen t explanation for

wh y paten ted ideas in soft w are tend to only b e legally usable b y corp orations with large paten t

p ortfolios.
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T able 3.3: Ja v a Media F ramew ork video-co dec supp ort b y platform

Windo ws/x86, Lin ux/x86, Mac OS X/P o w erPC

Video Co dec Solaris/Sparc and Others

a

Cinepak X X
MJPEG X X
MPEG-1 X �

H.263 X X
Sour c e : Sun Microsystems [45].

a
That is, an y platform with Ja v a Virtual Mac hine and Ja v a Swing to olkit

implemen tations.

supp orts MPEG-1 [21] pla ybac k on the Windo ws/x86, Lin ux/x86, and Solaris/Sparc

platforms. In practice, only the H.263 and MPEG-1 video co decs are of high enough

qualit y for lecture videos,

2

lea ving H.263 as the b est co dec for p ortabilit y .

The JMF's limited options for the enco ding of lecture videos (H.263 and MPEG-1)

greatly detracts from LecTix 2.0's compatibilit y . State-of-the-art co decs found in con-

temp orary m ultimedia pla y ers�suc h as RealVideo, MPEG-4, and Windo ws Media�

are not supp orted b y the JMF. Therefore, LecTix 2.0 cannot pla y lecture videos

enco ded in those co decs.

Ho w Soft w are P aten ts Cause a Con�ict in A v ailabilit y

LecTix 2.0's lac k of compatibilit y with man y con temp orary co decs is unfortunate,

but una v oidable in coun tries suc h as the United States where ideas in soft w are can

b e paten ted.

3

Compatibilit y with paten ted co decs is often at o dds with t w o other

attributes of a v ailabilit y: distributabilit y and p ortabilit y .

P aten ted co decs often restrict the distributabilit y of pla y ers that implemen t them.

Use of a paten ted co dec requires a license whic h ma y not necessarily b e a v ailable. If

a license is not a v ailable, a lecture-m ultimedia pla y er m ust use the in v en tor's Ap-

plication Programming In terface (API) or b e based on the in v en tor's pla y er. F or

example, a lik ely reason for the Singap ore-MIT Alliance (SMA) distance education

2

MJPEG can b e of high qualit y , but it do es not p erform an y in ter-frame compression, resulting

in v ery large �le sizes.

3

As of Ma y 2005, bills for soft w are paten ts are curren tly under legislation in the Europ ean Union

and India.
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program decision to base their pla y er (see Section 5.4, page 60) on RealPla y er�as

opp osed to building their o wn pla y er that can pla y the RealVideo co dec�is that Real

did not o�er a license for the co dec at the time. And in the case where a license is

a v ailable, ro y alties are often required up on the co dec's distribution. F urthermore�

whether through the in v en tor's API, pla y er, or license�restrictions are imp osed on

distribution. Suc h restrictions, coupled with ro y alties that ma y b e required, detract

from a lecture-m ultimedia pla y er's distributabilit y .

P aten ted co decs detract from a pla y er's p ortabilit y in the case when a license

for the co dec is not a v ailable. Often the in v en tor's API or pla y er is p orted to only

select platforms, limiting the p ortabilit y of the lecture-m ultimedia pla y er that uses

the in v en tor's API or pla y er.

Nonetheless, despite incompatibilit y with man y con temp orary co decs, LecTix 2.0

ac hiev es mo derate a v ailabilit y b y b eing distributable, p ortable, and con v enien t. The

result is a free, op en-source, and p ortable lecture-m ultimedia pla y er.

3.3 Restrictions on Con temp orary , State-of-the-Art

Co decs

This section details the restrictions and fees asso ciated with the use of con temp orary

co decs in the United States, and sho ws ho w these restrictions and fees directly impact

distributabilit y and p ortabilit y . I presen t �v e formats and �v e co decs, and I discuss

their restrictions with regard to ro y alties, op en sp eci�cations, and API's. I also

discuss four m ultimedia pla y ers, and sho w ho w restrictions on con temp orary co decs

limit their distributabilit y and p ortabilit y .

While con temp orary formats and co decs go hand in hand, this section fo cuses

mainly on con temp orary co decs b ecause they are the most restricted. Nev ertheless,

this section presen ts information on formats for completeness and b ecause one of the

formats requires a ro y alt y .

I consider �v e pairs of con temp orary formats and co decs. These pairs are presen ted

37



b elo w. The format is listed �rst, follo w ed b y the co dec, and then a description of the

t w o.

Ogg , Theora The Xiph.Org foundation dev elops the Ogg con tainer format and The-

ora [47] video co dec. Theora is based on On2's VP3 video co dec, whic h On2 has

paten ted but irrev o cably licensed to the public for free. Theora dev elopmen t is

curren tly in a late alpha stage and is so on to go b eta.

RealMedia , RealVideo RealNet w orks dev elops the RealMedia con tainer format

and RealVideo video co dec. The RealMedia format has an op en sp eci�cation

and ma y b e used for free; but the RealVideo co dec is only a v ailable as a binary

API and requires a ro y alt y up on distribution.

MPEG-4 , MPEG-4 The MPEG-4 standard consists of sev eral parts, t w o of whic h

are a con tainer format and a video co dec. Both require ro y alties up on distri-

bution, but the video co dec do es not require an y ro y alties on the �rst 50,000

pla y ers distributed in a y ear.

Quic kTime , Sorenson 3 The Quic kTime con tainer format dev elop ed b y Apple is

similar to the MPEG-4 con tainer format. Quic kTime is an op en sp eci�cation

lik e MPEG-4, but can b e licensed for no c harge [9]. Sorenson Comm unica-

tions dev elops the Sorenson 3 video co dec. Sorenson 3 do es not ha v e an op en

sp eci�cation, but Apple licenses binary API's for it at no c harge.

ASF , Windo ws Media Video 9 Microsoft dev elops the A dv anced Systems F or-

mat (ASF) and the Windo ws Media Video 9 co dec. ASF is an op en format and

can b e licensed at no c harge. Windo ws Media Video is not op en, but a binary

API is a v ailable at no c harge for the Windo ws op erating system.

3.3.1 Sp eci�cations, API's, and Ro y alties

Closed sp eci�cations (do cumen tation on ho w to implemen t the format or co dec),

limited p orts of API's, and ro y alties are the three features commonly found in con-

temp orary co decs that detract from the distributabilit y and p ortabilit y of an y pla y er
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T able 3.4: Op enness of state-of-the-art formats and co decs

F ormat Op en API a v ailable Ro y alt y

a

Co dec Sp eci�cation Lin ux

b
Mac OS X

c
Windo ws

b
($)

ASF X X X X 0
Windo ws Media Video 9 � � � X 0

MPEG-4 X X X X 0:15d

MPEG-4 X X X X 0:25e

Ogg X X X X 0
Theora X X X X 0

QuickTime X X X X 0
Sorenson 3 � � X X 0

R e alMe dia X X X X 0
RealVideo � X X X 0:25f

a
P er deco der distributed.

b
In tel x86.

c
P o w erPC.

d
$100,000 ann ual cap.

e
Only pa y able after 50,000 units ann ually .

f
$1,000,000 ann ual cap for non-Windo ws platforms.

that implemen ts them. I sho w here whic h of these restrictions a�ect con temp orary ,

state-of-the-art formats and co decs.

T able 3.4 sho ws the degree to whic h con temp orary , state-of-the-art formats and

co decs are restricted. The Op en Sp e ci�c ation column signals whether a sp eci�cation

is publicly a v ailable. The next three columns tell us whether an API is a v ailable for

the Lin ux/x86, Mac OS X, and Windo ws/x86 platforms. The last column, R oyalty ,

giv es the ro y alt y due p er pla y er distributed.

T able 3.4 tells us t w o unsurprising things. First, all formats and co decs ha v e

an API a v ailable for the Windo ws platform�not surprising giv en its desktop-mark et

dominance. Second, an y format or co dec with an op en sp eci�cation has API's a v ail-

able for all three platforms. As with op en-source soft w are, an op en sp eci�cation for

a format or co dec naturally lends itself to b e implemen ted on man y platforms.

But one in teresting thing T able 3.4 sho ws is that Ogg Theora is the only

4

con tem-

p orary , state-of-the-art co dec a v ailable that has an op en sp eci�cation and is ro y alt y

4

Dirac [4] and the Sno w co dec (dev elop ed as part of the FF mp eg pro ject [11]) are state-of-the-art,

op en-source, and ro y alt y-free co decs that w ere only in their infancy at the time of this writing.
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free. The Windo ws Media Video 9 and Sorenson 3 co decs do not c harge ro y alties,

but their sp eci�cations are closed, and their API p orts are limited. RealVideo has

API's [35] a v ailable for all three platforms, but its sp eci�cation is closed and the API's

require a ro y alties. MPEG-4, whic h has an op en sp eci�cation and API p orts to all

three platforms, c harges ro y alties for b oth the con tainer format and co dec.

As w e can see, most con temp orary video co decs either restrict distributabilit y due

to ro y alties, p ortabilit y due to closed sp eci�cations and limited p orts of the API, or

b oth.

3.3.2 P ortabilit y of V endors' Pla y ers

Ev en though co dec v endors ma y not publish the co dec's sp eci�cation or o�er a de-

v elop er API for ev ery platform, they often o�er their o wn pla y ers, usually at no cost.

F or the most part, these pla y ers are closed-source, whic h restricts outside dev elop ers

from mo difying the co de, and p orting it to new platforms. I sho w here ho w closed

sp eci�cation and closed source-co de has a�ected the p ortabilit y of v endors' pla y ers

and the co decs they can pla y .

T able 3.5 sho ws the pla y ers

5

a v ailable from co dec v endors for pla ying con temp o-

rary formats and co decs on the Lin ux/x86, Mac OS X/P o w erPC, and Windo ws/x86

platforms. In the left-most column, the table lists these platforms and the pla y ers

that run on them. The remaining columns indicate the format-co dec pairs that the

pla y ers can pla y .

None of the pla y ers can pla y all �v e formats and co decs across all three platforms.

Only RealPla y er on the Windo ws platform can pla y all �v e format-co dec pairs. In

addition, RealPla y er is the only pla y er p orted to all three platforms.

Helix Pla y er [37], the only op en-source pla y er listed, fares w orse than an y other

pla y er on T able 3.5: it pla ys only one of the format-co dec pairs, and it runs on only

one of the platforms listed. The con�ict b et w een distributabilit y and compatibilit y ,

discussed on page 36, explains Helix Pla y er's limited co dec supp ort. On the other

5

T able 3.5 do es not consider pla y ers suc h as MPla y er [34] or VLC [6] b ecause they are distributed

from Europ e where soft w are paten ts are not enforced.
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T able 3.5: State-of-the-art formats and co decs: pla y ers and p orts

F ormat / Co dec

Platform Ogg / RealMedia / MPEG-4 / Quic kTime / ASF /

Pla y er Theora RealVideo MPEG-4 Sorenson 3 WMV9

Linux / x86

Helix Pla y er X � � � �
RealPla y er X X � � �

Mac OS X / PowerPC

RealPla y er � X X X �
Quic kTime Pla y er � � X X �
Windo ws Media Pla y er � � � � X

Windows / x86

RealPla y er X a X X X X
Quic kTime Pla y er � � X X �
Windo ws Media Pla y er X b � � � X

a
Requires Xiph Pla y er Plugin [36]

b
Requires Ogg Directsho w Filters [23]

hand, Helix Pla y er's apparen t limited p ortabilit y seems to con tradict the notion that

an op en-source license con tributes to p ortabilit y .

Nothing could b e further from the truth. Helix Pla y er is an o�-sho ot of RealPla y er

whic h initially targeted the Lin ux/x86 platform. Helix Pla y er and RealPla y er share

the same pla ybac k engine; the only di�erence is that RealPla y er can pla y paten t-

encum b ered co decs with tric ky licenses. The existence of RealPla y er on the Mac

OS X/P o w erPC and Windo ws/x86 platforms serv es Helix Pla y er's nic he on those

platforms, for no w.

Hence, Helix Pla y er dev elop ers ha v e b een concen trating their e�orts on other

platforms. Besides Lin ux/x86, Helix Pla y er also supp orts the Sym bian cell-phone

platform. P orts are in progress to the Solaris/Sparc, Solaris/x86, HP-UX/P A-RISC,

Lin ux/P o w erPC, Lin ux/MIPS, Lin ux/Sparc, Lin ux/ia64, F reeBSD/x86, and AIX/

P o w erPC platforms. Giv en time, the n um b er of platforms Helix Pla y er supp orts will

outn um b er the platforms supp orted b y the other pla y ers that T able 3.5 lists.
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Chapter 4

Extensibilit y

Great tec hnology is said to p erform w ell not only the tasks it w as designed for,

but tasks nev er en visioned b y the original designers as w ell.

1

An extensible system

facilitates the inclusion of new features nev er dreamed of b y the original designers.

Just as in researc h where researc hers build on top of eac h others' w orks, extensible

systems allo w dev elop ers to do the same and �stand on the shoulders of gian ts� [7].

This c hapter presen ts the three attributes that mak e up extensibilit y , and dis-

cusses the features of LecTix 2.0's design and implemen tation that con tribute to eac h

attribute, thereb y making it an extensible lecture-m ultimedia pla y er.

4.1 A ttributes of Extensibilit y

Extensibilit y is the degree to whic h an y dev elop er can add new features to a system.

Extensibilit y consists of three attributes:

� Mo di�ability : The ease with whic h a system can b e mo di�ed b y an y dev elop er.

� Mo dularity : The degree to whic h a system is organized in to cleanly separated,

decoupled parts.

� Interfac e ability : The degree to whic h a pla y er can b e externally in terfaced to,

allo wing it to b e extended without recompilation (i.e. a new release) of the

1

This idea is not m y o wn, but I ha v e b een unable to �nd its source.
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T able 4.1: LecTix 2.0 features that con tribute to extensibilit y

F eature Mo di�abilit y Mo dularit y In terfaceabilit y

GPL X � �

Ja v a X X X
Class Hierarc h y � X X
Ev en ts � X X
Lecture Description � � X

pla y er.

These three attributes comp ose extensibilit y . A pla y er that has all three attributes

is considered extensible.

4.2 F eatures of LecTix 2.0 that Con tribute to

Extensibilit y

LecTix 2.0 has �v e features that con tribute to extensibilit y: (1) its op en-source li-

cense, the GNU General Public License (GPL); (2) the Ja v a language, in whic h it's

implemen ted; (3) a hierarc h y of media classes; (4) a system for media classes to notify

eac h other of ev en ts; and (5) a �le format for describing lecture-m ultimedia presen-

tations. T able 4.1 sho ws whic h attributes of extensibilit y eac h feature con tributes

to.

As is usually the case with extensible systems, these features build on top of eac h

other to pro vide sev eral la y ers of extensibilit y . Figure 4-1 depicts these la y ers. The

GPL ensures that the source co de to the LecTix 2.0 core remains a v ailable. Ja v a, a

programming language that supp orts abstraction and garbage collection, facilitates

the mo di�cation of LecTix 2.0's op en source co de. Ja v a's ob ject-orien ted features

of classes, encapsulation, and inheritance enable the organization of a hierarc h y of

media classes (media t yp es). The media classes that sit at the top of this hierarc h y

pro vide a uniform in terface for manipulation b y the LecTix 2.0 core. A media-ev en t

noti�cation system builds on top of the media classes' uniform in terface to enable

media ob jects to broadcast events without explicit kno wledge of the recipien ts. The

44



Figure 4-1: La y ers of LecTix 2.0's extensibilit y .

lecture description �le pulls it all together, describing the media ob jects to displa y

and ho w to sync hronize them.

No w I describ e eac h of the �v e features and ho w they con tribute to LecTix 2.0's

extensibilit y .

4.2.1 The GNU General Public License

LecTix 2.0's op en-source license, the GNU General Public License (GPL) [13] con-

tributes to LecTix 2.0's mo di�abilit y . As discussed in Section 3.2.1 on page 33, the

GPL p ermits distribution of deriv ed w orks and ensures that source co de remains

a v ailable. With p ermission to distribute deriv ed w orks, and access to the source

co de, dev elop ers can mo dify LecTix 2.0 to their liking.
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4.2.2 The Ja v a Programming Language

LecTix 2.0's language of implemen tation, Ja v a [17], con tributes to LecTix 2.0's mo di�-

abilit y , mo dularit y and in terfaceabilit y . These con tributions stem from Ja v a's design

as an ob ject-orien ted programming language [44] with supp ort for abstraction and

garbage collection.

Ja v a's supp ort for abstraction and garbage collection facilitates the mo di�cation of

LecTix 2.0. Supp ort for abstraction enables dev elop ers to think of problems at a high

lev el. Garbage collection pro vides automatic memory managemen t for dev elop ers,

allo wing them to dev ote more atten tion to the problem at hand.

Ja v a's supp ort for abstraction can b e brok en in to three parts: classes, encap-

sulation, and inheritance. Classes and encapsulation con tribute to the attribute of

mo dularit y . Inheritance con tributes to the attribute of in terfaceabilit y .

Classes and encapsulation enable LecTix 2.0 to b e brok en up in to separate mo d-

ules. A class is a data t yp e represen ting a set of v ariables and metho ds that can

op erate on those v ariables. An instance of a class is called an obje ct . Enc apsulation ,

also kno wn as data hiding , allo ws ob jects to hide state from eac h other, e�ectiv ely de-

coupling them. Using classes and encapsulation, a programmer can organize a system

in to separate, decoupled parts.

Inheritance builds on classes and encapsulation to pro vide a consisten t in terface

among related classes. Inheritance is the abilit y for classes to share b eha vior. F or

example, if a class A inherits from a class B , then A will ha v e the v ariables and metho ds

that B has. In addition, A can add its o wn v ariables and metho ds or ev en o v erride B 's

metho ds. B is considered a sub class of A , and A is considered to b e a sup er class of B .

Ob jects of class B can then substitute for ob jects of class A b y a b eha vioral notion of

subt yping [24], and newly in tro duced external mo dules can comm unicate in a general

fashion through the in terface of class A , without kno wledge of class B .
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4.2.3 Media-Class Hierarc h y

T aking adv an tage of inheritance, LecTix 2.0 de�nes a media-class inheritance hierar-

c h y that con tributes to the pla y er's mo dularit y and in terfaceabilit y . This inheritance

hierarc h y enables LecTix 2.0 to reuse co de and to pro vide a uniform in terface to media

ob jects, leading to concise, elegan t co de.

Eac h of the LecTix 2.0's media classes implemen ts either a sp eci�c or generic

t yp e of media. F or example, a sp eci�c media t yp e can implemen t video or slides. A

generic media t yp e, on the other hand, co v ers a broad range of media t yp es. T w o

examples of generic media are con tin uous and discrete media. Con tin uous media

c hange con tin uously with time, suc h as video or audio. Discrete media c hanges only

a discrete n um b er of times during a presen tation. P o w erP oin t-st yle slides are an

example of discrete media.

Ob ject-orien ted programs can represen t these notions of generic and sp eci�c media

t yp es. A class represen ting a sp eci�c t yp e is a c oncr ete class. A class that represen ts

a generic t yp e is an abstr act class.

Suc h classi�cation of media t yp es naturally lends itself to a represen tation b y an

inheritance hierarc h y of media classes. Figure 4-2 sho ws the media-class hierarc h y

implemen ted b y LecTix 2.0. Figure 4-2 lab els abstract classes (those represen ting

generic t yp es) with italics, and concrete classes (those represen ting sp eci�c t yp es)

with roman t yp e. The most general of media classes, LTMedia , sits at the top of the

hierarc h y . LTMedia can represen t an y media t yp e in LecTix 2.0. T w o abstract classes

sub class LTMedia : ContinuousMedia and DiscreteMedia . As in our example, Con-

tinuousMedia represen ts media that c hange con tin uously with time; DiscreteMedia

represen ts media that c hange only a discrete n um b er of times.

T w o concrete classes sit at the b ottom of the hierarc h y . The �rst, JMFMedia ,

sub classes ContinuousMedia . JMFMedia represen ts media pla y able b y the Ja v a Me-

dia F ramew ork (see page 35). The second, SlideMedia , sub classes DiscreteMedia .

SlideMedia represen ts P o w erP oin t-st yle slides.

The abstract classes ( LTMedia , ContinuousMedia , and DiscreteMedia ) pro vide
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LTMedia

JMFMedia SlideMedia

DiscreteMediaContinuousMedia

Figure 4-2: LecTix 2.0 media-class hierarc h y . Abstract classes are lab eled with italics.

Concrete classes are lab eled with roman t yp e.

a uniform in terface for its sub classes to hide b ehind. Co de that manipulates concrete

media ob jects do es so in a general fashion, without an y explicit references to concrete

media classes. F or example, the LTMedia class declares the metho d getVisualCom-

ponent() whic h returns a java.awt.Component ob ject that can displa y itself visually

on the screen. Rather than ha ving to consider whether a media ob ject is video or a

sequence of slides, the Graphical User In terface (GUI) of LecTix 2.0 treats the media

ob ject as an LTMedia ob ject, calls getVisualComponent() , and displa ys the returned

ob ject.

The abstract classes facilitate the reuse of co de b y pro viding common ob jects and

metho ds for their sub classes to use. F or instance, con tin uous t yp es of media in Lec-

Tix 2.0 k eep a running clo c k that driv es the pla ybac k of all media. ContinuousMedia

pro vides a timer to p erio dically w ak e up sub classes so that they can notify other

media classes of the time. Discrete t yp es of media main tain a time-ordered list of

individual media to presen t, suc h as slides. DiscreteMedia pro vides a time-ordered

list of general ob jects and metho ds to manipulate the list. SlideMedia can then

sp ecialize the list for slides, and reuse the metho ds to manipulate the list pro vided

b y SlideMedia
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T able 4.2: LecTix 2.0 media ev en ts

Media Ev en t Description

RATE_CHANGED Change the pla ybac k rate

MEDIA_TIME_CHANGED Change the curren t media time

STARTED Start pla ybac k

STOPPED Stop pla ybac k

SKIP_STARTED Start rewind or fast-forw ard

SKIP_STOPPED Stop rewind or fast-forw ard

VOLUME_CHANGED Change the v olume

PREV_SLIDE Sho w the previous slide

NEXT_SLIDE Sho w the next slide

4.2.4 Media Ev en ts

LecTix 2.0 features a media-ev en t noti�cation system that con tributes to LecTix 2.0's

mo dularit y and in terfaceabilit y . The system pro vides a mec hanism for media ob jects

to broadcast events without requiring kno wledge of the recipien ts, thereb y decoupling

the media ob jects. The ev en t noti�cation system also serv es as a uniform in terface

for comm unication among media ob jects.

F or concreteness, T able 4.2 giv es an o v erview of the ev en ts used in LecTix 2.0.

User in teraction with LecTix 2.0's con trols results in most sending of the ev en ts

listed.. In addition, con tin uous media ob jects t ypically send MEDIA_TIME_CHANGED

ev en ts p erio dically to notify other media of the curren t running time. The STOPPED

ev en t ma y b e sen t b y either the con trol panel or b y a con tin uous media ob ject when

it has reac hed the end of media time.

Before pro ceeding to describ e the implemen tation of LecTix 2.0's media-ev en t no-

ti�cation system, w e m ust �rst de�ne the term interfac e . In ob ject-orien ted program-

ming, an interfac e is a lab el for a set of metho d de clar ations . Metho d declarations

declare the t yp es of ob jects that the metho ds tak e as argumen ts and the t yp e of ob-

ject eac h metho d returns. Unlik e a metho d de�nition , an in terface do es not pro vide

implemen tations for its metho ds.

In terfaces are imp ortan t in languages that do not supp ort multiple inheritanc e .

Multiple inheritance is the abilit y to inherit from more than one sup erclass. T o

prev en t confusing situations where more than one sup erclass de�nes metho ds with
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iden tical signatures, some languages suc h as Ja v a and Smalltalk [16] do not allo w

for m ultiple inheritance. Instead, Ja v a pro vides in terfaces, for whic h a class can

implemen t an y n um b er of. Ha ving m ultiple in terfaces do es not p ose the same problem

that ha ving m ultiple inheritance do es, b ecause in terfaces only declare metho ds, not

de�ne them.

Through the implemen tation of m ultiple in terfaces, media ob jects can tak e on

di�eren t roles in LecTix 2.0. Media ob jects can (1) displa y themselv es, (2) send

ev en ts, (3) receiv e ev en ts. Figure 4-3 sho ws the hierarc h y of classes and in terfaces to

supp ort these roles.

Starting from the b ottom righ t of the �gure, LTMedia �the paren t of all media

classes (see Figure 4-2 on page 48 for the complete media class hierarc h y)�pro vides

the getVisualComponent() metho d for displa ying media. Media classes usually o v er-

ride this metho d, b ecause LTMedia 's default implemen tation returns a null ob ject.

Nonetheless, LTMedia 's de�nition pro vides a uniform in terface across all media ob-

jects.

T o the left of LTMedia is the ControlPanel class, resp onsible for the con trols the

user in teracts with. It inherits from JPanel , a class from the Ja v a Swing to olkit.

Ab o v e ControlPanel and LTMedia are three in terfaces and one class that mak e

up LecTix 2.0's ev en t system. The top t w o in terfaces in the ev en ts system, LTMedi-

aListener and LTMediaEventSource , mo del after in terfaces suggested b y Geary [14,

pages 300�309]. LTMediaListener serv es as a uniform in terface to ob jects that listen

to media ev en ts; it declares metho ds for receiving eac h media-ev en t t yp e. LTMediaL-

istener inherits from EventListener , an in terface from the java.util pac k age that

declares no metho ds but exists solely to tag v arious kinds of ev en t-listener classes.

2

P ositioned to the righ t of the LTMediaListener class, LTMediaEventSource serv es

as a uniform in terface to ob jects that send ev en ts; it declares metho ds for adding and

remo ving listeners from its noti�cation list.

In addition to Geary's suggested ev en t-supp ort classes, LecTix 2.0 adds the LT-

MediaSocialite in terface and LTMediaEventBroker class to complete its media-

2

Ja v a uses ev en ts for all t yp es of classes, particularly in the Ja v a Swing to olkit.

50



<<interface>>

LTMediaListener

+mediaTimeChanged(e:LTMediaEvent)
+nextSlide(e:LTMediaEvent)

<<interface>>

LTMediaSocialite
(tag)

<<interface>>

LTMediaEventSource

+addLTMediaListener(l:LTMediaListener)
+removeLTMediaListener(l:LTMediaListener)

LTMediaEventBroker

#processLTMediaEvent(e:LTMediaEvent)

ControlPanel

#processLTMediaEvent(e:LTMediaEvent)

JPanel

LTMedia

+getVisualComponent(): Component

<<interface>>

EventListener
(tag)

Event System

LecTix 2.0

javax.swing

Custom-Event Support Interfaces suggested by Geary [14]

Media-Class Hierarchy

java.util

Figure 4-3: Uni�ed Mo deling Language (UML) [2] represen tation of ev en t-supp ort classes

and in terfaces. Eac h solid b o x represen ts a class or in terface. In terfaces and concrete classes

are lab eled in b old t yp e, with in terfaces distinguished b y the �in terface� stereot yp e. The

abstract class LTMedia is lab eled in b old italics. Solid lines ending with a triangular ar-

ro whead indicate inheritance. Dashed lines ending with a triangular arro whead indicate

implemen tation of an in terface. The solid line that b egins with a diamond-shap ed head in-

dicates that ControlPanel has an LTMediaEventBroker ob ject as a mem b er v ariable. With

the exception of JPanel , eac h class or in terface lists a sampling of its metho d de�nitions or

declarations, resp ectiv ely , in the b ottom half of its b o x. The note (tag) indicates an in ter-

face with no metho d declarations. The sym b ol + precedes public metho ds. The sym b ol #

precedes pr ote cte d metho ds.
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ev en t system. Sitting directly under LTMediaListener , the LTMediaSocialite in-

terface serv es to tag classes that implemen t b oth LTMediaListener and LTMedi-

aEventSource classes. T o the righ t of the LTMediaSocialite in terface sits the LT-

MediaEventBroker class; it pro vides a default implemen tation of an LTMediaEventSource

and main tains the ev en t noti�cation list of listeners. It also de�nes the pr ote cte d

(only accessible to it and its sub classes) processLTMediaEvent() metho d for send-

ing ev en ts.

So that all media classes can send and receiv e messages, LTMedia implemen ts

the LTMediaSocialite in terface. LTMedia inherits from LTMediaEventBroker , gain-

ing an implemen tation for main taining noti�cation lists and sending messages. T o

receiv e messages, LTMedia implemen ts the LTMediaListener in terface with default

de�nitions of the ev en t-receiving metho ds. The default de�nitions tak e no action;

media classes o v erride them when they wish to receiv e an ev en t.

The ControlPanel class also implemen ts the LTMediaSocialite in terface. Be-

cause it already inherits from the JPanel class, ho w ev er, ControlPanel cannot

also inherit from LTMediaEventBroker (see discussion of m ultiple inheritance on

page 50). Instead, ControlPanel tak es LTMediaEventBroker as a mem b er v ari-

able. ControlPanel de�nes its implemen tation of processLTMediaEvent and LT-

MediaEventSource 's ev en t-noti�cation-list main tenance metho ds to call those of LT-

MediaEventBroker .

Media-Ev en t Example

T o get a b etter idea of ho w media ev en ts w ork in practice, let's consider an example

where a studen t adv ances a slide. Figure 4-4 sho ws the four steps LecTix 2.0 tak es

to adv ance a slide.

First, the user clic ks on the next slide button (Figure 4-4(a)). ControlPanel then

instan tiates an ob ject represen ting the ev en t NEXT_SLIDE and calls processLTMedi-

aEvent() with the ev en t ob ject as its argumen t.

Second, processLTMediaEvent() calls nextSlide() on all of ControlPanel 's

media-ev en t listeners (Figure 4-4(b)). In this case, the media-ev en t listeners are

52



(a) (b)

(c) (d)

Figure 4-4: A dv ancing a slide. (a) Studen t clic ks the Next Slide button. (b) ControlPanel sends NextSlide ev en ts to JMFMedia (video)

and SlideMedia . (c) SlideMedia adv ances to the next slide and sends Me diaTimeChange d ev en ts to JMFMedia and ControlPanel .

(d) JMFMedia adv ances to the new time. ControlPanel up dates its seek time and slider.
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JMFMedia (video and audio) and SlideMedia (slides). Figure 4-4(b) depicts, with

red arro ws, ControlPanel sending NEXT_SLIDE ev en ts to JMFMedia and SlideMedia .

Third, SlideMedia adv ances the slide (Figure 4-4(c)). T o main tain sync hroniza-

tion, SlideMedia broadcasts a MEDIA_TIME_CHANGED ev en t. As sho wn b y red arro ws

in Figure 4-4(c), SlideMedia 's listeners are JMFMedia and ControlPanel .

Finally , JMFMedia and ControlPanel receiv e the MEDIA_TIME_CHANGED ev en ts

(Figure 4-4(d)). JMFMedia adv ances the video to the new time, and ControlPanel

adjusts the seek slider and time displa y . The slide adv ance is no w complete, and the

lecture presen tation remains sync hronized.

4.2.5 Lecture Description

LecTix 2.0's lecture description format con tributes to in terfaceabilit y b y pro viding

a textual format for describing lecture-m ultimedia presen tations. The lecture de-

scription serv es as the in terface for lecture-m ultimedia pro ducers�h uman users or

soft w are�to target. The lecture description in terfaces to and builds on top of the

extensibilit y of the media-ev en t system, media-class hierarc h y , and Ja v a programming

language.

A lecture description �le sp eci�es:

� The �lenames of individual media �les, suc h as video and image �les.

� The media time at whic h eac h media �le is to b e displa y ed (for sync hronization).

� The concrete media classes that should b e instan tiated to displa y the media

�les.

T o see what a lecture description lo oks lik e, lo ok at the sample one sho wn in

Figure 4-5. The lecture is enco ded in the Extensible Markup Language (XML) [3].

In general, XML consists of nested elements , eac h with zero or more attributes . F or

example, the ro ot elemen t of the lecture description sho wn in Figure 4-5 is lecture .

It has the attribute version whic h sp eci�es the earliest v ersion of LecTix that can

understand this lecture description.
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<?xml version="1.0"?>

<lecture version="2.0">

<media type="JMF">

<file name="lecture15.mpg"/>

</media>

<media type="Slide">

<file time="00:00:00" name="slides/Slide001.png"/>

<file time="00:01:24" name="slides/Slide002.png"/>

<file time="00:02:59" name="slides/Slide003.png"/>

.

.

.

<file time="01:16:06" name="slides/Slide045.png"/>

</media>

</lecture>

Figure 4-5: A lecture description �le

T w o media elemen ts nest inside the lecture elemen t. Eac h of the t w o media

elemen ts sp ecify a name attribute. LecTix 2.0 will app end the su�x - Media to get the

name of the media class to instan tiate for eac h media elemen t. In this case, LecTix 2.0

will instan tiate a JMFMedia ob ject and a SlideMedia ob ject.

Nested inside the media elemen ts are file elemen ts. Eac h file elemen t sp eci�es

the name of a media �le, and optionally , the time at whic h to displa y it. If no time

attribute is giv en, LecTix 2.0 assumes a default time of 0. In this case, the video �le,

lecture15.mpg , will start at 0, the b eginning of media time.

The simple enco ding of a lecture description in a simple XML text �le con tributes

to LecTix 2.0's in terfaceabilit y . Both h umans and soft w are can easily mo dify a lecture-

m ultimedia presen tation. Of course, if a dev elop er wishes to add new media t yp es

or c hange the in ternals of LecTix 2.0, he or she is free to do so. LecTix 2.0 mak es

this freedom p ossible b y o�ering �v e la y ers of features that con tribute to its extensib-

lit y: the GNU GPL, the Ja v a programming language, a media-class hierarc h y , media

ev en ts, and a lecture description �le format.
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Chapter 5

Related W ork

This c hapter in tro duces sev en lecture-m ultimedia pla y ers, describ es their user in ter-

faces and features, and compares them and LecTix 2.0 in terms of usabilit y , a v ailabil-

it y , and extensibilit y .

I only consider pla y ers here that can presen t at least one additional media stream

b esides audio and video. All the pla y ers review ed here ful�ll this requiremen t b y

presen ting a sc heduled stream of static images�t ypically P o w erP oin t-st yle slides or

snapshots of the blac kb oard.

1

The pla y ers review ed are:

1. Colum bia Video Net w ork

2. I IT Online

3. Microsoft Pro ducer

4. Singap ore-MIT Alliance

5. Stanford Online

6. UNITE (Univ ersit y of Minnesota)

7. LecTix 1.3

1

One pla y er I do not review, the .NET Sho w [30], presen ts audio, video, and a transcript.
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A screenshot of eac h pla y er is giv en along with a description of its in terface and

features.

5.1 Colum bia Video Net w ork

The Colum bia Video Net w ork (CVN) [8] is Colum bia Univ ersit y's distance education

program, o�ering univ ersit y credit and degree programs online.

Figure 5-1 depicts the pla y er for the Colum bia Video Net w ork pla ying sample

lecture a v ailable online. As is common in man y lecture-m ultimedia pla y ers, the pla y er

is em b edded in a w eb page. Sho wn in the upp er left corner, a Windo ws Media plug-

in pla ys a streaming lecture video. In the upp er righ t, a high-qualit y close-up of the

blac kb oard displa ys writing otherwise hidden b y the lecturer in the video. The b ottom

panel con tains an index of v arious p oin ts in time of the lecture. Unfortunately , the

names giv en for the index en tries, suc h as Image 59 , probably do not help the studen t

m uc h.

Directly under the V CR-st yle con trols presen ted b y the Windo ws Media plug-in

are con trols for adding custom index en tries. T o add an en try , the studen t clic ks on

the Time button when the presen tation is at the desired p oin t in time. The pla y er

then displa ys the time in the text b o x to the righ t of the Time button. Next, the

user en ters a name for the en try , and clic ks on A dd marker . By dela ying en tering

the en try's name un til after capturing the time, the user obtains an accurate timing

without m uc h adv ance notice.

5.2 I IT Online

I IT Online [19] is the Illinois Institute of T ec hnology's distance education program,

o�ering univ ersit y credit and degree programs online.

Figure 5-2 sho ws the pla y er for I IT Online [19]. The pla y er consists of Sync hro-

nized Multimedia In tegration Language (SMIL) [1] presen tation inside RealPla y er.

The upp er-left hand p ortion of the pla y er sho ws a video of the lecturer writing notes
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Figure 5-1: Colum bia Video Net w ork
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on the pap er. The righ t half of the pla y er zo oms in on the notes and previews what

the lecturer will write. Directly under the video sits an index. Con trary to the index

found in the CVN pla y er (Section 5.1), this pla y er's index has meaningful en tries that

help studen ts �nd the part of the lecture that in terests them.

The con trols for the I IT Online pla y er sit along the b ottom of the pla y er. These

con trols consist of t ypical V CR-st yle con trols. As with the SMA pla y er (Section 5.4),

the previous-clip and next-clip buttons (sitting to the righ t of the stop button) app ear

useless in the con text of a single lecture-m ultimedia presen tation. If held do wn,

ho w ev er, the buttons rewind or fast-forw ard the presen tation.

5.3 Microsoft Pro ducer

Microsoft Pro ducer [29] is an add-on to Microsoft's P o w erP oin t soft w are. F rom an

enco ded video and P o w erP oin t slides, Microsoft Pro ducer pro duces m ultimedia pre-

sen tations pla y able inside Microsoft's In ternet Explorer bro wser. The presen tations

in tegrate the video, slides, and an index. While not exclusiv ely for lecture-m ultimedia

presen tations, the pla y er shares features commonly found in lecture-m ultimedia pla y-

ers.

Figure 5-3 depicts a sample m ultimedia presen tation made b y Microsoft Pro ducer.

The la y out is similar to that of I IT Online: video sits in the upp er left, an index

app ears b elo w it, and a slide displa ys in the righ t half of the screen. Unlik e I IT Online,

ho w ev er, Microsoft Pro ducer's con trols sit b et w een the video and index. Also, despite

the adequate empt y space next to the time displa y , the pla y er do es not pro vide a seek

slider. The pla y er comp ensates, ho w ev er, b y featuring buttons for skipping bac k and

forw ard 10 seconds.

5.4 Singap ore-MIT Alliance

The Singap ore-MIT Alliance (SMA) [42] is a join t educational and researc h collab-

oration among three univ ersities: the National Univ ersit y of Singap ore (NUS), the
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Figure 5-2: I IT Online
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Figure 5-3: Microsoft Pro ducer

62



Figure 5-4: Singap ore-MIT Alliance

Nan y ang T ec hnological Univ ersit y (NTU), and MIT. SMA o�ers classes in Singap ore

at NUS or NTU, as w ell as in Cam bridge, Massac h usetts at MIT.

Figure 5-4 sho ws a screenshot of the SMA pla y er. Similar to I IT Online (Sec-

tion 5.2), the SMA pla y er is based on RealPla y er. The SMA pla y er di�ers from the

I IT Online pla y er, ho w ev er, in that it do es not use SMIL, and in that its in terface

consists of t w o windo ws: a main RealPla y er windo w on the left, and a windo w on the

righ t that displa ys slides. The main RealPla y er windo w dev otes most of its space to

the video. Underneath the video are the same con trols found in the I IT Online pla y er,

including the previous-clip and next-clip buttons that also rewind and fast-forw ard.

The slide windo w on the righ t features con trols along the top for bro wsing the history

of slides already seen�unlik e other lecture-m ultimedia pla y ers whic h ha v e previous-

and next-slide buttons for bro wsing slides in presen tation order.
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5.5 Stanford Online

Stanford Online o�ers Stanford Univ ersit y graduate programs and courses o v er the

In ternet.

Figure 5-5 depicts the Stanford Online pla y er. Lik e the CVN pla y er, the Stanford

Online deliv ers its pla y er through a w eb page. A Windo ws Media plug-in sits on

the left side of the bro wser, and a slide displa ys in the cen ter. T w o sets of con trols

app ear in this pla y er. A set of V CR-st yle con trols sits b elo w the video as part of the

Windo ws Media plug-in. Another set of con trols for na vigating slides sit b elo w the

slide.

5.6 Univ ersit y of Minnesota UNITE

Figure 5-6 sho ws the pla y er o�ered b y the Univ ersit y of Minnesota's UNITE pro-

gram [46]. The pla y er p ositions the m ultimedia lik e the rest of the pla y ers: video

on the left and static image on the righ t. A t the p oin t in time sho wn in Figure 5-6,

ho w ev er, the pla y er has sw app ed the t yp es of con ten t t ypically presen ted b y the video

and image streams. The image sho ws a still-frame shot of the whiteb oard, and the

video sho ws a P o w erP oin t-st yle slide. This tec hnique allo ws a user to still see the

slide while the pla y er presen ts the whiteb oard as a high-qualit y static image.

Similar to Microsoft Pro ducer and Stanford Online, this pla y er features slide-

na vigation con trols. A user can na vigate to the �rst, previous, next, or last slide. In

addition, the UNITE pla y er features a scrollable strip of slide th um bnails (miniature

renderings of the slides). Clic king on a th um bnails brings up the full slide. Unfortu-

nately , the video do es not sync hronize with the new slide.
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Figure 5-5: Stanford Online
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Figure 5-6: UNITE

66



Figure 5-7: LecTix 1.3

5.7 LecTix 1.3

LecTix 1.3 is the predecessor to LecTix 2.0.

2

Sho wn in Figure 5-7, LecTix 1.3 supp orts

man y features not a v ailable in LecTix 2.0 suc h as m ultiple text indices, transcript,

user-editable notes, and b o okmarks.

Along the left side of the pla y er lie m ultiple text indices called the table of con ten ts,

media index, and slide index. Selecting an en try in an y of the indices jumps the

presen tation to the p oin t in time relev an t to the en try .

T o the righ t of the con trols lie the video and slides. A v ariet y of con trols sit

b elo w the video and ab o v e the slides. Besides the usual pla y , pause, and seek slider

con trols, LecTix 1.3 has a skip-bac k, skip-forw ard, v ariable-sp eed slider, full-screen

2

LecTix has b een kno wn b y sev eral names. Here they are in time order from earliest to latest:

Lecture View er [18], EVES [27], LecTix 1.3, and LecTix 2.0.
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button, and a capture button for setting b o okmarks. LecTix 1.3 calls its b o okmarks

snapshots b ecause they not only mark a lab el and time, but snapshots of the video

as w ell.

T o the righ t of the video and slides lie the transcript and user-editable notes. Both

app ear similar, but ha v e di�eren t uses. The transcript serv es to help studen ts who

ha v e di�cult y understanding the lecturer's sp eec h. In the notes area, the studen t

can tak e do wn notes that are sync hronized to the presen tation. The notes can b e

considered another form of b o okmarks.

T o the v ery righ t lies a scrollable pane of snapshots tak en b y the studen t. This

feature pro vides a w a y for the studen t to k eep parts of the blac kb oard on displa y after

the video has mo v ed elsewhere.

5.8 Comparison of Pla y ers to LecTix 2.0

This section compares the sev en pla y ers just describ ed to LecTix 2.0. I compare the

pla y ers in terms of the prop erties of usabilit y , a v ailabilit y , and extensibilit y . With the

p ossible exception of LecTix 2.0's incompatibilit y with con temp orary state-of-the-art

video co decs and its a�ect on a v ailabilit y , I sho w that LecTix 2.0 fares b etter than

the sev en other pla y ers in all three prop erties.

Usabilit y Comparison

LecTix 2.0 con tains more features that con tribute to usabilit y than the other sev en

pla y ers. Of the features I consider here, LecTix 2.0 lac ks only b o okmarks.

T o b etter compare the features across all eigh t pla y ers, w e m ust �rst expand

the list of features found in T able 2.1 (page 20) that w e iden ti�ed con tributed to

LecTix 2.0's usabilit y . T able 5.1 lists the expanded set of features and whic h of the

�v e attributes of usabilit y they con tribute to. The na vigation feature from T able 2.1

has b een brok en up in to b o okmarks, index, previous and next slide, and seek slider.

T able 5.1 also adds a new feature, to oltips.

T able 5.8 sho ws whic h of the features from the expanded list that eac h of the eigh t
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T able 5.1: Expanded list of features that con tribute to usabilit y

F eature Learnabilit y E�ciency Memorabilit y F ew Errors Satisfaction

Contr ols

Bo okmarks � X � � X
Index � X � � X
Prev/Next Slide � X � � X
Seek Slider � X � � X
V ariable Sp eed � X � X X

Contr ols' Pr op erties

Large � X � X �

Real W orld X � X X �

T o oltips X � X X �

Visible X X X � �

Sync hronization � X � X X

pla y ers implemen t. LecTix 2.0 comes out ahead with 8 of the 9 features implemen ted.

Colum bia Video Net w ork and LecTix 1.3 tie for second place with 6 of 9 features

implemen ted.

A v ailabilit y Comparison

In terms of a v ailabilit y , LecTix 1.3 and LecTix 2.0 compare fa v orably to the other

six pla y ers due to their op en-source co de base and high p ortabilit y . The other six

pla y ers, ho w ev er, can pla y con temp orary formats suc h as Windo ws Media (ASF) and

RealMedia.

T able 5.8 sho ws whic h of the features that a�ect a v ailabilit y eac h pla y er imple-

men ts. While not sho wn here, LecTix 1.3 and LecTix 2.0 can run on more platforms

than just the ones listed in T able 5.8. See Section 3.2.2 on page 33 for a discussion

on the high p ortabilit y of the Ja v a language.

Extensibilit y Comparison

In terms of the three attributes of extensibilit y�mo di�abilit y , mo dularit y , and inter-

faceabilit y�LecTix 2.0 rates b etter than an y of the other sev en pla y ers b y con tribut-

ing to all three attributes (see Chapter 4).

LecTix 1.3 is mo di�able (op en-source), but lac ks somewhat in in terfaceabilit y ,
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T able 5.2: Review ed pla y ers' features that a�ect usabilit y

Colum bia Singap ore-

Video I IT Microsoft MIT Stanford LecTix LecTix

F eature Net w ork Online Pro ducer Alliance Online UNITE 1.3 2.0

Contr ols

Bo okmarks X � � � � � X �
Index X a X X � � b X X X
Prev/Next Slide � � X � c X d X d X X
Seek Slider X X � X X X X X
V ariable Sp eed X � X � X � X X

Contr ols' Pr op erties

Large � � � � � � � X
Real W orld X X � � X X � X
T o oltips X X X X X � � X
Visible

e � � � � � X X X
Sync hronization Segmen t Segmen t Segmen t Segmen t T rigger Man ual Segmen t Segmen t

a
All of the sample lectures a v ailable on CVN's w ebsite had useless index en tries of the form Image n

where n is a p ositiv e in teger.

b
Stanford Online pro vides an index, but the user cannot clic k on the en tries, and scrolling is brok en.

c
SMA pro vides previous- and next-slide buttons, but they only serv e to bro wse through the history

of the lecture as it has already b een pla y ed.

d
Not sync hronized.

e
A pla y er fails here if it has hidden con trols other than the v olume slider.

T able 5.3: Review ed pla y ers' a v ailabilit y

Colum bia Singap ore-

Video I IT Microsoft MIT Stanford LecTix LecTix

F eature Net w ork Online Pro ducer Alliance Online UNITE 1.3 2.0

Op en Source � � � � � � X X
Video F ormat

a
WM Real WM Real WM Real MPEG-1

b
MPEG-1

b

S treaming/ L o cal S S S S S S L L

Platform

Windo ws

c X X X X X X X X
Mac OS X

d e X � X e X f X g X g

Lin ux

c � X h � X � X f X X

a
WM stands for Windo ws Media. Real stands for RealMedia.

b
Both LecTix v ersions can also pla y Cinepak and H.263 co decs.

c
In tel x86.

d
P o w erPC.

e
Audio and video only .

f
Slide index not a v ailable.

g
Cannot pla y MPEG-1, but can pla y Cinepak and H.263 co decs.

h
Using the slide index crashes RealPla y er.
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and esp ecially in mo dularit y . Media ob jects in LecTix 1.3 mak e explicit calls to

eac h other. T o add a new media t yp e requires careful consideration of man y lines of

co de. LecTix 1.3 do es, ho w ev er, ha v e a lecture description format whic h con tributes

somewhat to its in terfaceabilit y .

While Windo ws Media has an API a v ailable for it, the pla y ers based on it�suc h

as CVN, Microsoft Pro ducer, and Stanford Online�do not reexp ort the in terface.

F urthermore, Windo ws Media scores p o orly on mo di�abilit y b ecause of its proprietary

co de.

The rest of pla y ers�I IT Online, SMA, and UNITE�whic h are based on Re-

alPla y er, are not extensible. All ha v e proprietary co de, and no API is a v ailable.

Ev en if they ma y b e designed in mo dular fashion, external dev elop ers cannot mo dify

or in terface to the co de.
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Chapter 6

LecTix 1.3 Case Study

In the fall of 2004, the course 6.046: Intr o duction to A lgorithms , taugh t at the Mas-

sac h usetts Institute of T ec hnology , made LecTix 1.3 (see Section 5.7, page 67) a v ail-

able for studen t use. This c hapter lo oks at the metho ds used for pro ducing the lecture

m ultimedia for the course, and the studen ts' o v erall reaction to LecTix 1.3.

6.1 Pro duction of Lecture Multimedia

T o try out LecTix 1.3, it w as o�ered as an exp erimen tal pla y er in addition to the

Singap ore-MIT Alliance (SMA) pla y er (see Section 5.4 on page 60). Pro duction costs

w ere k ept do wn b y only preparing slides, a slide index, and a lecture video for eac h

lecture. A table of con ten ts, media index, and transcript w ere not included.

The pro duction of the lecture-m ultimedia for 6.046: Intr o duction to A lgorithms

in v olv ed three parties: the lecturer, teac hing assistan t (T A), and MIT's A cademic

Media Pro duction Services (AMPS). The lecturer to ok resp onsibilit y for preparing

the lecture slides and giving the lecture. The T A w as resp onsible for capturing slide

timings, and enco ding the lecture video to MPEG-1, and �ne-tuning the timings to

pro duce a lecture m ultimedia presen tation. Before giving the lecture video to the T A,

AMPS to ok resp onsibilit y for the lecture's recording.

Besides recording, AMPS also enco ded and hosted lecture media for the SMA

pla y er. Their lecture media consisted of t w o media streams: lecture video and P o w-
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erP oin t slides.

Due to similar con ten t, some of the pro duction w ork in v olv ed in pro ducing lecture

m ultimedia for the SMA pla y er and LecTix 1.3 w as shared. Both sets of lecture

m ultimedia required the pro duction of slides, slide timings, and lecture video.

Figure 6-1 details the pro duction w ork-�o w for LecTix 1.3 lecture m ultimedia

for 6.046: Intr o duction to A lgorithms . The three participan ts�lecturer, T A, and

AMPS�sit across the top of the diagram.

The w ork-�o w consists of �v e stages. The �rst t w o stages of the w ork-�o w con tain

the actions shared b et w een the pro duction of SMA and LecTix m ultimedia. The last

three stages con tain actions only for the pro duction of LecTix m ultimedia. F urther-

more, the T A is the only participan t to participate in these last stages.

Stage 1 The lecturer prepares the slides. Once �nished, the lecturer giv es a cop y of

the slides to the T A.

Stage 2 The lecturer giv es the lecture. During the lecture, the T A records the times

at whic h the slides should b e sho wn during lecture m ultimedia pla ybac k, oth-

erwise kno wn as the slide timings. Mean while, AMPS records the lecture.

Stage 3 The T A enco des AMPS's recording of the lecture in to MPEG-1 video. While

a computer enco des the lecture, the T A adds slide titles to the slide timings to

pro duce a slide index.

Stage 4 The T A �ne-tunes the lecture timings to the lecture video. If the original

slide timings are accurate, only a small o�set to all the timings is necessary to

align eac h one's start times.

Stage 5 The T A p osts the lecture m ultimedia to the w eb.

After the T A p osts the lecture to the w eb, studen ts can then do wnload and w atc h

it.
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Figure 6-1: Pro duction w ork-�o w for 6.046: Intr o duction to A lgorithms . Lab eled along

the top are the participan ts in the w ork-�o w. A ctions they are resp onsible for lie in shaded

o v als under eac h participan t. Arro ws sho w the direction of the w ork-�o w. Thic k horizon tal

bars represen t sync hronization p oin ts. Progress cannot pro ceed past a sync hronization p oin t

un til all actions leading up to it �nish.
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T able 6.1: Do wnloads for LecTix 1.3 and lecture-m ultimedia

No. do wnloads A v erage do wnloads p er lecture

LecTix 1.3 156 �

F ull Lecture 610 33.9

Just Video 2,366 131.4

6.2 Studen t Reaction to LecTix 1.3

Ov erall, the studen t reaction to LecTix 1.3 w as fair. T able 6.1 sho ws that LecTix 1.3

w as do wnloaded 156 times (class size w as 114). Assuming most of the do wnloads w ere

from studen ts of 6.046 , this n um b er implies that man y ,if not most, of the studen ts

tried the pla y er.

The remaining t w o lines of T able 6.1, ho w ev er, tell more. Studen ts do wnloaded

full lecture-m ultimedia (video plus slides) 610 times compared to just the video b eing

do wnloaded 2,366 times. I h yp othesize that the studen ts found the con v enience of

ha ving the lecture �le lo cally (an attribute of a v ailabilit y) to trump the higher qualit y

video streamed b y the SMA pla y er.

Informal feedbac k from some studen ts indicate that I am somewhat correct. But

other feedbac k sa ys that they did not lik e LecTix 1.3. The main reason they ga v e

w as that the video w as to o small, and that LecTix 1.3 w asted a lot of screen space

for features that our pro duction didn't supp ort.

With this kno wledge, I decided that LecTix 1.3 su�ered a bit from feature o v erload,

and that it w ould b e b est to redesign it from scratc h. And that is ho w LecTix 2.0

w as b orn.

76



Chapter 7

Conclusion

This c hapter concludes with commen ts on the con tributions of LecTix 2.0 and with

some ideas for future w ork.

7.1 LecTix 2.0 Con tributions

LecTix 2.0 aims to b e a usable, a v ailable, and extensible lecture-m ultimedia pla y er. In

man y asp ects, it succeeds. I ha v e sho wn ho w its features con tribute to the attributes

that comp ose usabilit y , ho w its features con tribute to all but the compatibilit y at-

tribute of a v ailabilit y , and ho w its features con tribute to extensibilit y .

While it's great that the features of LecTix 2.0 con tributes to something, what

exactly do es LecTix 2.0 con tribute to the w orld?

In that regard, LecTix 2.0 con tributes a free, op en-source lecture-m ultimedia

pla y er that studen ts �nd easy to use and that runs on their computing platform

of c hoice. F or studen ts and educators familiar with the art of programming, Lec-

Tix 2.0 con tributes a pla y er that they can easily extend to b etter w ork for them, so

that studen ts can b ecome b etter learners, and educators can b ecome b etter teac hers.

77



7.2 F uture W ork

All is not done with LecTix 2.0, ho w ev er. Of course, suc h is to b e exp ected from a

system designed to b e extensible. The t w o ma jor areas to b e addressed in LecTix 2.0

are features missing from LecTix 1.3, and supp ort for a con temp orary , state-of-the-art

co dec.

While LecTix 1.3 do es su�er somewhat from feature bloat, the real problem is not

that there's to o man y features, but that LecTix 1.3 presen ts them all at once. In a

lecture-m ultimedia pla y ers, extra media can mean extra pro duction costs. As w as the

case with the pro duction of lecture-m ultimedia for 6.046: Intr o duction to A lgorithms

(see Chapter 6), extra pro duction costs often means that the extra media do not get

pro duced. Hence, the studen ts did not care m uc h for a pla y er that dev oted o v er half

of its screen space to features that w eren't b eing used.

A b etter approac h w ould b e to carefully limit ho w m uc h the pla y er sho ws to the

studen t at once. Studen ts lik e to w atc h large video, sometimes to the exclusion of

ev erything else. Other studen ts, ho w ev er, ma y �nd a transcript essen tial. It is the

job of the lecture-m ultimedia pla y er to accommo date sev eral di�eren t kinds of users,

p ossibly including the studen t that seeks information o v erload from 10 sim ultaneous

streams of media.

T o address this issue, future w ork on LecTix 2.0 could include lo oking at w a ys

to mak e the user in terface e asily customizable. I stress the w ord e asily , b ecause a

hard-to-customize in terface is just as bad as an uncustomizable in terface. Liu [25]

has suggested preset views similar to those in Eclipse [10].

As for the matter of �nding a con temp orary , state-of-the-art co dec for LecTix 2.0,

w e m ust remem b er that compatibilit y in lecture-m ultimedia pla y ers often con�icts

with distributabilit y . F ortunately , ho w ev er, three new co decs are on the horizon that

will break that con�ict: Ogg Theora [47], Dirac [4], and the Sno w co dec from the

FF mp eg pro ject [11].

With these missing puzzle pieces in place, LecTix 2.0 can b ecome an ev en more

usable, a v ailable, and extensible pla y er.
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Glossary

co dec An acron ym for �compressor / decompressor.� A co dec is a set of algorithms,

or implemen tation thereof for (1) reducing the size of (compressing) and enco d-

ing a single media signal (suc h as video or audio) in to a stream of b ytes; and

for (2) deco ding and uncompressing the stream of b ytes to reconstruct, if not

the original media signal, a media signal similar to the original.

format A �le format that acts as a con tainer for b yte streams that are the result of

co decs compressing media signals. Often the b yte streams are m ultiplexed and

sync hronized so that they can b e presen ted sim ultaneously (suc h as sync hro-

nized audio and video).

op en source Soft w are, or licenses for soft w are, that conform to the Op en Source

De�nition (OSD) [32] as sp eci�ed b y the Op en Source Initiativ e (OSI). The OSD

sp eci�es ten criteria that soft w are m ust comply with in order to b e considered

op en source. The three criteria imp ortan t for discussion in this thesis are:

� F r e e R e distribution : The soft w are m ust b e freely redistributable. The

license m ust not require a ro y alt y or fee up on resale or redistribution.

� Sour c e Co de : The soft w are m ust include source co de, or the source co de

m ust b e made a v ailable up on request.

� Derive d W orks : �The license m ust allo w mo di�cations and deriv ed w orks,

and m ust allo w them to b e distributed under the same terms as the license

of the original soft w are� [32].

The remaining sev en criteria fo cus on the redistribution of the license and the
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allo w ance of the soft w are for use b y an y one and for an y purp ose. When h yphen-

ated, �op en-source� b ecomes an adjectiv al noun, as in �op en-source soft w are� or

�op en-source license.�

platform A com bination of a sp eci�c op erating system and hardw are arc hitecture.

F or example, Lin ux/i386 is a di�eren t platform than Lin ux/Alpha despite them

ha ving the same op erating system.
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