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A bstract

T hiseducationalresearch endeavordescribesthede-
velopm ent of a M AT L A B /W indows/C ++ PC en-
vironm ent designed to teach fundam entalconcepts
from classical systems and controls. Interactive
computer-aided-lessons(IC A L s)form theheartofthe
environm ent.In addition todescribing them ain fea-
turesofthe environm ent and the processby which
interactive multim edia lessons are created, several
lessons are presented to dem onstrate the environ-
m ent'sutility asan educationaltool.

1 Introduction

T hispaperism otivatedby a need to provide engi-
neering and m athem aticsinstructorswith a toolto
quickly andeasily create interactivecomputer-aided
lessons(IC A L s)fortheirsophom ore, junior, andse-
niorlevelstudents. W ith M AT L A B asitscompu-
tationalengine, the proposed environm ent isespe-
cially geared toward teaching fundam entalsystems
andcontrolsconcepts.W hile M AT L A B hasproven
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itself as an invaluable tool for analyzing and de-
signing systems, and while itprovidesan excellent
environm ent forexploration, it doesnot provide a
guide to the theory ofsystem sandcontrols[5], [8],
[11]. A lthough such guidesdo exist [3], [6], [14],
[16], they typically com ewith a setofproblemsthat
forcethestudentto use M AT L A B anddevelopvery
specī cM AT L A B -utilization skills.In thispaper, a
di®erent approach istaken. T he paperdescribesa
M AT L A B -basedenvironm entwhich usesmultim edia
IC A L stodem onstateandreinforcefundam entalcon-
cepts.Such an environm ent, ifproperlydesignedand
used, acceleratesandenhancesthe learning process.
IC A L sarebenē cialfora variety ofwellknown rea-
sons[1], [4]:

² I C A L saregoodforindividualized instruction,

² I C A L sperm itstudentstosettheirown pace,

² I C A L sfacilitatecustom ization ofm aterial,

² I C A L sare particularly benē cial in situations
that involvestudentswith diverse backgrounds
orability levels.

T herem ainderofthispaperisorganized asfollows.
Section 2describestheIC A L environm entstructures
and features. In Section 3, the IC A L developm ent
processisdiscussed.Section4thendem onstratesthe
utility oftheenvironm entasan educationaltool.F i-
nally, Section 5sum m arizesthe paperandpresents
directionsforfutureresearch.



2 D escription ofEnvironm ent

U pon entering the environm ent, a m astermenu is
provided from which the usercan select a starting
IC A L .T he useristhen led through a sequence of
IC A L s- each carefully designed to teach a specī c
concept.L ogicalsequenceofinteractive m ultim edia
screensm ake upeach lesson.A lthough otherstruc-
turesare readily accom m odated, each screen isdi-
videdinto threechildwindows:

1.a G oalW indow,

2.an Introduction, Q uestion, A nswer, Explanation
(IQ A E)W indow, and

3.a GraphicsW indow.

Each window m ay accom m odate a variety ofm edia.
T hisincludes,forexample,text, graphics,anim ation,
video, andaudio.Each window isnow described.

G oalW indow.T hem ain purposeofthe goalwin-
dow isto provide a clearstatem ent describing the
goalorobjective ofthe currentlesson.W ithin this
window,a blockdiagram -foreaxmple-m aybeused
todescribe thesystem understudy;e.g.a ¯rstorder
stablelineartim e invariant(L T I)system.

Introduction, Q uestion, A nswer, Explanation
(IQ A E)W indow.W ithin the IQ A E window, con-
ceptsare introduced andquestionsare asked.T his,
toanextent, isdoneasin traditionaltexts-onlywith
m ultim edia. T he userspeci ēsanswersvia interac-
tivem enus.Iftheuserspeci¯esan incorrectanswer,
an explanation m aybeprovidedandtheuserisgiven
anotherchance.W hen thecorrectanswerisgiven, a
detailedexplanation isdisplayed.

G raphicsW indow.Graphicsdisplayedin thiswin-
dow m ay bepartofan introduction to a question or
usedtoshedlighton an incorrectanswergivenbythe
user.Graphicsarealso usedtosupportexplanations
providedwhen correctanswersarespeci¯ed.

A nim ation, video, and audio m ay also be used to
supportm aterialat any stage ofthe lesson. W hile
the existing environm ent isbasedon M AT L A B 4.2
andandrunsunderany W indowsoperatingsystem ,
currentdevelopmentsarefocussingon M AT L A B 5.0,
M icrosoft V isual C ++, and W indows95/N T.T he
ongoingdevelopmentssigni¯cantly impactthelesson
creation process.T hisprocessisnow described.

3 C reation ofIC A L s

W hile IC A L sareeasy tocreate in theory, inpractice
thiscreationprocessm aybeverytedious[1].D uring
the past year, we havebeen working on facilitating
thecreation ofIC A L ssothatan entirelesson m aybe
designed, implem ented, and rē ned rapidly. T hese
developments-which arestillevolving -arenow dis-
cussed.W ithin thisdiscussion, two environm entsare
described:an old environm ent and a new evolving
environm ent.

The O ld Environm ent. W ithin the old envi-
ronm ent, lessonsare im plem entedwithin M AT L A B
m acros- C ++ isnot used at all. B ecause ofthis,
the lesson creation processisvery tedious, tim econ-
sum ing, andsimply unacceptable fordeveloping an
IC A L -based environm ent. W hile M AT L A B o®ers
multim edia objectm anagem entcapabilities, they are
notvery°exible.V ideo andanim ation, forexam ple,
areplayedwithin W indowsbutexternaltotheM AT -
L A B environm ent. A lthough M AT L A B providesa
state-of-the-artcom putation engine, itstextcreation,
m anipulation,andinterfacedesign facilitiesareweak.
T hese de± cienciesm otivated the development ofa
new environm ent-onewhich exploitsM AT L A B 5.0,
M icrosoftV isualC ++, andW indows95/N T.

TheN ew Evolving Environment.I C A L swithin
thenew evolvingenvironm entareconstructedusinga
L esson D evelopmentInterface(L D I)writtenforW in-
dows95/N T in M icrosoft V isual C ++. M icrosoft
V isualC ++ willfacilitate object-orientedprogram -
m ing. M orespeci¯cally, itwillprovide uswith M i-
crosoftFoundation C lasses(M F C s)aswellasan O L E
capability. M F C sfacilitate the developm ent ofthe
L D I.T heO L E capability facilitatesthem anipulation
andm anagem entofobjects.
T he user-friendly windows-style L D I allowsthe

lesson designerto veryeasily m anipulatem ultim edia
objects(i.e.text, graphics, anim ation, video, andau-
dio)in accordancewith a lessonplan.C reating these
objectsisa criticalstep, m anipulating them iseasy
[8], [10], [11]-especially with the L D I.T hefollowing
discussesthecreation ofm ultim edia objects.

C reation ofM ultim edia O bjects.T he textpor-
tion ofa lesson m ay bedevelopedusing a typesetter
such asL AT EX1 ora word processorsuch asM S
W ord.A n im age ofthe text isthen \captured" us-
ing, forexam ple, C orelC apture.Graphicsm ay then
1L AT EX easily handlesequations.



beaddedin C orelD raw.2 T heresultingobjectisthen
saved asa compressedG IF ¯le3. Graphicsm ay be
created in much thesam e way, using any W indows-
compatibledrawing utility capable ofsaving l̄esin
theG IF form at.A udio ¯lesm ay becreatedusing a
m icrophone andsavedasa W AV l̄e.V ideo from a
camcorderorV C R m ay be importedusing a video
capturecardandsavedasan AV I 4 l̄e.T hese¯les
arethen organizedarounda lessonplan usingtheles-
son developmentinterface.

L esson D evelopm entInterface (L D I).A lesson
plan consistsof a sequence of lessons. Each les-
sonconsistsofseveralinteractivem ultim edia screens.
Each screen containsthe basicchild windowsdis-
cussed earlier. T he L D I providesstructuresto fa-
cilitatetheorganization andm anipulation oflessons,
screens,andthem ultim edia objectswhichm akethem
up.T hesestructuresinclude:a lesson listdialogbox,
a screen listdialogbox, anda screen editdialogbox.
Each structure isnow described.

L esson L istD ialog B ox:T he L esson Plan.A lesson
plan, orsequence oflessons, m ay be speci¯edusing
thelesson listdialogboxshown in F igure1.T hisdia-
logboxm aybeusedtospecifythenam eandorderof
individuallessons.Additionally, thisdialogboxm ay
beusedtoselectexistinglessonsforediting, alterthe
lesson sequence, andcreate new lessons.

Screen L ist D ialog B ox:T he L esson. T he screens
which m akeupa lesson arespeci ēdusing thescreen
listdialog box shown in F igure 2. T hisdialog box
dē nesthe numberofscreens, orderofscreens, and
screen nam eswhich m akeupa particularlesson.A d-
ditionally, thisdialog boxm ay be usedto selectex-
isting screensforediting andcreating new screens.

Screen EditD ialog B ox:C hildW indowsandM ulti-
m edia O bjects.Screensareeditedwiththescreen edit
dialog boxshown in F igure3.T hisdialog boxm ay
be usedto editthe form atandcontentofa screen's
individualchild windows. T hisdialog box contains
three im portantsections(seeF igure3):a screen for-
m atsection, a goalwindow optionssection, a Q /A
window option section, and a graphicswindow sec-
tion.
2C orelC apture and C orelD raw are trademarks of C orel

C orp.C orelD raw isa generalpurpose drawing/graphicsma-
nipulation utility.
3TheG raphicsInterchangeForm at(G IF)isa platform in-

dependentgraphicsform at.
4The A udio V ideo Interleaveform atfordigitalvideo l̄es.

F igure1:L esson L istD ialog B ox

F igure2:Screen L istD ialog B ox

Each ofthesearenow discussed.

² T hescreen form atsection isusedtospecify the
position of individualchild windowswithin a
particularscreen.

² T he goalwindow optionssectionsisusedto se-
lectpictures, captured text, oranim ation ¯les
fordisplay.

² T heQ /A window optionssection isusedtospec-
ify a picture¯leforretrieval, specify a captured
text¯leforretrieval, dē nem ultiplechoiceques-
tions, andspecify interactivity linkswith other
¯les(e.g.audio, picture, anim ation, video, etc.)
forquestions, answers, explanations, or addi-
tionalhints.

² T hegraphicswindow section isusedforspeci n̄g
a picture¯lefordisplay ora M AT L A B m acroto
beprocessed.T he M AT L A B m acrom ay



F igure3:Screen C ontentandStructure D ialog B ox

perform M AT L A B com m andfunctionssuch as
the generation ofdata plotsusing user-speci ēd
param etersin responseto lesson questions.

4 EducationalU tility

In thissection, severalIC A L screensareprovidedto
dem onstrate the utility ofthe IC A L environm entas
a usefuleducationaltool.W hilethese IC A L screens
weredevelopedwithin theoldenvironm ent, they will
beusedastemplatesforfuturedevelopment.F igure4
showsan openingm enu with a few ofthelessonsthat
arecurrently available.
F igures5-7considerthesinusoidalresponseofsta-

ble ¯rst ordersystems. F igure 5 depictsan intro-
duction to thesubjectanddisplaysa block diagram
whichdescribesthesystem underconsideration.F ig-
ure6 showsa window thatasksthe¯rstquestion on
thesubjectandprovidesan editboxforuserre-

sponses. Ifthe userentersan incorrect answer, a
window appearsthatexplainswhytheanswerwasin-
correctandshowsa graph ofthe incorrectresponse.
F igure7appearswhen the userspeci ēsthecorrect
answer. T he answerwindow explainswhy the re-
sponse iscorrectandreinforcestheexplanation with
a graph.
F igure8showsthe¯rstquestion in a lesson deal-

ing with thestepresponseofa secondorderfeedback
system.A setofm ultiple-choicebuttonsareprovided
foruserinput.A hintbutton isalso providedwhich
willbringupascreen ofusefulinform ationpertaining
tosolvingtheproblem .Ifa wronganswerisselected,
a window appearsshowing why it wasincorrect, as
in F igure 9. F igure 10and F igure 11step through
an explanation oftheresultaftertheuserselectsthe
correct answer. F igure 11 also dem onstrateswhat

F igure4:O pening M enu -L esson Selection Screen

F igure 5:L esson 3 - SinusoidalR epsonse ofF irst
O rderSystem sIntroduction - W indow with System
D iagram

happenswhen thegain ofthesecondorderfeedback
system isincreased.

5 Sum m ary and D irections

In thispaper, a M AT L A B -based IC A L m ultim edia
environm entwithstructuresforfacilitatingthedevel-
opm entoflessonswasdescribed.T heenvironm entis
basedon M AT L A B 5.0, M icrosoftV isualC ++, and
W indows95/N T.W hiletheenvironm entm ay osten-
sibly beusedtodeveloplessonsforany subject, itis
especially gearedtowardtheteaching ofsystemsand
controlsconcepts.U sedproperly, IC A L sare an ex-
cellentsupplem entto traditionalteachingtechniques
[4].T hey notonly producean enjoyablelearning en-
vironm ent that can hold a student'sattention, but
also reinforceconceptswith a combination ofaudio
andvisualstimuli.



F igure 6:L esson 3, Q uestion 1-Q uestion W indow

F igure 7:L esson 3, Q uestion 1 - A nswerW indow
with A ccompanying G raphics

F igure 8:L esson 5, Q uestion 1- Step R epsonse of
Second O rderFeedback System - Q uestion W indow
with D iagram andGraphics

F igure 9:L esson 5, Q uestion 1- Incorrect A nswer
W indow with GrpahicalV isualization

F igure10:L esson 5, Q uestion1-A nswerW indow 1
with Explanation andGraph ofR esult

F igure11:L esson 5, Q uestion1-A nswerW indow 2
withExplanation andG raphD em onstratingC oncept



T heplan isto soon have a database ofover300
lessonsforteaching systemsand controls. C oding
the interface in C ++ allowseasy construction ofan
intuitiveW indowsenvironm ent,whilelinkingtheen-
vironm ent to M AT L A B allowsit to take advantage
ofthepowerfulm athem aticalm anipulation functions
andgraphing abilitiesthatM AT L A B hasto o®er.
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