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ABSTRACT

Multimedia can accommodate diverse learning Syles. By giving students different
ways to learn materia, we hope to attract more novices, especialy women and
minorities, to computer science. We designed a user interface that is independent
of both book metaphorsand familiarwebbrowsers. 1t supplies sound and animation
for sensory learners, while letting verba learnersdisable sound or switch atogether
to a st THE FACTS mode. Interactive materials include learner-controlled
samulations of dgorithms, links to programs that students can try immediately after
learning related concepts and before exercises that make sure the learner has
studied the programs, congiructive exercises in which students build programs or
modd s by dragging piecesinto place, and inquiry-based exercisesinwhichstudents
learn by doing research, using the web.

1.0INTRODUCTION

CIMEL isamultimediaframework for Congructiveand collaborative, Inquiry-based
E-Learning supplementing computer science courses. Constructive learning goes beyond
learning by receiving knowledge, to learning by building sysems, with immediate, visud
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feedback. Collabor ativelearningencourages studentsto interact withinstructorsand librarians
vialive linksand remote-controlled “show me” sessons and by reviewing multimedia FA Qs of
recorded “show me’ sessons. Inquiry-based learning guides the student into pursuing
exploratory research in acommunity of students and scholars. A text mining and visudization
tool enables students to identify and explore emerging technology trendsin computer science
aspart of our inquiry-based framework. Within the CIMEL multimedia framework, we have
developed prototypes of new materids for different coursesin computer science at different
levels afirg semester courseincomputer science (CS0) and an upper leve course in software
engineering (SE).  New multimedia modules, implemented in Macromedia Flash and played
through high-speed connections on the web, feature audio narration, animetion, Smulaions,
quizzes, and congtructive exercises.

For CSO, we began revisng both the manuscript and multimedia of The Universal
Machine: A Multimedia Introduction to Computing [1], tentetively re-titled The Universal
Computer: Introducing Computer Science with Multimedia. A firg draft of the new
textbook and an dpha version of the multimediawas completed in time for use in the fdl of
2001. During the fall semedter, students in the Introduction to Computing course & Lehigh
University began usng the new materid, introducing Java programming and the breadth of
computer science.

For the SE course, we developed muitimedia unitson Inheritance and Dynamic Binding
and on Abstract Data Types (ADTs). The laiter formdizes the meaning of classes in
connectionwith object-oriented design. In the past, upper level students have found it difficuit
to master this materid fromlecture and textbooksa one. Our premiseisthat multimediawill help
students understand the materid better, objectively, and aso improve their design of actud
ADTsto solve a problem.

Figure 1 illustrates severd features of the CIMEL multimedia framework:

The TRACK LIST at left digplays the content of alesson as a sequence of screens. The
menu uses check marks to show progress and highlights the current screen in red.
Some chapters, such asthose of Java and software engineering, will have materid in
more advanced tracks, whichwill go beyond the content of the proposed textbook, for
students and faculty who wish to explore these topics in more depth.

Multimedia personae modd a community of learners and indructors. The personae
indludetwo professors, ateaching assstant (shownhere), areferencelibrarian, and two
students. Inaddition to graphical images, they speak inaudio and/or text boxes. These
personae mode students and teachers sudying materia together, working through
interactive and condructive exercises, and suggest exploratory research on relevant
topics usng online information.

The coLLABORATEDutton brings up tools that facilitate network-based interactionwith
other dudents, ingtructors, teaching assstants and librarians. Live links, remote-
controlled sHow ME sessions and amultimedia FAQ (MFAQ) of recorded sHow ME
sessons will encourage studentsto get help.
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Figure 1. Screen Capturefrom The Universal Computer (as of June 2002)

The ExPLORE buttonfacilitatesinquiry-based learning, via directed queries on the web
and an“emerging trends’ text mining and visudizationtool. Anemerging trend isatopic
area for which one can trace the growth of interest and utility over time. (A tutorid
Seting up an emaging trends exercise is included in the inheritance section of the
prototype.)

The FIND button supports a glossary and search through multimedia pages.

The PREFERENCES button presents a panel of options letting the user adapt the
environment according to hisor her persond learning style, induding turning text boxes
or audio on/off, toggling auto-advance or wait for next page, setting the timing rate
where there isno audio narration, etc. A user may change these sttings at any time
during these sessions and they will be recorded locally and onanetwork drive for the
next sesson.

The JusT THE FACTS button lets users switch to viewing non-interactive content (text
and graphics) presented in HTML pages. From there, one can switch back to rich
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media mode viahyperlinksanchored to the corresponding Flash page. Therearedso
links to interactive screens, which remain in Hash.

Our user interface design has been driven by a process of user-driven evaluation,
including focus group and usability surveys. This process has helped usto design an
interface that accommodates the diverse preferences of students: some enjoying therich
mediaand others wanting a more straightforward JusTt THE FACTS presentation, some liking
the redundant text and audio while others found either sound or text annoying. (An
anecdota note: the principa investigator has gotten rave feedback about the rich media
from many women.)

The CIMEL framework aso includes web-based tracking of dl learner interactions to
adatabase on a server. We have used this tracking information to study student usage of
the multimedia, noting dl interactions with the interface (such as changes of PREFERENCES
and switchesto Just THE FACTS mode), dl screensvidted, and al responsesto interactive
EXErcises.

Inthefal of 2001, we conducted experiments, surveys and focus groupsin two
courses to determine whether the apha verson of our multimedia actudly improves learning.
Asreported in [2], we found significant learning effects in afocused study on abstract data
typesin agraduate level OOSE course and margina results in the broader study in a
CS0/CS1 course. In the spring of 2002, we made improvements to the aphain response
to what we learned from our earlier results, and conducted further experiments in an upper
level SE course. We will report the design and results of this study in this paper.

20INTERACTIVITY AND CONSTRUCTIVE EXERCISES

Interactivity is akey aspect of the CIMEL content. Interactive quizzes and
congiructive exercises help students learn by doing. Personae provide feedback guiding a
student through each exercise.  In Figure 2, the TA persona changes expression and
provides feedback hinting at what iswrong with a user choice in amultiple choice question.

Condgtructive exercises are much more complex, chalenging alearner to build solutions
to problems by dragging and dropping pieces of structuresinto place, incrementdly.
Figures 3 and 4 are snapshots from a sequence of screens, in which a professor persona
walks the learner step by step through the process of building an abstract data type for an
Apple. Previous screens presented the components of ADTS, interspersed with smpler
interactive questions, and culminating with the smulation of an ADT for Employee. Findly,
in this congtructive exercise, the learner goes through a series of screens, incrementally
building up an ADT specification for class Apple. In figure 3, the learner congtructs the
sgnatures section of Apple ADT by first choosing amember function, then in figure 4
sdlecting that function’sarguments. Later on in the exercise, the learner builds the
preconditions and postconditions for Apple ADT. Findly, the learner runs smulations
running the functions, preconditions and postconditions, testing them for completeness. At
each sep, feedback helps the learner learn from mistakes as well as correct actions.
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Figure 2: TA persona responds to awrong choice in a multiple-choice question
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Figure 4: Choosing the function’sreturn value for Appleé sADT signatures.

Another type of congructive exercise involves the review, modification or development
of actua programs in a programming environment. The TooLs button lets the user invoke
gther of two different available programming environments. Bluel (a Java programming
environment designed for beginners and fredly avallable fromwww.blug .org) or JavaEdit (Dick
Chasg's free, rddaively smdl and easy to use tool). A specialy designed ActiveX control lets
the Flash page access these tools from a browser securely. Infigure5, the TA explainsBluel
before asking the learner to try out a program. On this screen, the Bluel button have been
overloaded to spedificaly load the shapes project into the Blued IDE. After the learner has
experimented ingde a programming environment, subsequent screens typicaly ask questions
about the materid, then chalenge the learner to make changesto the programor create a new
program sSmilar to this one.

Inquiry-based exercisesfadilitate learning by doing research. For example, after sudying
ADTsfor collections, the screen shown in Figure 6 asks the student to investigate the design
of amilar ADTSs in the most recent Java Development Kit (JDK 1.4). Thefollowing screen
then asks a followup question designed to find out what the student has learned from the
inquiry-based exercise.

51



JCSC 18, 3 (February 2003)

TRACKLEST & UHlefeors aand Classes =2 Twmsndoedoa bn Toel E
Qbperts and Clanes
Objecre ara hatural
Blus) Pragramming
Imtredurten to Blu i
Tha Bluad Shapas You can Invake the environmen In the tools menu.
Bluad's Projact W
Blued Sampils Exe
Creatng Qb |
Grantng Oblacts E
Clavaes and Okjes
lultiple Instances
Oblacts we. Claek
calling [Fektheda

Farameters

Mlucthad Exarelsa

Dara Typas

Farameter Type Ch ‘

Daca Typa Qulz

Staras <*>
What’= in an okject {‘ Blucl

S R E s

K

m <1:h:ﬁ.-"'
é‘ Brint

@.ﬂﬁv’?@@@@

S50l ERTBATE Faraon" Teu T RCAL nerTarrscs || LI nENT

Flgure 5: Invoking Bluel from the TooLs menu

B T ]

ADT inbrowduchicn
HOT vuclions
ADT tor Collact ans
List
Cueas Cliex o the Following Tk o Godeal eow Java linslles ADTs for collectines
Sack
Stacs evamples
LIFEY
FRCEAOT Simu iy
ET30% simulatian: g
Stacs simulation: g
Stack AOT Symbee
Btk AT pracod || httpztjavasun. camy| 2eel. 4 doosapiGuveutil™Vectar. html
ET3CE DT wariab &
Etatd ADT PoSI6gAs
LOT Cellectiong Bu
Reamprch an &RT fe
AOT Coliections Re

ROT Gellections Gu
ADT x contrae:

THALKLET &1 ghiwact Data Types = Research sn ADT for Collectisms BE

hittp 2 javassun. camy) 2 ee/ L4 s stapafave utilLinkedLi 2L hie |

hnpjava.sun. camy| 2eef1. 4 oz sapiave vl Sisck himl

v

_ Jama's 0 pecwices (@bermeEncydzn s dor the SOTs we b ave deszrbed. Cheson che Kksk
i comlt mecng 2o bhae Dol be B b o i Jawra Bhoe Lisk, Elack; wechon afc.

2 @272 4 2 ©(000

£0ULE BHLATE rEaLt L 1T R RAZT BAUE
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52



CCSC: Eagtern Conference

A text mining and visudization framework for detecting emerging trends facilitatesmore
elaborateinquiry-based learningexercises[2]. Anemerging trendisatopic areafor which one
can trace a growth of interest and utility over time. Detecting emerging trends in a multimedia
lesson dimulates inquiry-based learning by providing an avenue of research into key
developmentsin reated fields. The CIMEL framework alows the exploration of technology
fields closaly related to the course work. We conducted a study in which students in an
undergraduate programming languages class used a multimedia-supported tutorid and
methodol ogy to study emerging trends related to inheritance in obj ect-oriented software. With
aconfidence of 95%, the precision of sudentsusngthismethodol ogy to detect emerging trends
was sgnificantly higher than students who did not use this methodology [3].

In the background, CIMEL records user interactions in a database, for user interface
buttonsaswd asinteractive exercises. Each user’ spreference settings, tracksand bookmarks
are maintained between CIMEL sessions, dlowing the user to customize the multimedia
environment to their own personal taste. These data are dso andyzed for project evauation,
e.g., tozeroinon potentia usability problems withthe systemand to study possible corrdations
between use and learning styles. We foresee that instructors will aso use this data to track
class or individud performance.

3.0EVALUATION METHODOLOGY

Inthefdl of 2001, we conducted a study on abstract data types (ADTS) in a graduate
level course on Object-Oriented Software Enginearing (OOSE). We designed an experiment
to determine whether multimedia actualy improves learning, both in terms of objective
knowledge and in terms of students' &bility to perform a task designing ADTs for asample
problem involving severa classes and inheritance. Mean scores on objective tests improved
sgnificantly, suggesting that the multimedia doesindeed contributeto objective learning of this
content [2]. However, the results for the results for task learning were lessclear.  These
mixed results may have been due in part to the design of the experiment and in part to the
design of the multimedia. Learning from our experience, we have improved both.

With respect to the multimedia design, focus groups and usability surveys led us to
improve both the user interface and content in many ways. For example, the just the facts
mode of presentation of the content now providesan dterndive to the Flashmedia-richversion
of the content. Students in both first year and graduate leve focus groups were roughly split
about whether they liked media-ri chtechniquessuchasanimated, graphica personae and audio
narrationinthe dphaverson. Thosewnho liked the rich mediaincluded most of thewomen and
non-majors, while those who found these media a bit annoying and wanted to get right to the
nuts and bolts tended to be male and more experienced in computer science.  Even students
who prefer the media-rich presentationwould likeaway to review the materid ina lessmedia
rich form. This result suggested that it would be useful to provide HTML pages with the text
and key graphics from Flash content pages, dropping the use of personae and audio.
Interactive exercisesremanasis. Findly, asummary with achecklist now appears a the end
of the module, summarizing what one should consider in desgning ADTs. Each item in the
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checklist includes alink back to the relevant screen, for review. Studentsinthe OOSE focus
group strongly agreed that a checklist would give themabetter ideahow ADTs were designed
aswell asagood review.

With respect to the experimenta design, we switched to a2x2 design, dividinga class of

72 students in aupper level SE courseinto four groups: One fourth gets neither the multimedia

nor lecture, asecond gets just the multimedia, a third gets just a lecture, and the fourth gets

both the multimediaand lecture. All four groups get the same homework problem description:
An artist wants some software to represent objects he might manipulate in till life paintings. For our
prototype, we want to dedgn a system that manipulates different kinds of fruit in a bowl. Fruit
generdly have the following attributes of interest: they have a color, a size, and a center located in
two-dimensional space. To keep the prototype simple, colors will simply be strings, and the only
geometric attribute we will consder is size. The artist wants to be able to manipulate these attributes:
changing colors, growing (or shrinking) size, moving centers. However, different kinds of fruit have
different default colors and sizes. Apples are (by default) red and 2" in diameter, bananas are yellow
and 6" in length, grapes are purple and come in clusters of seven grapes. When an apple changes
Size, its diameter grows (or shrinks) by some specified amount (positive or negative), but bananas
grow longer or shorter, and grapes add or remove some whole number of grapes to the cluster.
Finally, a bowl is a collection of fruit, to which the artist may add or remove individua fruit (apples,
bananas and grapes), access individud fruit (in order to change their attributes), and print out the
collection with their current attributes. For the prototype, we will defer all user interface concerns;
you may assume that al operations will be demonstrated by aamain driver function.

An analyst has adready createda UML classdiagram for this problem, whichyou canfind in

http://www.cse.lehigh.edu/~cimel/eval/betalfruitUML.jpg. Your job is to flesh out a design of this
problem as a set of abstract data types (ADTS). You can find notes explaining the form of ADTs and
several examplesin http://www.cse.lehigh.edu/~cimel/eval/betalsampleAD T .htm.

Hand in: aset of ADTsfor the Fruit problem, as atext document.

Following criteriain www.cselehigh.edu/~cime/eva/betal AD Tevdcriteriahtm, the firgt
author graded the assgnments blind.  After completing the assignment, students in al four
groups completed an online pogt-test of 20 randomly ordered multiple-choice questions.

Our hypothesizes were that 1) the multimedia group would perform better than those
getting nothing and 2) the multimedia plus lecture would perform than the lecture only group,
onboth pretest to post-test improvement and task grades. We aso studied the tracking data,
demographics and alearning style inventory for correlations between Just THE FACTS mode,
PREFERENCES Settings, and learning styles.

Weusedthe C.I.T.E. Learning StylesInventory by Babich, Allbright and Randol. Though
Thomes e d. [8] use the Felder and Slverman mode to investigate learning styles in
introductory computer science courses, we preferred the CL.T.E. inventory because it
diginguishes more findy between learning styles, notably between visud written and auditory
styles, whileFelder and Sivermanlump writtenand auditory learning into asngle “verbd” style.
Our focus groups suggest that we should digtinguish these styles, leading to our PREFERENCES
Settings and JUST THE FACTS mode.
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40RESULTS

The results are promising.  The students getting multimedia score higher, on both the
assgnment, F(1,57)=12.25, p<.01, and the post-test, F(1,58)=15.39, p<.001. On the other
hand, the lecturedid not have a sgnificant effect on either assgnment grades, F(1,57)=1.11 or
the post-test, F(1,58)=0.55, and there was no interaction between groups, for ether the
assignment, F(1,57)=0.01, or the post-test, F(1,58)=0.43. Thus the new multimedia has a
sgnificant effect on learning, both in terms of the objective knowledge (the post-test) and task
knowledge (the assignment).

Good as these results are, closer examination of the task results indicated that further
improvement of the multimedia was possible. With or without the multimedia, most Sudents
missed animportant component of the assgnment—reusingagivenADT (List) to construct the
semanticsof anew ADT (Bowl). This observationled to aredesign of the multimediato make
thispoint clearer: rearranging materids on ADT for collections as a separate chapter and adding
another exercise that explicitly gets learners to solve problems from existing ADTs.  Further
improvements have a so been made inresponse to feedback to sudent commentson a usability
survey. We plan to conduct another study in the fall of 2002 to determine whether these
changes improve performance, particularly with respect to applying congtructive semantics.
Thus, evaduation is helping to drive our development process.

With respect to learning styles, there was no satistical significance between scores
achieved by students on the assgnment or the post-test, who were visual, auditory, or
combination learners. Additiondly, there was no significant difference between scores for
Students who were group, individual, or combinationlearners. Findly, there was no sgnificant
difference between scores for students who demonstrated a preference for oral or written
expressiveness. Themultimedia did not provide alearning advantage for any particular cognitive
or socid learning Syle, or expressonmode. We plan to conduct further studies about learning
dylesin aclass of first year sudents.

5.0 RELATED WORK

There is a rich and growing literature of multimedia-based educational materia. The
CIMEL framework seeks to provide a framework for curriculum development in computer
science and to support multiple learning styles and tracks. In this section we compare our
approach to a salection of comparable research efforts and systems.

The ProgramLive agpplication [5] is a rich multimedia tutoria of the Java programming
language. ProgramLive sinterface represents a notebook, within abrowser. There are tabs
to the side of the notebook display that can be used for the navigation of the materid, aswell
as pop-up explanationof key terms. The CIMEL user interface dso plays through abrowser,
but avoids mixing interface metgphorsby diminating dl of the usua buttons of a browser. The
interface thus immerses the learner in an environment uniquely associated with the materid.
Another difference between ProgramLive and CIMEL is in their approach to feedback.
CIMEL provides an explanation of each of the wrong answers as the student makes these
mistakes rather than just providing the correct answer. This helps the student to gain a better
understanding of the thought processinvolved in solving problems.
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The TILE (Technology Integrated Learning Environment) project [5] is developing and
evauating anintegrated systemfor web-based education. Thissystemusesweb-based delivery
of coursemateria induding interactive multimedia presentations, problem solving and smulation
environments inwhichstudentslearnby doing. Like CIMEL, TILE provides students with an
interactive multimedia environment, and devel operswitha framework for managing, authoring,
monitoring and evauating multimedia The mogt sdient differences are that the CIMEL
framework lets students go beyond the lessons through collaboration with experts (e.g.,
ingructors, TAS, research librarians and other student) as well as through tools that alow the
student to explore current research trends in course-related literature.

The Interactive Learning Modules (ILM) presents web-based multimedia tutorias,
created withthe Director authoringenvironment [6]. ILM provides a mechanismfor the creation
of supplementary materia for lectures, and collaborative problem solving environments. The
system is highly modular to encourage the usage of parts of the lesson materid in different
courses. Smilarly, the CIMEL multimedia framework is being developed with modularity in
mind, where each screen is a separate Flash movie, and screens are organized hierarchicaly
into sections and chapters. (We chose Flash ingtead of Director or Authorware because its
vector-based graphics lets us eadlly use the whole screen, regardless of resolution.) The
CIMEL dynamic tracksinterfacewill let instructors and students creste and traversether own
learning track, corresponding to their unique requirements.

Another system that provides course material in a student-based manner is MLE
(Multimedia Learning Environment), anetworked educationd application [7]. MLE provides
a virtud learning environment, through a dient gpplication, where multimedia educational
materid is structured in Adaptive Hypermedia from which sets of hypermedia pages are
dynamicaly retrieved and presented to the student by tailoring both contents and presentation
style to the student's needs. In addition to this dynamic content, the MLE system provides a
mechanism for red-time audio communication between astudent and an indructor. CIMEL
aso uses a dlient-server modd to present multimedia through a high-speed network.

6.0 CONCLUSIONS

CIMEL isamultimedia framework for Congtructive and collaborative, Inquiry-based E-
Learning supplementing computer science courses. Within the CIMEL  framework, we have
developed and evauated prototypes of materids for upper level courses in computer science.
Thisresults of our sudies are promising. We plan future sudies, including one looking & the
effectiveness of multimediafor learning Java with BlueJ; we hope to present the results of this
study at the conference.

After andyzing the results of the current study and usability surveys, we plan to make
further refinements to the user interface, content and development environment for CIMEL
content. This summer, we plan to investigate whether CIMEL muitimedia can be adapted to
target minority college and high school students. A student from a higtoricaly minority
inditution, a secondary teacher from a loca school didtrict, and severd high school students
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from the Students That Are Ready (S.T.A.R.) Academieswill join the CIMEL development
team. They will:

Conduct focus groups and web-based surveys of students and teachers at a higoricaly
black college and at loca highschoal s, showing themthe current CIMEL user interface and
content, to determine effectiveness for these audiences.

Propose and design possible changesto the user interface, that might make it more suitable
for black or Higpanic undergraduatestudents. For example, we are devel oping aprofessor
personawho isfemale and black (from Trinidad).

Implement proposed changes to user interface and content.

Once the user interface gabilizes, our efforts will shift to developing materid for a CSO
course, whichcan be used ether withanew textbook, TheUniversal Computer: Introducing
Computer Science with Multimedia, or as a stand-aone product. Since we are designing
materia for awide range of students, wewill develop a dynamic TRAcCk s interface thet will let
ingtructors and students manipulate what gets presented. For example, much of the ADT
material may be too advanced for first year students; an introductory track on software
engineering will include an excerpt from this materid; the TRAack s interface will et ingructors
and students sdlect dternative materias supplied by the developers.

Additiond documentation about the CIMEL project is avalable a
www.cse.lehigh.edu/~cimel/documentation.html.  The prototype is available at
www.cse.lehigh.edu/~cimel/prototype.html. We welcome beta testers and inquiries!
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