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1. Introduction

Interactive multimedia content has the capabiliyimprove
learning performance by enhancing user satisfactemd
engagement. Multimedia content also provides bettamcept
representation, which is not possible in convemtion
multiple-choice and fill-in-the-blank formats. Ihi$ article, we
present a broader view of multimedia education @safig for the
years to come. Our vision is to provide publiclycessible
educationanywhere, at anytime and to anyone. We propose an
innovative CROME (Computer Reinforced Online Mukidia
Education) framework integrating the main composermf
education including learning, teaching and testiag, well as
adaptive testing and student modeling. Our resaamnducted in
collaboration with industry and is in responseh® industrial need
and public support for “Online Multimedia EducationBy
presenting our research and development achievéttifast two
years, we hope to share our experience with otbsrarchers and
bring awareness to the much-needed outcomes that hat
received adequate attention. Our current implentientgrovides
the groundwork upon which more robust, effective tar-reaching
multimedia architecture can be developed.

The unique contributions of our system are:

Q Automatic difficulty level estimation for selectegubjects,
compared to estimates based on user group catibrif;

O Adaptive testing using innovative item formats wsrausing
traditional multiple choice items (Moodle’s multpkhoice,
GMAT).

0 Computer-assisted automatic question item authpratger than
manually creating different questions [2];

Interactive multimedia, subject knowledge and O Custom-designed modules for tracking precise casdbat are

lacking in recommendation systems [3]; and,

a Ability for testing beyond only subject knowledgelike other
e-learning systems [4, 5, 6].

2. The Mechanism of Education

Historically, education was a commodity affordabtey by the
rich. This would still be the case for high schsinidies should free
tuition not be offered by some governments. Howgwequality of
opportunities continues because the rich can affordite schools
and tutors. The rich can access additional guidaootside
classrooms while the poor have to rely on publiwost resources.
To hire a qualified private tutor in North Americthe regular
hourly rate on curriculum specific subjects curiemange from
$40 to $60. In some municipalities, the differenneexpenses
between attending a private school and a publioacban be
thousands of dollars per month. The demand forddfole private
tutors has created a recent trend in online tugonivhich allows
students to reserve specific time slots in advamck with selected
tutors, get help with solving curriculum relatedegtions. The
students pay a set monthly fee for a certain nunabeutoring
hours. Since the service is provided online, thiersucan be
remotely located. For example, some service prosidake
advantage of the lower operating cost overseashaadutors in
countries like India to answer questions postetherly students in
North America. In this kind of out-sourcing servitke issues to
address include time difference, curriculum diwgrsiand the
possible language and cultural barriers. Moreothes, approach
requires little to no multimedia content becausefttus is on the
conversation between the tutor and the studerdrditta cyber chat
room or through emails.

A more widely adopted and effective approach torgie global
education is through the use of digital multimedia e-learning.
The format of e-learning can be as general as an apcess web
site like that supported by BBC [4] and DiscoveduEation [5], or
curriculum specific programs provided by univeesti and

T The support of ICORE (Alberta Informatics CircleRésearch Excellence), NSERC and Castle Rock Résaee gratefully acknowledged.



institutions for high stakes exams, diplomas, ugdet and
graduate exams. One example is the distance edngatbgrams
provided by the University of Phoenix, La Salle ahtthabasca
University (AU) [6]. The European Union (EU) suppeat
educational research program “new perspective darning” [7]
has helped develop and integrate many componentsléarning
and develop learning societies under frameworks d&eUFP5.

Instead of making educational material accessible®, tutorial
DVDs containing multimedia content are also avadatn
computer stores and other outlets. Multimedia etimie§3] proves
to be more effective than the traditional printeatenial because the
dynamic and interactive settings can inspire sttedamlearn and
remain interested. Furthermore, abstract concegtsegpressed
better using acoustic or visual effects, animatéom graphics,
including 3D navigation. Human computer interactiprovides
instantaneous feedback to students and helps teelrehgaged,
like in a game-like environment. Since high speerdhputers and
networks are commonplace in modern societies, ewlelivery has
become an efficient tool to overcome geographiermity. The use
of a common language in cyberspace can narrow #pe ig
language and cultural barriers. For this reason,research and
development focus is on delivering Online Multimediducation
to promote education anywhere, at anytime, anchyorze.

3. Pervasive Multimedia Education

Online applications have been gaining broad acoeptamong
the general public, especially after the launckeshantic web and
social web such as Second Life, YouTube and Fadeboo
Companies like Amazon, Google, Yahoo! offer veryavative and
competitive online services largely because of gesnands. The
increasing acceptance of online applications amdiymts by all
ages is creating a unique opportunity to make hajlonpact with
online education. There is an abundance of liteeatim the
educational multimedia area covering a variety agids from
games to learner modeling. For example, computeregaplayed
by an individual or collaboratively, have been vydesed to teach
concepts [9, 10, 11]; visual effects are used tsisadearner
understanding [12, 13]; artificial intelligencetmiques have been
used to recommend research papers to learnersddiie learner
modeling [15] has been used to derive informatiorageer group
learning together, possibly in a collaborative eowiment;
tele-mentoring is carried out through collaboratagents [16];
student performance is explored on a multimediarepaogram
[17]; and open exams have been set up for MBA/Bassirschool
admission [18]. However, most of the literature r@ddes learning
applications of multimedia. The use of multimediatésting has
been relatively limited, compared to learning argining. For
those systems supporting testing, most of the gasstions still
adhere to traditional stylegg. True-false, Multiple-choice and
Fill-in-the-blank, and are not as novel as thoseppsed in our
framework. In addition, our design integrates défg aspects of
education and is not restricted to a single tacgatponent.

4. CROME Framework: Examples of Pervasive
Multimedia Learning and Testing Items

In order to illustrate the pervasive power of usimgltimedia
content online and its impact on improving the guaif education,
we will show some examples from our CROME implera&ah.
We refer to a curriculum specific question as derti’ following
the terminology adopted in Educational Psychologgd a
Measurement. In the following, each example item ba used
either in learning or testing depending on the dogstatus: a
practice or testing session respectively. Tutorials, hints and correct
answers are available to the students in a prasgission.

3D Items
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Figure 1: (Top) An item showing a 3D molecule used to &#emic and
molecular structure in chemistry; (Bottom) an itdlmat requires a
description of the molecular structural changes @nemical reaction.
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In early development, “multimedia” referred mairty digital
images and videos. 3D objects and scenes becarrmapantant
component only later. One application of 3D conteim chemistry,
which can be categorized into three levels: maaoisclevel,
symbolic level, and atomic level [19]. A chemic&lemomenon at
the macroscopic level is normally observed in atatory and can
be shown in videos for learning in addition to geheduled lab
session. The other two levels can be exposed iora active and
interesting manner, instead of writing a formda,,

NaOH +HCl - NaCl +H ,0, (1)



or drawing a molecule on paper. The understandingatecular
structures and the change of structures duringeanidal reaction,
such as breaking bonds inside a molecule, is sesepted in a 3D
context. Figure 1 shows screen shots of two Chemigtms.
Students can use the mouse buttons to pick théreelgatoms from
the periodic table, and drag them onto the car/agy can then
create the appropriate bonds between atoms, asaweibvigate
(translate, rotate, and zoom) through the atomsasidcules in 3D
space. Atomic and molecular symbols in Formulaaf®) replaced
by 3D objects. A similar idea can be used to crBatéogy items as
well. 3D objects have long been used in the eritenant industry
and research, but their use in educational appiitats still limited.
We believe that it will not be long before telegeny and virtual
reality tools become more accessible in educat@igwing
students to practice dissecting a virtual frogdastof using a real
animal, and understanding the human body bettendmyipulating
the different organs in virtual space.

Drag and Drop Items (2D and 3D)

Drag the text to the appropriate part of the image
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Figure 2: Four example items using drag and drop: (top) tee student
has to drag the correct description to the righttimn on the map; (top,
right) drag the right labels into the answer boxesttom, left) drag organs
to positions on the body, and (bottom, right) dgagcery products into
correct categories.

A commonly used interaction design is “drag andpdravhich
allows students to drag text or graphics to the@myate locations
on the screen. An example of a geography item regustudents to
drag the correct labels onto the map is showngduaréi 2 (top, left).
Drag and drop items can be used in other subjsotsel. Figure 2
shows three more examples.

Logical-Mathematical ltems

An interactive environment provides more entertantn and
thus motivation, to students when using and anadynumbers. In
the Math item shown in Figure 3 (top), a studertdseto distribute
the numbered objects into multiple baskets sottif@sum in each
basket is the same. Another Math item (Figure 3obg requires

the student to rotate the dividing lines on thegdiart so that the
sizes of the colored portions correspond to themgiatios.
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Below is a list of countries with the highest external debt. Make a pie chart for it, to the nearest 2%.

United States:  8,837,000,000,000
United Kingdom: 7,107,000,000,000
Germany: 3,626,000,000,000
France. 2,826,000,000,000
Ttaly: 1,682,000,000,000
Others 14,462,000,000,000

[ united States (22.9%)
[ France 3%

[ United Kingdom (18.4%)
B raty (4.4%)

[ Germany 9.4%)
[ others (37.5%

RS
Figure 3: (Top) A Math item requiring a student to distii@mumbers into
four baskets so that the sum in each basket isaime. (Bottom): A Math
item requiring a student to divide the pie chatb icorrect portions.
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Figure 4: An item requiring a student to spell a word amdgdthe
corresponding image into the answer box.

Language Items

Acoustic and visual effects can be combined to tmlents
relate semantics to spellings and pronunciatiors. éxample,
consider different ways of presenting an item tardeand test
vocabulary and spelling: Figure 4 shows one exanibdge that a
student can use the alpha-numeric virtual keybdesglayed on the
screen, or use the computer keyboard. Three comporae
associated with this item: pronunciation (which tanobtained by
pressing a button), spelling, and object recogmitio

Educational Games

Online games have become commonplace not only ateeng but
also among adults. Our goal is to present edut#gms in a way
similar to what is attracting them to games, s¢ $hizdents can still
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enjoy their satisfaction through playing gameswali as benefit
from learning.
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1. Select an image clue from the list of images on the right.
2. Fill out your answer in the lit-up cells in the puzzle grid (be sure to do all categories).
3. When you are finished, press the Submit button te submit your answers.
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Figure 5: (Top, left): A Balloon Shooting game to practiaed test a
student’s Math skills{Top, right):A Budgeting game to test Math skills;
(Bottom) A Crossword Puzzle to test the vocabutdrg language and the
understanding of a word. The top scores are displdefore the game

starts to challenge participants.

Education items can be used standalone or in ahbéte
activities grouped together in a game. A final sderawarded at the
end of the game or when there is a time-out. Theegalso keeps
the top scores to challenge participants. The bali&hooting game
(Figure 5, top left) tests students’ Math skillsclsuas perfect
squares, multiples, and prime numbers. A studestdahoot the
balloon, provided with sound effect, marked witl target number.
The difficulty of the game is controlled by the sdef the balloons,
the range of numbers displayed, and also the anufudistraction
introduced into the background.

The budgeting game (Figure 5, top right) is a déff¢ way of
testing Math skills. Here a student is given a laidg buy certain
commodities. The student can click any item, whscimdividually
priced, in the scrollable panel on the right aratplit in the middle
panel (shopping cart). The money spent on the teglec
commodities is displayed at the top of the screerassword
puzzles are used to test the vocabulary of a lagjggaa well as the
semantics associated with a word. An example ofi surcitem is
shown in Figure 5, bottom. A student first relagesiord with an
image. By clicking on the image, the correspondaugtion of the
word in the puzzle area is highlighted. The studbeh uses the
virtual keyboard or the computer keyboard to spetithe word in
the highlighted space.

5. An Overview of the CROME Multimedia
Framework and its Innovative Components
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Figure 6: The muItimedia data flow in the CROME framework.

Web-based multimedia systems can be used in a beraty of
applications, e.g. hurricane analysis and simuliai®]. CROME
is designed for multimedia education and uses abgmation of
web-development tools in order to optimize the t@msed
resources and to provide user satisfaction. Theldpment kits
include Java 2D/3D applets, Javascript, Flash, J2RHEHP and
MySQL. SQL is an efficient query language used angndatabase
retrieval systems [21]. The choice aims at platf@mnd browser
independence. While a Javascript item is fastgpldy, its 3D and
animation capability is not comparable to Flash dada3D. Flash
animation is appealing but its 3D capability is ra® good as
Java3D. However, Java3D items need more programskitig for
development, and can be slow during rendering whercontent
gets too complex. We choose one of these thregarticular item
design depending on the complexity of the item tadintended
outcome. The multimedia data flow in the CROME feavork is
shown in Figure 6. Among others, an important fesatof our
design is scalability. Similar to the multiple-cbei format, a
generic template is designed for each categotgofs, which share
certain similarities. Multiple questions can be gexted by altering
the content inserted into the template. Furtherrtbeelayout, such
as the number of objects and baskets shown in &iguyris
controlled by parameters. This approach reduceedieg for
individual questions.

Automatic difficulty level estimation

In the multiple choice or true/false format, anwagiscan only be
correct or wrong. There is no partial mark awardddowever,
when multimedia content, such as 3D items are us€&bmputer
Adaptive Testing, a student’'s performance can fzueted more
accurately by considering partial scores. In ortdeevaluate the
correctness of an answer and award partial mar&sinterpret a
molecular structure as a graph, where nodes amesatnd edges are
bonds. In this way, we can assess the correctriems answer by
comparing the similarity between two graphs. A nembf graph
similarity matching algorithms can be found in thterature.
Among these algorithms, graph edit distance [22bismonly used.
In this algorithm, a set of graph edit operationsiéfined. These
edit operations include deletion, insertion, anfssitution of a
node or an edge. The edit distance of two graplefised as the
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length of the shortest sequence of edit operati@osired to

transform one graph to the other. In our scoragfeme, we extend
the edit distance to a weighted version. A sconvadrix is used to
store the weights. More details on this approacah lma found in

[23].

The graph based strategy for difficulty level estiion for
chemistry questions discussed in [23] may not bhdiegble for
other subjects. A parameter-based strategy is ae ngeneral
approach for assigning initial difficulties to itesmWe use Math
guestions as examples to illustrate the conceptekample, when
solving the question “distribute the numbers so tiva sum in each
bin is equal” (Figure 3, top), the difficulty levef a question is
defined by a functior (ny,nppe ) » Whereny, is the number of

baskets used ang, is the number of objects to distribute. The
difficulty level increases asyg or ny, increases. We verified the
feasibility of our approach by conducting evaluatexperiments.
We have shown that it is possible to predict tH&cdity level of
the items in Figure 3, top, by using a 2-Parametgjistic Model
following Item Response Theory (IRT) [24, 25] arslimating the
parameters based on time taken to solve a probjearsmall group
of students using linear regression.

Details on this approach can be found in [26].

Testing Beyond Subject Knowledge

music1
music2
music3
musicd
musich
musice
music?

<>

<2

<3

<4
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Figure 7: () An example of a musical item to test a studetiility to
perceive, express and transform musical forms(lana sequence of video
expressing different musical composition.

Conventional use of multimedia content in educaf@muses on
subject knowledge but not on cognitive skills. Aaling to
Gardner, each person has seven intelligence agpéttinguistic,
logical-mathematical, spatial, bodily-kinesthetic,musical,
interpersonal, and intrapersonal. By employing imdtlia items,
we are able to test a student’s broader rangeilts.skn example
item to test one’s musical intelligence is showRigure 7. The idea
in this item is to evaluate how well a student easociate body
movements with musical rhythms. The student hamatch the

videos labeled from <1> to <5> with the correspogdmusical
clips. Each clip can be played by clicking a mudmsitton on the left
panel. Details on this work can be found in [28].

Adaptive Testing and Student Modeling using
Multimedia Items
Question Definition Formula Selection
pv=nRT nRT ]
Formula Group 1 p =
v
Plf '1 = PII '2 Equation 1
Formula Group 2 nRT |
n=c-v Lo
Formula Group 3 I
Equation 2
A total of 100g of pure Nitrogen gas is placed inside an m
Erlenmeyer flask with 2 volume of 500mL. Assuming that - pv
the room temperature is 23 degrees C, what is the pressure T = — L 4
inside the flask? (The Molar mass of Nitrogen is 14.01g/mol). A[ nR
Formula Group 4 Equation3
Intermediate Values

Equation Soher Submission

Final Answer:

Time: 00:00
Result saved

Figure 8: A Chemistry example: A screen shot of our Procasalyxer.

Complex and tedious processes are often encountered
curricula such as physics, chemistry, and mathesyatvhere the
final answer is built upon the results of numersmgller processes.
We incorporate a Process Analyzer [29] in our CROME
framework. The objective is two-fold: to assistdsnts improve
their problem solving skills using step by step thirand
instructions, and to assist teachers in monitorisigident
performance so that proper help can be providetinie. The
Process Analyzer defines the top-level processhasrdot of a
hierarchy composed of simpler and easier stegsagatudents who
have difficulty solving the problem on their owreable to follow
the hints and instructions leading to the correxswaer. The hints
and the scores in each step are controlled by émhsceEvery
response given by a student is recorded for pegoom analysis
and student modeling. The Process Analyzer comeh wi
graphical user interface (Figure 8), which provide€ngaging and
motivating learning environment.

Each composite or simple question in the multiméeia pool is
designed for a given grade level and is assigriffieulty value. A
student is evaluated based on their success ininoigaa
pre-defined percentage of correctness when ansyvgtiestions of
a particular difficulty. During the process, a statican be given
easier or more difficult questions, depending omtivhr his or her
current response is wrong or correct. This appradcdaptively
selecting the next item has been used in multiptaee, true/false
and fill-in-the-blank type of questions. Using nimiédia items in
adaptive testing is still a subject of researclerghis significant
complexity in assigning difficulty values to multadia items, and
in creating a sufficiently large pool of effectitems to evaluate
student abilities.

Following an adaptive testing strategy describedvaband a
step-by-step record of a learner, a training sethEmaccumulated
over time. Machine learning and artificial inteligce techniques
can be applied to analyze data in the training Sieice different
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students require different types of assistancechexa can
customize their guidance based on individual lewyatterns. In
addition to evaluating a student’s ability levelh @mportant

contribution of our design is the monitoring oftadent’s progress.

Moreover, the training set contains valuable infation for

curriculum designers to fine-tune education malkeridote that the
sense in which individual students are “modeledfiigctly related
to the richness of the items being investigated.

Multimedia Item Authoring Graphical Interface

In order to assist educators, who either cannot@ftoo much time

in addition to their regular teaching or do notgess the required

technical skills, to create new multimedia questitams, we

implemented multimedia item authoring templateseSehtemplates

are plug-ins integrated into the basic CROME framm®wA screen
shot of the authoring interface is shown in Figaird he authoring
module can be run online for individual item uplpad offline for

subsequent upload in a batch.

|é: Generator

. \Workspace: 1C:'1Irenei,crume\,cromeGenz j Browse Plugin: 3

Questions | Database | Accounts|
I T = x
J Lo _1

I=~__]IT18: IT18 Generator
- IT18_ testl
@ IT18_ testz
J- | IT19: IT19 Generator b \‘: s
g IT19 testl
@ IT19_test2
| 1ITZ: ITZ Generator
—e g IT2_testl
=4 ] IT31: Math Prablems
woo@ test

Dig e be 0t 18 B apprpriotn pt of Bos rage

Figure 9: An example of the CROME authoring interface.

There are two main design challenges: First, thquemess of
each innovative item type, and second, the nepdbtade different
processing pipelines for online and offline itemeation.
Uniqueness of each item type means that each tearipda its own
set of properties, and has its unique way of pingshem. These
challenges are overcome by separating the
implementation into easy to manage logical comptnérig. 9).
Although the authoring module is designed for etlwsa students
can also use the tool to create questions, anddhrthis process
they will improve their understanding of the sulbjec

A demo of the CROME framework can be seen at [30].
7. Summary

In this article, we reviewed past and present sdndoervasive
multimedia education. We showed with examples HeAGROME
framework was designed in order to address theorvisf
multimedia education anywhere, at anytime and fayoae.

interface

Although there is research in the literature foegsin certain target
areas in education, our framework is unique in thay it
incorporates automatic difficulty level estimatiégtem generation,
process analysis and testing beyond subject knoeledVe
optimize the available multimedia resources anceigment kits
to implement portable and scalable education itehzd are
appealing and entertaining to the learners.

2
1]
=
>

/1‘ A

Figure 10. Example item on a cell phone: (Top) A studentdset® fill in
the missing numbers so that the sum in each rowcahohn is the same.
(Bottom) Another item type “word scramble” showitlge process of
selection of alphabets to form the correct word.

The design of CROME aims to achieve portabilitysability,
scalability and interoperability:

= Portability — The implementation is based on Javéchvis
platform independent, including J2ME on mobile degi

= Reusability — An object-oriented design makes iitlial
components reusable.

= Interoperability — An authoring tool is an integpart of the
CROME system, sharing the item type design, asagathedia
and item database.

Scalability — New item type plug-ins can be addétthaut the
need to modify the basic framework or authoring oied

The example items presented in this article reptes@y a small
portion of the pervasive multimedia ideas. Speafitcomes that
cannot be tested purely using paper-and-pencil,h sas
inter-personal skills and remote collaboration, vaw be tested in
an online computer-based multimedia context. Usiogr
framework as an initial step, we intend to bringagamess to the
multimedia research community and to solicit efforttopics,
which have not been adequately studied. In futoekywe plan to
develop collaborative learning environments ovell phones
(Figure 10) that will allow students from anywhareund the globe
to collaborate with anyone at anytime. Although pelones have

6



been extensively used for information exchange, ingak
multimedia educational items available on cellsiinollaborative
learning and adaptive testing, given limited mobiksources
including processing speed and bandwidth, is stilfesearch
challenge.
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