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Abstract e-learning, such asaICC [1], SCORM[2] and IEEE
[3]. Even though the proposed basic model is theesa

The term Computer Managed Instruction (CMI) often several differences are present among the documents
refers to a set of functionalities which allow Lemyy  issued by different producers and often among miffe
Objects to be launched in the Learning Managementversions of the same specification. These diffezenc
System and to exchange data with it. A framewark fo have resulted in an incompatibility probleni:O

the support of CMI Functionalities in Learning developed in compliance with a specific document
Management Systems, named CMIFramework, hascannot be launched in environments designed for
been developed at the University of Salerno. Is thi different ones. This problem, added to the diffigwif
paper we present two case studies concerning theadopting a specification not easy to understand, ha
adoption of CMI functionalities, using resulted in an insufficient adoption of a specitiiza
CMIFramework, in different e-learning contexts. Our Whose importance is attested by the attention ef th
present work is aimed at demonstrating the ease inthree main producers of standards and of several
using the framework and its power in solving severa Software vendors. Furthermore, mab@s compliant
problems connected to the adoption of CMI with specifications no longer in use, must be up-

functionalities. graded, wasting time and opportunity to re-use
material.
1. Introduction A framework, namedCMIFramework has been

developed at University of Salerno with the aim of
In the past years, a big effort has been made tOfacilitating the ado_ption o@MI functionalities inLMSs
define standards, reference models and guidelioes f [4]. The goal of th's paper is to show that themd
e-learning. This effort is aimed at obtaining astrer framework .effectlvely allows develqperg to makeirthe
interoperability amond.earning Management Systems LMS compliant to mo§t O.f the speC|f_|cat|on dopuments
(LMS) In the context of these systems, the term produ_ced S0 far, equipping the_m with an eT‘Y”O_”me”t
interoperability refers to the sharing otearning in which LOs compliant with different specifications

Objects (LO) and, consequently, their re-use, with °F different versions of a specification, can benlehed
’ j ' without incurring incompatibility problems, thus

remarkable time and resource saving for the content™ ™ ™"
developers avoiding the effort necessary to up-grade the older
. contents. To this aim, we present two case studies

Among the specifications produced, some, such as . . o
Learning Object Metadataand Content Packaging connected to the adoption @Ml functionalities. The
software solutions presented have been developed

have reached quite a good maturity level and haemb L i
y g y {nstantlatmgCMlFramework In the first case study,

adopted in software systems. Some others have no ; .
reached the same success, probably due to theiFresented in section 4, we show how a system fer on
i

intrinsic difficulty in being understood adequatelyd ne testing and asses_sment can be enhan?ed_\m]h a
implemented properly. This is the case for the et _standarpl modqle' which .tracks students' client-side
specifications name@€omputer Managed Instruction Ljnt(teractlor_}sb;rhlts m(fjortmathn_ can betused ]Eo d,fnti:eh_
(CMI), consisting of a set of functionalities which allo ata avallable 1o data mining systems for catching
LOs to be launched in theMS and to exchange data cheats among the ;tudents. A more comprehenswe
with it. A complete reference on the way in whitte t cas(;e-lstudyl, W't%ggg’lﬂ we p:pwg_% a'[.MS with a d
launch and the communication take place has beer"© uet_to agnc_l_h (;omp '?n S '? presenteb_ f
proposed in several specification documents, issyed In lsec It('m 'f the nexh.t setc lon CO“.f"?“gS (gMI ne
the producers of the main standards and guidefores explanation o € architecture specie



specifications. For a more comprehensive explanatio
please refer to [1, 2, 3]. In section 3 we outkoene of
the main features and the architecture of
CMIFramework Final remarks and future work
conclude the paper.

2. The CMI Functionalities

The CMI specifications propose a standard
environment in which th&Os could be launched and
can exchange data with thMS. The way in which the
communication works is shown in figure 1, which
depicts a Web-based scenario, whet&ahas already
been launched in a Web browser window andLt#&
runs within a Web Server. THeO must be equipped
with a software module, calleBCMAScript which
allows it to communicate with th& MS. The API
Instance module, provided by th&MS, exposes an
interface to thelLO, through which it can invoke
methods to handle the communication with tHédS
server and to exchange data with it. &Rl Instance
must handle error conditions which can occur during
the communication. Another important part of the
specifications defines thBata Mode] which is the
schema of the data on which the communication
between theLO and theLMS must be based. Some
rules on how to launch LOs are established as well.
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Figure 1 - CMI architecture (SCORM RTE)

As mentioned before, there are some differences
among the specifications produced so far, and abver
changes have been made over time. The
significant of them have regarded the definitionttod
API Interfaceand the structure of tHigata Model API
Interfaceshave been changed in methods signatures
(e.g., from SCORM 1.2 to SCORM 2004 the
LMSiInitialize() method has becomeinitialize(),
LMSFinish()has becomé&rminate()and so on) and in
the error handling system (error names and codes ha
changed, new errors have been introduced, etcg. Th

ost

Data Model has changed above all in regards of the
element names.

These changes have been enough to prevent the
launch ofLOs developed in compliance with a specific
document in environments designed for differentsone

3. CMIFramework

The CMIFramework is an Object-Oriented Java
framework which can be instanced in order to adltvi
the work of LMS developers in adoptingCMI
functionalities in their systems, thanks to thetwafe
re-use principle. It also solves the incompatipilit
problems mentioned before, allowing the launch of
LOs compliant with anyCMI specification in the same
environment. PresentlyCMIFramework can support
most of the specifications produced so far, avgjdire
time-consuming task of up-grading all theO
compliant with older versions of the specifications
Nevertheless, it has been conceived flexible endagh
address several future changes in the specification
Furthermore, it goes beyond the standard
functionalities, allowing the developers to define
customized solutions, not necessarily adherindnéont
strictly.

More in detail, among the features of
CMIFramework we can find the support for user-
defined API Interfaceswith the related error handling
system and for user-defined data models. This user-
defined solutions can be combined to standard ones,

providing all these functionalites in a unique
environment. Other interesting features of the
CMIFramework is the caching of LO-LMS

communication and the server-side persistence ef th
Run-Timedata.

CMIFramework has an innovative architecture: on
the client-side, based on inter-applet communicatiio
allows the deploying of any number API Interfaces.
This is simply done editing the XML- based
configuration and coding the Interface. The
configuration also allows the developer to compjete
define the elements of tfigata Models

On the server-side, a small amount of code must be
written in order to customize theMS behavior. The
server-side component consists mainly of Java
Servlef which have to be extended by theMS
developer. In order to accomplish this task, three
methods can be overriddeonlinitialize() onCommit()
and onTerminate() The former method allows us to
initialize theRunTimedata, before the communication
starts, with LMSspecific settings. The latter two
methods allow thd.MS to manipulate théRun-Time



data upon the commit and termination of the The client component (théAPI Instancg of the
communication. framework has been integrated in the main window,

exactly in the page that launches the test, whidpien

4. Case Study |: Learner's Interaction for the duration of the test. The test itself hasrb

Tracking in On Line Testin modified in order to incorporate th&CMAScript
9 9 module, which has the duty of dialog with the dien

As proven by several studies in the education field component of the framework. For th@linstance the

many learners cheat at exams, when they can [5,6]'standard API of thesCORM2004 has been chosen,

Cheating detecting in assessment tests is not syn ea since it is _qwte easy to f|n(_1l afree !mp!ementamb an
task: most of the techniques employed so far haea b ECMAScr_|ptmoduIe for t_h|s combination of producer
based on the comparison of the results obtaineten anq version. A very S|mplg data model has been
tests [7]. These techniques cannot give the céytain def|ned. to record the.mtera}ctlons, as the regdgrsee
the guilt, since a high similarity of two tests daadue by looking at the configuration code, shown in fig2.

to coincidence. Furthermore, as in all fraud dé&ect _.; .iodel s>

systems, the task is complicated by several <datamodel id="eworkbook"> _
<el ement i d="ewor kbook. start _tine"

technological and methodological problems [8]. It type="date" privilege="WO' />
could be useful to gain information on the learhers <el ement id="f‘ﬂ’°;‘;§g?i:-iﬁ9[,iVen'\_lti%'ge;:"m N
behavior during the test. Analysis on these databea <val ue set 2 vol unt eerg,fofced"»g
integrated to resglts comparisoq in order to .hav'e a :{;Lﬁemﬁ?trd:"emrkbook.imeracuons.*.uma"
more comprehensive data set as input for a dategnin ~ type="date" privilege="WO' />
technique to detect cheating. This is possible vthen Rt sl sl Acke Sty 14
tracking of the client-side interactions of the rie= . <value _ .

with the test during its execution is performedr Fo '™ ¢ phesel next, previous, subm t*/>

example, let's consider the following situationridg <el ement i d=" f‘;)?);‘;bgf‘jl ingﬁe;)?ic‘vii fgzgz'..i\pb‘?r/“;i d
the test,learner A answerstrue to a question and <el ement i d="ewor kbook. i nt eracti ons. *. response"
learner B,who is seated behind the former, answers the .. i ved. el emsoP S o171 Ng"  Privilege=ivor />
same few instants later. The tracking of this i d="ewor kbook. i nteracti ons. _count”
information could be useful to prove that the learn &1 Pee<"or . | 3. RTEFr amework. ol i ent. error . uti |
has cheated, looking on the screen of his classmate i ty. Count Manager " privil ege="RO'/ >

) /d del
Due to the static nature of HTML pages, there are « ;at Z:ngzl §>>

several challenges in performing the interaction Figure 2 - The definition of theData Model for the
tracking. Our case study illustrates how Learner’s Tracking Module in éWorkbook
CMIFramework has been instanced to obtain a

software module able to generate a complete ldgeof : ; ; o
interactions of the learner during the executiorthef  the information recorded is as follows: timestatype,

test. This module has been added to an advancedd Of the ittm and the response given by the lease
Computer Aided Assessmesystem, developed at the a type of |nteract|or_1, the followlng values are @thd:
University of Salerno, nameéWorkbook[9]. This  S€l for response given to an itemgset for response

system can be used for evaluating learner’s knayded aborted;next_prgvious for browsi_ng items a_nslubmit
by creating (the tutor) and taking (the learnen)line for the submission of the te;t. Flnally, the tinaegp of
tests based on multiple choice, multiple respomse a the start of the test and the information whethertest

true/false question types. submission was voluntary or forced are recorded.

eWorkbook, which is fully accessible with a Web 'Ne library CMIServer.jarhas been imported in the
browser, launches the tests from its main windowa in SYStem- The main server side programming activaty h

child window. The question items are shown one at aconsisted in sub-classing tl@MiServietin order to
time, and a simple button bar in the bottom ofpiage ~ (@ilor the server side Dbehavior to our simple
can be used to browse the test: there is one btaton eauirements. To elaboratenTerminat€) has been
submit the test and two more, labeled respectivity overridden, in order to output the results of tiaeking
next and previous to browse the items sequentially. and to save them in the relational database of the

The submission of the test can occur voluntarigyrfr ~ SyStém through the use of simpIBBC code.
the learner when the test is finished or forcedthsy On the client-side, the modu@MIClient.jar has been

system on the expiry of a timer. Once the test is deployed. TheAPlInstancehas been easily inserted in
submitted, the child window is closed. the JSP pages using theagLib provided by the

For each interaction of the learner with a quesitiem,



framework. The interactivity level required for our
purposes has made necessary a modification tdSRe

code which generates the pages of the tests. In

particular, anECMAScriptmodule, freely downloaded
from the Internet, has been added to the test pdges
correctly plug it, some event-handling code hasnbee
added to the page of the test, for example pti@lick
events of the input elements of the test page
(radiobuttons or checkboxes for the options, button

the navigation controls) have been handled.

5. Case Study Il: A SCORM Module for
Sakai

The Sakai Projec{10] is a community source software
development effort to design, build and deploy & ne
Collaboration and Learning Environment (CLHE)r
higher education. Th8akaiapplication framework has
been customized by our developers to obtain ailegrn
environment calledRkunning Platform (RR)which has
been used at our department for the managemeheof t
courses, in a blended learning style.

A prototype for a new tool foBCORM RTEhas been
developed in order to test the effectiveness of our
framework in creating an environment in whiclbs
compliant with different version of theSCORM
specification could have been launched. The module,
originally designed as a stand-alone applicatioas w
later integrated into theRP. The stand-alone
application is a minimal system, able to launchyonl
pre-loadedLOs conformant to the version$.2 and
2004 0f theSCORM

The framework has been configured declaringARé
Interfacesand the data models for both the? and
2004 versions of theSCORM An extract from the
apis.xml configuration file is shown in figure 6. The
figure shows how the twaPI Interfacesare declared
with the different names d&iPl andAPI_1484 1]1as
required respectively by the2 and2004versions. For
space reasons, the configuration of the error fagndl
system is shown only for theetValue()method of the
2004interface.

<API s>
<APl set id="API"

class="org/| 3/ CM Fr anewor k/ cl i ent/ SCORML_2API " >
</ APl set >
<APlI set id="API_1484_11"

class="org/| 3/ CM Fr amewor k/ cl i ent/ SCORM2004API " >
<errors nethod="initialize" return="fal se">
</ errors>
<errors nethod="set Val ue">

<error property="api State"
check="not _initialized" code="132"/>

<error property="api State"

check="not _t er m nat ed"

<error property="paranl"
code="401"/>

<error property="paranl"
code="401"/>

<error property="paranl"

check="i npl ement ed"

code="402"/>

<error property="paranl"
code="404"/>

<error property="paran2"
code="406"/>

<error property="paran2"
code="407"/>

</errors>

code="133"/>
check="requi red"

check="defi ned"

check="read_onl y"
check="t ype_nat ch"

check="range"

</ API set >
</ APl s>
Figure 3 — Extract from RP apis.xml config file

<dat anodel s>
<dat anodel i d="SCORML. 2" >

</ dat anndél >

<dat anodel i d="SCORM2004" >
<el ement id="cm ._version" type="string"
privilege="RO'" >
<value init="1.0"/>
</ el ement >

<deri ved- el ement
id="cm .comrent _fromlearner._count"

type="int"
class="org. | 3. CM Franewor k. Deri vedCount "/ >
<el ement

id="cm .comrents_from./|earner.{n}.coment"
type="string" oprivilege="RW />

<el ement id="cm .coment_froml| ns._children"
type="string" privilege="RO" >
<val ue init="comment, | ocation,tinmestanp"/>
</ el ement >

<el ement id="cm .conpletion_status"
type="string" privilege="RW>
<val ue set="conpl ete, inconplete,
not _attenpted, unknown" init="unknown"/>
<depends i dRef s="cni . conpl etion_t hreshol d,
cm . progress_neasure"/>
</ el ement >

</ dat .Iallmlndel >
</ dat anodel s>

Figure 4 — Extract from RP datamodels.xml config file

As for the API Interfaces even for the data models,
additional work was requested and performed on the
datamodels.xmiile, in order to define the data models
for both the versions of tHteRCORM

As for case-study |, theCMIServlet has been
subclassed in order to customize the server side
behavior of the application. In this case, both the
methodsonlnitialize)) and onTerminat€) have been
implemented. In the former, the data model usedhier
communication has been initialized with the data to
pass from thé.MS to theLO. The latter has been used
for the opposite purpose. In both cases, sinipBC
code has been added to these methods. The seteer-si
persistence of run-time data, provided by the
framework, has been used to share the data model



instances across multiple sessions of the sameelear Being written in Java, CMIFramework has a
on the sam&O. restriction: only Java-basddViSscan benefit from it.
Sakai offers a suitable container for tools and A solution based on Web Services, aimed at
associated services. Its architecture is quitalflexto overcoming this limitation, is now in the developrhe
allow different levels of integration for the toolEhe phase.
most loosely coupled integration level allows the
developer to integrate stand-alone applicationsth&t 7. References
scope, two main rules must be followed:
1. The request must be intercepted and dispatched tq1] CMI Guidelines for Interoperability AICC rev..@,
the application by a module call&hkai Web-App  http://www.aicc.org/docs/tech/cmi001v4.pdf, 2004
Gateway
2. Basis services, such as authentication and[2] The SCORM Run-Time Environment 1.3.1,
authorization management, must be provided by anhttp://www.adInet.org/scorm/history/2004/documecfts.
interface calledSakaiAP| Gateway
In light of these arguments, the main integration
programming activity has consisted in the modifmat
of the application in order to dialog with tf#akai 4] Costagliola, G., Ferrucci, F., Fuccella, V., Bamework
APIs To plug the Sakai WebApp Gateway the for the Support of the SCORM Run-Time Environment”,
application, actually, there was no need to mothfy Proc. of the 2006 Int. Conf. on SCORM 2004, Taiwah
application: we just needed to developavlet filter 26
for the requests and the responsediltar entry was
added to theleployment descriptofthe web.xmlfile)
of the application. The work necessary to plug the
Sakai APl Gatewain the application has been slightly
more complicated: the handling of the user accounts (g Harding, T.S.; Carpenter, D.D.. Montgomery, S,M
based onJDBC, of the stand-alone version have been steneck, N.H.; “The current state of research cademic
substituted with some calls to t@&kai APl Gateway  dishonesty among engineering students”, Proc. Bf 'BIL,
This has been done in every part of the applicationvol. 3, F4A 13-18
dealing with the user authentication. Additionally,
some user accounts and information have beenl?] Mulvenon, S. W. Turner, R. C., & Thomas, S.

imported from the application database toRone. “T_echniques for detection of cheating on standadlitests
using SAS”. Proc. of the 26th Annual SAS Users @rint.

Conf., Miami, FL, 1 — 6.

[3] IEEE LTSC, WG11: Computing Managed Instruction,
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Harding, T., Laxer, C. “Addressing student cheating
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6. Conclusion
[8] Shao, H.; Zhao, H.; Chang, G. R.; “Applying a@ahining
In this paper we have presented two case studieso detect fraud behavior in customs declarationcP of
useful in proving the ease of use and the power ofICMLC'02, 1241-1244 vol.3
CMIFramework developed at the University of ) ] )
Salerno. In the first one we have added a learnersl®] Costagliola, G., Ferrucci, F., Fuccella, V..o@ale, F.,
interactions tracking module, whose log can beulsef If web Base‘?' Tool for Assessment and Self-Assestinen
. ; . e roc. of ITRE '04, 131-135
to detect cheating in on-line exams. The descriptib
the data mining process which will allow us t0 [10] sakai Project, http://www.sakaiproject.org/
accomplish this task goes beyond the scope of this
paper and is postponed to future work.
In the second case study, the development of a
module to launctsCORMcompliantLOs in Sakaihas
been shown. Through this module, we can launch
content compliant with the most recent versionshef
SCORMIin the same environment without incurring
incompatibility problems, avoiding the effort nesasy
to up-grade the older content to support newerieess
of the specifications, thus allowing for a betteruse
of the authored content.



