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Enhancmg the IMS QTI to
Better Support Computer
Assmted Marking

Damien Clark, Central Queensland University, Australia

Penny Baillie-de Byl, University of Southern Queensland, Australia

ABSTRACT

Computer aided assessment is a common approach used by educational institutions. The ben-
efits range into the design of teaching, learning, and instructional materials. While some such
systems implement fully automated marking for multiple choice questions andfill-in-the-blanks,
they are insufficient when human critiquing is required. Current systems developed in isolation
have little regard to scalability and interoperability between courses, computer platforms, and
learning management systems. The IMS Global Learning Consortium s open specifications for -
interoperable learning technology lack functionality to make it useful for computer assisted
marking. This article presents an enhanced set of these standards to address the issue.

Keywords:  assessment; computer aided assessment,; computer assisted marking; distance

education; educational technology, internet-based technology; ihteroperable
learning technology; rubrics; technological innovations; xml

INTRODUCTION :  Pain & Heron, 2003; Peat, Franklin et al.,

Computer aided assessment (CAA), one of 2001);

the recent trends in education technology, has © *  Apush formoretimely feedback to students

become common-place in educational institu- - (Dalziel, 2001; Jefferies, Constable et al., .

tions as part of delivering course materials, 2000; Merat & Chung, 1997; Sheard &

particularly .for large classes. This has been Carbone, 2000; Woit & Mason, 2000); . . -

driven by many factors, such as: +  Reduction in educational material de-
velopment.and delivery costs (Jefferies,

+  Theneedtoreduce educational staffwork- - Constable et al., 2000; Muldner & Currie,

loads (Dalziel, 2000; Jacobsen & Kremer, 1999); and,

. 2000; Jefferies, Constable et al., 2000,
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'_‘ 'f The plollferatlon of onhne educatlonv”

(Whlte 2000)

" Internet- based technologiesin CAA cahbe
,bloadly categorised into the following’ system
types: online quiz systems, fully automated

. marking, and semiautomated/computerassisted-
- marking systéttis: The most common form of
~ CAA, online qulzzes typically. consist of mul- .

" tiple choice questlons (MCQ) (IMS 2000) asl )

they can be automatlcally marked. Yet, there is

* muchconjecture onthe effectiveness of MCQs,
particularly in the assessment of Bloom’s hlgher
learning outcomes (1956) such as analysis, syn-

thesis, and evaluation (Davies, 2001). This limits

the scope by which a student’s abilities can be

assessed. Short response and essay type: ques- ‘

tions are commonly used to assess the higher
order skills of Bloom’s taxonomy. Still, these
types ofassessments aretime consuming tomark
manually (Davies, 2001; White, 2000).

A more ambitious approach to CAA
involves the use of fully-automated marking
systems. These can be defined as systems that
canmark electronically submitted assignments
such as essays (Palmer, Williams et al., 2002)
viaonline assignment submission management
(OASM) (Benford, Burke et al.; 1994; Dar-
byshire, 2000; Gayo, Gil et al., 2003; Huizinga,
2001; Jones & Behrens, 2003; Jones & Jamie-
son, 1997; Mason & Woit, 1999; Roantree &

. Keyes, 1998; Thomas, 2000; Trivedi, Kar etal.,
2003), and automatically generate a final grade
for the assignment with little to no interaction
with a human marker. The obvious benefit
to this approach is the ability to assess some

- higher orderthinking as per Bloom’s Taxonomy

(1956) in a completely automated manner,

thus improving marking turn-around times for

- . large classes. Fully automated systems include

- MEAGER, which is designed to automatically
mark Microsoft Excel spreadsheets (Hill, 2003),

automatic essay marking systems, such asthose

evaluated by Palmer, Williams et al. (2002), and
English and Siviter’s system (2000) designed
to assess student hypertext mark-up language
(HTML) Web pages, to name a few. Unfortu-
nately, this approach is not suitable for all as-

‘sessment typesand can oftenrequiresignificarit -+« .0
. ‘timeto develop the model solution. In addition, <. .. “i ..
‘most of the automated functionality examines
‘students’ solutions againstmodelsolutions. This ...~ = -2z 7
“may lead to issues relating to marking quality! .. e
when it is impossible for the assessment creator - - :
“to identify all possible solutions. : o
~ The last approach is the use-of semlauto- e
mated or computer assisted marking (CAM) S
Thls is a compromise between.online quizand -

fully automated systems. CAM assists with

the reduction of poor marker consistency and: -

the quantity and quality of feedback in mark-
ing team situations. By using CAM, many of

-the laborious and repetitive tasks associated -
with marking can be automated (Baillie-de .

Byl, 2004), resulting in more timely returns
to students. CAM describes systems that have
some components of the marking process au-

tomated, but still require at least some human -

interpretation and énalysis to assign grades.
For example, CAM systems have been devel-
oped to support the routine tasks associated
with marking programming assignments, like
compilation and testing of student submitted

programs (Jackson, 2000; Joy & Luck, 1998). -

Although allocation of a final grade is the sole

_responsibility of the marker, this determination .
‘can be achieved faster, with greater accuracy

and consistency, by relying on the results of
automated tests (Joy & Luck, 1998). In cases

wherehuman interpretation and analysis occurs; .

this is referred to as manual marking.
One example of CAM is implemented in
the Classmate system. It is designed to assist

in automating many of the typical laborious.

tasks associated with marking, such as retrieval
and presentation of submissions, feedback and
grade storage, application oflate penalties, and

student returns (Baillie-de Byl, 2004). Other.
contributions in this area include an MS-Word

Integrated CAM Template (Price & Petre, 1997),
development of a CAM prototype based: on

research into how markers rate programming. - . .
assignments (Preston & Shackleford, 1999),and:

Markin, acommercial CAM product by Creative
Technology (Creative-Technology, 2005).

Copyright © 2007, IGI Global. Copying or dlstnbutm;= in prmt or electronic forms without written permission of IGI Global
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‘ “One of the :majd;' pfoblem’é with. current , .
~CAM systems is-that- much-of the work is be- "

“ing undeértaken by independent or small groups

~ of researchers who are developing systems to-
. servicethe particular needs of theircourses-and -
< institutions, withoutregard for interoperability. .

- The IMS global learning comnsortium (IMS,

©-2005) are addressing this problem through the ™
. production of open specifications for interoper-

*+ ‘gble learning technology, and have developed

- awell adopted specification (IMS, 2004). The -

IMS question & test interoperability (QTT) spec-
ification provides an interoperable standard for
describing questions and tests using extensible

mark-up language' (XML) (IMS, 2000). The -

. QTIspecification is broken down into multiple
subspecifications. Two of significance to the
' research herein are the assessment, sections
* and.items (ASI) and the results reporting (RR)

~ bindings. The ASI binding is used to.describe
the materials presented to the student, such as
which questions, called items, form part of an
assessment, how they are marked, how scores
are aggregated, and so forth. The RR binding
is responsible for describing students’ results
following completion of the marking process.
A major focus of the design for the QTI

to date has been to support the interoperability -

of online quiz systems. These systems are typi-
cally fully automated and require little human
intervention. Thus, the QTT lacks specific func-
tionality for online systems providing student
assessment that relies heavily on human inter-

- vention and critiquing. By enhancing the IMS-

_ QTlI specification to better support CAM, tools
-canbecome interoperable, such thatassessment

materials can be exchanged between CAM -

systems in the same way as quiz question banks

can between online quiz systems. The research-
. - presented inthispaper introducesthe QTICAM -
-specification. addressing the shortcomings .of

.. the:IMS QT in support of CAM.

~.QTI COMPUTER ASSISTED
MARKING SPECIFICATION
The QTI Computer Assisted Marking (QTI-

 CAM) specification has been designed as an
extension to the IMS QTT to address the lack of

support:for human intervention and cr itiquing. .

Its' archifecture ensures it remains backward - . .
» compatlble with the existing QT specification. .+ -z
.- Thisensures existing QTI XML documentscan " =~ -

be’ ‘validated against QTICAM. Furthermore,-

. the QTICAM specification allows amixture of - = - .-
automatic and manually marked items within’. =~ . . - -
the 'same assessment. The QTICAM provides ==~ .. -~ .- -
* improvements to both the ASI binding and.RR . . .-
_binding as outlined in the following sections:: .
~ A more complete description for the IMS QTI -

ASI-(IMS, 2002a), and the IMS QTIRR (IMS, -
. 2002b).can be accessed from the IMS Web site

(http //www imsglobal. org)

Mark lncrements ,
The QTIprovides scoring variables to track the -

marks associated with an assessment question.
These scoring variables can be aggregated in
various ways to derive a total score for the -
students’ work. For example, the XML:

<decvar varname="SCORE"
vartype="Integer"
minvalue="0Q"

maxvalue="10">

declares a variable with <decvar>? called SCORE
to store a result. In this case, the result is re-
stricted to a whole number (decimal) between .
and inclusive of the values 0 and 10.

This current format, while dictating some
boundaries for a marker, does not restrict the
marker from using their own part-marking
scheme between the minimum and maximum
values. The QTICAM provides the increment
attribute to address this issue. For example, if

the previous result should only be marked in

increments of 2 the XML would be:

<decvar varname-"SCORE"
* vartype="Integer”
“minvalue="0"
maxvalue="10"
increment="2">

This enhancement provides two advantages.
Firstly, it improves the consistency in marks
within a marking team, ensuring the markers

Copyright © 2007, IGI Global. Copying or distributing in print or electronic forms without written permission of IG1 Global
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~.adhere to. the scoring criteria,-and secondly, it
- provides clearer ‘instructions to an electronic
. ~marking tool as to whatvalues it.can allow as. -
legal scores: for a partlcular questlon :

'.'Manual Marker Rubrlcs
In addition to-expressing the response process-:
~ffigiof an item in machine'terms, the QTICAM
- also supports 1esponse processing for human
" interpretation via a marking- rubric.- The <in-
© terpretvar>® element structure from the QTI -
'AST has been réused to describe such marking

rubrics within the QTICAM ASI. For each <in-
terprétvar> element, there is a matching scoring
variable. The scoring variable is used to track
the performance ofthe student against its rubric

* within the <interpretvar> element. There are no .

facilities for recording rubrics within the QTI-

RR forthemarker. Therefore, an <interpretscore>

element has been included inthe QTICAM RR
binding, This is demonstrated in Listing 1, along
with its scoring variable SCORE.

The contents ofthe<interpretscore> element
structure are derived from thé <interpretvar>ele-
ment of the ASI binding. The varname attribute
defines the scoring variable SCORE with which
the <interpretscore> rubric is associated. This
is illustrated at the bottom of Listing 1 using
the <score>* element, highlighted in bold. The
example is a marking rubric for an IT-related

short response question. Students are asked

to briefly compare flat and hierarchical direc-
tory structures prov1ded by network operating
systems.

. Recording the Marker

Typically, the QTI is used to describe objective

- tests that will be marked by computer. With
- manual marking, it is necessary to record the

~ identity of the marker for quality control. The
* - allocationl of student assessments among. a

group of markers can vary. For -example, as-
sessments can be allocated by student or by
individual questions. The QTICAM thérefore
requires. the ability to record the marker of
each individual item. Thus usmcy QTICAM
RR XML achieves thls

<manualscorer> - . -

- <name>Damien Clark</name> -ﬂ

<generic_ identifier> -

. <|dent|f1er s‘crmg>clarkd'€/|dent|f|er strmg>"7

</generic_identifier>
</manualscorer>

The <manualscorer> element content re- -~
- uses-the existing <name>, <generic_ identifier>,- .
and:<_identifiér’_;‘s'tririg> elements of the QTI. RR- -
specification, which are currently used to de-
scribe the student. If an iterh has not-yet.been. .
- marked;there will be no <manualscorer> element

structure, or its contents will be empty.

Currently, the QTICAM does not support
the recording of multiple markers. Such an -
instance might occur in a peer revision process -
where several markers are assigned the task of

providing ascore for the same item. The authors
recognise the need for this feature and expect
to implement it in future revisions.

Recording Marker Feedback and
Marks

The QTI RR binding p10v1des support for the
<feedback_displayed> element structure which

" identifies feedback already displayed to the’

student, as aresult of automated marking. This
feedback is fixed and prescribed in the ASI
XML when the item is conceived. This further
illustrates the focus of the QTI on automated

marking systems. It is not possible for the item -
author to foresee all potential errors made by -

students, and therefore it is necessary to provide
support for feedback not prescribed within the

_item definition (QTIASI). To support this func-

tion, QTICAM includes the <manualfeedback>
container element. All feedback and marks are
stored within this structure as demonstrated
in Listing 2. :

Within <manualfeedback> are <scorefeed-
back>elements. Each <scorefeedback> can con-
tain a feedback comment (<comment>), a mark

(<score_value>) or both. Each <scorefeedback> -
is associated one-to-one with a scoring variable. -

through the varname attribute. This provides an

import linkage. It allows a comment or mark -
“to be associated with a specific rubric (<intet-

pretscore>). Furthermore, each <scorefeedback>

Copyright © 2007, IGI Global. Copying or distributing in print or electronic forms without written pérmission of IGI Global
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‘List’ing‘*]. Man‘iml-mal'k'er‘Rubric (QTICAM RR) S

<mterpretscore varname-"SCORE"
<mater|al label="golution">
<matemtext>.

networking. . N
</matemtext> . . -
<matbreak/> ~ i.

<matemtext>

directory. structure.
- </matemtext>.

<matbreak/>

<matemtext>

_* hierarchical directory structure
</matemtext>- :
< </material>
- <material>,
<mattext>

</mattext> -
</material>
<finterpretscore> -

<outcomes>
<score varname="SCORE">
<score_value>0</score_value>

<score_min>0</score_min>
<score_| max>3<lscore max>
</score>

<foutcomes>

A hierarchical dlrectory structure is considered superlor for enterprlse
Aflat dlrectory structure is slower and Iess efﬁcrent than-a hlerarchlcal

It is much harder to find things in a flat dlrectory structure than ina

One maik is allocated for each point above that the student has in their answer.

<score_increment>1</score_increment>

is also uniquely identified within the scope of
the item through the ident attribute. The ability

to uniquely identify each comment or mark is’

described in the following section. -

Linking Feedback and Marks to

- the Student Response
“Feedback on student assessment is an impor-

* tant element of the learning process (Dalziel,
2001). Anovel approach to improving feedback -

“presentation in CAM systems was investigated

by Mason, Woit et al. '(1999) where feedback

s prov1ded in-context-of the students’ submis-
sion, rather than summarised at the end. This is
equivalent to the way a marker would assess a

paper-based submission, providing comments
and marks in proximity of the passages being
addressed. This is achieved in the QTICAM,
as illustrated in Listing 3. -
= The solution provided by the student
already stored within the QTI RR <response_:

value> element is copied verbatim into the .-

<taggedresponse> element. Next, passages .

. of the student’s response are tagged with the,

<tagresponse> element. Recall from Listing 2
each <scorefeedback> element had an-ident at- -
tribute. Listing 3 shows the linkage of this ident

. attribute with the <tagresponse>element’sident -

attribute. This linkage is how a comment or -

* Copyright © 2007, IGI Global. Copying or distributing in print or electronic forms without written permission of IGI Global
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- “mark is-associated-in-contextwith the student’s

~ . response. Therefore, the comment:.

'O'n‘é o’u"fpdf line t‘ra'hs.m'its.the data:and the other

'transmits the complement of the signal

ﬁom L1st1ng 2 is assoc1ated with the student
passage SERE C

: while ;RS-422a’ has two data output lines .. ,'

from Llstmo 3. 4
This <taggedresponse> feedback can be
presented to the student in various ways. For
- example, if presented ina Web-browser, thema-
terial within a <tagresponse> element could be
a hyperlink to a popup window which displays
the comment or mark. Alternately, amouseover
Jjavascript event could present the comment
or mark when the student places their mouse
over the <tagresponse> area. If the feedback
is to be printed, the comments or marks could
be placed at the start or end of the underlined
<tagresponse> material. How the material is
presented is up to the iniplementer. The QTI-
CAM ensures comments or marks are provided
in-context of the student’s solution.

‘Recording Question Content
Presented to the Student ,

The QTIRR binding does not include support
for recording the question material that was
presented to the student in completion of an

- item. To support the manual marking process,
itis-advantageous for the marker to see exactly
what was presented tothe student. This provides
complete context for the student’s solution.
Furthermore, it is also necessary where pa-
rameterised questions are implemented (Clark,
2004). The QTICAM RR binding provides the
<material: presented> .element. 'This element

~'should contain all the material that was pre-
sented to the student when they attempted the

question, in HTML format.-An example of the -

- <material._presented> element looks like:

-<material_presented>
... <ICDATA[ i
<p>In your own words bneﬂy compare

flat and hierarchical directory: structuresf o

" provided by NOS. </p>
1 -

</material_presented>

Use ‘of a CDATAS node is fecommended_ :
to quote all HTML elements within the <ma-~

terial presented> element as: illustrated. This".w

material can be presented to the marker when
marking the students’ solutions. :

Recording a Model Solutlon foran

Item
The QTI RR binding provides support for

“recording the solution to an item through the-
- <correct_ response> element. This element is de-

signedtoidentify aselectable choice oramodel
answer. Unfortunately, this element provides
for only a textual value with no formatting. To
improve readability for the manual marker, the
<solutionmaterial> element is provided in the
QTICAM RR binding. The <solutionmaterial>
element is illustrated in Listing 4.

The <solutionmaterial> element incorporates
the <material>elementused throughout the QTT
specification to provide basic formatting ofma-
terial for presentation. This allows the question
author to provide a modsl solution to an item
with basic formatting. The solution shown in
Listing 4 is for a C programming item.

QTICAM Implementation
The design of the QTICAM is implementation
independent, meaning it does not constrain or
dictate how aCAM tool should be implemented.
Itprovides the supporting datamodel ofhowma-
terial from atesting system should beexchanged -
for marking. Therefore, an implementation of

" QTICAM could be written in various languages : : -
“such as Java, Perl, or C++. Furthermore,a CAM-

tool ¢ould be implemented as an online or off-

“line application. Forexample, an online marking- - -
- toolwould maintain a connection with anetwork

serverarid exchange QTICAM XML as required.
during marking. In an off-line environment, the -

* marking tool would download large batches of -

Copyright © 2007, I1GI Global. Copymg or distributing in print or electronic forms without written permission of IGI Global
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‘Listing-Z. Recording nz'_ézifkel' feedback and marks (QTICAM RR) S

: ,<manualfeedback>

<scorefeedback varname-"SCORE" ldent-"l"> '
<score_value>0.5</score_value>. :
</scorefeedback> . -

<scorefeedback varname="SCORE" ident="2">

. <score_value>0.5</score_value> .. .

" </scorefeedback>. . )
<scorefeedback varname "SCORE“ |dent-"3" >
<score_value>0.5</score_ value> '
</scorefeedback> - = -
<scorefeedback varname-"SCORE“ |dent-"4"
<score_value>1</score_value>
</scorefeedback>
<scorefeedback varname-"SCORE" ident="5">
<score_value>0.5</score_value>
</scorefeedback>
<scorefeedback varname-"SCORE" ldent-"6"
<gomment>
One output line transmits the data and the other transmits the complement of

the
signal.
</comment>
<score_value>0.5</score_value>
</scorefeedback>
<gcorefeedback ident="7">
<comment>
Refer to the model solutlon for other factors you have not consxdered
</comment> -
</scorefeedback>
</manualfeedback>

'Lvisting 3. ,In—coﬁtext fé_edback of a student_ s response (QTICAM RR)

<taggedresponses>
<l--The taggedresponse is the same as response value (below) except tagresponse
elements tag parts of it. These will be highlighted in some way when presented back to

- the candidate, and the feedback assngned W|ll be shown (perhaps through mouseover or

in another window)-->

<taggedresponse ident ref—"ComeZ"><tagresponse |dent'-“1">RS—232 has a slow
data rate of 19.6 kbps.</tagresponse>

<tagresponse, ldent-"z“>lt is also only capable of dlstances up to 15 metres. </

_ tagresponse> _
" <tagresponse ident="3">RS-422a is capable of much fastertransfers </tagresponse>

<tagresponse’ ldent—"4">RS 232 is unbalanced while RS-422a is balanced </
tagresponse> <

<tagresponse ldent-“5">RS 232 has one signal w1re</tagresponse> <tagresponse
ident="6">while RS-422a has two data output lines. </tagresponse>

<tagresponse ident="7"/>.

</taggedresponse>

</taggedresponses>

Copyng,ht © 2007, IGI Global. Copying or distributing in print or e]ectromc forms without written permission of IGI Global
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- Listing 4. Record of the.model solution for an item (QTICAM RR bz’hdz’ng)-

+ <solutionmaterial>
<material label="solution"> -

<pre>

|-, .char*ptr;
- “ptr = aSfring;

while(*ptr 1= \0')

{

it (*ptr =c1)

*otr =

} .

}

</pre>
JI></mattext>
 </material>
</solutionmaterial>

<mattext texttype="text/html" xml: space-"preserve"><I[CDATA[

 void repla_ceAII(char *aString, char *c1, char c2)

QTICAM XML assessments. This could then
be taken off-line during the marking process.
Off-line implementation is of particular benefit

to those with poor bandwidth such as analogue -

modem users, or for those with a roaming lap-
" top. Alternately, a hybrid approach could be
implemented where the marking tool supports
both online and off-line operation.
The following section introduces the
- computerassistedmarking prototype (CAMP),
which demonstrates the use of the QTICAM
specification.

CAMP: PROTOTYPE MARKINvG

TOOL

- To demonstrate the QTICAM spec1ﬁcat10n at
- work, the CAMP system has been developed.
CAMPisaCAM tool implemented in Java. Itis

currently a pr ototype and not yet optimised for .

completeusability. However, it demonstrates the
- features of the-QTICAM specification. CAMP

makes use of the XML document object model -

(DOM)- application programming interface
(API)Y” to manipulate the QTICAM RR XML

containing the material that is to be marked.
It can load multiple RR XML files, which it
stores in memory. As an item is marked, the
changes are kept in memory. Once the marker
clicksthe savebutton, moves onto another item,

“or otherwise closes the application down, the

changes in memory are written to their respec-
tive XML file. .

The CAMP tool supports the following
functions:

*  The ability to open multiple QTICAM RR
XML documents and display ahierarchical
* tree structure, which summarises all items
broken down into sections and student as-
~ sessments. ‘
+  For each item loaded, it displays: o
© +  the material presented to the stu-
' dent; ‘
+  the student’s submission/s;
'« an optional model solution;
+ all the marking rubrics;
+  the student score for the item;
+ the student score for the assess_mént;
and ‘ '

Copyright © 2007, IGI Global. Copymg or distributing in print or electromc forms without written permission of IGI Global
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. » - the studént and marker’s names.

.+ Theability forthe markertotag passages of

" the student’s solution and attach feedback

with a comment or mark.

e The modification of the comments and

" tharks by clicking on an existing tagged
passage.

e The deletion of ex1st1ng comments and
marks by clicking on an existing tagged
passage.

+  The saving of chancres back to the XML
file during the marking process.

»  The flagging of an item as marked when
marking is complete.

Automatic aggregation of marks is sup-
ported, totaling scoring variables for rubrics
and item, section and assessment scores. Figure
1 illustrates the process of assigning feedback
to a student’s solution using CAMP. '

~ This figure highlights the functionality
provided by the QTICAM.: (a) the assessment

question; (b) themarkingrubric; (c)the student’s

_assessable answer where the marker has high-
lighted the passage more manageable for feed-
back, before clicking the Add Feedback button
to present the feedback dialog (d). The dialog
allows the marker to assign only a legitimate
mark-(0.5) within the bounds for the item and a
comment: Each part is more manageable than
the whole. Placing the mouse over the tagged
‘passage more managable in (c) will display (), a
popup window showing the recorded feedback
for that passage; and (f) The total score of the
item and Fred Smith’s assessment score befor e

the 0.5 mark was assigned.

To elaborate futher, Figure 1 shows that”

‘the marker has highlighted the passage more
managable from the student’s solution. To
open the dialog box shown in Figure 1(d), the
marker clicks the A4dd Feedback button. This
- dialog allows the marker to select the rubric to
which their comment ormark is associated: On

selecting the required rubric, the marker can -

only enter a mark that meets the constraints

of the rubric. For example, the marker cannot.-

. assign‘a mark that would push the total for the -
rubric beyond its upper or lower limits defined . - -

in the QTICAM. In this case, the rubric score. -+ .
has been specified with: o

<decvar varname="SCORE"
vartype="Decimal"
minvalue="0"
maxvalue="3"
" increment="0.5">

It restricts the assigned mark to values
between 0 and 3 with increments of 0.5. This
improves consistency inthemarking and makes
it quicker for the marker to select a mark. The

- dialog also contains a list of comments (Feed-

back History) made previously by this marker
for the same item answered by other students.
This helps with consistency in feedback and -
efficiency in allowing the marker to reuse
comments. On selecting a comment from the
dropdown list, it is placed in the Feedback text
area at the bottom of the dialog. The marker
can choose to customise the comment if they
wish. Alternately, the marker can create a new-
comment by typing directly into this empty

‘text area.

 On feedback completion, the associated
passage from the student’s solution (originally
highlighted by the marker) appears underlined
to indicate it has feedback associated with it,
and the QTICAM RR XML for this item has

“changed, as illustrated in Listing 5.

The code presented in bold illustrates the
changes made to the XML file once a marker
has provided feedback using CAMP.

When item marking is complete, the
Completed tick box at the bottom of Figure 1 -
is selected. By forcing the marker to make the -
conscious decision to flag an item as complete,
this ensures items are not overlooked, when
for example, a marker moves from one item
to another comparing different students’ solu- -
tions. When an item is flagged as unmarked; it
is represented in QTICAM RR XML as: -
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“Figure 1. CAMP: Selecting passage for feedback ... .- 7.

Question: . i ' - i
o o . oo -~} %} The OSI Reference Model was developed to
Why was the OSI Reference IModel il divide the task of designing a network into
developed? Why are the layers of the OSL.so | * smaller parts. Each part is independent of each
important?” ©° . ... - il other. Fach partis more manageable than the
o (a) : ey e whole Fach layer is a part of the whole. Layers.
éllare important becausethey allow the rietwork to
¢ be divided into distinct functions, Different
i1 groups can develop each of the functions
‘il independently. Each layer becomes more
I —————)
i A half mark is allocated for each
i highlighted point above that the student has in their
answer. .

g The OSI Model was developed to provide
open interconnection between heterogenious
¢ systems. It divides the task of network

| communication into separate

s components. - This makes '
|| communication process m ble.
also allows different functions to be

' implemented by separale entities and yet still

remain interoperable,

= (©)

(Feedback}

el @

- ! :-1.0
' “Feedback Histony: | g5

: .559‘_’_9’?3':": o0 Each part is mare managableithan the whole.

Stl,ideri_t'chre:

e 'Score: 1.053.0

v;_(f} | I Previous H
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: 1.Lisling:5,: QTICAM RR XML: Changes to XML after adding feedback .

<taggedresponses>

remaln mteroperable <Itagresponse>

<tagresponse |dent-”4"/>
</taggedresponse> o
</taggedresponses> -
<manualfeedback>

<score_value>0.5</score_value>
‘</scorefeedback>

<score_value>0.5</score_value>
</scorefeedback> .

comment>
</scorefeedback>

<score_value>0.5</score_value>
</scorefeedback> :
</manualfeedback>

<taggedresponse ident_ ref-"Come1">The OSI Model was developed to prov1de open in-
terconnection between. heterogeneous systems. <tagresponse ident="1">lt divides the task of
“network communication into separate components </tagresponse> This makes the commu-
nication process <tagresponse ident="2">more managable</tagresponse>. <tagresponse
ident="3">It also allows different funotlons to be implemented by separate entltles and yet stlll

<scorefeedback ldenf-"1 "varname="SCORE">
<scorefeedback ident="3" varname="SCORE">

- <scorefeedback ident="4" varname="SCORE"> )
<comment>Other points to consider include that each layer is independent and that each
part is more manageable than the whole. The layers are also distmct functions. Good effort. </

<scorefeedback ident="2" varname="SCORE">
" <comment>Each part is more manageable than the whole </comment>

<manualscoring>

<status>
<status_value>Unmarked</status_vallue>
</status>

</manualscoring>

.- When a tick is placed in the Completed tick
box the XML is changed to:

<manualscoring>
<status>
<status value>Marked</status value>
</status>
.</manuals¢ori'ng>' ‘

~ Themarker nav1gat1 on wmdow asillustrat-

-edin Figure2(a), shows that question CommQ1. .

of Section Part A has now been marked.
This window gives a hierarchical view of
all student assessments that have been loaded

into memory. Once an entire branch of the hi-

erarchy has been completely marked, its parent
branch will also be flagged as marked. This is

" demonstrated in Figure 2(b).

Whensection Part Bismarked, thiswillflag
the entire assessment Sample Multi-discipline
assignment for Fred Smith as marked, in the
same manner. This allows the marker to see at
a glance what remains to be marked from their
allocation of student assessment.

CONCLUSION

QTICAMis an'enhancement of the IMS QTI - -
_specification and provides support for interoper-

able computer assisted marking. Its functional- -
ity hasbeen illustrated via the demonstration

of CAMP. Features of the QTICAM include: -

support for limiting mark increments, inclusion
of human readable marking rubrics, ability
to record the marker for each marked item,
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Figure 2: CAMP: Navigation window flagging marked items. - L S e L e e l

P e D CDmeE‘
- [ commas
- [} commas
- [y commas
- ] PartB: C Programming
- [y Progas
[ Progar
Y ProgQS

Fred Smlth (q91 23458?} -Bample Multi- dlscmlme asmgnment
5 5] PartA Commumcatmn ShottiLong Answet Question {marked)
Ej comm@1 {marked)
[} comma2 (marked)
D Comm@3 (marked)
'R 'C.omm@# {marked)

| o - PartB ¢ Pragrarming
- [y Progas
D Prag@y
D F'rogQEl
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-+ recording manual marker feedback. including -

comments and marks, linking marker feedback

“to passages of the students’ solutmns record-|
g the mate1 ial presented to'the student in the;'-
esultsreport, and the ab111ty torécord fomlatted .
' ~-..n10de1 solutions’ for itertis. .
* One ofthe main benefits for markers inthe"
‘'use of CAM software is increased productivity'.
-+ through automation of repetitive mechanical_i-" '
tasks (Joy & Luck, 1998). Such benefits include:"
automatic collation of marks atthe item, section;:
and assessment levels, and the ability to easily”
‘reuse feedback comments by selecting from a:
list. Another major benefit to CAM software"

is improved quality. For example, typically a

marker will, after completion of marking, add
the marks assigned and record the total on a-
marking sheet. This manual process introduces-
. ahighrisk of error during the addition and tran-

scription of the‘m.ark_s.' Through CAM, marks
can be collated and recorded automatically,
‘eliminating this quality issue. Other benefits
to CAM include:

+  Improved marking consistency: providing
constraints on scoring variables ensures the-

~ markers assign marks consistently within
the scope of the marking rubric

*  Manual handling of results is eliminated:

results from student assessments can be

automatically uploaded into a LMS reduc-

ing staff workload and errors -

' ‘Improved marking feedback: permitting

the marker to- associate feedback with
passages of the student’s solution allows
the student to interpret the feedback in the

context of their own work (Mason, Woit et

al., 1999)

«  Potential to automate correction of mark-
ing errors across large assessment collec-
tions :

The QTICAM specification currently adds
essential support to the QTT for computer as-
sisted marking. Future development will see the
inclusion of advanced features that will:

=20 .-Journal of Distance Education. Technologies, 5(3), 8-23, July-September 2007 = .~ -

e Automate latesubmlssmnpenaltyapphca-" o

~ tion

s * Share’ feedback between multlple marl\- ETIPTE

. €rs

. ‘ C1a551fy malkers comments for latel-'“

. analysis
. _Automate markmg moderatlon

Withthe adoptlon ofan mteroperable CAM

specification such as QTICAM, interoperable -°
. CAM applications can be a reality.
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ENDNOTES
! Readers not familiar Wilh XML are difected fo _' '

read the following onlineresources: http:/www.
xml.com, http://xml.coverpages.org/xml.html, -

http://www.w3.org/ XML/, http://www.xml.
org. '

2 The <decvar> clement is used within the QTT AST

specification for declaring a scoring variable. It -

allows the question author to define attributes for
ascoring variable such as minimum, maximum,
and default values.

3 The <interpretvar> element describes how to inter-
pret the meaning of scores assigned to scoring
variables.

4 <score> is used within the QTI RR binding to
record the score achieved by astudentas defined
by the <decvar- element of the QTT ASL

> ACDATAnode is a quoting mechanism within
XML syntax to allow the special meaning of
other XML characters to be escaped as part of
-an XML document.

6§ The <material> element provides a container ob-

ject for any content to be displayed. It allows

varjous data types such as plain or emphasised -

. text, images, audio, videos, or applets.

7 The XML DOM API is a standard platform

independent programming interface for ma-'
nipulating the content of XML documents in -

© computer memory.
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