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Abstract. In this paper, we present CosyQTI, a tool for authoring adaptive 
assessments, which gives the educator/ author significant flexibility in terms of the 
adaptation that s/he can incorporate in the assessments s/he builds. The assessments 
can be accessed via a variety of access devices including desktop and handheld ones. 
We illustrate the architecture of the CosyQTI tool and advocating that the tool fully 
conforms to the IMS_QTI and web standard, serving the goal of interoperability. 
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1. Motivation 
 
Computers are increasingly being used in the assessment process in many educational 
situations and several initiatives have been set up. For example, the e3an (Electronics and 
Electrical Engineering Assessment Network) project has developed tools for collecting, storing 
and disseminating questions [http://www.e3an.ac.uk]. Various vendors have proposed 
commercial self assessment tools, like QuestionMark [http://www.questionmark.com], Can 
Studios [http://www.the-can.com], etc.  
Although these tools enable instructors the creation of various types of assessment exercises 
(e.g. multiple choice, fill-in the blanks, hot spots, and so on), they do not offer functionality for 
the adaptive presentation of exercises based on instructional rules.  Adding the adaptation 
capability to the assessment process has been proven advantageous, primarily for the reason 
that learners are presented with personalized tests, tailored to their needs, preferences and 
current knowledge, but also because the number of assessment items required can be adjusted, 
most of the times resulting in fewer items, which implies a shorter, less tedious assessment 
[1,2]. Only few such adaptive tools can be found in the literature such as to SIETE [3], CATES 
[4], TANGOW [5]. Details about the hypermedia adaptive assessment tools can be found in 
[5]. 
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The goal of this paper is to present an innovative tool, which is called CoSyQTI tool, that 
supports the authoring process and presentation of personalised and adaptive web-based 
assessment. Adaptation in our research means two things: 
i) the generation of a dynamic sequence of questions depending on learner’s responses and 
estimation of his/her knowledge level, as defined by Pitkow and Recker in [6]. It has been 
showed that web-based adaptive questionnaires can reduce the number and complexity of 
questions posed to users.  
ii) The adaptation of the content of web-based tests to the learner’s access device 
characteristics such as screen dimensions, storage capacity and processing power. In our user 
case, the tool can be accessed by a PC system, a personal hand-held device (PDA) in 
compliance with Wireless LAN technologies (802.11b-g) and a 3G cellular device or one 
compliant with WAP technologies. 
Moreover, the CoSyQTI has another innovative feature. As learners answer the presented 
assessment items, the learner model is updated in order to reflect the current status of their 
knowledge level as well as to keep logs of the whole interaction. Although in most assessment 
systems the learner model is not usually accessible by the learners, CoSyQTI allows learners to 
access parts of their model. It has been argued that the act of viewing representations of their 
knowledge level can raise learners’ awareness of their developing knowledge, and difficulties 
the learning process, thus leading to enhanced learning [7,8]. In CoSyQTI the learner can alter 
his/her knowledge level at will or negotiate the changes with the tool and come to an agreed 
representation. In the mobile learning arena, few systems such as C-POLMILE and 
MoReMaths (Mobile Revision for Maths) [9], offer open learner modelling. 
In this paper, we illustrate the main features of the CoSyQTI tool. While section 1 gave an 
overview of the motivational aspects of our research providing a brief introduction to the 
notion of adaptation in the assessment systems, section 2 will present the adaptation 
mechanisms of the CosyQTI. We will analyse the adaptation mechanisms, the XML manifest 
of the subject domain, and the learner modelling techniques. Finally Section 3, will comment 
on evaluation results and give directions for further research. 
 
 
2. Adaptation in the CoSyQTI tool 
 
2.1 The adaptation philosophy 
 
CoSyQTI’s approach advocates that the author of an assessment, i.e. the educator, should be 
able to make decisions on matters such as:  
• which questions should be considered easy or hard,  
• how are grades to be interpreted in terms of the user’s knowledge level,  
• how many questions are necessary to estimate the learner’s knowledge with confidence, 
• how is the learner’s performance going to affect the learner model and many more. 
 
With CoSyQTI, authors are able to create the following type of questions: 
• True/False  
• Multiple choice – single, multiple or ordered response 
• Image hot spot item 
The assessments created fully conform to IMS QTI specification (Question and Test 
Interoperability) [10], so that they can easily be exported and used by other applications which 
are also IMS compliant. Furthermore, authors can later open and edit an existing assessment. 
The IMS QTI initiative proposes the representation of assessment tests in standard XML 
format, thus allowing interoperability between different assessment tools. QTI structures tests 
into assessments, sections, and items. An item is the formal name for a question within QTI, 



and an assessment is the name used for a test within QTI. The terms "item" and "assessment" 
are considered more precise and useful for the formal specification, than the looser but more 
widely understandable "question" and "test" words used in the QTI title. 
Nevertheless, CosyQTI innovates by introducing the use of XSL templates (XSLT 
transformations) designed to adapt the XML formatted questions to the learner’s device’s 
specific characteristics like screen dimensions, network availability, storage capacity and 
processing power. 
 
 
2.2 Adaptation to access device characteristics 
 
CosyQTI adapts the question items to the access devices’ characteristics. The content tagging 
is a feature that is mainly exploited when adapting the assessment items to the devices 
characteristics. Predefined elements of the IMS QTI XML manifest are used in order to 
fragment the assessment content in order to fit into smaller displays like PDA’s or WAP 
cellulars. For example, in Figure 1, the content of a Question is presented in smaller fonts and 
minimized dimensions when displayed in a PDA compared to a PC, with the use of XSL 
stylesheets. In an even smaller display, such as a Wap phone, the same content is divided into 
two element fragment; the Question and the given answers. It should be noted that theexample 
below is indicative in order to illustrate the look-and-feel and is not part of e-learning activities. 

 
 
 

   
(I) PDA display (II) Laptop display (IIIa) WAP 

Question display 
(IIIb) WAP 

Answers display 
    

Figure 1. Displays of an assessment item in various access devices (PDA, Laptop and WAP cellular). 
 
 
2.3 Authoring process of adaptive tests 
 
The CoSyQTI tool allows the author to create both adaptive and non-adaptive assessments. 
The first thing that the author has to do is to create the assessment. As already written in 
section 2.2, the tool conforms to the IMS QTI specification. Of course, the author does not 
write any XML code for creating the assessment. In fact he fills in simple web-based forms 
like the one presented in Figure 2. The editing tool for the assessment supports only desktop 
and PDA displays and not WAP ones. 
 



 
Figure 2. Screen for creating a True/False Question 

 
When the assessment is created, the author can manage the entire assessment from his screen, 
being able to edit the rules that will be applied to selected items/sections. These rules take the 
form of IF <condition> THEN <action> rules, where the <condition> refers to the learner’s 
knowledge level on a particular topic, her/his score and/or the assessment’s difficulty level, all 
checked at a given moment during the assessment. This moment is called the rule’s trigger-
point, it can be any point in the assessment and it is also defined by the author. The <action> 
refers to the resulting change in the assessment and currently includes a change in the user’s 
knowledge level on the section’s topic, a change in the assessment’s difficulty level and/or 
moving the user to a different section. Figure 3 depicts the screen through which the author 
builds an activation rule and specifies the trigger point, the action that will happen when it will 
be applied. 

 
 

 
 

Figure 3. Screen shot of CoSyQTI authoring environment for building adaptive rules for an introductory course 
on computer science 

 
 
The questions that will be presented to the learner are displayed on the fly, according to the set 
of rules that the author creates.  



The algorithm used by the CoSyQTI tool to activate and deliver an adaptive assessment can be 
summarized in the following: 
If (initialization rule applies) then 
 update item selection criteria 
Do 
 Select appropriate item to present 
 Receive Answer 
 If ( rule applies) then 
  If (rule is of LearnerModel_update type) then  

 update LearnerModel accordingly 
  Else if (rule is of item selection type) 
    update item selection criteria 
While (NOT end of assessment) 
Update LearnerModel accordingly 

 
 
2.4 Learner  model description 
 
A learner model in an AHES is essentially the information the system holds about the user and 
is mainly related to the learning process. This information has to be such that the system can 
better adapt to the user’s individual needs. When observing the learner-computer interaction, 
several adaptations can take place, some of which do so explicitly and some implicitly, based 
on the interactive events, the path that the learner has taken, the performance concerning some 
learning tasks, etc [2]. An adaptive or adaptable educational hypermedia enriches the 
application functionality by maintaining a “representation of the user” (or “user model”) and 
providing customization mechanisms to modify application features in response to learner 
model updates. For adaptive educational hypermedia, user model updates are automatically 
generated by the system (by monitoring and interpreting the user’s interactions); for adaptable 
hypermedia, user model updates are under the user control. The adaptivity/adaptability 
feedback could be related to the organizational and presentational is-sues of the learning 
resources (permission to move forward, encouragement to read specific sections, undertake 
some tasks, etc.).  
The user model used by the CoSyQTI has resulted from the selection and combination of 
elements from IMS LIP and IEEE PAPI [11] standards. Specifically, it consists of the 
following elements: 
• Demographic data - data that remain unchanged, such as age, gender, etc. 
• User goals, which are related to the long term and short term learning goals related to 
learning objectives of specific concepts to be learnt (e.g. “to complete course X”).  
• User preferences, with respect to the various dimensions of the learning opportunity (e.g. 
the mode of delivery, accessibility requirements, or assessment).  
• User knowledge, which includes the knowledge level about concepts to be learnt and 
weaknesses and strengths on particular areas, sections or points of the concepts. 
• Usage data – historical data which include information like which pages were viewed, in 
what order, for how long, etc. 
The first three elements are considered to be changeable only by the user, whereas the last two 
are monitored and updated by the system. Goals and preferences are not being exploited in the 
present version of the system. 
There is only one learner model that describes a user of our system, contrary to SIETTE that 
uses two: a temporary student model with performance information and a more permanent 
student model, which is also more complete. The learner accesses the hypermedia content of 
the assessment in the most appropriate user interface design and requests data according to 



his/her preference. This request is passed to the server that will return the data matching the 
requested data to the user profile.The aforementioned approach is shown in figure 4. 
 

 

Figure 4. The sequence diagram of the adaptation mechanism in CoSyQTI 
 
 
3. Evaluation 
 
CoSyQTI is a web-based tool for creating adaptive assessments giving the author the 
opportunity to define his/her own adaptation rules. The tool can be accessed via various 
handheld devices. It conforms to the IMS_QTI specification, allowing interoperability. The 
learner model used has resulted from the combination of elements from IMS LIP specification 
and IEEE PAPI [11] standard. The CoSyQTI has not been tested in full within real classroom 
environments. Only small scale usability evaluation studies in a lab have been performed. 
More specifically, the tool’s usability was tested by giving it to 3 users, who are teachers 
attending an MSc programme on Advanced Learning Technologies. We asked them to perform 
a few tasks based on specific scenarios that included both the creation of a test as well as 
completing the test that had been accessed via various devices. We also monitored their 
reactions. The participants responded that the navigation through the screens was 
straightforward and that the form fields’ meanings were clear. None of the participants had 
difficulty in creating an assessment, or a section, or an item. It must be emphasized that the 
they agreed (one strongly agreed) that CoSyQTI is a useful tool, that it was generally easy to 
use and that it is very useful for an author to be able to create personalized assessments.   
In the near future plans we are creating a module that will allow the authors and the learners to 
access the learner model and change the value some of its elements. Of course, extensive 
usability tests have been planned. 
 
References 
 
[1] Brusilovsky, P.: Adaptive and Intelligent Technologies for Web-based Education. In: Rollinger, C., 

Peylo, C. (eds.): Special Issue on Intelligent Systems and Teleteaching. Kunstliche Intelligenz, Vol. 4 
(1999) 19-25 

[2] Kobsa, A.: Generic user modeling systems. User Modeling and User-Adapted Interaction, 11(49):49–
63, (2001). 

[3] Rios, A., Pérez de la Cruz, J.L., Conejo, R.: SIETTE: Intelligent evaluation system using tests for 
TeleEducation. Workshop "WWW-Based Tutoring" at 4th International Conference on Intelligent 
Tutoring Systems (ITS'98) 

[4] Chou, C.: Constructing a computer-assisted testing and evaluation system on the World Wide Web – 
the CATES experience. IEEE Transactions on Education 43(3) (2000) 266-272 

[5] Alfonseca E., Marνa Carro R., Freire M., Ortigosa A., Pιrez D., Rodrνguez P.: Educational Adaptive 
Hypermedia meets Computer Assisted Assessment. Proceedings of the International Workshop A3EH 
in the Adaptive Hypermedia International Conference (AH-2004), Eindhoven (The Netherlands), 
August 2004 



[6] Pitkow, J., Recker, M.: Using the Web as a Survey Tool: Results from the Second WWW User Survey. 
Computer Networks ISDN Systems 27(6) (1995) 809-822 

[7] Bull, S., Cui, Y., McEvoy, A.T., Reid, E. & Yang, W. (2004). Roles for Mobile Learner Models, in J. 
Roschelle, T-W. Chan, Kinshuk & S.J.H. Yang (eds), Proceedings of IEEE International Workshop on 
Wireless and Mobile Technologies in Education, 124-128. 

[8] Bull, S. & Pain, H. (1995). 'Did I say what I think I said, and do you agree with me?': Inspecting and 
Questioning the Student Model, in J. Greer (ed), Proceedings of World Conference on Artificial 
Intelligence in Education, Association for the Advancement of Computing in Education (AACE), 
Charlottesville, VA, 1995, 501-508.  

[9] Bull, S. & Reid, E. (2004). Individualised Revision Material for Use on a Handheld Computer, in J. 
Attewell & C. Savill-Smith (eds), Learning with Mobile Devices, Learning and Skills Development 
Agency, London.  

[10] IMS Question and Test Interoperability Specification, http://www.imsglobal.org/question/ 
[11] IEEE PAPI Learner http://edutool.com/papi/ 
  
 
 
 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


