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Abstract

As a part of many e-learning initiatives, a set of
learning units must be arranged in a particular order
to meet the learners’ requirements. This process is
known as sequencing and it is typically performed by
instructors, who create wide-public ordered series
rather than learner personalized sequences. This
paper proposes an innovative intelligent technique for
learning object automated sequencing using particle
swarms. E-Learning standards are promoted in order
to ensure interoperability. Competencies are used to
define relations among learning objects within a
sequence, so that the sequencing problem turns into a
permutation  problem and a particle swarm
optimization algorithm can be applied to solve it.
Results demonstrate that the new agent succeeds and it
shows a good performance in real and tests scenarios.

1. Introduction

Curriculum sequencing is a technique used to build
adaptive learning resources whose main objective “is
to provide the students with the most suitable
individually planned sequence of knowledge units to
learn and sequence the learning tasks to work with”
[1]. These methods derive from the adaptive
hypermedia field and rely on complex conceptual
models, usually driven by sequencing rules that result
in proprietary systems and non-portable courseware.
The Learning Object (LO) paradigm encourages the
creation of small reusable learning units which are
later assembled and/or aggregated in order to create
greater units of instruction, such as lessons or courses
[2]. A set of standards and specifications promotes
interoperability, but really hinders automatic content
adaptation and consequently LOs reusability [3].

In this paper an intelligent agent that performs the
sequencing process is proposed. LOs’ sequences are
defined in terms of competencies in such a way that

sequencing problem can be modeled like a classical
Constraint Satisfaction Problem (CSP), and Particle
Swarm Optimization (PSO) is used to find a suitable
sequence within the solution space.

2. Competency-based Sequencing

Competencies can be formally described as
“multidimensional, comprised of knowledge, skills and
psychological factors that are brought together in
complex behavioral responses to environmental cues”
[4]. Some e-learning trends are trying to standardize
competency definitions so that they could be
interchanged and processed by machines. The oldest
and most used specification is IMS "Reusable
Definition of Competency or Educational Objective”
(RDCEOQO) [5]. According to RDCEO and IEEE
nomenclature, a competency record is called “Reusable
Competency Definition” (RCD). RCDs can be attached
to LOs in order to define their prerequisites and their
learning outcomes. We have used this approach to
model LO sequences. By defining a competency (or a
set of competencies) as a LO outcome, and by defining
the same competency as the prerequisite for another
LO (Figure 1), a constraint between the two LOs is
established so that the first one must precede the
second LO in a valid sequence. Metadata (MD)
definitions are attached to LOs, and within those
definitions references to competencies (prerequisites
and learning outcomes) are included.

Competency

Figure 1. LO sequencing through competencies



Given a random LOs’ sequence modeled in this
way, the question of finding a correct sequence can be
envisaged as a classical CSP. The solution space
comprises all possible sequences (n!/ will be its size,
total number of states, for n LOs), and a (feasible)
solution is a sequence that satisfies all established
constraints. LOs' permutations inside the sequence are
the operations that define transitions between
(candidate) solutions. So we face a permutation CSP
(permut-CSP).

PSO is an evolutionary computing optimization
algorithm that mimics the behavior of social insects
like bees. The original PSO [6] is intended to work on
continuous spaces. A version that deals with
permutation problems was introduced in [7]. We take
this approach and a permutation full-informed PSO
was implemented in order to test its performance for
solving the LO sequencing problem. A standard
penalty function was wused as fitness function.
Parameters were set according to [7] and population
size was set to 20.

During the agent development we found that in
some situations the algorithm got stuck in local
minimums, and it was not able to find a feasible
solution. For that reason, three different tuning
mechanisms were envisaged in order to improve agent
performance. First option is to change pbest and gbest
values when an equal or best fitness value is found by
a particle (comparisons with the current state were set
to less or equal (<=)).The second tuning mechanism is
to randomly decide whether the permutation of a
particle’s position was performed from gbest or from
pbest (p=0.5). Finally a velocity check mechanism was
also tested. Each velocity value was limited to the
number of LOs in the sequence.

3. Results

The agent was implemented using Microsoft Visual
Studio C#. A problem concerning course sequencing
for a Master in Engineering (M.Eng.) program in our
institution was chosen for testing. The (web
engineering) M.Eng, program comprises 23 courses
(subjects) grouped in:

e Basic courses (7). All of them must be completed
before taking any other kind of course. There may
be restrictions between two basic courses, for
example ‘HTML’ course must precede ‘Javascript’
course,

e ‘Itinerary’ courses (5) that must be taken in a fixed
ordered sequence.

e Compulsory courses (5). There may be restrictions
between two compulsory courses.

e FElective courses (6). Additional constraints
regarding any other course may exist.

All courses have a (expected) learning time that
range from 30 to 50 hours. They are delivered online
using a LMS [8] and they have their metadata records.
Competency records were created to specify LOSs’
restrictions, and LOs’ metadata records were updated
to reflect prerequisite and learning outcome
competencies. A feasible sequence must have 23 LOs
satisfying all constraints.

Once the problem was established, PSO agent was
set to test four different configurations that reflect all
possibilities concerning the first two tuning
mechanisms. These configurations are:

e Configuration 1. Comparisons for changing particle
pbest and gbest values are set to strictly less (<).
Permutation of the particle position is performed
regarding ghest. These are the original settings.

e Configuration 2. Comparisons set to less or equal
(<=). All permutations are performed from gbest.

o Configuration 3. Comparison set to strictly less (<).
Permutation of the particle position is randomly
selected from gbest or from pbest.

e Configuration 4. Comparison set to less or equal
(<=). Permutations from gbest or from pbest.

Each configuration was run 100 times and results
representing mean fitness values’ evolution were
computed (figure 2). All configurations converge to a
feasible solution, but configuration 1 (original settings)
outperform all others. Configurations 1 and 2 show
similar performance but configuration 1 reaches before
any other a 100% success ratio for 100 runs.
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All these tests were run checking the normalized
velocity limit. In order to test the real performance of
this improvement, the four configuration sets were run
without performing the velocity check (tablel).
Velocity check dramatically improves performance,
and configuration 1 also displays better performance in
both cases.

Table 1. Mean number of fitness evaluations for
each configuration (100 runs)

Configuration | Without Velocity With Velocity
Check Check

Conf 1. 1158 641

Conf 2. 1237 645

Conf 3. 1817 1008

Conf 4. 1412 975

The tested scenario may seem to have many feasible
solutions that would make doubtful PSO performance
in more ‘challenging’ scenarios, so PSO agent was
tested in ‘more difficult’ situations. Test sequences of
5, 10, 20, 30, 40, 50, 60, 75 and 100 LOs with only
one feasible solution were designed. Figure 3 shows
the results and it supports the argument that velocity
control improves agent performance as the solution
space size grows. It could also be inferred that the
proposed PSO agent handles reasonably combinatorial
explosion for this particular problem.

120

~—100 *
-l ,
3 80 :’
2 r
= J
=
= L4
2 60 7
[=]
.g ’f‘
5 40 ycad
E ” /
2 20 -~
2 "’
£ g

0 4 T T T |

0 20 40 60 80 100

# Learning Objects
—— yith velocity control = =#==without velocity control
Figure 3. Mean number of fitness evaluations
required for different number of LOs (100 runs)

4. Conclusion

The purpose of the study was to design, develop
and test a PSO agent that performs automatic LO
sequencing through competencies. The permutPSO

have been extended to solve the LO sequencing
problem. The algorithm has been also properly tuned.
Results show that: (1) PSO succeeds in solving the
problem, (2) the original configuration is the best one,
and (3) a velocity check that limits the normalized
velocity of each particle value improves performance
in the tested scenarios.

5. Acknowledgments

This research is co-funded by: (1) UAH FPI
program, (2) MITyC PROFIT and Plan Avanza
programs (grants FIT-350200-2007-6 and PAV-
070000-2007-103), (3) MEC PROFIT program (grant
CIT-410000-2007-5) and (4) JCCM educational
innovation cooperation program (grant EM2007-004).

6. References

[1] P. Brusilovsky, "Adaptive and Intelligent Technologies
for Web-based Education," Kiinstliche Intelligenz, Special
Issue on Intelligent Systems and Teleteaching, vol. 4, pp. 19-
25, 1999.

[2] D. A. Wiley, "Connecting learning objects to
instructional design theory: A definition, a metaphor, and a
taxonomy," in The Instructional Use of Learning Objects, D.
A. Wiley, Ed., 2000.

[3] N. A. Abdullah and H. Davis, "Is simple sequencing
simple adaptive hypermedia?," in Proceedings of the
fourteenth ACM conference on Hypertext and hypermedia
Nottingham, UK: ACM Press, 2003.

[4] J. Wilkinson, "A matter of life or death: re-engineering
competency-based education through the use of a multimedia
CD-ROM," in IEEE International Conference on Advanced
Learning Technologies, 2001. Proceedings, 2001, pp. 205-
208.

[5] IMS, "Reusable Definition of Competency or Educational
Objective - Information Model," IMS Global Learning
Consortium, 2002.

[6] R. Eberhart and J. Kennedy, "A new optimizer using
particle swarm theory," in Proceedings of the Sixth
International Symposium on Micro Machine and Human
Science. MHS '95., Nagoya, Japan, 1995, pp. 39-43.

[7] X. Hu, R. C. Eberhart, and Y. Shi, "Swarm intelligence
for permutation optimization: a case study of n-queens
problem," in Proceedings of the 2003 IEEE Swarm
Intelligence Symposium, Indianapolis, USA, 2003, pp. 243-
246.

[8] R. Barchino, J. M. Gutiérrez, and S. Otdén, "An Example
of Learning Management System," in [ADIS Virtual Multi
Conference on Computer Science and Information Systems
(MCCSIS 2005), Virtual, 2005, pp. 140-141.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (ieeUse these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


