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Abstrakt

The need for individualised support is importansiags of classes increase. We present a
study of a learner-adaptive system — a systenathegits to improve the learning
experience of the user — for spelling in primaryau. Together with teachers we have
designed and evaluated a specific technapgution of educational conte(first
explored by Sklar and Pollack, 2000) that refinaslls1g exercises based upon the
student’s earlier success. The method of trianguias used to combine qualitative with
quantitative measures for determining the usakhilitthe system anelvolution of
educational contenfThe usability test derives from Squires and Rr€@699) set of
learning with softwaréneuristics — a framework that recognizes the ingmme of not
only design but also learning outcomes. We foewalution of educational content
highly usable for spelling training in primary schand as a complement to the
conventionally taught curricula. The results showedncrease in spelling ability and
demonstrated individualised learning with non-cotitipe interaction among students.
Notably, individualisation occurred in spite of thlessence of a student model.
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1. Introduction

If we can find the optimal way of learning for ey@ndividual student, would that not be
wonderful? Assume a learner gets an individuatedatum, continuous feedback, and
tailored assignments and exercises that challeegthimking. Moreover, let us assume
that the learner gets stimulation and encouragelmeher peers and tutor, weighing the
advances made at her own level. The aforementismgport enables@nstructivist
approach to learning. It may be hypothesized thause of constructivist inspired
educational systems increases the efficacy of ilegriiowever, a more subtle, often
overlooked but, with the introduction of informatitechnology, increasingly pertinent
aspect is theinsability— how useful are such systems for the partiedwed?

The psychologist Jean Piaget described concemaalihg as a two-pronged, active and
constructive process, namely throwagsimilationandaccommodationAssimilation
occurs as experiences are collated into new kn@elead is sometimes characterised as
a formative process. The resulting imbalance (neanktedge versus old knowledge)
triggers accommodation, a self-centred, refinerpemtess by which the student tests
various ways of integrating and re-organizing tltevaith the new knowledge — possibly
in interaction with her peers. Since developmetigistly interconnected with learning,
Piaget was a strong advocate for supporting thaestito control the direction and pace
of her own learning process. When the studentsdomdething stimulating and
interesting, they should be encouraged to inveigtigad learn. Piaget’s theories of
learning and development are commonly labelledtcoasvist and accord with the
introductory scenario.

One accepted institute for learning is and has i@ea very long time, school. However,
it is often difficult for a single teacher to pemfio individuated learning in big groups of
children, often 20-30 students per teacher. Wighitroduction of information
technology there has been both scientific and camialeexcitement surrounding the
possibilities of using such technology for eduaagicand pedagogical purposes. One
type of educational computer software is knowiteasner-centreceducational software,
i.e. software that is adaptive to the learner'sisepace and interest. A specific form of
software developed according to a learner-centestyd — here calleléarner-adaptive
software — adapts its control mechanisms to fullgoenpass the specific learning needs
of the user.

This thesis evaluates the efficacy, usefulnessuaadility of a particular learner-adaptive
technique, here referred to@golution of educational conteribr computer-based
learning. Evolution of educational content was ioadly proposed by Elizabeth Sklar
(2000) in her PhD thesis. By careful incorporaiioio a computer environment the
technique can fulfil a subset of the learning featudentified above and thus provide
partial support for constructivist learning (Skédard Pollack, 2000). In collaboration with
pedagogical peers, we incorporate Sklar's technig@emodified learning domain into a
software environment and test the technique fdrleaaning outcomes. As the potential
scope of such an investigation is wide, our studyi$es on thesability of this particular
software. The software’s general character allosviicarefully discuss the usability of
such systems in general.



At the outset it is important to note that thera isell-developed theory surrounding
usability testing ofiser-centredoftware e.g. Nielsen’s (1994) usability heuristlmst
conscious of the differences between learner-cernel user-centred software, we
instead propose to rely on a list of informal rutéghumb for evaluating the usefulness
of our learner-centred software, identified anddssed by Squires and Preece (1999).

Problem specification

A scenario

In a typical grade four classroom, the teacherwtk with a new spelling rule in

weekly cycles, exemplified using a set of wordergweek. The students work in
specific spelling workbooks and are tested on thelis spelling words. On occasion the
teacher tests previously tested spelling wordstuee that students entertain their
spelling abilities.

There is an incredible spread in reading, writind apelling abilities among the students
within a single classroom. Each and every studeats support at their own level and
for their own specific difficulties. In a classroomith 30 students it is difficult for a
single teacher to find time to offer personalisegport. Sklar and Pollack’s
constructivist learner-adaptive software thus piadig offers useful support and relief
for the teacher.

We set out to verify Sklar and Pollack’s three adages. Individualised learning is
desirable in domains for which the student’s havarging expertise. Doesvolution of
education contergupport individualised learning for spelling iclassroom scenario?

It is important to run tests to find out how wdilig technique will function in a classroom
situation. The users play an important role in saguthe best outcome of the
performance of the technique. Here we identify graups of users, teachers and
students.

We are concerned with porting the techniquewadlution of educational contetd the
domain of spelling — The Magic Spell is develop&dcording to Sklar and Pollack such
ports do not imply a severe domain-dependent dpusdot effort. Their technique would
thus work well with spelling tasks.

Moreover, we wish to verify the learning outcoméserved in Sklar and Pollack’s
study. Compared with typing, spelling requires mamderstanding on the student’s
behalf for achieving success.

Finally, this study investigates to what extengnly - can this technique be a support for
the teachers in their profession? We focus on tbegss of learning and how the
technique can be a support for teachers. Is evolati educational content a good
compliment to the traditional teaching?



For a systematic evaluation we rely on usabilisfitey in accordance with Squires and
Preece’s heuristics for testing usability.



2. Theory

Below follows a presentation of former researclieas connected to our study.

Learner-centred design

Learner-centred design (LCD) is an offspring frdma &rea of user-centred design

(UCD). The basic incentive of user-centred dessgio isupport the design of a system
that is easy to learn and use for all of its futusers. To ensure appropriate design
support, the designer identifies and maps all needs, backgrounds and preferences in
relation to the purported software, and involvesuker in the process of software design
and development. By involving the user throughdiuha phases of the design process,
she is able to give instantaneous feedback. Usgretkdesign presents the underlying
functionality in a user-individuated way. As an exde, a spreadsheet program offers the
user a wide repertoire of functionality. User-cedtdesign attempts to present the
repertoire of functionality so to maximiaecessibilityfor each user.

The need for learner-centred design arose whegmsi of educational software found
the principles from user-centred design undermmmieconstrue principles for design of
learning support (Norman and Spohrer, 1996). Amgjyiser-centred design on
educational content, results in software that presse structured analysis of the curricula
(Norman and Spohrer, 1996). A structuoesceptualiew of educational content is
useful, but in learner-centred design the focahpisi on the student and her learning
triggers — the user should engage in the underlyiagning of the content (Mayes and
Fowler, 1999). As a result, a system, designed thighearner in mind, shoultirect the
student to the appropriate functionality or activetmbedded in or controlled by the
software. According to learner-centred design sthféwvare should adjust not only the
presentation of the curricula to its learner butenmportantly adjust or adapt the
appropriate functionality and activities.

Mayes and Fowler (1999) argue that to achieve legroutcomes from software we
must not focus on learning itself, learning is reseeily a by-product of understanding on
the learner’s behalf. The authors suggest thadéisegn of educational software should
focus on creating effective tasks which will sugpord benefit the student’s learning.
Student-system interaction is indicative of leaghdutcomes. The system can thus
respond in ways to put the student in indirect mdrthrough its learning outcomes.

On a more general note, Norman and Spohrer (1986) put that it is necessary to be
aware of both user-centred and learner-centrectesspegood design. Without a well
designed interface the learner would have to facusow to interact with the interface.
In addition, learner-centred design struggles withdifferences between the learner’s
learning style and teacher’s teaching style. Thsgtleneeds to encourage the learners
and concurrently satisfy the teacher’s intentiohearning (Hsi and Soloway, 1998). We
are thus not in a position to be completely sa&tstvith the current design templates.



Hsi and Soloway (1998) describe the general gokdasher-centred design as supporting
software that increases the efficacy of learnimguph assisting the student to learn. If
software, designed by learner-centred principkebeing used as a complement to
traditional classroom teaching, it is justified fmgans of its ability to help the individual
learner improving the understanding of the subjeatter.

Learner-centred software should also include elesnibat will increase the user’s
interest in their own learning, to promote furtirerestigation and learning even after
finishing working with the computer. More generallge aim of the system does not only
include promoting computer-based learning but #iedearning that may result after
system interaction (Hsi and Soloway, 1998).

Norman and Spohrer (1996) describe learner-cedigsijn as a principle that recognizes
its users’ different needs at different stagefhieléarning and that each learner has their
own learning style. Furthermore they argue thanleacentred designed software should
recognize when teacher aid or other forms of suprerneeded. The system should
enable the appropriate feedback for encouragernaerttritinue. Noteworthy, one of the
major advantages with computer-based learningeiptssibility of continuously give the
learners appropriate and encouraging feedbackimedy manner. Norman and Spohrer
(1996) emphasize the importance of encouragentesanibe the trigger for an
enthusiastic successful student.

In summary, we need to design the educational softwo that it suits every individual
learner and supports each learner’s understand@img.is not a new thought but using the
information technology medium to achieve this dalyais. As such technology

develops, there is a growing set of tools that are «se.

Usability

Usability is a central concept in Human-Computéedaction (Léwgren and Stolterman,
1998). The purpose of measuring the usability ®fstem is to try to make better and
more useful computer systems.

Usability is the extent to which a product can bediby specified users to
achieve specified goals with effectiveness, efficieand satisfaction in a
specified context of use. (ISO 9241:11).

By measuring the usability of a piece of softwaeefimd out how the user experiences
the program, how well they perform in their tagksw hard it is to learn the program and
how flexible the design is. The process of usabgrading can consist of both qualitative
and quantitative methods and it can be performedmsdictive, formative or summative
evaluation. The usability grading is a method fesessing the quality of a system,
program or technique.



Commonly, usability grading is performed along adiist such as Nielsen’s usability
heuristics:

*  “Visibility of system status. The system should ay& keep users informed about
what is going on, through appropriate feedbackiwitbasonable time.

» Match between system and the real world. The systesuld speak the users'
language, with words, phrases and concepts fantdliire user, rather than
system-oriented terms. Follow real-world convendianaking information
appear in a natural and logical order.

» User control and freedom. Users often choose sykteations by mistake and
will need a clearly marked "emergency exit" to kedve unwanted state without
having to go through an extended dialogue. Suppato and redo.

« Consistency and standards. Users should not havertder whether different
words, situations, or actions mean the same tlkaljpw platform conventions.

« Error prevention. Even better than good error ngssés a careful design which
prevents a problem from occurring in the first plac

* Recognition rather than recall. Make objects, astj@nd options visible. The
user should not have to remember information frow art of the dialogue to
another. Instructions for use of the system shbaldisible or easily retrievable
whenever appropriate.

» Flexibility and efficiency of use. Acceleratorsutraseen by the novice user -- may
often speed up the interaction for the expert sgeh that the system can cater to
both inexperienced and experienced users. Allowsuseailor frequent actions.

» Aesthetic and minimalist design. Dialogues showtaontain information which
is irrelevant or rarely needed. Every extra uniinddrmation in a dialogue
competes with the relevant units of information dirdinishes their relative
visibility.

* Help users recognize, diagnose, and recover froonserError messages should
be expressed in plain language (no codes), prgdisdicate the problem, and
constructively suggest a solution.

» Help and documentation. Even though it is betténafsystem can be used
without documentation, it may be necessary to gi®¥ielp and documentation.
Any such information should be easy to search,dedwon the user's task, list
concrete steps to be carried out, and not be tge.la
(Nielsen, 1994, p. 30)

Nielsen’s (1994) usability heuristics are usedpi@dictive evaluation of software. The
heuristics are easy to follow and it is relativglyick. Importantly, Squires and Preece
(1999) contend that Nielsen’s usability heuristissally fail to consider the aspects of
socio-constructivist view of learning, since thexya close interaction between usability
and learning issues, and checklists do not encasripaming issues.

Squires and Preece (1999) suggest an alternatiad ‘earning with software’ heuristic
principles as a means for integrating usabilitydgrg with learning issues. Squires and
Preece’s work adopts Nielsen’s heuristics and itlesdlient learning issues that should
figure in evaluations of educational software.



« “A need for amatch between designer and learner modeisplied by
considering intrinsic feedback and the relationsigfween learner and designer
model. [...]

* A requirement fonavigational fidelityis apparent when navigational structure,
cosmetic authenticity, limited representation @& world and superficial
complexity are considered. [...]

» The need to considappropriate levels of learner contréllows from a
consideration of learner control and shared respiityg self directed learning,
tailoring and consistent protocaols. [...]

* The need for thprevention of peripheral cognitive erroisimplied by the
relationship between complexity and error preventja.]

* The requirement founderstandable and meaningful symbolic represesmati
follows from a consideration of representationahfs and the use of symbols
within and across applications. [...]

* The need fosupport personally significant approaches to leagifiollows from
a consideration of multiple representations, le@’reipport materials and meta-
cognition. [...]

» The need fostrategies for the cognitive error recognition, gresis and
recovery cycles implicit from the discussion of pedagogicaliteitjues.

* That there is a clear need fomatch with the curriculuns evident from a
consideration of curriculum relevance and teachstanization. [...]"

(Squires and Preece, 1999, pp. 479-480)

Squires and Preece also identify more supportigr tnain contention that the standard
heuristics are insufficient. Established usabhiguristics do not cope with innovative
software (Heller, 1991). Such heuristics do naivalfor novel or alternative models of
pedagogy and teaching strategies (Winship, 198&)luating different subject areas may
require different selection criteria (Komoski, 198t is difficult to indicate relative
weighing for queries (Winship, 1988). When compgusimilar educational software the
checklists tend to focus on similarities rathemntdéferences and heuristics fail to
consider the teachers’ uses of the software (Sgjamd McDougall, 1994). On a more
cautionary note, Squires and Preece suggestdiaguidelines should be seen as a
starting point for an evaluative framework ratheart a rigid set of rules.

Usability grading of educational software doescwmne without controversy. Mayes and
Fowler (1999) describe the major problem with uigitesting of educational software
as a paradox. On the one hand usability is to prlee@bvious use of software. However,
considering that the goal of educational applicetis to support understanding which
leads to learning (deep learning), it is far froleac that ‘obvious use’ leads to the goal.
Mayes and Fowler classify educational software thtee different groups, primary,
secondary and tertiary courseware. The three groupsurseware support different
kinds of activities and therefore the usabilityeaich group should focus on different
aspects:

1. Primary courseware focuses on mediating an edunzdtemntent.
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2. Secondary courseware focuses on creating goodrgagnvironments by
modelling situations or using programming environtse

3. Tertiary courseware is based on using former re$idin students and enabling
the students to discuss the results.

At the tertiary level one of the major issues i&éep a dialogue with the student. The
motivation behind the third level of software igtliialogue is the foundation in all
education. Through questioning, the student degedwmpunderstanding (Laurillard,
1993). The tertiary courseware is a useful compfertceconventional classroom
teaching since teachers have limited time for eadividual student and therefore less
time to help each student with personal, reflectinneking. Mayes and Fowler suggest
the tertiary courseware as part of a solution i®rdsource problem. Measuring usability
in tertiary courseware is ultimately about evalugtihe efficacy of learning. Efficacy is
difficult (and contentious) to assess. However, &agnd Fowler suggest measuring the
simple frequency of use as a rough but indicatgacement to learning efficacy. If
learners are attracted to the software based ¢ogdie, they will probably find the usage
of it valuable in their studying.

Learner-adaptive software

Educational software can be built in various waswever, a few variants can be
discerned (Sklar and Pollack, 2000). One principled is to build the software on basis
of an individualized student model (Greer and M¢&;dl994). The computer stores
information about the individual student in a daiadel (e.g. a database or similar) and
uses it to predict how a student will handle pgzedblems and how she progresses in her
tasks. The model can be used to infer various geciic pieces of information, such as
which level of challenge is most suited for thedstut. The system monitors the model
continuously for the selection of activities. Thedsl| adapts to the student-system
interactions and aims to continuously mirror stugengress. Otherwise the system
follows more or less pre-specified paths.

A variant of building learner-adaptive softwarearads the constraints imposed by
maintaining and using a student model and is basdte constructivist philosophy. All
students should be able to learn in their own walgomt having to follow already made
up tracks and pre-made levels (Resnick, 1997; Bai#93). The system needs to be
involved in the learning (by monitoring progreseyiaadapt as the student progresses so
the right level of challenge can be given. The tmesivist approach to building software
is open-ended and has no in-principle limitatiomnvimat activities the user may
experience.

Sklar and Pollack, (2000) present what they calléaolutionary approach to selecting
content for educational games in a web-based legiwommunity”, a good example of
learner-centered tertiary courseware. Their systewith a clear exploratory component
—is also an example of a constructivist approadkdrner-adaptive software.
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Evolution of educational content

In Sklar (2000) and Sklar and Pollack (2000ka&blutionaryapproach is proposed as a
viable alternative to pre-leveled methods for @ag learner-centered software.

By “evolutionary” is here meant the means by wtitoh user is directed to various
activities in the system. In general and more dadly in nature, evolution is construed
as the adaptation (through selective pressuregeha pool, embodied by the current
population of living organisms. The principle hasb implemented in computer
software for purposes of solution search and opttion of many types of natural and
engineering problems and processes. It was popathlly John Holland (1975) as
genetic algorithms and evolutionary computation.

For our purposes the term “evolutionary” is constiin a much more specific and
limited form: the selection of activities in thext@hase of an educational game is
influenced by the relative success of each andyeaivity that the user completed in
the previous phase. The selection of new activiesalised by “genetic” operations
includingmutation,believed to realise actual genetic transfer, fparent to offspring, in
nature. Moreover, the genetic operators are sttichersd may thus produce novel
outcomes to be tested in the environment in whely tlive”.

Sklar and Pollack (2000) implement their technitpwolution of educational content” in
a particular setting, analyse some of the tech@ispécts and present some preliminary
results from using the technique in a classroonirenment. More specifically, their
software implements evolution of “suitable” keybdiag exercises. The goal for the
system is to adapt as the players learn to typeéaprbvide suitable challenges for all
players.

The keyboarding exercises operate over the intsmstudents can “play” against each
other. In the game the student faces 10 worddiatea The student is instructed to type
the words as fast as possible and while the stugipaes through the list of words, the
system keeps track of the actual time taken folh @¢hem.

The system retrieves words from a large databassistong of approximately 35,000
words of varying typing difficulty. In pre-levelleslystems, the words would be presented
in a pre-defined order, perhaps in a pace — adjusteording to measures of success —
suited to the student. A model-based approach dogldrrors made and new words
could be chosen so as to iterate words or wordstfgrewhich errors occurred. Now, as
mentioned earlier the constructivist approach #éorler-adaptive software goes one step
further by relaxing the need for a model. In thedlation of educational content,” there

is no model, but words and thus typing activitiess selected on basis of genetic
operators and may consequently take novel patbsghrthe space of possible typing
activities. The control of the program is thus yghfluenced by the success and failures
of the individual user.

Using a pre-specified program control, a pre-ledéyging system could operate on the

words themselves (they would all be “tagged” witlezel). Evolutionary approaches
partly remove the need for program control, but i@dcomplication that we need to
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define a space of “codes.” The codes correspomgtds in an indirect manner, just as a
set of genes translates into an individual organlarthe field of evolutionary
computation, codes are often numeric vectors aadémetic operators modify these
vectors numerically. As an example, a mutation afi@n may change one or two values
in a vector of, say, 10 values. The magnitude efrtiutation has an effect of the relative
similarity of the previous vector and its offsprirkgpr this imposed similarity effect to
translate into similarity at the level of wordstigities or organisms, the code-space
needs to “mirror” the space of words, activitiesoaganisms. The code-space can be
high-dimensional and as such it provides meanexXpressing different types of
difficulty of the domain to be learned. Sklar armll&k (2000) suggest that the
keyboarding code-space is a seven-dimensional sppatteeir application, dimensions
correspond to typing features, namely (1) word flen@) keyboarding level (as defined
by a particular standard), (3) scrabble scoren@ber of vowels, (5) number of
consonants, (6) number of 2-consonant clusters(@nmibimber of 3-consonant clusters.

Initially, 10 points in the code-space are selecte@ more or less random basis.
Noteworthy, of the 90 million possible vectors, thetionary accounts for 6074. The
code-space is thus very sparse. However, usinglzoohghich Sklar and Pollack (2000)
call “reproduction through sampling” the systemeyates only points for which a word
can be identified. The student is tested on thed@s and typing speed is recorded. The
words are ranked according to typing speed (ana®gwmevolutionary selection) and
divided into two groups: 5 words which need furtheactice, and 5 words that were
handled well. Now, genetic operators are emplofedthe 5 words that need further
practice, 5 new points are generated by small monténeaning the new words will be
similar to the old ones) of the 5 original codest the 5 words which were deemed
successful, the 5 original codes are subject gelanutation. The large mutation means
that the computer will make a big step in the sgadand words classified in another
group than the correctly spelled words. The raesglliO codes will thuexploitthe space

in which words were handled less well by iterating same typing features, and
concurrentlyexplorenew parts of the code-space, replacing those wehish were
handled well in the previous instant. This procad®sting, selecting and mutating is
repeated multiple times. Students will consequemidet challenges that are a result of
their success and failures of the previous aatisitNotable, there is no pre-specified path
that the student embarks into. The paths are safedydynamically determined from the
typing results.

Sklar and Pollack tested the system on 44 fourthfidth grade students in the USA.
They showed that the system adapts according toagbabilities of the individual
student, showing more of the typing domain to tivelent who is ready to see it.
Moreover, they showed that the typing activitiepexenced over the course were more
varied than with a standard pre-levelled curricultmally, the learning effects (though
not exclusively attributed to the use of their eyst were significant. 85% of the 44
students increased their typing speed.

Sklar and Pollack (2000) acknowledge three prevadmantages of using an
evolutionary approach in educational games.
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1. There is a possibility of individualized learninysystem that adapts in
accordance with the individual student’s perforneaand in real time can provide
suitable challenges and encouragement for the stpdeceeding in their
learning. Correlation studies between variablebéir classroom test provide
evidence to support that students learn with tlidugonary approach and that
they learn in different ways.

2. Student experiences are not pre-determined. Thalysis shows that the
students embark into very different levels and thay are challenged with words
they normally would not experience using pre-leacboftware.

3. There are potentially less costs for developmemidoicational games. The
“evolution of educational content” technique is hotited in domain. As long as
a code-space can be defined, the technique exteraghy domain. There is thus
less effort involved in developing new educatios@@narios. Most prominently,
there is no specific need to define levels andg#tiough the curricula.
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3. Methodology

In this chapter the research process and approaehpaesented and justified. A plan of
qualitative and quantitative tests is providedatidition, the initial design
considerations for constructing the software tadsted for usability and learning issues
are outlined.

Research approach

The study is intentionally constrained to evalulgeusability and learning issues
surrounding one specific case — one system/cordigur only — over a limited time.
Hence, the context of this case needs to be adudrésky. A combination of qualitative
and quantitative research methods is chosen. Tpm@agh of combining the two
principal methods is known &gangulationand allows us to frame the problems and
their solutions in a systematic way. Triangulatiives us a deeper and broader
perspective of our study (Cavaye, 1996). Both gtative and qualitative methodologies
are generally concerned with the quality of colfadiata in terms of applicability,
validity, reliability and accuracy (Patel and Tiiosl, 1987).

We use qualitative toolsdescriptiveandinterpretative— to elucidate, map and
characterize the potentially subjective opiniorgarding the usefulness and applicability
of the learner adaptive educational software. Adpgon of former studies from other
researchers is made and the knowledge has beerfongeinparing and explanation of
our found results. In a descriptive study suchhasdne, the investigation is usually
limited to some aspects of the phenomena that g@interested in (Davidsson and Patel,
1991). The interpretive approach is a way to hie¢presearcher understand human
thoughts and actions in a social and organisaticoatext (Klein and Myers, 1999).

Quantitative measures are used to objectively agaany operational effects observed
through the use of the learner adaptive softwdnesé& effects include simple usage
frequencies but also potentially causal relatiogtsveen types of inputs and learning
outcomes.

The starting point for the study is the articlettemn by Sklar and Pollack (2000). For
finding further literature in the research area,fa@is on learner-centred software,
learning with software and usability. Also, we stuiderature cited by the
aforementioned article. Importantly, we formulatpeestions we wanted to investigate
from Sklar and Pollack’s article.

The study is of inductive character rather tharudéde (in the latter case you would
rather try to verify a hypothesis; Backman, 1998)ur study there are two user groups,
the teachers and the students. The two groupsugiteo different perspectives and help
us find insights into how well the system worksiolassroom environment.
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Method for validation and interpretation

The user’s experience of how well the system woddaplements the quantitative data.
Triangulation is a method that originates from phgsical sciences, where scientists use
a signal measured at two or more known but diffelesations to determine the
unknown location of the source. In a qualitativedyt the triangulation is a combination
of several research methodologies in a study ofémee phenomenon. Denzin and
Lincoln (1994) describe four different basic typddriangulation. The first onelata
triangulation, compares different types of soumidsnowledge. A second type is
investigatortriangulation, involving more than one researdbenbservers) in the
investigation, each framing the problem in theimomay. Using multiple theoretical
schemes when interpreting data is knowthasrytriangulation Methodological
triangulation involves using more than one methwdsfudying the problem at hand.

We have chosen to work with a methodological tridagon in our study.
Methodological triangulation allows us to selea thost effective methods for each
individual aspect of Squires and Preece “heuristictearning” and later integrate the
outputs. By using individual strengths of a varietynethods, their combination
becomes even stronger (Easterby-Smith, Thorpe ane 1 1991). For example, it is like
identifying a person by means of fingerprint, vaieeognition and face recognition, all
methods considered and accounted for. We inteodrtine quantitative statistics,
gualitative interviews and literature studies dévant research.

Empirical study

The learner adaptive software was designed with that technology and the users in
mind. Users include both students and teachersgtougps with disparate motives and
interests. One complication arises from the youymat the target students. We have
thus chosen to work using an iterative developrpestess involving the teachers’
opinion and mainly focus on input and feedback ftbmteachers. In the initial stages,
two individual teachers were interviewed separafehey were shown an early prototype
of a spelling program and were asked to providetiamd feedback on content and
functionality before it was introduced into thelagsrooms. General ideas and comments
expressed in the interviews resulted in the devetoy of the fully functional software.
Interview questions are found in Appendices II-IV.

Research environment: The classroom

Two classes of students from a primary state scimooletropolitan Brisbane, Australia,
were selected as subjects for this study. Classn&ists of 12 grade 3 students and 8
grade 4 students (ages 8 and 9, respectively)s@a®nsists of 27 grade 4 students.
Class A has a female teacher and class B has aeaaleer, both teachers are very
experienced, cooperative and interested in theeptoj

The number of both teachers and students is snhahveould introduce some degree of
uncertainty in the interpretation of the evaluatigsults. Moreover, due to the small
population of subjects it was deemed difficultitreduce reference groups. All students
were subjected to the same tests and activitidser@thool work could not be
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interrupted and we can therefore not attribute @ugs exclusively to the use of the
software. All these considerations should be kephind while evaluating the results.

Data collection

Statistics

Before the software was introduced into the clamsrall students took a written

spelling test consisting of 15 words (deemed diffienough for separation to occur).
This was done to minimize the number of explanatimnobserved effects. Half the
population received one test and the remainingrieaived another. After the completed
study — when the students had used the softwaiegeriod of 5 weeks — each student
was tested again, this time with the alternativalsm test. Consequently, all students
were tested twice, before and after, with diffenentds. By averaging a neutral trend can
be observed since all 30 words occurred both befodeafter the test (but for different
students).

Importantly, the learner adaptive software wasgtesd to log all processed words with
all associated information. The spelling performeafar each individual student is thus
mapped in detail and a profile is built. The datthlve discussed in the next chapter.

Interviews

After discussion with the School Principal, the émopl study was set up in two classes
with one teacher in each classroom. Both teactsars been included in the teacher
evaluation. As an introduction, during the desigage of the Magic Spell both teachers
were interviewed. This was done so we would gatlaa of how spelling is currently
taught and what principles the teachers find nmapbrtant in spelling software. The
teachers were also asked to give feedback of & matotype of the Magic Spell. Since
we did not want to disturb the natural learningimnment we did not perform any
interviews while the system was being used. Aftangleting the test period both
teachers were interviewed a second time. The il@rguestionnaire was based on the
evaluation heuristics presented below. We kepgtlestions semi-open, as Kvale (1997)
suggests, to ensure we were given the answersajutéstions we wanted answered, but
also to maintain an open mind for opinions, feediagd thoughts from the interviewed.
All teacher interviews were recorded on a tape na=ro

The aim is to find out the usability of our systantd we therefore needed to find a way
of evaluating all user groups. The interviews wita teachers allowed us to confidently
say that no student disliked working with the saitey It was consequently decided to
select a representative group of students forvigess. We randomly chose eight
students and then picked the first five studerdas\were available for interviewing. The
five selected student logs were checked to ensarkad a representative selection of
students, covering the whole range of performamaen the student interviews were
designed we decided to only take handwritten nimi@soid any shyness a tape recorder
may impose on the children.
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Evaluation

The main purpose of educational software is to pterfearning. As discussed
previously (see Chapter 2), so far most evaluatifresiucational software have been
based on checklists which do not consider and axtdouthe interaction between
usability and learning. The two aspects have tlenlseparated at the outset. Teachers
who perform evaluations are often highly profesalavhen learning issues are
concerned. However, teachers have seldom beeedrtorobserve usability factors.
Conversely, usability experts are usually pooryrted to consider and understand
learning issues — a phenomenon that occurs extertiaé system.

In many cases, this lack of mutual understandirggléd to an unfortunate selection of
computer software based on rather arbitrary anctiped considerations, e.g. availability
of evaluation copy, compatibility with the schootemputer system, etc.

Evaluation heuristics

The set of ‘learning with software heuristics’ fagm foundation for performing a
usability test of the Magic Spell. In this work wensider each suggested heuristics and
consider how each can be tested. Early in our relse@e came to the conclusion that we
needed to perform a mixture of quantitative anditpiave testing, triangulation. By
adding a qualitative interview of both teachers studients, we ensure that the context
and the users’ experiences are considered in #leaion. The purpose of interviewing
the involved teachers is to get their opinion ow laotechnique like thevolution of
educational contentorks in a realistic teaching situation. The qitative testing aims

to find statistical evidence of how well learningvélops while the qualitative testing is
seen as confirming or rejecting quantitative figdinelucidating user impressions and
providing a basis for explanations to the quanti¢atiata.

A set of learning with software heuristics
The use of Squires and Preece’s list of heuri§li®89) rests on two main assumptions:

1. learning is considered from a (socio-)constructiperspective — users actively
and constructively form knowledge, and

2. the application of educational software is thordydiased on the context — the
main purpose and situation must be central foruatedn to be indicative.

On basis of Squires and Preece’s suggested rutbsmb for usability evaluation we
designed a set of questions for both teacherstadérss. Also we decided how each rule
could be quantitatively tested.

1. As afirst rule Squires and Preece put the impogani a “match between
designer and learner models”. The designer-leamagch is based on how well
the feedback is been working between the learngtrendesigner model. The
student should always receive feedback on thefopeance. It is important that
there are no conflicts between the students legustiyle and the design. The
learning style and the design do not need to Ipeifect harmony as long as they
do not conflict.
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We want to know if learning developed as an eftéd¢tow the program taught
spelling. Also, is the design assisting learning ethe feedback appropriate for
all students irrespective of level?

We ask the teachers how they believe that the stadearn in the Magic Spell
and how often they think it is necessary to useeegof software like the Magic
Spell to get the most out of it. The students aked if they enjoy playing the
game and why they think so.

. The second rule of thumb is “navigational fidelityit is important that the design
does not mislead the learner so that she rathaséscon the interface than
learning issues. Squires and Preece argue thatugadulity is attained if the
interface is supportive and encouraging for alinesy tasks.

We focus here on finding out how the teachers &umkests experience the
software. We question whether the user interfageiiding, enticing or tricking
the student to learn, and whether the interfacesh{dossibly distracting)
complexity? From the system log we find out abbetfrequency of usage.

. The third rule is based on the concept in constrigah that learners should be
able to guide themselves through learning, in tbem individually chosen way.
This is one of the philosophies behind hypertext aimer web-based
instructional systems. Squires and Preece calftiesof thumb “appropriate
levels of learner control”. The students shouldehasense of ownership and
control. This sense is attained by providing anremment that adapts to the
learner’s performance in real-time.

The teachers are asked if they find that studemjtsyevorking with the software
and how sufficient and appropriate they find thedtgack for their students. The
students answer questions on how hard or easyititethe spelling and how
much they enjoy playing “the game.”

Quantitatively we look at the impact the learned ba how the words are
selected and how (and how well) the spelling sjmeaplored.

. The “prevention of peripheral cognitive errorsthe fourth rule in Squires and
Preece’s list. A learner makes mistakes while learand often needs to make
mistakes to learn. It is therefore important tdidguish between cognitive errors
and annoying peripheral usability errors.

We ask the students whether they find it hard weustand how to work in the
Magic Spell and if they find it hard to understamidat actions to consider when
making a mistake or error. The teachers are askbdyi notice any particular
problems that their students have in their intéoactvith the system and if there
is anything students find hard to understand. We atk how they find the
interface and how well they think it is working.

Quantitatively we look for consistency of errorgy.ef errors are reasonably
consistent and if other errors than spelling eromeur.

According to Squires and Preece in educationahsoé there is a need for the
student to feel familiar with the icons and symhaed in the interface. The
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intention of a symbol should be obvious to thereamand in general the interface
should require a low cognitive demand. This ruleegged together with rule
number four. As will be shown, the two rules int#ra

. The fifth rule considers “personally significantapaches to learning” which
means that no matter what learning style the ledrag, she should be catered for
in an educational system. An adaptive system ceuigbort different learning
styles, for example by using different presentasitytes. In our evaluation we ask
teachers about the different learning styles ptasetheir classes and how well
they think the system caters for the differentnéay styles, or if there are
students and learning styles the system does t@tfoa. The children are not
asked about this rule, since they are unlikely aveditheir own learning style.
Quantitatively we look to see if there are diffdrpatterns in their spelling space.

. The strategies of recognition, diagnosis and regofrem errors are an outcome
dependent on the pedagogical techniques used Bystem. A major belief in
constructivism is that all students learn by tmeistakes and therefore the
educational systems should be based on stratagiesming fault and mistake
recovery. Squires and Preece suggest that a cotmgtilearning system
typically is a rich environment where the studaras discover different solutions
to their problems. It is hard to build a systemhwaur goals which encourages the
students to find different solutions; in spellitngte is normally only one way a
word is spelled. In our inquiry we try to find dubw the teachers find the
students managing the software when they makermspefiistakes and also how
the students experience their own failures.

. A match for the curriculum is evident since theram educational plan in every
year to be followed. A constructivist model shotédpond to each individual
student’s needs emerging while learning. The demsahébllowing a fixed
curricula forces teachers to find different softevéor students with different
learning styles (Squires and Preece, 1999). A gomaktructivist software is a
piece of software that complies with the teacher&thods and gives the teacher a
chance to tailor the software for special needs ewable the teacher to influence
the design and ask them to reflect how useful difisvare is in their teaching.
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4. The Magic Spell

This chapter describes the technology employedraadace used by the spelling
program used in the study. The central conceptslaxeloped and exemplified. These
are needed to appreciate the quantitative analyssented later. A rough

understanding of the interface is needed to consdizie the comments made by students
and teachers.

The spelling task

Hannafin and Land (1997) argue that technologye# hsed as a complement to
traditional learning (human teacher-student intégway but as a complement it can be
beneficial for the learning process of the stud€he Magic Spell is thought to be used
as a complement to teacher supervised learningpidgram itself does not directly
teach the student the different spelling rules eddd know in English. The Magic Spell
is spell training software.

Words are selected with the simple principle prepldsy Sklar and Pollack for typing:
Words that are incorrectly processed by the userepiaced with words that are similar
(with respect to spelling; hence, enforcing furttraming), words that are correctly
processed are replaced with distinctly differentdga/exploring other spelling
constructs). This section develops the ideas of Wwovds are selected.

The spelling engine: mechanisms for generating spelling words

The spelling space

The spelling space is the code space from whiclisvare selected. Each word maps to a
point in this space. Reversely, for a point ingpelling space, a set of words can be
identified within a radius.

The mutation operator, described by Sklar and Blollend inspired by evolutionary
principles, is spatial in the sense that a newtpsistochastically selected on basis of
distance from an original point. The space careeitte discrete (as is the case for real
genetic data) or continuous (as is the case fot diogensions in Sklar and Pollack’s
work). To encompass a wide variety of outcomegsrdte spaces are typically much
larger than continuous. If good coverage (of alspesession) is to be ensured, a small
space is easier to control. Another problem note8kar and Pollack is the existence of
regions for which no words could be selected.

As many other languages, English has a diversaef sgielling rules and a substantial
number of exceptions. The spelling space is coagdurom the spell patterns,
combinations of letter that can reflect variousllapgrules. Also since it has been argued
that word that rhymes are typically handled withifar ability (Treiman, 1997) we also
included a number of word endings.
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Examples defined by so-called regular expressiocisde

.*cleiy].* words that has the substring “ce”, “ci”, or “cfgoft ¢ sound).
Jrie* words that have the substring “ie” (as opposecdt).”

Ath.* words starting with “th”.

.*[iov] ?e?s$ words that end with “ies”, “oes”, or “ves”.

The full list of patterns is provided in Appendix |

Each word matches a number of spell patterns. Asalke use of a large number of
spell patterns and as some patterns never co-ogeuwtecided to use singular value
decomposition (SVD). SVD is a technique that isdusecompress a large amount of
data into a more easily managed quantity. Landdua¢ram, Rehder and Schreiner, 1997,
successfully used SVD in their project with essayking as did Kintsch, Steinhart,

Stahl and the LSA Research Group (2000) for sunzmayiools.

In our project SVD ensures that the spelling spaitightly packed with words to avoid
blind hits. The procedure is described in BodéenBodeén (2004).

Word selection

We collected 3622 words from two web sources clagmo supply useful spelling words
for grades 1-5 (according to the US primary sclsystem; here labelled as level 1-5).
Also, words that are frequently misspelled werduded (here labelled as level 6).

As described above all words are represented asuggtor in the spelling space.
Unmodified, the selection principle proposed byaSkdnd Pollack would choose between
words of arbitrary difficulty. The user could egdile intimidated by the sudden
appearance of words which are too complicated anthus suggest using level as an
additional parameter to adjust during user intévactSpecifically, the spelling space is
searched as usual by means of a point subjectedtation, but only thevords

belonging to the right level can actually be sadciTheevel can then be adjusted (in
accordance with the individual user) to maintapre&determined constant performance
ratio (average spelling faults per word).

For a first time user, the level is always setrie.olrhe students will therefore always be
tested on some of the most basic spelling rulésvat one before entering higher levels.
After the first set of spelling words the systentedmines what next set of words to test
the student on is to be. The next set of wordgisrdhined on correct or incorrect
spelling. If a word is incorrectly spelled, the '®ya makes a small jump in the space and
finds a word, regarded as similar spelling feattioethe misspelled word, to be tested. If
the word is correctly spelled the system makesgelkeap in the space, to find a new
word — most likely representing a different spgjlproblem - to test the student on.

Sklar and Pollack rank the words according to yipeng performance and replace the set
with a new set reflecting the performance of all words collectively. For spelling
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performance is not usefully characterized by speetiead we rely only on the discrete
information whether the word was spelled correotlyot. The new set of words is based
on the individual words, correctly spelled words eeplaced by words that explore
distinct parts of the spelling space, and missgellerds are replaced by words similar
words in spelling space thus exhibiting similarlépg features.

The interface

The student inserts a floppy disk (onto which aliadis stored) and a CD ROM with all
necessary general files. The program uses speatiesys to communicate with the
student. The program greets the student by hiséeie and starts the main loop of the
program.

(1) The program displays a list of six words (see Feglx The words are
selected in accordance with the previously desdrddgorithm. The user
can click on a word to hear the program pronouhd&/nen the student is
ready (he/she may take any time needed), “go ahsa#lected and the
program enters the next step.

(2) All words are hidden and corresponding text fields displayed (see
Figure 2). The student jumps between the fieldsahkth field the program
speaks the word. The student types in the worchaadedit the spelling
of it until the next step is entered by pressing &pell”.

(3) The program checks the spelling of each word asaldies all fields for
which correct spelling was detected (see Figurd@ 3. misspelled words
are shown with the correctly spelled word besidgetéxt field. This step is
repeated until all words are correctly spelledhsy student. When all
words are correctly spelled the program jumps haatep 1 and the
whole procedure is repeated.

The student is not informed of which level he/shati Neither is the student informed of
the total number of correctly spelled words. Howetlee student is rewarded with a
“bean” (seen on the left hand side in Figure 1-Fége) whenever he/she manages to
spell four (of six) words correctly during stephoreover, the student is rewarded with a
“magic wand” whenever six beans have been colle®ethbly, the rewards are not
based on level and total number of correctly sgeNerds. Instead each student is
rewarded at his/her own level. It is only when 78R4ll words attempted at the current
level (when at least 10 rounds have been compl#tatijhe students is promoted to the
next level. The student is not notified of or reded by the upgrade.

To encourage interaction between students the dadavands can be “traded”. The
rules of the program allow students with lower Bpglaccuracy but with persistence to
gain as many rewards as those with high precision.
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explain b
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Figure 1: The user interface when the user steps thugh the word he/she is about to spell. Typing is
disabled and the user can only move the speakinglot between words.
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Figure 2: The user interface when the user is asked spell each word in turn.
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Try spelll View wands

Figure 3: The user interface after the user has attmpted to spell the words. Incorrectly spelled
words are highlighted and the user is asked to coect their own input while provided with the
correctly spelled word.

Teachers can monitor progress of the students assegparate program. The
administrative program reads the log from the sttiddloppy disk and allows the

teacher to change various settings. There are tam screens for monitoring the
progress: spelling ratio on each of the levelssthdent has attempted (see Figure 4) and
the spelling ratio for each of the spelling patsefsee Figure 5).

& Results for ] il

Done

Figure 4: One graph presented by the teacher’s pragm. A specified student’s progress through
levels can be monitored.
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Figure 5: A second graph presented in the teacherjgrogram, showing the spelling accuracy for all
the spelling patterns used.
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5. Results

Below follows a presentation of the results offthished trial period. The presentation
follows the set of learning with software heuristias discussed in the method chapter.
The results are both qualitative and quantitative.

The qualitative analysis is based on interview$ withool teachers and interviews with
students.

Profiling data

The Magic Spell logs all words tested, which lete word belongs to, and whether the
word was spelled correctly. Moreover, we can deifitieis was the first time the word
was presented or not. Finally, we can find ouhd tvord was selected on basis of
exploration (the previous word was correctly spbller exploitation (the previous word
was incorrectly spelled).

The vocabulary consists of 3622 words and withlgsterns as presented in Chapter 3.

Navigational fidelity

Both teachers believe that the students improveid sipelling ability by using the Magic
Spell. Collecting as many wands as possible (thane in the spelling game) appeared
to be the primary goal for the students and engmd#hem to work with their learning
tasks. When the students were asked how they hageehworking with the Magic

Spell, we received a united positive answer. Thdesits thought the software was “a fun
game” and the game made spelling more fun. Thééeaconsider the software as a
complement to other spelling tasks they work withhe classroom.

In both classes there are children who have spleeating difficulties such as
hyperactive and English as second language (ESirjefally the teachers found that the
software works very well with most of their studgnhcluding the hyperactive students.
The ESL students seem to have difficulties undedste the robot’s pronunciation and
therefore needed extra attention from the classhera while working on the computer.
The ESL students do not necessarily hear all tligtisfnsounds and therefore have
trouble spelling the words.

The students work in varying tempo and with varypegsistence. After five weeks of
usage, the students had completed a mean of 3@k Woedian is 282). The standard
deviation is 197 words. With the help of the pragrall attempted words are spelled
sooner or later. If we look at the number of wacderectly spelled in the first instance
the distribution is similar. The mean is 194 wofiti® median is 187) and the standard
deviation is 113 words over all students.

The variability in completion can not only be quéetl in terms of number of words.
The Magic Spell automatically adjusts the level wtefter a pre-specified number of
rounds (10), the student has shown consistencgaurate spelling. In Figure 6 the most
difficult level (the final level reached in the &wrial weeks) for the students is shown.
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The distribution shows that most students (40/é@rhed beyond level 1, of which some
reached the 6th and top most level. Overall, thi@ldity is high, the mean is 2.6 (with a
median of 2) and the standard deviation is 1.3l¢eve

Distribution of final levels

13

16

14

12

10

Murnber of students

Final level

Figure 6: The distribution of the most difficult level attempted during the trial period.

If one instead focuses on the number of wordswieaé completed in each of the levels,
the distribution is slightly different. In Figureif/can be seen that the students completed
almost 8000 words at level 1 and only a few athigher levels. The mean level is 1.8
(the median is 1) and the standard deviation igelvdls. However, this is mainly
explained by the fact that all students start\allé. Given that most students ventured
beyond level 1, the tail would be longer with agentrial period.
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Figure 7: The distribution of words tested within levels (accumulated over the whole trial period).

Match between designer and learner models

When English is taught in the classroom the cleashers mainly work with the methods
of rehearsing and repetition. The teachers enceutagchildren to read and then writing
through the list of weekly words. Finally, they ckeheir spelling. The procedure is
repeated until the students know how to spell tbede/properly. Teachers believed that
the program was consistent with the aforementigorededure but the program worked
with a much larger database of words. It was sugddsy the teachers that appropriate
time spent with the software would be 3 times akyedth 30 to 45 minutes each time
for learning to be effective. All students thoutity became better spellers after
working with the system. The students did not appe&now how they actually
improved their spelling in the Magic Spell.

To ensure a spelling system has a purpose in srotam, we need to demonstrate the
system actually improves the student’s spellingg Wragic Spell continuously changes
so it can provide a personalised challenge to saatent. The system is based on the
thoughts of constructivism but also consideringdtiterent difficulty levels on spelling
words used at school. The system tests the stugigelitng ability at a level before
moving up to a higher level.

By looking at the first ten rounds of words tesé¢devel one, the results we discuss in
Bodén and Bodén (2004) directly show us a signitidacrease in spelling. Specifically,
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we need to find evidence that shows the studentases the probability of correct
spelling when challenged with a novel word. Funthere, if the novel words are reached
by exploration a positive result is not based uphenstudent being presented with the
same spell-pattern again. The probability of cdrspelling when the student sees a word
for the first time, not following a similar wordt the most basic level is shown in Figure
8. The increased spelling accuracy is obvious.

Picorrect | novel ~ explared n level=1)
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Figure 8: The probability of correctly spelling a word increases within level 1. The solid line shows
the probability for each round (up to round 10) within level 1 over the 47 students. The dashed line
shows the best linear fit to the data.

To see how the spelling accuracy continues to inghy using the Magic Spell we — as
explained in Bodén and Bodén (2004) — also lodkeprobability of correct spelling in
the last 25 rounds of the final level (the finaldemight differ between students since
they have been working at different rate). Theéphnlity of correct spelling is still
obvious as seen in Figure 9 but there is an inergagariations between students’
performances, which can be explained by the smadleat of students who finished 25
rounds in their last level.
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Figure 9: The probability of correctly spelling a word increases within the last level (for each
individual student). The solid line shows the probhility for each round (from 25 rounds prior to the
completion of the trial, through to the final round) over the 47 students. The dashed line shows the
best linear fit to the data.

The teacher prompted handwritten test of 15 woedsrk usage of the Magic Spell and
15 words after the test period showed neither asagenor decrease in spelling. Over 45
students writing the test before and 44 afteratrerage correctly spelled words was 8
both before and after.

Appropriate levels of learner control

The feedback seemed to be sufficient for the stisceemd the teachers found their
students happy to work with the system. The stigdaisb agreed that the system was a
joyful game and, even though they thought it gotibato spell the words after a couple
of sessions with the software, they did not findatd to win rewards.

According to the teachers the software also see¢medcourage the interaction between
the students, on several occasions the teachard tbeir students helping each other and
discussing spelling matters. The rewarding systém beans and wands also promoted
the interaction between the students. Many studeets keen to see other friends being
successful in their work since that would mean thay were rewarded with a new wand
that they might swap with. There was a noticeabiferénce between the younger,
weaker spellers and the other students, whereaimegyand weak speller would more
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often get stuck on a word that they did not knowho spell. This very often happened
when the words started to become more difficuigell. The system clearly indicated
when a student had misspelled a word. Althoughwehehild had problems with a
certain spell pattern, one teacher suggestedttivatuld be good if the system gives an
indication on how to spell the word correctly. Exbough this was a problem with the
younger spellers, the same problem never occuritbctine weaker spellers in grade
four.

To find out the appropriate levels of learner cohguantitatively, we look upon how
well the spelling space is explored. The frequericgpell-patterns tested (shown in
Figure 10) is relatively even when several studargsplotted. However, the frequencies
of individual students are different. The lattedicates that the system supports
individual requirements (meaning students can tafferent paths in their work with
spelling). This issue is further explored in Bodém Bodén (2004).
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Spell pattern
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Figure 10: The coverage of spell patterns for foudifferent students. The coverage of a pattern is
normalized by its frequency in the word database.
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Prevention of peripheral cognitive errors

Both teachers considered the user interface easgiowith for the students. Both
teachers mentioned their fondness of a simplefaderwith bright colours and not too
many distracting appearances. They said the stsi@asily could focus on their spelling
matters without distractions. The students sainhi easy to know what to do and they
almost never had any problems knowing which buttopress. The feature of locking the
system until a correct spelling was typed was d®rsid good by the teachers because it
worked very well with their ordinary spelling mettothey use in the classroom.

The students needed a short introduction on howykem was working and after that
they performed well without interruptions. Somedgtnts had problems understanding
the robots pronunciation at the beginning and @fteror three sessions with the
software those problems were not apparent, acaptdithe teachers and verified by the
student interviews.

Personally significant approaches to learning

There are three different learning styles, audjteisual and practical. Auditory learning
means they learn by listening to the pronunciatiGsual learning is based on the
appearance of words which is then remembered hy. fidee third one called practical
learning means that the student works with theetbffit shapes of the letters by hand.
There are examples of all three learning styldsoith classes. One teacher thought it was
very obvious which learning style the student wdriegth when they were at the
computer. The students who used auditory learriylg were the students who had a bit
of a struggle understanding the robot pronoundwegiords. The visual learning students
were those who were most successful, they justtiteadgh the words and spelled them.
The practical learning students were the ones wiigged most and the system failed
supporting their learning style. The second teadigenot recognise the differences when
observing the students by the computer but fouagtbduced statistics more
informative.

According to the teachers, the system is insufficfer ESL students as is, but with a
better voice for the robot and maybe with some lieel the program would work for all
students.

Recognition and diagnosis, recovery from errors

From what the teachers could discover it was dle#ne students when they did
something wrong. They did not have any frustratiotong the students about what to do
in the system. The teachers’ conception is inWitl the students. They were satisfied
with the feedback given from the system and thg pritblem recognised was when the
students had moved up to a more advanced leveltgaober suggested it would be good
to implement a part in the system that would eduta student on how to work with
different spelling rules. The educational part dontcur when the system recognises that
the student has had problems with certain spetép®. The probability of correct

spelling when a word came up for the first timé3spercent. Further, the spelling
accuracy, when the children were tested a secore] i6 66 percent. The variability
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while estimating these probabilities is rather I@tandard deviations over students are
0.07 and 0.08 respectively).

Match curriculum and teacher’s customization

The Magic Spell received support from both teackarfulfilling the requirements of
use in a classroom context. The software workedltegéther with the teaching goals
and there has been no problems integrating thersysith the ordinary teaching
schedule. There was a definite agreement on hofulubke statistics, that the system
produces, were for the teachers. The productiatuafent results was a time consuming
task they normally have to perform by hand. Witk ktagic Spell they could easily gain
statistics every time the student had been worlogh adult testers said they would like
to test the system again in the classroom butstaing with the system earlier in the
school year. Also, the involvement of the teacliensng the design of the system gave
the teachers a sense of positive impact.

The content in Magic Spell covered the traditionaticula in grade three and four well
but at the end of the testing period some studanexl some difficult spelling words. A
suggestion from the teachers was that it woulddzeldo let the students work for a
longer period at each level and then gradually mgva level.

Other improvements would be a better voice on ¢het; more hints/help if the student
does not know how to spell a word. Another suggess to highlight the appropriate
letters in a word so that the rule or rules becapyarent to the student. Yet another
suggestion was that it would be excellent if thelsht could see the graphs that show
how their spelling has improved; the teachers thoaguld be encouraging for them.

A last recommendation was that if it would be pbolgstio show the student, if the word is
supposed to be spelled with body, head and taligshwvould definitely help for those
children whose learning style is practical.
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6. Discussion

This chapter discusses the results of the expetsnsynthesizes interviews and
statistics, and relates our findings to the litena and current research. The statistics we
find in our results indicate how well the technigsievorking and the qualitative
interviews show the users experience of working thieé system (an application of
triangulation).

Needs

The importance of a system that covers the neelstbfstudents and teachers is
important in an educational system (Hsi and Solqwa98). In the present work we
have presented an alternative, bottom-up methotk&mhing and training students how
to spell. The method complements the traditionéhiives in the taught curriculum, but
exhibits added-value by being student-centred.

The developed and evaluated software is incorpaydkie simple principle of evolving
educational content, but is also the product aflborative effort between the involved
teachers and the designer. It is therefore notedpsurprising to learn that the teachers
found the software to function flawlessly. We be#i¢hat the successful outcome
indicates the importance of involving the pedagaltyanformed parties early in the
software development process. The teachers obst#ratdtudents approached the Magic
Spell with big enthusiasm and with a high degreeffurt.

Support

Norman and Spohrer (1996) describe a good leaer@rad design as one that recognises
when and what support is needed for the studewts hool teachers consider the
software only as a complement to other spellings@asnd teaching — and the software
was purposefully designed in accordance with thikopophy. The statistics the software
maintains and presents, shows exactly how eaclestinds performed and serves as a
teacher guide for what abilities and problems estotient has. The guidance allows
teachers to commit human support to where it i$ iesded and suggests features that
need further practise. In particular one teachendothe results report module extremely
valuable. The students will by their performanceuga the system produces
individualised spelling tasks and the teacher ¢sm prepare specialised tutoring for each
student.

Flexibility

Students should be able to learn in their own walgout having to follow already made
up tracks and pre-made levels (Papert, 1993; Rest®®7; cf. Bunt and Conati, 2003).
The system needs to be involved in, and suppotetraing by monitoring progress and
adapt as the student progresses so the rightdéeehllenge can be given (Bull et al.,
2003; Motschnig-Pitrik and Holzinger, 2002). A ctrastivist approach to building
software is open-ended and has no in-principletéitimn in what activities the user may
experience. The teachers found that the techniglieidualised spelling exercises
effectively. They thought further that the spellipblems were posed in an encouraging
fashion — all students seemed to be content amgeact
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Peripheral outcomes
A system that encourages further learning outsidesystem interaction (Hsi and
Soloway, 1998) has reached one of the major aireducational software. In interviews
with students they told us how they recognised tingproved spelling when they did
project work which required writing and while wotken related subjects.

Some students were encouraged when they were shevatatistics generated by the
system.

Mayes and Fowler (1999) argue that “the learneda¢o move effortlessly to the
conceptual level, but then must engage with theetdyidg meaning. [ ] the software
must make the learner think”. The children wereepbsd to have a playful attitude
towards using the software, as also indicated tgrvrews with the students. However,
when asked if they had noticed any differenceséir tspelling abilities the main part of
the children recollected improved spelling when kirog with other tasks e.g. projects,
writing stories and reports.

Collaboration, not competition

The teachers reported how the interactions betweeatents had been successful in the
sense that students wanted to help their frientfs their spelling in a non competitive
way. The standard deviations for figures that skiwevprobability of correct spelling for
novel and non-novel words indicate that the sydteaps the success rate rather constant
and consequently reduces the element of compettidrencourages collaboration.

None of the students worked through the systenm iexact way so they did not compete
with each other, they were interested in each &iseiccess and they were eager to make
sure friends gained new awards to be traded later.

Accuracy and effects

In Sklar and Pollack’s article they show a relaiiverease in typing speed, 85% of their
students improved their typing performance. Inr@search we also found a positive
trend of learning outcomes. Both studies show tiesipilities for individualised learning
and support the principle of evolving educatior@itent. We also agree with Sklar and
Pollack, that the technique could be useful for yngifferent curricula. We choose
spelling as curricula instead of typing, spellisgicurriculum that put different demands
on the student compared to typing. Noteworthypoasklar and Pollack’s work, the
increase in accuracy can not be solely attribudeghtincrease in spelling ability.

Unfortunately the low number and selection of waetsdered the teacher prompted
handwritten test inconclusive. In hindsight, a seta of words better matching the
ability of each student would make the test morsiige for the improvement noticed
from the computer study. We also acknowledge thallssample size as rendering the
teacher prompted handwritten test insignificant.

Improvements

We performed a usability test to find out if theghnology can be useful in education.
The test has given us results that show us themyisas a high degree of usability. Both
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teachers and students expressed satisfaction wponkth the system , e.g. the students
said the Magic Spell was an amusing way to lepetliag and the teachers received
plenty of information about every single studemsléng performance. The results also
show a number of weaknesses that needs to be isgbfor a better performance. The
system does not cover all learning styles (doesowgr the practical style) but we did
not find any proof that the system failed thesesis.

The teachers work through the spelling grammar aftge-planned sequence while the
Magic Spell follows each individual student’s atyiliEven though the teachers and the
software work from two different pedagogical petpes, the teachers were very
pleased with the software. There was only one imibeay would like to have on the
system to make it function together with the ordyrepelling tasks. They suggested
adding a control to ensure that all students atede(and trained) on their weekly
spelling words.

Learner-adaptive software

Working with learner-adaptive software allows alldents to work completely
individualised. The student indirectly decides wiiaty are ready to learn at the next
step. Papert (1993) and Resnick (1997) discussezh&abes with such systems e.g. the
possibility of supporting individualised learnintyles and letting the single student
explore and learn after their own ability. We beé the principles presented in our work
represent one step towards better support for itaialised learning in the classroom.
According to the teachers, the Magic Spell is aletl suited for students with
concentration difficulties. The system maintainegasonable level of challenge which
partially explains why students with difficultieesesned to cope with the exercises as long
as their fellow students.

Quality control

The quality control is increased with the Magic §snce the teachers can easily gain
statistics on every student in their class. Thaltegan then be used when planning
individual tasks and for showing performance overmger period.

Need for a student model

In our project, the Magic Spell, we found that slystem individualised its tasks, that the
students improved their spelling, and that theestiglexplored the system in a non-
predetermined way. These above mentioned findirege wbserved in the absence of an
implemented student model. We believe it wouldrteresting to perform more research
in this area to confirm weather a student modehtmgt be necessary for a learner-
adaptive system. To the contrary, a pre-specifiedent model may constrain the
problems faced while experimenting with the sofevarmpartially denying the user a truly
constructivist experience.

Importance of teacher involvement

Another observation we made when performing ouwystsi the importance of involving
the teachers early in the development of the soéw&ome of the results might be an
outcome of the positive co-operation between tisgers and the teachers. As for a
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start, teachers found it difficult to understanavHearner-adaptive could be a support in
their teaching but after we showed them a firstqigge it became more obvious to them
and they soon became a good source of ideas peadaliypgleas for the designers. We
found the combination of co-operation between #dagogically experts and technical
experts resulted in a product that used the teogyalnd functioned well in a classroom
setting.
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7. Conclusion

In this section we conclude our findings and wegesysome research projects that we
believe will be a natural continuation of our work.

A learner-adaptive system supports learners witimdiridualised learning environment.
Our evaluation of the Magic Spell shows a positread in spelling accuracy. The Magic
Spell uses the same principle as Sklar and Po(2@B0) use in a keyboard typing
system. Sklar and Pollack observed an improvenwrivalent to 85 % in their
keyboarding test. Sklar and Pollack (2000) suggésitsevolutionary technique is a cost
effective technique for educational software arat the technique is easy to adapt to any
curricula wanted.

A learner-adaptive system encourages a non-conveegiivironment for students. The
students are not aware of how they work withinedéht levels of spelling while the
system maintains a steady level of difficulty teemrage the student. The non-
competitive environment encourages a positive comacation between the students.

Coverage of the possible spelling exercises varitsstudent — a sign of adaptation to
individual difficulties. The principle of evolvingducation content transfers well into
other domains with little system development inealvin the present work (and
elaborated in Bodén and Bodén, (2004) singularevdcomposition is introduced as a
means to construct a space in which activitieoeganised according to a possibly large
and sparsely populated feature space. Exercisesfantively selected by an
evolutionary, stochastic process yet faithful te pievious successes and failures of the
student. The overall development required for tiemimg the principle to other
educational domains is basically confined to irsteef programming — little effort was
required to get the evolutionary control mechanisiwork in the spelling domain.

The following list identifies the main outcomesanir study that support the use of an
evolutionary approach for learning.

» Learner-adaptive software is highly useable in atlan as a complement to the

teacher.

» All students were worked happily and challengedwsielling.

* The degree of individualised spelling tasks wepegased in the classroom.

e Good quality control for teachers.

» The system attracts all students including studeitts concentration difficulties.

* A positive learning effect is shown when using slgstem.

* The system encourages a hon-competitive interabgbrween the students.

* A definite possibility for individualised learning.

e The Magic Spell support auditory and visual leagrstyles in spelling.

* No need for a student model in learner-adaptiveegys
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Evaluation and future work

There is still a lot of further research needeaieive have found an optimal system to
support learning in our schools. Our research haws a positive trend that verifies
Sklar and Pollack’s work and we have also foundemaidence that this technology
might be worth investigating further. There is @ah¢o run test periods with younger
students to find out if the learner-adaptive sofevwaorks as well with those students as
with our students. Also running tests during a Emgeriod for more validate results.
What impact will learner-adaptive software haveeachers teaching in a more long
term perspective? Both teachers made clear whag gtey teach by and what spelling
rules they were supposed to teach the studentsghreach grade.

By using the Squires and Preece’s suggested thuleb for evaluating learning with
software, we choose to work with a relatively utddsnethod. Research and further
analysis considering the thumb rules will be negdezbnfirm our findings.

We received useful feedback from both studentst@achers on improvements for the
Magic Spell. One suggestion was to include a seatiere the students can ask for hints
on how to spell correctly. E.g. One teacher sawdbiild be useful for the students to
learn about certain spelling rules and that thesa@ldvbe acting as a guidance how to
spell correctly. This will improve the strategids@cognition, diagnosis and recovery
from errors which Squires and Preece points othienre thumb rules.

One reason for a positive outcome of the usaligisy is the involvement of teachers in

the development process. In future work it would/akiable to confirm test results with
teachers who have not been involved in developwietite Magic Spell.
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Appendix |

Spell patterns used in all experiments.

17
18
19
20
21

22
23
24
25
26
27
28
29
30
31
32
33

Pattern (regexp) Description
.*[eyuioa] {2}.* 2v
.*[eo] {2}.* eo2
.*ou. * ou
Kiul* iu
.*oe. * oe
.*oi L * Oi
.*io.* io
ia.* ia
.*ua. * ua
.*ea. * ea
.*au. * au
.*eau. * eau
Klei]{2}.* ei 2
.ie.* ie
el L ¥ ei
.*[euyoai ] ?[st] e
{2,}"

J*wndtl].* W

. Fwn, * wn
Jwfdt] ¥ wdt
BT w
ErrLt|LorttL L 2-
pp. *|.*ss.*|.*dd

B S I A o To A

[ .*11.*].*bb. *|.
*nn.*|.*mm *| . *c
k.*|].*cc.*

*rr.* rr
*tt.* tt
.*pp. ¥ pp
*ss. * SS
*dd. * dd
*ff.* ff
*gg. * a9
¥, I
*bb. * bb
*nn. * nn
*mm * nmm
*cc. * cc

45

34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49

50
51
52
53
54
55
56
57
58
59
60

61
62
63

64
65
66
67
68

Pattern (regexp) Description
.*ck. * ck

.*[ pbdwjt.* -t

.*bt . * bt
pt.* pt
.*et. ¥ ct

. *[wrtpgcs] h. * -h

. *wh. * wh
.*[st] ?ch. * ch
.*sh.* sh
.*gh. * gh
.+th. + th
Ath.* |th
~kn. * | kn
.*th$ t h|

. *XC*. XC
.*[sz].*|.*[aeio vow c-vow
uyx] c[ aei ouy] . *

Lz ¥ z

. *sc[ aei ouy] . * sc
.*c[aoueiy].* G

. *g[ aoueiy].* g
.*c[aou].* hard-c
.*g[aou] . * hard-g
.*cleiy].* soft-c
.*gleiy].* soft-g
.*[iov] ?e?s$ pl ur
.*[i 0] ?e$ si ng

. *[rt phgfdsl kvbn con-y|
ny$

.*[euoi a] y$ VOW Y|
.*[st]ion.* -ion
.*[dbgkcp]l e[sd] -le

?3$

.*ing$ i ng|
.*ng. * ng

. *age$ age

. *sed$ sed|
AT W



Appendix Il

Questionnaire for interview with, schoolteacher ina grade 4 class.
Design: The spelling engine

1. How many years have you been teaching?
2. What levels have you been teaching at?
3. Have you got any teaching experience from otheca&titnal systems than the

one in Queensland?
4. Comments on the design of The Spelling Engine?

5. What do you think of this kind of educational scdre?

6. Do you believe in constructivist method?
7. What statistics would be useful for you as a teatthget from the system?
8. Would it be good to adjust the system so that destialmost every time will be

successful with at least 5 out of 6 possible?

9. How can we encourage the students so that theyimdlispelling fun? (related to
this program)
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Appendix IlI

(This is the questions that were prepared for tbeerformal part of an interview.
Informal discussions have been kept in a diarythed put together with the interview
results.)

Questionnaire for interview of school teachers afteuse of the Magic Spell

Navigational fidelity: Is the user interface guigiar enticing or tricking the student to
learn and hiding distracting complexity?

Do you believe the students learn how to speligihe Magic Spell?

Explain your belief.

Do you believe the program is appropriate fogedide three/four students?

If not, explain why.

Is there a match between designer and learner s @sles the user learn to spell as an
effect of how the program teaches spelling? Id¢ledback appropriate for all students
irrespective of level? Does the design help le@min

Pedagogically, how do you think the students l@athe Magic Spell?

How frequently do you think you would have to gsétware like this to get the

most out of it for learning?

Appropriate levels of learner control: Sense of ewship and control
Do you think there is sufficient feedback for stats provided by the software?
Is the feedback appropriate for the age group?
Did you find the system picked an appropriate lle¥elifficulty for each
individual student?
Did you find that the students enjoyed workinghatite software? Provide
arguments for your believe.

Prevention of peripheral cognitive errors
Was it good that students had to correct their owsspelling before they could
move on?
Was there something in the design of the systenyttu found the students did
not manage properly?
From the students’ perspective, did you like titerface design of the system?
Was there anything you found hard to understarehsy to understand?

Personally significant approaches to learning: Do&syone irrespective of learning
style learn how to spell efficiently?
From previous spelling exercises, have you idiedtiflifferent spelling learning
styles in your class?
From using the Magic Spell, have you identifiefledtent spelling learning styles
in your class?
Did you as a teacher find that the system suppatigdents with different
learning styles?
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Was there a group of students you found the systesuitable for?

Recognition and diagnosis, recovery from errors
Did you find that students understood what they ¢th@ne when they did
something wrong?
Did the system give students any indication totw¥es wrong when they made
errors?

Match curriculum and teacher’s customization
Do you find the Magic Spell useful as a complententour teaching?
Do you find the Magic Spell useful for you studeand you teaching goals?
Was it difficult to integrate the usage of the Ma8pell with other teaching
activities?
Did you feel you had an influence on the design?
In relation to grade three/four curricula, is tmatent and process in the Magic
Spell appropriate?
Do you have any suggestions of changes to impitwygystem?

48



Appendix IV

Questionnaire for interview of students after use tthe Magic Spell

Was it fun to play the Magic Spell?
Why?

Do you think you became a better speller aftergiiie Magic Spell?
Explain why?

Was it difficult or easy to spell?
Was it hard to win beans and wands?

Did you find it got harder to spell after workingtiwthe system for a while?
Did you like to trade wands with other students?

Was it easy or difficult to understand how to wuaikh the Magic Spell?
Was there something that you found tricky when stauted working with the Magic
Spell?

Was it difficult to know where to click when you mtad to do something in the Magic
Spell?

When you did something wrong in the Magic Spelll, ylbu understand what you had
done wrong?

Did the software indicate what you need to do twext your mistake?
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