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Executive Summary

Adaptive educational systems have been successfubiiding personalised support
in a myriad of domains (Melias & Siekmann, 2004p provide such support, the
adaptive educational system builds an internalessgntation of the user by analysing the
user’'s behaviour including their knowledge andtsréBrusilovsky & Peylo, 2003). The
resulting model is used to adapt the learning emwirent to that which best suits the
individual learner. Furthermore, within a tutoriagvironment where there are two users,
tutor and tutee, working collaboratively to reachcanmon goal, there may be a need to

provide personalised domain support for both users.

One particular environment where there may be al rfiee such a system is home
tutoring. Despite the large body of research, wliahgests a high correlation between
home tutoring and a child’'s academic success (Greed & Hickman, 1991; Dornbusch
& Ritter, 1988), parental involvement in learningigities in the home may not occur
spontaneously due to self-believed lack of abilikpowledge and skills (Hoover-
Dempsey & Sandler, 1995). However, research inescéiie benefit of supporting the
tutor in the development of tutoring strategiest{@o & Savard, 1982). Hence, the need
for the development of an adaptive educational esystwhich supports both, tutor
(parent) and tutee (child) during the home tutorprgcess. Such a system could in
particular be of most benefit in supporting theotuin the development of tutoring

strategies.

There are many unresolved issues in developing ancdaptive educational systems.
Research questions still outstanding include: (Bwhcan an adaptive engine
simultaneously support dual users (tutor and tu@eyvhat is the appropriate educational
theory from which to elicit a set of rules, whicéfite tutoring best practice and (3) what
is an appropriate basis for adapting to the nedddhe tutor and tutee? This thesis
describes how the Parent and Child Tutor (P.A.CAadgptive educational system

addresses these challenges.

Firstly, the thesis describes how P.A.C.T.'s asttiire differs from that of a
traditional adaptive educational system in an emdgato provide dual user adaptivity.
Secondly, the thesis describes how Talent Educatidosophy (Suzuki, 1986) informs a
set of tutoring rules, which define tutoring besdqtice. Thirdly, the thesis describes how
self-efficacy (person’s belief in their ability twcomplish a particular task) can be used
to determine the appropriate level of support nexliby the tutor and how affect (the

emotional state) can be used to determine thedfypepport required by the tutee.



Empirical studies were conducted to explore theeatffof using an adaptive
educational system to support the home tutoringgs® in the domains of Suzuki violin
and mathematics. In particular, these studies eaglthe effect of P.A.C.T. on parents’
(1) self-efficacy (2) knowledge and (3) perceptadrtheir role as home tutor. In addition,
studies investigated the effect of providing affeetsupport for the child throughout the
home tutoring process. Results suggest that P.A.@dy be of benefit in increasing
parental self-efficacy and parents’ knowledge aihkautoring skills. They also indicate
that P.A.C.T. may have a positive effect on parep¢sception of their role as home
tutor. Results also suggest that adapting theitg@rocess based on the affective needs

of the child may have a positive effect on the hautering process.
In summary the main contributions of this theses ar

The design and development of an architecture, wupports dual user adaptivity

in the domain of home tutoring.

The articulation and development of a set of nautring rules based on Talent
Education philosophy, which defines tutoring besicfice.

Empirical evidence, which indicates the effectiv@nef adaptive strategies based
on self-efficacy in supporting the parent as twtod strategies based on affect in
supporting the child as tutee.
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1 Introduction

1.1 Motivation

Adaptive educational systems have been successfubviding personalised support
in a myriad of domains (Melias & Siekmann, 2004). grovide personalised support,
adaptive educational systems build an internalessgntation of the user by analysing the
user's behaviour including their knowledge andtsrgBrusilovsky & Peylo, 2003).
Subsequently, the resulting model is used to attaplearning environment to that which
bests suits the individual learner. Furthermoré¢hiwia tutoring environment where there
are two users, tutor and tutee, working collabwedyito reach a common goal, there may

be a need to provide personalised domain suppobiofih users.

One tutoring environment where there may be a heeduch a system is the area of
home tutoring. Despite the large body of reseavdhich suggests a high correlation
between home tutoring and a child’s academic ssc@seenwood & Hickman, 1991;
Dornbusch & Ritter, 1988), parental involvementigarning activities in the home may
not occur spontaneously due to self-believed latkalulity, knowledge and skills
(Hoover-Dempsey & Sandler, 1995). However, reseairoficates the benefit of
supporting the tutor in the development of tutorsitategies (Cotton & Savard, 1982).
Hence, the need for the development of an adagistem, which supports both, tutor
(parent) and tutee (child) working collaborativéfiyoughout the home tutoring process.
Such a system could in particular be of most beérefisupporting the tutor in the

development of tutoring strategies.

1.2 Background

Several adaptive educational systems that adapindividual needs have been
developed (Melias & Siekmann, 2004; Mitrovic, 2008 Bra & Calvi, 1998). However,
there is limited research in adaptive systemsgbpport tutor and tutee working together
to achieve a common goal. One area of researchnthgtbe of relevance is that of
adaptive collaborative systems. Such systems cabraadly categorised in terms of
research, which supports the collaboration procissif (e.g., promoting deep
collaborative discourse (Kumar et al., 2007)) aedearch, which supports domain
learning through collaboration (e.g. providing Birdn domain knowledge for the tutor
(Walker et al., 2008)). In an adaptive system, #limultaneously supports both tutor and



tutee throughout the home tutoring process, theag be most benefit in providing
adaptive domain support, as the nature of learauiyities in the home will naturally

promote parent-child collaboration.

Building an adaptive system that simultaneouslypsujs dual users (tutor and tutee)
working collaboratively is non-trivial and includéso important considerations. Firstly,
what is the appropriate educational theory fromalwhp elicit a set of rules that define
tutoring best practice and secondly what is an@pjate basis for adapting to the needs

of the tutor and tutee?

A number of educational theories exist supportinthlihe home and school contexts.
Home schooling comprises numerous approaches (Ma983; Holt & Farenga, 2003)
and in parallel, a number of educational theoriggpsrt the traditional classroom context
(Schunk, 2000). However, few educational theoriedge the gap between home and
school. Talent Education philosophy is one suchohewhich defines a learning
environment where the parent complements the dassrteaching through learning
activities in the home (Suzuki, 1986). Shinichi &kiz(1898-1998) believed that every
child has talent, which can be developed if thgprdearning environment exists. Suzuki
was one of the founding members of a music schebich later became known as the
Talent Education Research Institute. Since theenidtducation philosophy (also known
as the Suzuki method) has been found to be usefal mumber of domains (general
education (e.g. The Suzuki Charter School, Albeanada) and teaching programming
(Lui et al., 2004)). However, it has predominartigen applied to teaching music. One
aspect of Talent Education philosophy that diffeosn other educational philosophies is
the importance of the role of the parent as hortw thence, its suitability for informing
a set of tutoring rules that inform home tutorirggtypractice.

Despite the emphasis that Talent Education phileggplaces on the role of the
parent, there may still be a lack of parental imealent due to self-believed lack of
ability, knowledge and skills (Hoover-Dempsey & 8km, 1995; Hoover-Dempsey et
al., 2005). However, research suggests that pareitts high levels of self-efficacy
(Bandura, 1995) tend to make positive decisionsibbhotive engagement in the child’s
education while parents with weak self-efficacy afeen associated with less parental
involvement (Hoover-Dempsey & Sandler, 1997; Degfsr & Abouchaar, 2003).
Therefore, it may be of benefit to develop an agteptducational system that adapts the
level of support provided for the parent basedlartself-efficacy. Such a system may
provide high levels of supports for parents withvIgelf-efficacy and low levels of

support for parents with high self-efficacy.



In a tutor-tutee, adaptive system there is alseedrto provide personalised support
for the tutee. In the domain of home tutoring, &rgilel to adapting support to the parent
based on self-efficacy, there is also a need tuigeopersonalised support for the child.
This support can comprise cognitive, affective andtivational support (Parkinson &
Coleman, 1995). The importance of the provisiomfééctive support is clearly outlined
in Talent Education philosophy (“circumstances sunding the repetition (practice)
must be happy” (Suzuki, 1981 p14)), and thereftines research will also focus on
providing affective support for the child. Providiraffective support for the child
involves adapting the tutoring process based orchiid’'s affective states where such

states include happy, sad, fearful and angry (Kbai., 2001).

1.3 P.A.C.T. Adaptive Educational System

P.A.C.T. is an adaptive educational system thatawmours to address the challenge of
building an adaptive system, which simultaneousigp®rts both tutor and tutee in the
home tutoring environment. Firstly, P.A.C.T.’s dgsuses a novel dual user architecture
that comprises dual user models and domain mo&elsondly, P.A.C.T. provides an
instantiation of Talent Education philosophy, whidefines tutoring best practice.
Thirdly, using two levels of adaptivity P.A.C.T.quides varying levels of support based

on parental self-efficacy while simultaneously pding affective support for the child.

The overall architecture of P.A.C.T. is illustratedrigure 1.1. Typically, an adaptive
educational system comprises student, domain, peizal and presentation models
(Wenger, 1987). In order to provide a personalisedning path, P.A.C.T. comprises a
number of additional features; a dual user archite, which comprises dual domain
models and dual user models in order to simultasigaupport both parent and child, a
novel adaptive engine that comprises a set of ratesthe use of the Talent Education

philosophy to define tutoring best practice.
The different components have the following funesio

The domain model is a representation of the materibe learnt. In P.A.C.T. the
parent domain modelcomprises an instantiation of the Talent Education
philosophy in an endeavour to support the parerihéndevelopment of tutoring
best practice. Currently thehild domain modelprovides support for the child in

two domains, Suzuki violin and mathematics.

In P.A.C.T., theparent modelmaintains a log of parents’ self-efficacy valuss a

they proceed through the tutoring process. It dsords information that describes



parents’ interactions with P.A.C.T.. Thehild model represents the affective
experience, a record of the child’s affective statech as happy, sad, fearful and
angry (Kort et al., 2001) as they progress throtigh system. It also maintains

information on students’ knowledge-level.

The presentation model monitors the interactions/éen the user and the system
and handles the flow of information.

The pedagogical model, informed by the adaptive irenguses adaptive
presentation and adaptive sequencing techniguastesmine what next to present

to the parent and child.

Parent Madsl hilld Rodsl

Talent
Education
Phllzsophy

Chilld Comain
olal

Parent Comaln
Moda

Pedagogls al Modsl

adaptive
Enging

Frasentation
Maodsl

Figure 1.1 P.A.C.T. Architecture

el
Ll

P.A.C.T. provides personalised support througladtaptive engine, which comprises

a set of pedagogical rules. The pedagogical rukesategorised in terms of:

Tutoring rules informed by Talent Education philpky define tutoring best
practice. The rules are constructed using a sdutofing tactics (e.g. Positive
Reinforcement), which denote Talent Education oy, the key phase in a
Suzuki lesson (i.e. beginning, review, new mateaiad repetition) and a set of
affective states (namely, happy, sad, fearful amgrya (Kort et al., 2001)). The
tutoring rules use the tactics in order to prommteitive affective states in the
child while simultaneously supporting the parentttie development of tutoring

best practice.



Content rules determine the specific content tpldis

Efficacy rules based on parental self-efficacy,edeine the level of support
required by the parent. High levels of self-efficaeceive low levels of support

while low levels of self-efficacy receive high léds@f support.

Based on feedback from the presentation model rgmat from the user models P.A.C.T.

deciphers the type and level of support requiretdii parent and child.

1.4 Research Goals & Contributions

As previously stated, the research goal was toldpvan adaptive educational system,
which supports both tutor (parent) and tutee (ghivdrking collaboratively throughout
the home tutoring process. In order to achieve sugbal a number of specific research

guestions were identified.
How can an adaptive engine simultaneously supportudl users (tutor and
tutee)?

This was addressed through the design and develdpaieP.A.C.T., which uses
adaptive technology and contains a novel dual asgritecture that comprises dual user
models and domain models.

What is the appropriate educational theory from whch to elicit a set of rules,
which define tutoring best practice?

This was addressed using Talent Education philgsdphparticular, this philosophy
informs the set of tutoring rules, which encapsutatoring best practice

What is an appropriate basis for adapting to the neds of the tutor and tutee?

This was addressed through the use of adaptiveegies, which enable P.A.C.T. to
provide the correct level of support for the parbased on their self-efficacy, while
simultaneously adapting to the affective need&efchild. In particular, empirical studies

were conducted to investigate:

The effect of using adaptive strategies on paresgif-efficacy, knowledge and

their perception of their role as home tutor.

The effect of adapting to the affective needs & dhild throughout the home

tutoring process.

Therefore, the primary contributions of this reskazan be summarised as:



The design and development of an architecture, wupports dual user adaptivity

in the domain of home tutoring.

The articulation and development of a set of nowtgring rules based on Suzuki’s
Talent Education philosophy, which define tutorbst practice.

Empirical evidence, which indicates the effectivenef adaptive strategies based
on self-efficacy in supporting the parent as twtond strategies based on affect in
supporting the child as tutee.

1.5 Structure of Dissertation

There are a number of requirements in the designdamelopment of an architecture,
which supports dual user adaptivity in the domdimame tutoring. Firstly, there is the
need to develop a dual user architecture, which sianultaneously support both the
parent and child. Secondly, there is a need toréexiset of tutoring rules, which using
the principles of Talent Education philosophy deftatoring best practice. Additionally,
there is a need to develop adaptive technologagscin simultaneously support the needs
of both parent and child. Finally, there is thechemanalyse, using empirical studies, the
effect of P.A.C.T. on the home tutoring processe Tdllowing chapters describe in detail

each of these different stages.

Chapter 2 provides the literature review of the bamrtoring paradigm and adaptive
educational systems. It also describes how selfegf§y and affect may be of benefit
during the home tutoring process. It provides dismn on these areas in order to support

the architecture, design and implementation of ..

Chapter 3 describes the principles, architecturesigth and implementation of
P.A.C.T.. It outlines the empirical studies invalven incorporating Talent Education
philosophy into its design (Lahart et al., 20040202006, 2007b, 2007d). It outlines
P.A.C.T.’s novel dual user architecture (Lahartakf 2008a) and demonstrates how

traditional adaptive educational systems can béo#ggd to support dual users.

Chapter 4 describes P.A.C.T.’s adaptive engindescribes how the adaptive engine
consists of a rule-based system comprising a neetebf pedagogical rules. These rules
can be categorised in terms of tutoring rules, entules and efficacy rules (Lahart et
al., 2007c).

Chapters 5 describes the empirical studies that warried out to validate the design

and development of P.A.C.T.. It describes the wai@h process to ensure the tutoring



rules reflected the principles of Talent Educatitilosophy (Lahart et al., 2006, 20074,
2008b, 2008c).

Chapter 6 describes the experimental design ofsthdies carried out in order to

explore the effect of the adaptive educationalesysbn the home tutoring process.

Chapter 7 presents an analysis and discussiore @xperimental results. In particular,
it evaluates the results in terms of its effectimparents’ (1) self-efficacy (2) knowledge
of home tutoring best practice and (3) perceptibtheir role as home tutor. In addition,
it evaluates the effect of adapting to the affextieeds of the child. Results suggest that
P.A.C.T. can have a positive effect on parentdtefficacy and learning performance. In
addition, adapting to the affective needs of thiddcimay have a positive effect on the

home tutoring process.

Chapter 8 concludes with an overview, summary arettions for future work.



2 Literature Review

2.1 Introduction

The following chapter provides the research contexthis thesis. In addressing the
challenge of building an adaptive educational systehich supports both tutor (parent)
and tutee (child) working collaboratively throughdite home tutoring process there are a
number of research considerations. Given that agaptucational systems have been of
benefit in adapting to individual needs (Melias &Il8nann, 2004; Mitrovic, 2003; De
Bra & Calvi, 1998), it is necessary to investightav this technology may be of benefit
in supporting dual user adaptivity. In particuldr,is important to determine how
emergent adaptive collaborative technologies mafyitiber exploited in order to provide
the necessary support during the home tutoringgssodt is also necessary to investigate
how, given the known benefit of parental involveminlearning activities in the home
(Greewood et al.,, 1991; Dornbusch, 1988), adaptidacational systems may be of
benefit in encouraging such involvement. Educatidhaories provide a number of
approaches, which may be relevant, and in particifalent Education philosophy
(Suzuki 1986) is identified as being an educaticiory of particular relevance in
developing greater parental involvement. Reseaugjfyessts a myriad of reasons why
parental involvement may not occur spontaneoushis Tesearch focuses on one in
particular, parental self-efficacy. Within the cextt of home tutoring, it is also necessary
to provide support for the child; this researclo atsestigates the use of affective support

to encourage a positive learning environment.

This research investigates the question of howdsesive support both tutor and tutee
throughout the home tutoring process through tleeafisan adaptive educational system.

More specifically, there is a need to investigaefollowing research questions:
How can an adaptive engine simultaneously sughat users (tutor and tutee)?

What is the appropriate educational theory fromolhio elicit a set of rules, which
define tutoring best practice?

What is an appropriate basis for adapting to tlels®f the tutor and tutee?

Subsequently, to answer this it is necessary tewev



How adaptive educational systems and adaptive bmlidive systems through the
use of appropriate adaptive strategies can sugpertutor and tutee during the

tutoring process.
Educational theories that indicate home tutoringj peactice.

How self-efficacy can be used to determine thellefasupport required by tutors
(parent) when tutoring and in what ways is it plolesto provide affective support
for tutees (child) during the tutoring process.

In this chapter, section 2 outlines educationabties that support the home and
school contexts. In particular, Talent Educatigut@losophy is described as a philosophy
that may be of particular relevance in the homering paradigm. Section 3 describes the
concept of self-efficacy, one of the reasons whyeptl involvement in learning
activities in the home may not occur spontaneoiiyhin the home tutoring context, it
is also necessary to provide support for the tob#id), section 4 outlines how the
provision of affective support for the child mayprote a positive learning environment.
Section 5 describes the role that technology cay pt supporting the home tutoring

process and in particular, it outlines how adapsiygtems may be of benefit.

2.2 Education Theory

A myriad of educational theories exist supportimghbthe home and school contexts.
Home schooling comprises numerous approaches fightyhstructured to unstructured;
from those, which are based on conventional schmokhose, which are far removed
from conventional practice (Holt & Farenga, 2008).parallel, there are a number of
educational theories, which support the traditiodalssroom context (Schunk, 2000).
This section will firstly discuss the educationgipeoaches, which have influenced the
paradigm of home schooling. Subsequently there élla discussion of some of the
educational theories, which have influenced corigeat teaching. Finally, we will
discuss Talent Education philosophy an educatitmsbry that may be best placed to

bridge the gap between home and school.

2.2.1 Home Schooling

John Holt (1923 — 1985) is widely recognised as fthender of the modern home
schooling movement. From observing the school systelt believed that some of the
reasons for underachieving students included fezedom and confusion (Holt, 1964).
He was also a critic of children being forced tartesubjects that were of little interest to



them. He believed that if children were providedhwthe freedom to follow their own
interests and were provided with a rich assortneémesources learning would naturally
follow. Over the past number of years a multitudehome schooling approaches have
emerged including unit studies and classical edutatUnit studies is based on the
concept that knowledge is interrelated and if presst and studied in a related way may
result in a deeper understanding (Bennett, 199@sdital education is based on a
particular pattern called the Trivium, which cong@s grammar, dialectic, and rhetoric. It
is based on the premise that if the tools of lesyrare taught they can be used in the
study of any subject (Wilson, 1991). Howeverstsection will focus on two of the most
popular home schooling approaches namely, unsaiwp@Holt & Farenga, 2003) and the
Charlotte Mason approach (Mason, 1993).

Unschooling involves learning based on the chilutsrests, needs, and goals where
parents play the role of facilitator as opposetether. Learning does not follow a strict
curriculum but rather is as a result of every diy Holt observed that children are born
inquisitive, with an inherent desire to experimamid explore the world around them
(Holt, 1967). Young children learn to walk, to talnd to formulate ideas and opinions
with little instruction from adults. He believedaththe same natural learning process

should be applied to learning at all levels.

Charlotte Mason (1842-1923), believed in threerimsents of education, namely
education is an atmosphere, education is a dieeiind education is a life (Mason,
1993). By atmosphere, she believed that the idestsentwine the life of the parent have
a profound impact on the children. She believed éxposure to the natural environment
was of great benefit to the child and attemptsrtvigde a rose-tinted unrealistic view of
the environment were unhelpful. However, she alated, “the strong must not lay their
burden on the weak” (Mason, 1993 Vol. 6, p97) megnthe relations must be
maintained where the parent is in authority andcthitd in obedience. By discipline, she
believed that it was important that children weggnied in good habits. If so, these habits
would serve them as they grow. Mason drew a patdadieveen good habit and railway
tracks. It is the responsibility of parents to kdgwn tracks upon which the child may
travel with ease into their adult life. Good halzits a powerful influence on our children
and must play an important part in their educatfttrrests with [the parent] to consider
well the tracks over which the child should trawgth profit and pleasure” (Mason, 1993
Vol. 1, p109). By life, Mason reminds us that “dike thought we offer to our children
shall be living thought; no mere dry summaries aft§ will do” (Mason, 1993 Vol. 2,

p277). Each subject should be presented as lideas. Particular importance was placed
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on living books. Living books (often referred to akassics) promote imagination,
originality and noble thoughts.

In summary, home schooling approaches promotedis that learning should begin
with curiosity in the child. It should be as a réxaf everyday life. The child should be

presented with interesting material to learn frord @ should be a natural process.

2.2.2 Classroom context

A myriad of educational theories have been appiiedthe classroom context.
Arguably, the most commonly used educational tlsorinclude behaviourism and
constructivism. However, there are numerous otimetading Cognitivism (Piaget, 1928)
and Multiple Intelligence (Gardner, 1983). Cogn#ig are concerned with exploring
mental processes such as thinking, memory, knovaind,problem solving. They believe
knowledge can be viewed as schema or symbolic fheatestructions where learning
can be defined as a change in a learner’s scheiffa¢atheory of Multiple Intelligence
challenges the conventional view of intelligenceaasingle general capacity. Instead,
Gardner (1983) proposes eight different intelligento account for a broader range of
human potential in children and adults. These ligesices are linguistic, logical-
mathematical, musical, bodily kinaesthetic, spatiaterpersonal, intrapersonal and
naturalist. The theories of behaviourism and caowesitrism will now be described in

detail.

Behaviourism is based on the idea that behaviowsequired through conditioning
where conditioning can occur through interactiothwhe environment (Watson, 1913).
There are two major types of conditioning: cladsicanditioning and operant
conditioning. Classical conditioning, involves pFating a neutral stimulus (i.e. a
stimulus that does not result in an overt behaabrgsponse) along with a significant
stimulus (i.e. a stimulus that evokes a refleximgponse). The neutral stimulus is referred
to as a conditioned stimulus while the significastimulus is referred to as the
unconditioned stimulus and unconditioned resporespactively. If the conditioned
stimulus and the unconditional stimulus are repHgtpaired, eventually they become
associated and produce the behavioural respongbetaondition, referred to as the
conditioned response (Pavlov, 1963). Operant cimmilitg is the use of consequences to
modify the occurrence and form of behaviour. Opecanditioning is distinguished from
classical conditioning in that operant conditionohegnls with the modification of operant
behaviour. Learning is a function of change in bbehaviour where change is as a result

of a response to a stimulus that occurred in tiir@mment. Reinforcement is central to
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this theory where reinforcement is anything thaerggthens the desired response e.g.
verbal praise (Skinner, 1968).

Constructivism is based on the premise that legragturs as a result of the processes
of accommodation and assimilation. Assimilationalves incorporating new experiences
without modification into exiting frameworks. Howaty accommodation involves
reframing one's mental representation of the eatemorld as a result of new experiences
(Piaget, 1950). Social constructivism is basedhenpremise that much learning can take
place in the Zone of Proximal Development (ZPD)e D is described as the distance
between actual development during independent @nobsolving and the learner's
potential development if assisted by a more abée peadult (Vygotsky, 1978). Much of
Vygotsky's (1978) work highlights the benefits fdahe learner of working in
collaboration with a more able peer, adult or doneadpert.

Educational theories from both home and schoolexdstprovide great insights into
how knowledge is acquired by the learner and toesertent, how this can be facilitated.
However, there is little research to support thexé&achool relationship. One educational
theory, which may go some way in bridging the gapnmieen home and school, is Talent
Education philosophy (Suzuki 1986).

2.2.3 Talent Education Philosophy

Talent Education philosophy is based on the prerttis¢ talent is a product of
environment rather than heredity (Suzuki, 1986)ni8hi Suzuki (1898-1998) believed
that every child has talent, which can be develdp#ue proper environment exists. He
observed that all children learn to speak their damguage with relative ease and
suggested that if the same natural learning proixesgplied in teaching other skills,
these skills could also be acquired as successfTillg learning process is broken down
into the smallest possible steps, which allow thiéddcto achieve success at every level
and learn at their own pace. The actual procegsauhing the young child to play the
instrument involves a trio of players: the chilbe tteacher and the Suzuki parent. The
Suzuki parent provides daily home tutoring for dfeld. People have described this
three-way relationship as a tripod: if one leg isssimg, nothing can be achieved.
Research suggests that the support of both panehtemcher at the beginning of the
learning process can be of benefit (Davidson, 199B¢ Suzuki parent works at home
with the child and tries to mimic the lesson enmir@nt. However, due to lack of tutoring
experience Suzuki parents can find it difficulitotivate their child to practice.
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There are a number of principles of Talent Educatkrstly, there is a belief that
every child can be educated. Talent Education ftea been misunderstood as education
for gifted children; however, this is not the caSecondly, there is a belief that learning
begins the day a child is born. Suzuki believed beginning the child’s education at the
traditional school age was far too late (Suzuki@1)9 The third principle of Talent
Education philosophy is intuition. Suzuki beliewbdt if a child did not receive love and
encouragement from its mother it might not devetop mother tongue. Suzuki believed
that children should never be forced to practiceetiearse, as it is not a good basis for
education. He believed that given a nurturing emment, children would develop their
own ability. Repetition should occur every day wh@ossible. Finally, it is important
that children feel confident in their abilities atidroughly master what they are learning.
Initially, children learn simple skills through refition. Once the skill is mastered, the

child is given another challenge. This motivateschild to continue learning.

2.2.4 Education Theories Summary

A myriad of research exists on education theoridgsch support the home and school
context. Home schooling provides a myriad of appihea to education in the home
context including the Charlotte mason approach Ma4993) and unschooling (Holt,
1964). Both approaches highlight that learning isaéural process and if the child is
presented with interesting resources, there wilhlmatural tendency to learn. In parallel,
there are a number of educational theories, whiske lbeen applied in the school context,
including behaviourism (Watson, 1913) and consivigth (Piaget, 1950). Such theories
provide great insights on how students learn and hest this can be facilitated.
However, there is little research, which explofes home-school relationship and how
teacher, parent and child can work together toter@anurturing environment. One
philosophy, which provides some insights into thiss, Talent Education philosophy
(Suzuki, 1986). Talent Education philosophy invelvhie teacher, child and Suzuki
parent. Therefore, Talent Education philosophy neagi appropriate educational theory
to inform tutoring best practice, in an adaptivesteyn, which supports both tutor and

tutee throughout the home tutoring process.

2.3 Self-Efficacy

As mentioned previously there is a strong relatigmbetween parental involvement
in learning activities and a child’s academic sgsceHowever, despite this, parental

involvement may not occur spontaneously for numgreasons including but not limited
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to (1) lack of parental self-efficacy (DesforgesAouchaar, 2003) (2) a perception that
it is not part of the parental role (Desforges &ofibhaar, 2003) (3) negative attitude
towards school (Heystek & Louw, 1994) (4) time (Bels & Granville, 2005). This
research attempts to overcome one of these redsoksof parental self-efficacy. With

this in mind, an overview of the research, whiclsesxon self-efficacy, is now presented.

Firmly situated in social cognitive theory, Bandurelieved that the beliefs people
have about themselves are key elements in thelityabh achieve desired outcomes
(Bandura, 1986; Bandura, 1997). Consequently, Hievieel that how people behave
might be as a result of their beliefs and therefmgbaviours may be better predicted by
these beliefs than by the result of their previpesformances. Research has indicated
that self-beliefs may have an impact on cognitivigagement, which suggests that
enhancing self-beliefs may have a positive effattlearning (Pintrich & De Groot,

1990). An individual's self-efficacy is included such self-beliefs.

The following section will provide a detailed deption of self-efficacy. Section 2.3.1
will provide a description of the sources of sdffemcy. Section 2.3.2 provides a
discussion on the effect of self-efficacy and fiypalection 2.3.3 provides some guidelines

on measuring self-efficacy.

2.3.1 Sources of Self-Efficacy

Self-efficacy beliefs are developed from four s@stcmastery experiences, vicarious
experiences, verbal persuasion and physiologiagé §Bandura, 1986). Bandura suggests
that mastery experiences are the most influentaltce of these beliefs as successful
experiences boost self-efficacy, while failuresderit. However, easy successes can lead
to an expectation of quick results therefore legdina lack of resilience when faced with
more difficult challenges (Bandura, 1986). This gegjs the need to present content at
the correct level so students are faced with chgéle, which they can overcome. The
second source of self-efficacy beliefs are vicagicexperiences. Observing similar
individuals succeed by sustained effort raises rvlesg' beliefs that they too possess the
capabilities to master comparable activities regflito succeed. Pajares (1997) suggests
that this is a weaker source of self-efficacy thaastery experiences, however, if
individual's have little previous experience witletgiven task they may become more
sensitive to it. The impact of success or failufehe observed on the perceived self-
efficacy of the observer is strongly influencedthgir perception of the extent of their
similarity. If the observer believes their capaklgk are superior to the observed then

failure of the model does not have a negative effBcown & Inouye, 1978). This
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suggests that vicarious experience may be mosteinflal when peers with similar
abilities are working together. Verbal persuasimarnother source of self-efficacy. Albeit
that this source of self-efficacy is weaker thae firevious two, verbal judgements that
others provide have an influence on self-effica@lidis (Zeldin & Pajares, 1997).
Bandura (1986) suggests that it is often easiewdaken self-efficacy beliefs through
negative appraisals than strengthen them throughiym appraisals. The final source of
self-efficacy beliefs is physiological states. Rbiagical states such as anxiety, stress,
fatigue and affective states provide insights dfiefficacy beliefs where positive moods
enhance perceived self-efficacy and despondent sndimdinish it (Bandura, 1997). It is
important to note that with all the aforementionsmlirces of self-efficacy it is the
interpretation of the experience that form the prdgnts of self-efficacy and not that the
sources themselves are directly translated intgmehts of competence.

2.3.2 Effects of Self-Efficacy

Research informs us that self-efficacy beliefs lsame effect on four process namely
cognitive process, motivational processes, affecfivocesses and selection processes
(Bandura, 1997).

Cognitive processes: self-efficacy can increaseliotinish problem-solving and
reasoning capabilities (Bandura, 1995; Schunk &afegj 2002 & Zimmerman,
2000). Self-efficacious students pose the abibtget ambitious future goals and a

commitment to achieve them.

Motivational processes: levels of self-efficacy viifluence the amount of effort
individuals expend on any activity, the degree efspverance when faced with
challenges and level of resilience in adverse dna. Self-efficacious students
are more likely to visualise successful outcomesoseé who doubt their self-
efficacy, visualise unsuccessful scenarios dweltinghe many things that can go

wrong.

Selective processes: self-efficacy beliefs playpla in the course of individuals’
lives as it influences the types of activities ahé environments they choose.
Students with high self-efficacy often select obafling activities and
environments while individuals with low self-effica choose to avoid challenges

or activities and situations, which they believws;eed their competency.

Affective processes: perceived self-efficacy playsole in individuals’ ability to

regulate their own affective states. An abilityctntrol one’s thought processes is
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a key factor in regulating thought patterns arostrdss and depression. It is the
perceived inability to disengage in such thoughtsl anot the frequency of

disturbing thoughts that is the major source offrd&s.

2.3.3 Measuring Self-Efficacy

Self-efficacy is not a global trait but a differexted set of self-beliefs linked to
distinct sets of tasks. The “one measure fits @tiproach to self-efficacy provides little
valuable insight and poor predictive value (Band@@06). On measuring self-efficacy, it
is important that it is measured in terms of peregi capability. Items should be
measured in terms afan dorather tharwill do. Bandura (2006) indicates that can is a
judgement of capability where will is a statememtimtention. The development of
effective self-efficacy scales relies on a deeplyasis of the domain of functioning.
Identifying which aspects of self-efficacy should measured arises from a thorough
understanding of the domain. If scales are creatednd factors, which in fact have little
or no impact on the domain of functioning, the feswill have little predictive power.

However, activities that may be measured include:

Regulating one’s motivation - e.g. get yourselfkeep trying when things are
going really badly.

Thought processes - e.g. take you mind off upgptiperiences.

Performance level - e.g. increase your memory catwias been taught in the

previous lesson.

Emotional states - e.g. overcome discouragemenhwioéhing you try seems to

work.

Altering environmental conditions - e.g. get neighthood groups involved in

working with schools.

Standard methodology for measuring self-efficacyoimes presenting individuals
with different tasks and requesting a measure @f tielief in their ability to execute the
tasks. Bandura (2006) suggests the use of a 10@-poéale, ranging in 10 units from O
(“Cannot do”) through 50 (“Moderately certain caoi’dto 100 (“Highly certain can do”).
The scale can also be collapsed to a 0 to 10 sBaldes with too few steps should be
avoided as individuals usually avoid extremes usirggale with few steps could easily
result in it shrinking to one or two points. Additially, self-efficacy judgment should be
recorded in private in an endeavour to reduce ew&k concerns and consistency

expectations.
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2.3.4 Self-Efficacy Summary

Self-efficacy involves individuals’ belief in theicapability to produce desired
outcomes. There are four main sources of selfafficnamely, mastery experiences,
vicarious experiences, verbal persuasion and ploggaal states. It is understood that
self-efficacy can have an effect on our cognitimeotivational, social and affective
processes. Self-efficacy should be measured instesmperceived capability, with
measurements of generalised self-efficacy bestdadiSelf-efficacy judgements should
be recorded in private to reduce evaluative condeue to the potential effect of self-
efficacy on learning, there is a need to investidaiw it can be measured and supported

through the use of an adaptive system. This willéscribed in section 2.5.4.

2.4 Affect

In a tutor-tutee, adaptive system there is alseedrto provide personalised support
for the tutee. This support can comprise cognitaféective and motivational support
(Parkinson & Coleman, 1995). As the importancerof/aing affective support is clearly
outlined in the Talent Education philosophy (“cintstances surrounding the repetition
(practice) must be happy” (Suzuki, 1981 p14)), thisearch will also focus on providing

affective support for the child.

Research suggests an integral link between ematiwh cognition (Schute, 2006;
Goleman, 1996; Block, 1995; Bower, 1992). A studerimotion towards learning can
have an effect on the learning experience (Dwe8R91Craig et al., 2004). The need to
study emotion as part of the learning process iderstood (Picard, 1997; Porayska-
Pomsta & Pain, 2004; Boekaerts, 2003; Pekrun et2802). Goleman suggests that
learning does not take place when there is anxigression or anger (Goleman, 1995).
Suzuki suggests that “Children learn abilities beken they are having fun” (Suzuki,
1981, p20) and that the “circumstances surroundey repetition (practice) must be
happy” (Suzuki, 1981, p14). The suggestion of sachintegral link between emotions
and learning suggests the need for adaptive systeahaccommodate students’ affective

experiences and promote positive affective states.

2.4.1 Basic Emotions

Diversity among proponents of the basic emotiorcephcan be observed from Table
2.1 with emotion theories proposing there are friovo to twenty basic or prototype
emotions (Plutchik, 1980; Leidelmeijer, 1991). Hoee there is evidence to suggest a
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central list of six basic emotions comprising hayegsss, surprise, fear, sadness, anger and
disgust/contempt (Fridlund et al., 1987; Ekmanl et1882). There is some debate around
the inclusion of surprise, as many believe it toabeognitive component that could be
present with any emotion (Oatley & Johnson-Lair@2;9Power & Dalgleish, 1997). In
addition, as can be observed from Table 2.1 P42@01) suggests that disgust and
contempt are secondary and tertiary emotion coscefpthe basic emotion anger. This

suggests that fear, anger, sadness, and joy afeuhbasic emotions (Kort et al., 2001).

Table 2.1 Major Basic Emotion Theorists (Based on fony & Turner, 1990)

Theorist Basic Emotion

Anger, aversion, courage, dejection, desire, desfeir, hate, 3
Amold (1960) love, sadness

Ekman et al. (1982) Anger, disgustfear, , sadnesssurprise
Frijda (1986) Desire, , interest, surprise, wondesgrrow
Gray (1985) Rageandterror, anxiety,

Anger, contempt, disgust, distregsar, guilt, interest, , shame
Izard (1977)

surprise
James (1884) Fear grief, love rage
McDougall (1926) Anger, disgust, , fear, subjection, tender-emotion, wonder
Mowrer (1960) Pain,
Oatley & Johnson-Laird ] ]
(1987) Anger, disgustanxiety , sadness
Panksepp (1982) Expectanéyar, ragg panic
Plutchik (1980) Acceptancenger anticipation, disgus:, , fear, sadnesssurprise
Tomkins (1984) Anger, interest, contempt, disgust, distrefssy, , shame surprise
Watson (1930) Fear love,rage
Weiner & Graham (1984) , sadness
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Table 2.2 Categories of Emotions (Based on Parrd2001)

Primary Secondary Tertiary
Amusement, bliss, cheerfulness, gaiety, glee neds,
Cheerfulness joviality, joy, delight, enjoyment, gladness, hapgss,
jubilation, elation, satisfaction, ecstasy, euphori
Zest Enthusiasm, zeal, zest, excitement, thrilhjleration
Contentment Contentment, pleasure
Pride Pride, triumph
Optimism Eagerness, hope, optimism
Enthrallment Enthrallment, rapture
Relief Relief
o Aggravation, irritation, agitation, annoyance, grbimess,
Irritation .
grumpiness
Exasperation Exasperation, frustration
Anger, rage, outrage, fury, wrath, hostility, feitgc
Anger Rage bitterness, hate, loathing, scorn, spite, vengefsdn
dislike, resentment
Disgust Disgust, revulsion, contempt
Envy Envy, jealousy
Sympathy Pity, sympathy
Alarm, shock, fear, fright, horror, terror, paniysteria,
Fear Horror o
mortification
Anxiety, nervousness, tenseness, uneasiness,
Nervousness ) )
apprehension, worry, distress, dread
Torment Torment
Sadness Suffering Agony, suffering, hurt, anguish
Depression, despair, hopelessness, gloom, glumness,
Sadness

sadness, unhappiness, grief, sorrow, woe, misery

Disappointment

Dismay, disappointment, displeasure

Shame Guilt, shame, regret, remorse
Alienation, isolation, neglect, loneliness, rejenti
Neglect homesickness, defeat, dejection, insecurity,

embarrassment, humiliation, insult
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The prevalence of these four emotions throughoubtiemal theories (or their
associated secondary/tertiary concepts as outiiméichble 2.2) is highlighted in Table
2.1. Table 2.1 provides an overview of differentotional theories and associated
emotions. The emotions are colour coded in termgwhappy (yellow), sad (blue),
fearful (green) and angry (red). These colour catesused throughout the rest of this
thesis in conjunction with these emotions. Tabl2 Rrovides a list of each of the
emotions and their associated secondary/tertiangequts, which suggests the range of

concepts that fall within each of the four categeif emotions.

2.4.2 Affect Summary

In summary, the need to study emotion as part @fiearning process is understood
with research suggesting an integral link betweath.dn addition, research suggests the
need for positive affective states in order foréeg to take place. However, consensus
has not been reached as to which emotions comstitatset of basic emotions. Emotional
theories propose anything from two to twenty basimtions. However, a review of the
literature suggests that happy, sad, angry andufeaay be amongst the most common
among those theories reviewed. Therefore, thisestgghat there is a need for adaptive
systems that accommodate students’ affective expegs and promote positive affective

states. This will be described in section 2.5.5.

2.5 Adaptive Educational Systems

2.5.1 Introduction

Technology may be of benefit in providing the neeeg support for both parent and
child. Previously, technology has played a rolesupporting the home tutoring process
through the provision of on-line learning resour¢ditional ParentNet Association,
2008, NumberWorks@Home, 2008, Moravian Academy Eu¥iolin Website, 2008).
However, little research exists which investigatb®w personalised learning
environments may be used effectively in the donmairhome tutoring (Brusilovsky,
2003). This section provides an overview of adaptducational systems. Firstly, an
overview of the area of adaptive educational systenpresented. Secondly, it reviews a
number of adaptive collaborative systems illust@gtihe design issues in building such
systems, and in particular, how adaptive technigquasbe used to support the learning
process. Thirdly, it reviews a number of sampleesys, which incorporate user’s self-
efficacy. Finally, it describes a number of adaptieducational systems, which
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incorporate the learner's affect. Particular emhés placed on how affect can be
elicited and adapted to.

Educational systems that treat all students inséme way by providing the same
level of support and instructional approach mayirtegfective where there are students
with various goals, levels of knowledge, and prefiees. Adaptive and Intelligent
Educational Systems attempt to overcome this proltde building a model of the goals,
preferences and knowledge of each individual stiydmd by subsequently using this
generated model to dynamically adapt the learnimgrenment for each student in a
manner that best supports their needs (Brusilov&0Ql). This may involve the
provision of scaffolding, identifying misconceptgmnMitrovic, 2003), or modifying the
presentation in order to adapt to the knowledgelle¥ the student (De Bra & Calvi,
1998).

Adaptive educational systems and intelligent edanat systems share similarities,
however, each have distinct emphasis. In adaptistesis, the emphasis is on providing
a personalised environment for each student usifagnhation collected in the student
model. Intelligent systems place the emphasis emtiplication of techniques from the
field of Artificial Intelligence in the provision fogreater support for the student
(Brusilovsky & Peylo, 2003).

The term ‘technologies’ is used to describe theiaayof approaches to the inclusion
of adaptive and intelligent functionality, which ncébe used (Brusilovsky, 1998).
Brusilovsky & Peylo, (2003) propose five major gpsuof technologies: intelligent
tutoring, adaptive information filtering, intellige class monitoring, intelligent

collaboration support and adaptive hypermedia.

The major intelligent tutoring technologies are rmuium sequencing, problem
solving support and intelligent solution analy3ike purpose of curriculum sequencing is
to help the student find the most suitable patlough learning material by making
decisions on what content to present next (WebeBrdsilovsky, 2001). The goal of
interactive problem solving support is to providdphwith problem solving by giving
hints or executing the next step (Melis et al., DOWith intelligent solution, analysis
attempts are made to find out what exactly is wrongcomplete, identify what piece of
incorrect knowledge that may be responsible forerer and provide suitable feedback
(Mitrovic, 2003).

Adaptive information filtering (AIF) selects a s@b®f items, which are relevant to a

user’s interests from a large pool of informatidinadapts the search by ordering and
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filtering the results, and subsequently recommehdsmost relevant documents. Two
categories of AIF technologies exist, namely conteased filtering and collaborative
filtering. With the content-based approach, theavabur of a user is predicted from their
past behaviour (e.g. MLTutor, Smith & Blandford,03). While with the collaborative
approach, the behaviour of the user is predictech fihe behaviour of other like-minded
people, for example (e.g. WebCOBALT, Mitsuharalet2003).

Intelligent collaborative learning technologies d@used in an endeavour to support
collaboration between students. Collaborations supported using three types of
technologies: adaptive collaboration support, ddegroup formation and peer help and
virtual students. Adaptive collaboration suppodhiglogies provide interactive support
to help collaboration using knowledge about good &ad collaborations (Soller &
Lesgold, 2003). Adaptive group formation and peelp itechnologies use knowledge
about collaborating peers to form matching groupdgifferent tasks (Greer at al, 1998).
Virtual student technology attempts to introducetwdl peers into the learning
environment (Chan & Baskin, 1990).

Intelligent class monitoring technologies recogrsiedents who need support or extra
challenges. These technologies use Artificial ligjehce techniques to explore large
amounts of information that is collected when tragkstudent actions (Maceron &
Yacef, 2003).

Adaptive hypermedia includes two major technologiadaptive navigation and
adaptive presentation. Adaptive navigation suppdhs student by changing the
appearance of links. For example, it can adaptigely, annotate, or partly hide the links
of the current page to make it easier to chooseevtoego next (de Bra, 1996). Adaptive
presentation adapts the content to be presentegrigmically generating the content for
individual students according to their needs (Webarusilovsky, 2001).

As has been described, there is a diverse rangezlhologies, which can be used in
the development of adaptive and intelligent edocati systems. Clearly, this research
falls under the umbrella of collaborative learnagthere are two users (parent and child)
working together to achieve a common goal (homectjme). However, instead of
focusing on the collaborative process this reseavidh focus in particular on how
adaptive hypermedia technologies can be incorpiriateorder to provide personalised
domain support for both users throughout theiradxatative activities.
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2.5.2 Adaptive Hypermedia

Static hypermedia applications present the same pagtent and set of links to all
users. On the other hand, adaptive hypermedia rsgsteonstruct a model of the
knowledge, goals, and preferences for each indalidser, and use this model to adapt
the presentation to the users needs. Adaptive mgiba systems include on-line
information systems, on-line help systems, infoiaratetrieval hypermedia, and systems

for managing personalized views (Brusilovsky, 2001)

Adaptive decisions are informed by the user’s attarastics, which may comprise the
user's knowledge, goals, tasks, background, predeie and interests. Adaptive
educational systems capture and represent thesactérdstics in a learner model for
each individual learner and subsequently predidfer@int characteristics such as
knowledge level and interest (Kobsa, 2001). Fong®a, knowledge can be based on the
visited web pages (history-based) or assessmeunltgg&nowledge-based) (Eklund &
Sinclair, 2000).

Adaptation decisions are made based on the infovmat the learner model. Two
distinct areas of adaptation exist, adaptive prasiem and adaptive navigation support.
Both encompass a broad range of techniques (Bwskijo 1998, 2001). Adaptive
presentation includes text, multimedia and modadidaptation. Adaptive navigation
support includes direct guidance, link hiding, s@t generation, annotation, and
hypertext map adaptation. Figure 2.1 displays tliéerdnt adaptive hypermedia

technologies and their associated techniques.

Adaptive presentation and navigation techniquesigeoa rich basis for developing
adaptive educational systems, which support dualsuis achieving a common goal. In
order or develop an adaptive educational systensupport home tutoring there are a

number of considerations.

How can we exploit adaptive educational technoltgysimultaneously support

two users tutor (parent) and tutee (child)?

How can self-efficacy be incorporated in adaptidecational systems in order to

provide personalised support for the tutor (pafent)

How is it possible to elicit the tutee’s (child'aifective state in order to adapt the

learning environment to best suit their needs?

A discussion of how systems developed to date htteenpted to answer these questions

is now presented.
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Adaptive Natural Inserting/

multimedia language removing
presentation adaptation fragments
. Adaptive text Altering
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presentation
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modality adaptation Stretchtext
Adaptive .
. . . Sorting
hyperm eclha Direct guidance fragments
technologies
Adaptive link . Dimming
sorting Hiding fragments
Adaptive Adaptive link S
havigation support hiding Disabling
Adaptive link
annotation G
Adaptive link
generation
Map adaptation

Figure 2.1 The taxonomy of Adaptive Hypermedia Tedmologies, (adapted from
Brusilovsky, 2001)

2.5.3 Adaptive Collaborative Systems

Recently, there have been attempts to exploit adaptchniques in order to support
user activities. One example where it is necessarprovide activity support is in
collaboration, when two or more people work togetiegvard a common goal. Work on
adaptive collaborative learning systems is stillaat early stage and can be broadly
categorised into two groups. Research exists tigi@ts the collaboration process itself
(e.g., promoting deep collaborative discourse, grestablishment etc (Kumar et al.,

2007; O'Connor et al.,, 2005)) and research thaimptes domain learning through

24



collaboration (Walker et al., 2008; Biswas, 2004&lthough these categories are by no
means mutually exclusive, they do exhibit significalifferences in their approach.
Research from both categories will be describedh wihphasis on the latter due to its
particular relevance. A summary of the researclkrétesd in this section is listed in Table
2.3.

2531 Supporting the Collaborative Process

The following sections describe research conduictedder to investigate the benefits
of providing support to encourage deep collaboeatiiscussions and the effect of support

group collaboration.

2.5.3.1.1 Supporting Deep Collaborative Discussion
Kumar et al. (2007) present research, which suggtst benefits of providing

dynamic support, which is triggered, based on olesbmeed and fades over time as
students acquire the skills necessary to collabombductively. In particular, this
research presents a new adaptive support mechapisaifically designed to draw out
reflection using conversational agents that engaiggents in direct lines of reasoning. 87
undergraduate students took part in an experimbptavstudents were divided across six
conditions comprising three levels of support (mpport, static support or dynamic
support) and two levels of collaboration (workinghwpartner or working alone). Static
support involves prompts, which stimulate thinkilmgvards an idea without giving the
idea away. Dynamic support involves a dialogueesysengaging with pairs of students
in direct lines of reasoning in order to increasarhing. Results indicate that students
learnt most when working in pairs and supportedhwignamic support. However, there
is a need for further research to develop a mdezt@fe approach and overcome student

frustration with the dialogue system.

Research by O’'Connor et al. (2005) indicates hogcudision prompts may be of
benefit in scaffolding parent-child collaboratioroand a computer-based activity in the
home environment. In particular, this research mspon an experiment where ten
volunteer parent and child dyads (age 6 and 7 yemteracted with Frankie’s Fruitful
Journey, a learning environment, which encourageaernt-child collaboration around
mathematics activities. Albeit that Frankie’'s FulitJourney is not an adaptive system
this research is of interest in so far as the g@pénts involved in this study, parent and
child dyads, is the same type of population useskperimental studies presented for this
thesis. Results indicate that inclusion of disausgerompts significantly increased the

incidence of explained hypotheses made by bothnpared child. In addition results
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suggest that the discussion prompts may have tgagbhts when and where to intervene
appropriately in the absence of prompts. Thereriead to develop this research further

to include intelligent conversation prompts taibbte the needs of the collaborators.

2.5.3.1.2 Supporting Group Collaboration

Vizcaino et al. (2000) provide insights on how bgstsupport the collaboration
process and how systems can adapt based on thie pfahe group. HabiPro is a system
designed to develop good programming habits. Ipedthe environment by proposing
different pedagogic methodologies and differentreises depending on the features of
the group. The features of the group are storédergroup model along with a number of
predefined social and pedagogic patterns. Whemithep is working with HabiPro data
is collected on the group’s characteristics. Thedsracteristics are categorised in terms
of social (motivation based on type of help seléciad participation) and pedagogical
(group ability, exercise preference and mistakeslandhe group model attempts to
classify the group in terms of one of the storetigpas. Once the group is classified, the
pattern indicates which exercises and work methaggols most suited to that particular
group. Therefore, the group model in this caseds only the representation of the
characteristics of the group. It is also the congmbnthat permits the system to be
adaptive. Two experiments were conducted with HabiPThe first experiment
comprised twenty-three students divided into défersized groups completing twenty
exercises. Each student used a computer, and coicateoh via chat. When students
agreed on an answer one person had to submit thendeveryone progressed to the next
exercise. However, feedback on this approach stggjest students were not happy, as
often an individual student would submit an answejch resulted in students being
prematurely progressed to the next exercise. Thexethe second experiment involved a
slight change to the approach in so far as it metla turn protocol. Only the student
whose turn it was could submit the solution. Thalsht’s turn remained until another
student requested a turn. This experiment compg8edarticipants divided into groups
of different sizes: five groups formed of two stotk three groups of three and one group
with four people. Results indicate the difficulty ¢ollaborating when group size is large
e.g. 4 members. In addition, groups with three memnlsolved less exercise than groups
with two members due to time spent in consultatbmegotiation. Finally, a turn

protocol increased performance & facilitated cadliation.
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253.2 Supporting Domain Learning through Collabor  ation

Meccawy & Blanchfield (2008) report on a case studwhich (domain) adaptation
was provided to groups of students on an individhasis. Students were also provided
with collaborative and interactive learning todisaugh a learning management system
(Moodle) which was used in conjunction with the WRILE 2.0 integrated learning
environment. 88 students (comprising first yeard amasters students) interacted with
WHURLEZ2.0 over a five-week period as a supplemgntasource to their lectures for
exam preparation. Students completed pre and pess tprior to and after the
intervention. The pre test allowed students to lgegorised in terms of ability
(beginning, intermediate and advanced). Adaptiingolved presenting less material to
more able students and more material to weakerestsd The collaboration and
interactive tools made available comprised Foru@Bat Rooms or Wikis. Results
indicate that although there was an increase imileg between pre and post tests there
was little use of collaborative and interactionl$odhis research is limited in so far as it
does not advance the area of adaptive collaborkgaraing or indeed adaptive education
systems as the research involved little effort ronpte collaboration. However, it does
provide insights into the need for the use of eiplstrategies if students are to
collaborate when learning.

Ghali et al. (2008) describe a modified versionM®T, My Online Teacher, an
authoring system for adaptive delivery of contarglled MOT 2.0. The new version
includes collaborative authoring and social anmmtabetween communities of authors,
as well as applying adaptivity based on usersViigs. It provides a useful insight into
how collaborative strategies can be used for legtnThe collaborative strategies allow
for recommendations between users with similar ossilels by harnessing the Web 2.0
strength and its characteristics (i.e., taggingingy commenting, and user-generated
content). For exampléor all users in the “Web programming” group who T an
interest in ‘AJAX’ items; display the recommend@dlAX’ items (items with vote
>=90%). Further research is required in terms of impleron and evaluation in order

to identify the effect of such an approach.

Betty's Brain system is designed to teach studabtait interdependence and balance
in a river ecosystem and provides another promiapyoach that is using an intelligent
agent as one of the collaborators (Biswas et BD5) It was necessary in the design of
such a system that there was consideration foestadvith little prior domain experience
and no teaching experience. Students teach Bettgrégting a concept map and can
query or quiz her on what they have taught. Théesyslso contains a mentor agent Mr.
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Davis. An experiment was conducted with two fiftrade classes divided into three
groups of 15 students in order to compare thresises of the system. An intelligent
tutoring system (where students were taught byDdwnis) a learning by teaching system
(where students taught Betty but got help from Blvis) and a self-regulated learning
system (where students had to teach Betty who bHdegulated behaviour e.g. Betty
decided when she was ready to take a test). MrisDreas equipped with a wider variety
of help including how to be a better learner/teadhé students had to explicitly query
Mr. Davis to get feedback. The experimental desigmprised pre test, intervention and
post test. In addition, two other post tests wemedacted about seven weeks after the
experiment. Results indicate learning across aidimns. Additionally, students in the
self-regulated learning group outperformed the othve groups on an activity involving
such skills as independent learning and transfeknofvledge. Further research might
focus on improving collaboration by providing thapability to communicate through

natural language.

Walker et al. (2008) provide an example of domagriing through collaboration in
their study, which involved 62 high school studeintsn five algebra classes taught by
the same teacher. Students used the Cognitive Agebra as part of regular classroom
practice. Students from each class were randornsigrasd to one of the three conditions.
The conditions comprised fixed collaboration coiodit adaptive collaboration condition
and individual condition. In the fixed collaboratieondition students tutored each other
with fixed domain support in addition to the peeitoting script. In the adaptive
collaboration condition students tutored each othéh adaptive domain support in
addition to the peer tutoring script and in theividbal condition students used the
Cognitive Tutor Algebra individually. Fixed domasupport comprises the provision of
answers to the problem in a separate tab in tlefate, which could be accessed at any
time by peer tutors. Adaptive support comprisedraibeing provided with support if (1)
the peer tutor requests a hint from the cognititertto give to the tutee (2) the peer tutor
has marked something incorrectly (3) the tutor autde believe a solution is complete
but it is actually incomplete. Interaction with ti@ognitive Tutor Algebra took place
during two 70-minute class periods, each one weaelktaResults indicate that both
individual use of the Cognitive Tutor Algebra andep tutoring activities lead to
significant learning gains. In addition, resultdigate no significant differences in
guantitative measures of student progress and &ekdhcross all three conditions.
Finally, results suggest that in order for the tutoimprove, the tutee must struggle. This

research is beneficial in so far as it providesraight into the effect of using adaptive
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collaboration support in a natural learning envinemt. However, there is a need for
further research into strategies, which might supfmwth tutor and tutee to avoid

situations where the tutee must struggle in ordettfe tutor to improve.

Indeed, research to date has provided insights awm the collaborative learning
process can be supported using adaptive technelogmwever, to date personalisation
of the learning environment has been exploredeagtbup level or in terms of supporting
one of the collaborators in the process e.g. tototutee. Albeit, that this in itself is
beneficial there is also a need to explore theipitisg of providing personalised support
for all collaborators. That is to support both tuand tutee, where the tutor may need to
be supported in developing effective tutoring sigats while the tutee may need to be

supported in an academic domain.

Table 2.3 Adaptive Collaborative Systems

System Brief Description Adaptive Support Key Findings

Kumar et 87 undergraduate students Dynamic support Results indicate that
al., (2007)  were involved in a study to  involves a dialogue  students learnt most
investigate the effect on system engaging with when working in pairs
learning of a new adaptive  pairs of studentsin  and supported with
support mechanism direct lines of dynamic support
specifically designed to draw reasoning in order to
out reflection using increase learning
conversational agents that
engage students in direct lines

of reasoning

O’Connor et 10 parent & child dyads (age Non-adaptive Discussion prompts

al. (2005) 6 and 7 years) interacted withdiscussion prompts  were effective in
Frankie’s Fruitful Journey, a were presented to all helping both parent and
learning environment, which users at all times. child to use more
encourages parent-child exploratory talk
collaboration around

mathematics activities

Vizcaino et  Students interact with Social (motivation Collaboration is

al. (2000) HabiPro a system designed tobased on type of help difficult in large groups
develop good programming selected and eg. 4
habits which adapts the participation) Groups of 3 solved less

environment by proposing  “Pedagogical (group exercises than groups of
different pedagogy &

29



different exercises depending ability, exercise

on group features

preference and

mistakes made).

2 due to consultation

A turn protocol
increases performance
& facilitates

collaboration

Meccawy & 88 (first years and masters) Adaptive content Increase in learning
Blanchfield students used WHURLE2.0 based on categories between pre and post
(2008) over a five week period whereof users (beginner,  test. Little use of
they were provided with intermediate, collaborative tools
adaptive domain support and advanced) derived  available to them e.g.
opportunities to collaborate  from pre test scores Forums, Wikis, or
with peers Blogs
Ghalietal. Participants interact with Collaborative Proposition paper no
(2008) MOT 2.0. an adaptive and  adaptive strategies  experimental results
collaborative authoring tool, provide
which can be used to author recommendations
adaptive courses through based on
social annotation between  commonalities
communities of authors. between user models
Biswas et al. Participants teach a Adaptive domain & Increase in learning
(2005) pedagogical agent about collaboration support across all conditions
balance in river ecosystems. in terms of self- However, students in
regulated learning the self-regulated
group e.g. Betty learning group
refused to take a test outperformed the other
until she had been  two groups in the far
adequately taught.  transfer test
Walker et 62 students were involved in (1) Peer tutor can Results indicate that
al. (2008) an experiment with the request hints from the both individual use of

Cognitive Tutor Algebra to
investigate the benefit of
adaptive collaborative
support. Where adaptive
strategies support the tutor
through the provision of
adaptive domain support

cognitive tutor, which
are relayed to the

tutee

(2) If the peer tutor
marked something
incorrectly the
intelligent tutor

highlight it and gives

the Cognitive Tutor
Algebra and peer
tutoring activities lead
to significant learning
gains

Results suggest that in
order for the tutor to
improve, the tutee must
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an error message struggle
(3) For incomplete

answers the tutor is

notified and

instructed to ask for a

hints to complete it

2.5.4 Adaptive Education Systems & Self-Efficacy

Research has reported that students’ self-effit@tyefs are correlated with students’
academic performance (Zimmerman, 2000). Howevenjtdd research exists, which
investigates the role of self-efficacy within adepteducational systems. To date, the
majority of research has explored techniques fioitielg self-efficacy with little focus on
how learning environments might use such infornmatios is illustrated in Table 2.4.

Bica et al. (2006) investigate the possibility ofeirring self-efficacy through a user’s
interaction with the system. A model of self-effigds employed, which comprises three
variables effort, persistence and performance. sthdent’s intrinsic personal pattern is
mapped through the effort variable and is calcdla@sed on the time the student takes in
performing a task. The student’s extrinsic persopaitern is mapped through the
persistence and performance variables. Persisteraaculated based on the percentage
of selected tasks completed. Performance is caémlilbased on the mean of correct
answers in the exercises. A set of inference rudemjprising fuzzy logic, are used to
determine the student’s self-efficacy. Self-efficé categorised in terms of low, medium
or high. The system also comprises a pedagogicahtagvhich provides a coherent
animation (e.g. encouragement, congratulationgease student effort) based on the
student’s self-efficacy. Two experiments are comeldicThe first experiment comprised
25 students aged 17-19 completing a questionnaraletermine which forms of
presentation stimulates learning interest. The rsgaxperiment involved 12 students
aged 17- 20 were involved in an experiment to ingat the effect of the pedagogical
agent on students’ self-efficacy. Although the aagh followed is of interest in terms of
inferring self-efficacy without scales or questiaites the research is limited in so far as
there is little discussion of results obtained ¢f@re providing little insight into (1) the
effectiveness of the model in inferring self-effigg2) the effect of the pedagogical agent

on students’ self-efficacy.

31



McQuiggan & Lester (2006) describe an inductive rapph for automatically
constructing models of self-efficacy that can bedust runtime to inform pedagogical
decisions. The experiment involved thirty-threetipgrants (6 female and 27 male) of
varying age, race, and marital status. The expetah@rocedure comprised completing a
demographic survey, reading the on-line genetitsrial and completion of a Problem-
Solving Self-Efficacy Scale. The Problem solvindf&dficacy Scale asked participants
to rate their level of confidence (static self-edity model) in their ability to successfully
complete certain percentages of the upcoming pnobli@ the problem solving system.
Participants were then outfitted with biofeedbadkipment on their left hand, which
measured heat rate and galvanic skin response pididem-solving systems involved
participants answering randomly selected, multghleice questions. Participants were
also asked to manipulate a self-efficacy slideregsgnting the strength of their belief in
their answer being correct (dynamic self-efficaayd®l). Finally, participants were asked
to complete the post-experiment survey at their osta before concluding the session.
Results indicate that induced decision tree mottelslearn from demographic data and
data gathered with a validated self-efficacy insteat administered prior to problem
solving and learning episodes can make reasonalyrae predictions about students’
self-efficacy. In addition, if runtime physiologicdata is available, it can significantly
enhance self-efficacy modelling allowing self-efftyy to be predicted more accurately.
This study guided the design of a second evaluatimt investigated self-efficacy
modelling in an interactive learning environmenRYSTAL ISLAND (McQuiggan et al.,
2008). The interactive learning environment evétuatesults confirm the findings of the
first study and suggest that self-efficacy can lmelatied within an ITS. Although these
findings reported, contribute to the growing bodywmrk on self-efficacy and adaptive
educational systems there may be a need to considepossibility of eliciting self-
efficacy from student behaviour without using (imjable, expensive) biofeedback
apparatus. Secondly, now that self-efficacy carabeurately modeled at runtime, the
effect of specific pedagogical actions on studesttf-efficacy needs to be investigated.

Beal et al. (2005, 2005a) present a pedagogical emditht considers student
motivation, mood and cognitive processes in makingtructional decisions. This
pedagogical model is incorporated in the WayangiVifgslligent tutoring system for
secondary school mathematics, specifically SAT-Matieblem solving. Self-report
instruments are integrated within the intelligembting system and comprise a number
of question including questions on self-efficacyasBd on the submitted self-efficacy

value the pedagogical model can select the ap@atepievel of problems for the student.
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(E.g. the use of a random problem selection meshafdr high achieving students while
the tutor may present easier problems for studeititslower self-efficacy). Additionally,
a student’'s self-efficacy may be enhanced through grovision of student progress
reports with positive feedback for example “I kng@u can do this”. Albeit that the
design of such a pedagogical model is of benefih&research community there is a
need for implementation of such a pedagogical med#tin an intelligent tutoring
system in order to investigate its validity. To thathor's best knowledge further

advancements in this research have not been regortiate.

Kim (2005) investigated the effect of empathetispense and gender of pedagogical
agents as learning companions on a number of Vasiabcluding self-efficacy. 56 pre-
service teachers were involved in an experimenichvvas implemented as a mandatory
course activity for students enrolled in an introwoy educational technology class. The
experiments involved participants interacting wéhweb-based instructional module,
which included a pedagogical agent. A responsivé @on-responsive version of the
pedagogical agent was developed. Responsive teféng ability of the agent to respond
with empathy to the learners’ affective state. @mmencing the experiment, participants
entered demographic information and completed atgse questionnaire. The pre test
included five items in relation to self-efficacy,high were scaled from 1 (Strongly
disagree) to 5 (Strongly agree) (e.g. How well gan write a lesson plan?). After the
intervention, participants complete a post teststjornaire, which also included items
relating to self-efficacy. Results indicate thaidgints who worked with the responsive
pedagogical agent showed significantly higher effitacy than students who worked
with a non-responsive pedagogical agent. A posfilligation of this research is that it
was a one-time implementation therefore the lomgrtenpact of pedagogical agents as
learning companions on interest is unknown. In tmlli this research uses a static model

of self-efficacy, which has a limiting effect oretdepth of the results.

A similar study was conducted by Kim et al. (200v)he domain of Algebra. 83 high
school girls interacted with MathGirls, a pedagadiagent-based environment for one
lesson each day over two consecutives days. Aiquesire of six items was developed,
the items were scaled from 1 (strongly disagreé) (strongly agree) and was completed
by students before and after the intervention.i€paints were randomly assigned to one
of three groups; choice, randomisation or contiolthe choice condition, participants
were allowed choose the agent they wished to wdtk.\Whe choice comprised four
agents; female peer, female teacher, male peemahel teacher. Those assigned to the

randomization condition were randomly assignedrte of the four agents. In the control
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condition, the participants worked through thedeswithout an agent, reading text-based
messages. Results reveal an increase in self-gffitar those who worked with the
pedagogical agent. Furthermore, results indicatefthr those who worked with the peer
pedagogical agent there was a significant increaself-efficacy. However, due to the
nature of the experiment it is unclear if theseiltescan be sustained over a longer period
as similarly to Kim (2005) it was a one-time implemtation.

In summary, work to date in incorporating self-edity into adaptive educational
systems is still at its early stages. Predominarggearch has focused on eliciting self-
efficacy with some suggestions on how this infoioratnay be used. There is a need for
further research into how self-efficacy can be useddapt the learning environment to

meet the needs of individual learners.
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Table 2.4 Adaptive Educational Systems and Self-Efiacy

System Brief Description Techniques for eliciting Key Findings
self-efficacy

Bica et al. Investigates the Based on user behaviour Fuzzy inference

(2006) possibility of inferring (2) time taken to perform machine is an
self-efficacy through user task (2) % of selected appropriate technique
interaction based on tasks completed (3) meanfor the mapping of
effort, persistence and  of correct answers student self-efficacy.
performance

McQuiggan & Describe an inductive self-efficacy The effectiveness of

Lester (2006)
McQuiggan et

approach for

questionnaire

automatically real-time self-reports

rule-based models

(decision trees) in

al.(2008) constructing models of biophysical sensors (heartpredicting self-
self-efficacy that can be  (4te and galvanic skin efficacy
used at runtime to inform response
pedagogical decisions.
Beal & Lee The use of a pedagogical Self-report - students No experimental
(2005a) model in making provide ratings on items results obtained.
instructional decisions such as, "This year | However, authors
based on motivation, expect to < fail, barely  propose an original
mood and cognitive pass, pass, do pretty well idea in using a
processes in, be one of the top pedagogical model in
students in > math class." making instructional
decisions
Kim (2005) 56 pre-service teachers Self-efficacy Results indicate
were involved in an guestionnaire significant increases
experiment to investigate in self-efficacy of
the effect of pedagogical students who worked
agents on participants with the responsive
self-efficacy pedagogical agent
Kim et al. 83 high school girls Self-efficacy Increase in self-
(2005) interacted with guestionnaire efficacy for those who

MathGirls, a pedagogical
agent-based environment
to investigate the effect of

agents on self-efficacy

worked with the
pedagogical agent in
particular peer

pedagogical agent
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2.5.5 Adaptive Education Systems & Affect

There has been significant progress in the advaeckerof adaptive educational
systems to incorporate affect. Overall, this hasnbapproached as a three-dimensional
problem (1) determining the role of emotion in feag and deriving a subset of
emotions, (2) identifying appropriate techniquesdtliciting such emotions (3) using this
information in an effective manner to adapt therriéay environment appropriately.
Section 2.3 has provided a detailed discussionhenrdle of emotion and deriving a
subset of basic emotions. With this in mind, thésteon will predominantly focus on the
identification of appropriate techniques for elimf emotion and using the resulting

information to adapt the learning environment.

2551 Techniques for eliciting emotion

To date, the collection of data in relation to mgpants’ emotional experiences has
predominantly been conducted using one of threéhodst or a combination of such.
These comprise (1) biophysical sensor recording®é¢o et al., 2008; Picard, 1997) (2)
self-reports (Scherer, 2005) and (3) observer-tg&odrigo et al., 2007).

A number of systems exist which elicit effect usinigphysical sensor recordings;
these are illustrated in Table 2.5. In terms ofphigsical sensor recordings research has
investigated the possibility of eliciting emotioaded on heart rate, blood pressure, skin
conductance, colour and temperature (Picard, 1989#)ough, this research may be of
benefit when designing decision-theoretic pedagdgagents aimed to improve the
effectiveness of educational games, it remainsaamaihether a similar approach may be
taken when designing educational tutorials. In felravorks is beginning on eliciting
emotion using a bimodal approach based on speetltean however, this research faces
challenges in terms of overcoming individual vaifigbthus allowing for generalisation
(Milat et al., 2008). In addition, there has beems research in the use of posture to infer
affect (Bianchi-Berthouze et al., 2006; D’'Mello &t, 2007). Albeit that this research
provides insights on the relationship between enkxés posture and the affective states
related to engagement it is still uncertain whetiedationships between cognition, affect,
and bodily movement generalise above and beyorididul differences in experiencing

and manifesting affect.



Table 2.5 Eliciting Emotion Using Biophysical Sensdrecordings

System Brief Description  Affective States TechniqueUsed Key Findings
Picard Experiment Neutral, hatred, 4 skin-surface sensors:Recognisable
(1997) investigates if a anger, romantic  electromyogram, skin physiological

wearable computer love, reverence, conductance, blood  differentiation
could be designed platonic love, joy volume pulse, and identified
to recognise affect respiration
Milat et Investigate the Joy, sadness, Voice and text Emotion detection
al. (2008) possibility of anger, fear and is not perfect but
emotional neutral research provides
recognition using hope for future
bimodal analysis developments
Bianchi- Postures analysis Immersion and  Post-analysis of video Use of body to
Berthouze of 20 participants engagement data, Immersion control
etal. playing a low- guestionnaire (Cairns technology may
(2006) immersion, first et al., 2006), encourage
person shooter Engagement expression of
&music game questionnaire, (Chen affect & improve
et al., 2005) engagement
D’Mello Investigate Boredom, Self-report & Identified physical
et correlation confusion, flow, observed-report (every indicators of
al.(2007) between self & frustration, 20 seconds.) based on boredom (e.g.
observer-reports of delight, neutral  post-analysis video  stretching) & flow
28 under-graduates and data of learner’s (e.g. heightened
using AutoTutor  surprise screen and face. pressure in the
Body Posture seat of the chair )
Movement system
Dragon et Observational Concentrated & Real-time observed- May be possible to
al. (2008) study of 34 satisfied, excited reports (15 seconds) predict post test

students to identify & joy & actively
physical
behaviours that are frustrated, bored
linked to & tired

emotional states.

by trained judges.

engaged, angry & Judges coded one

students at a time

recording the first and

second behavioural

state observed

scores & attitudes
from on/off task

behaviour erratic
affective states &
& to detect states

with sensors
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There may be benefit in eliciting effect using biggpical sensors due to the un-
portable nature of technology such research forntwst part has been confined to
research laboratories. However, one notable exaeptks focused on the development of
low cost multimodal sensor platforms (which comeris custom produced Pressure
Mouse, a Wireless BlueTooth Skin Conductance sems&osture Analysis Seat, and a
Facial Expression system.) that can be used inralalearning context (e.g. the
classroom) as opposed to within laboratory sesqibregon et al., 2008). However, this
work is at its early stages and there is a needuftiner research using these behaviours

to predict emotions and desirable/undesirable iegrstates.

Alsmeyer et al. (2007) obtained similar results mh&3-14 year olds and 16-17 year
olds were videoed during German language classe=dban student-teacher interaction
and peer-peer interaction. Analysis of video datenmrised self-reports (every 30
seconds), observed-reports and coded video dasedlzn changes in facial expression,
body language eye gaze direction & vocalisatioR®sults indicate little correlation
between self-reports and either observed reportgooied video data of emotional
experiences. Research by D’'Mello et al. (2008) Alstheyer et al. (2008) performs post-
analysis of students’ affective states using statad recall. Clearly, there is a need for

research to explore the effect of real-time sgblerés and observed-reports.

Rodrigo et al. (2007) provides insights into corthg real-time observations.
Twenty-six students (14-19 year olds) interact witie Incredible Machine: Even More
Contraptions (Sierra Online, 2001). Observers wieed and assigned to three students
and alternated between them. Since each obsertatited twenty seconds, each student
was observed once per minute Observers coded bellaviour and affect using
predefined coding schemes. If two distinct behardamere observed only the first was
coded. Although the approach followed provides ghtul possibilities correlation
between observers’ judgements was not calculated tduthe nature of the process.
Therefore, additional studies to explore the catreh between real-time observed

judgements may be of benefit.

McQuiggan et al. (2008) conducted a study wherd-tme@ self-reports were
collected. Albeit that the purpose of the study teaBvestigate affective transitions that
occur throughout narrative-centred learning expesgs the approach used in collecting
self-report data is of interest. Thirty-five gratigtudents ranging in age from 21 to 60
interacted with a narrative-centred learning enviment (QRYSTAL ISLAND) with
computer-based characters to solve microbiology gedetic problems. Students

provided self-report through an in-game dialog.
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Table 2.6 Emotion Using Self-Reports/Observed-Reptr

System Brief Description Affective States Techniquefor Key Findings
eliciting emotion

Alsmeyer  Analysis of Motivation, Self-report (every Little correlation

etal. emotional enjoyment, hope, 30 seconds) & between self-

(2007) experience of 22 pride, relief, anger, observed-reports  reports and either
students during  anxiety, confidence, during stimulated  observed reports
student-teacher & embarrassment and recall using video  of coded video
peer-peer Boredom data. Coded video data of
interaction in data based on emotional
language classes changed in posture experience

D'Mello et 28 undergraduatesBoredom, Self-report (every Little correlation

al. (2008) interacted with confusion, flow, 20 seconds) & between teachers
AutoTutor to frustration, delight, observed-reports  judgements and
compare self- neutral and surprise during stimulated  teachers and
reports & recall interview student’s
observer-reports based on video data judgements

Rodrigo et 36 students Boredom, Observed-reports  Boredom and

al. 2007 participate in confusion, delight, carried out in pairs confusion both co-
problem solving  surprise, frustration, (each report lasting occur with gaming
activities to flow and neutral 20 seconds. Both  behaviour and
analyse behaviour and serve as
relationship affect was coded  antecedents to it.
between student’s using predefined
affective state and coding schemes
their behaviour

McQuiggan 35 students Anger, anxiety, Self-report (by Empathetic

etal. interact with a boredom, selecting an feedback, in

(2008) narrative-centred confusion, delight, affective state from particular reactive

learning system to excitement, fear,

the list of 10)

empathy, may

solve micro- flow, frustration, throughout the have an impact on
biology & genetic and sadness learning process affective
problems transitions

Participants were asked to select the affectivie gteat best described their feelings at

that time from a set of 10 affective states (angaxiety, boredom, confusion, delight,
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excitement, fear, flow, frustration, and sadne$$). results were presented on the
effectiveness of the approach used in eliciting tBons as this was outside the scope of
the research. However, there may be benefit intiigerg the effectiveness of such an

approach and in particular in identifying the effen participants of being asked to self-

report on affect during the learning process.

Albeit, that it may be that some emotions are blkssified by learners and others by
observers (e.g. boredom, as learners may not waedrhit feeling bored) results to date
clearly indicate a need for further research toegtigate how best self-reports and
observer-reports can be used to elicit affect.

255.2 Adapting the Learning Environment Based on Affect

Based on the premise that it is possible to ediffiect it is then necessary to identify
how best this information can be used to beneétlgarning environment. Interestingly,
much of the research to date has focused on dgravsubset of emotions and identifying
appropriate techniques for eliciting such emotiarith little research focusing on how
such information can be used to positively inflLeettee learning environment. However,
the research, which exists predominantly, resteria of two categories: using affect
enhance feedback or using affect to influence iaitgelection this is illustrated in Table
2.7.

As mentioned previously, McQuiggan et al. (2008)or¢ on research where students
interact with a narrative-centred learning enviremtin order to solve microbiology and
genetic problems. This narrative environmerfyE€TAL ISLAND, comprises a number of
characters, which when participants interact whbnt react empathetically based on
participants self-reported affective state. Twoetypf empathy are defined: parallel and
reactive. Parallel empathy involves the charactpressing an emotion similar to that of
the target by demonstrating an understanding opé#récipants situation and identifying
with how they are feeling. Reactive empathy focuseshe participant’s affective state in
addition to their situation. The character displ@ysotions that are different from the
participants in an attempt to alter or enhanceptiréicipant’s affective state. INRRESTAL
ISLAND, empathetic responses are short, text-based msporonsisting of 1 to 2
sentences. Results indicate that in certain sdnsfiparallel and reactive empathy has
significant influence on affective transitions. Mospecifically, results suggests that
parallel empathy is helpful if there is a need t@intain the current affective state while
reactive empathy is useful if there is a need @nge the current affective state (e.g. to

transition from boredom to flow). This research yides exciting possibilities for
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affectively enhanced feedback. However, there ieed for further research to gain a
clearer understanding of the benefit of such feekllzes much of the data to date has not

reached statistical significance.

Hermandez et al. (2007, 2008) report on a studyreveidents used Prime Club an
educational game to learn number factorizationmBriClub comprises an Affect
Behaviour Model, which influences the tutorial stilen process. Emotion is elicited
based on the OCC cognitive model of emotions (@ebral., 1988) which relies on
cognitive appraisal of the current situation basadone’s goals (a player's personality
and interaction patterns). In addition, Prime Carbploys a pedagogical model, which
selects affective actions in addition to pedagdgacdions (e.g. conciliating expression
and extending his arms trying to explain and magivihe student). To date results
suggest that there may be some benefit in using approach with younger students
however, overall the approach did not have a sigait effect on learning.

Table 2.7 Adapting the Learning Environment based o Affect

System Brief Description Affective States Techniquefor Key Findings
eliciting emotion

McQuiggan 35 graduate Anger, anxiety, Self-report (by Empathetic

et al. students interact boredom, selecting an feedback, in

(2008) with a narrative-  confusion, delight, affective state from particular reactive
centred learning  excitement, fear, the list of 10) empathy, may
environment to flow, frustration, throughout the have an impact on
solve and sadness learning process affective
microbiology and transitions
genetic problems

Herndndez Students interact Joy, distress, pride, Based onthe OCC No increase in

et al. (2007, with Prime Climb shame, admiration cognitive model of learning (2007)

2008) where tutorial and reproach emotions (Ortony, |ncrease in

actions are based

on the student’s
affective and
pedagogical

model

1988) emotion is
elicited based on
cognitive appraisal
of the current
situation based on

one’s goals

learning for grade
6 students where
agent was
influenced by the
ABM (2008)
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In summary, the predominance of work to date hasded on the identification and
elicitation of emotion within the learning enviroent. There has been some research in
relation to adapting to affect. This has compriaddpting the type of feedback provided
and adapting the tutorial. The former has provedesghat successful with the need for
further research to gain a clearer understandinigsgfotential. The latter has had little
overall impact on learning. Perhaps this may betdube use of OCC model in eliciting

emotions and may benefit from a different elicaatapproach.

2.5.6 Adaptive Education Systems Summary

Research to date has illustrated how adaptive regsteay be of benefit in providing
personalised support. In particular, adaptive bolfative systems provide insights into
how the collaborative learning process can be stppousing adaptive technologies.
However, to date personalisation of the learningrenment has been explored at the
group level or in terms of supporting one or otbethe collaborators e.g. tutor or tutee.
Albeit, that this in itself is beneficial there &so a need to explore the possibility of
providing personalised support for all collaboratofhat is to support both tutor and
tutee, where the tutor may need to be supporte@veloping effective tutoring strategies

while the tutee may need to be supported in anesaddomain.

In terms of self-efficacy, work to date in incorpting self-efficacy into adaptive
educational systems is still at its early stagesed®minantly research has focused on
eliciting self-efficacy with some suggestions omtihis information may be used. Thus,
there is a need for further research into how effitacy can be used to adapt the

learning environment to meet the needs of indiviteexrners.

Substantially more research exists on eliciting adépting to affect. Elicitation
techniques include the use of biophysical sensai§,reports and observer reports. The
predominance of work to date has focused on thdifd=tion and elicitation of emotion
within the learning environment. There has beenesagsearch in relation to adapting to
affect. This has comprised of adapting the typdeeflback provided and adapting the
tutorial. However, there is a need for further egsh to investigate the effect of using
self-reports (tutee reports) and observer-repduor( reports) in eliciting affect in the
tutoring environment and in addition, there is ach#& identify the effect of adapting the

learning environment based on the tutee’s affediate.
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2.6 Discussion

Given the nature of the home tutoring environmerd the parent-child dynamic, it
offers a rich basis for the development of an a@daptducational system. Indeed, for a
number of reasons, which will now be summarisedpéide educational systems may be
of great benefit within the home tutoring contes previously described, research
indicates a high correlation between parental wsolent and a child’s academic success
(Greenwood et al., 1991). The term parental invoket is used to describe a myriad of
parent behaviours from attending school functianadtively tutoring their child at home
(Hickman et al., 1995). However, the most effecipagental involvement is in working
directly with their children on learning activiti@s the home (Dornbusch, 1988). Despite
this parental involvement in learning activitiesymeot occur spontaneously for a myriad
of reasons. These include but are not limited tp I&ck of parental self-efficacy
(Desforges & Abouchaar, 2003) (2) a perception th& not part of the parental role
(Desforges & Abouchaar, 2003) (3) negative attittmeards school (Heystek & Louw,
1994) and (4) time (Russell & Granville, 2005). Hawer, research indicates that teaching
parents specific strategies to support their caiity development can be effective in

encouraging greater parental involvement (Kaiséta8acock, 2003).

A number of educational theories provide a varadtgducational strategies for use in
both the school and at home. For example, the &iEldome Schooling provides us with
a number of educational strategies (e.g. Charlbtsson Approach (Maison, 1993),
Unschooling approach (Holt & Farenga, 2003)) whibffine home schooling best
practice. Research also informs of the myriad afcational philosophies which have
been used within the classroom context (e.g. Coctstism (Schunk, 2000),
Behaviourism (Skinner, 1966), etc.). However, felu@tion philosophies bridge the gap
between school and home. One such theory, whichgnapme way in bridging the gap,
is Talent Education philosophy (Suzuki 1986).

Talent Education philosophy is a teaching philosothtat places great importance on
the role of the parent as home tutor (Suzuki 1986}uki believed that the actual process
of teaching the young child involves a trio of gay. the child, the teacher and the so-
called Suzuki parent. The Suzuki parent is thergamho provides daily home tutoring
for the child. However, within the Suzuki methoberte is no formalised training for
parents and support is unstructured and ad hopijtdele inherent complexity associated
with the task. Albeit that Suzuki parents haveemclunderstanding of their role as home

tutor, a commitment to parental involvement in thehild’s learning and a positive
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attitude towards education, a resistance to peactiay still prevail due to low levels of
self-efficacy (Desforges & Abouchaar, 2003). Foistreason, this thesis examines in

particular the impact of self-efficacy on parenitaiolvement.

Self-efficacy is described by Bandura as “beliefone’s capability to organize and
execute the courses of action required to managgppctive situations” (Bandura, 1995,
p.2). Self-efficacy has four main influences, mas&xperiences, vicarious experiences,
verbal persuasion and physiological states (Paja8%7). Self-efficacy is best measured
as a domain specific, task specific value with globr generalised assessments best
avoided. As individuals’ self-efficacy have beemirid to be a highly accurate predictor
of ones’ motivational state and indeed learningafeness (Zimmerman, 2000) it may
be of great benefit in determining the type ancelexf support required by the parent

during the home tutoring process.

The domain of home tutoring brings with it an addedplexity insofar as there are
two roles parent and child. Therefore, in paraibesupporting the parent there is also a
need for the provision of appropriate support fog thild. This support can comprise
cognitive, affective and motivational support (Raslon & Coleman, 1995). As the
importance of providing affective support is clgadutlined in the Talent Education
philosophy (“circumstances surrounding the repmti{practice) must be happy” (Suzuki,
1981 p14)), this research will also focus on usiffgctive support to promote learning
within the child. Emotion theories propose thatr¢hare from two to twenty basic
emotions (Leidelmeijer, 1991). However, it is beéd that the four most common

emotions are fear, anger, sadness and joy (Kaift,e2001).

Technology may be of benefit in providing the neeeg support for both parent and
child. Previously, technology has played a rolesupporting the home tutoring process
through the provision of on-line learning resour¢és example, National ParentNet
Association, 2008, NumberWorks@Home, 2008, Moraviscademy Suzuki Violin
Website, 2008). However, little research exists owhinvestigates how personalised
learning environments may be used effectively ie tthomain of home tutoring
(Brusilovsky, 2003). This may be a result of thalduser (parent and child) nature of the

domain and the difficulties in supporting both sser

Recent research has explored the benefits of agaptillaborative learning systems.
Such systems are concerned with the exploitatioriraditional adaptive educational
technology in environments where two or more peayek together toward a common
goal. Current research can be broadly categorgedwo groups. Research that supports

the collaboration process itself (e.g., promotimgm collaborative discourse (Kumar et
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al., 2007; O’Connor et al., 2005)) and researct pnamotes domain learning through
collaboration (Walker et al., 2008; Biswas, 200%pwever, this work is still at the early

stages and in particular, there has been littladamn developing pedagogical knowledge
within the tutor or on the provision of adaptiveppart for both users (tutor (parent) and
tutee (child)).

In terms of technology and self-efficacy, resedrctate can be broadly categorised in
terms of the use of static self-efficacy modelsdgnamic self-efficacy models. Static
self-efficacy models comprise building a modelsieal solely from pre test data (Baylor
and Kim, 2004, Kim, 2005). Dynamic self-efficacy dats include data collected during
interaction with the system (McQuiggan et al., 20Bome work has commenced on
using models of self-efficacy for tutorial selectiBeal and Lee, 2005), however there is

a need for further insights into its effect.

In terms of technology and affect, there are a remaf decisions to consider when
providing adaptive support. Firstly, when is it eqgriate to elicit emotion and secondly,
what is the best way in which to elicit such emetiMuch of the research to date has
focused on students’ general affective state bedmid/or after the learning experience
rather than their affective states at key pointhelearning process. Studying affect only
in general, rather than at specific times, limits type of emotional support a tutor can
provide. Predominantly, eliciting emotion has beenducted using one of three methods
or a combination of such. These comprise (1) bisjga sensor recordings (D’Mello,
2007) (2) self-reports (Scherer, 2005) and (3) nlesereports (Rodrigo, 2007). One of
the problems with the use of biophysical sensorsnéiliciting emotions is they may not
be readily available in natural learning contexis éxample the home. Although work
has commenced on using affect to adapt the learminvgronment (McQuiggan et al.,

2008; Hernandez et al., 2008) there is a neediftindr research in this area.

2.7 Research Challenges

Adaptive systems that provide personalised sugdpoiioth tutor and tutee offer great
opportunities to enhance learning through collatimmaHowever, building such systems
is a non-trivial task and outstanding researcheissaoclude how can an adaptive engine
simultaneously support dual users (tutor and tutebpt is the appropriate educational
theory from which to elicit a set of rules, whichkfide tutoring best practice and what is

an appropriate basis for adapting to the needseofutor and tutee?
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This review suggests that adaptive educationalesystand adaptive collaborative
systems may be further exploited to provide dual aslaptivity. Furthermore, it suggests
that Talent Education philosophy may be of beniefilefining tutoring best practice.
Finally, the review indicates that self-efficacyyrze an appropriate basis for adapting to
the needs of the parent with affect being an apjatgpbase for adapting to the needs of
the child. This thesis proposes that the adaptiteational system P.A.C.T. addresses

these challenges in a novel manner. In summadgnitonstrates:

How P.A.C.T.’s novel dual user architecture comipgsdual user models and

domain models can provide simultaneous adaptivepmtidor tutor and tutee
(Chapter 3).

How Talent Education philosophy can be used torinfa set of tutoring rules,
which encapsulate tutoring best practice (Chapt&iChapter 4)

How self-efficacy and affect can be used as an@piate basis for adapting to the
needs of the tutor and tutee respectively (Ch&p&IChapter 4).

Using P.A.C.T., it is possible to explore a ranfeducational issues and this thesis using
empirical studies investigates (Chapter 7):

The effect of using adaptive strategies on paresgif-efficacy, knowledge and
their perception of their role as home tutor.

The effect of adapting to the affective needs @& thild throughout the home-
tutoring process.

2.8 Summary

This chapter has reviewed how adaptive systemsheay benefit in supporting tutor
and tutee throughout the tutoring process. Firdtlyeviewed the myriad of educational
theories, which support the home and school comtéxtparticular, it focused on Talent
Education philosophy, one educational theory thay tme of benefit in bridging the gap
between home and school. Secondly, it reviewedarekecarried out in the area of self-
efficacy and suggested how it may be of benefiirttvide personalised support for tutors
based on their level of self-efficacy. Thirdlydéscribed the integral link between affect
and cognition and illustrated how tutees may beériefm personalised support based on
their affective state. Finally, it argued that FCAL. addresses, in a novel manner, the
challenges in developing an adaptive system thaulineously provides adaptive

support for tutor and tutee throughout the tutopnocess.
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3 P.AC.T.

3.1 Introduction

Chapter 3 describes the design and developmentfo€H . an adaptive educational
system that simultaneously supports dual userer(fautd tutee). It describes P.A.C.T.’s
novel dual user architecture comprising domain rigdeser models, presentation model,
and pedagogical model. The adaptive engine, a saipanent of the pedagogical model
is described in Chapter 4. Additionally, the tedahiimplementation of P.A.C.T. is
outlined.

3.2 Overall Architecture

Typically, adaptive educational systems supportviddal users and comprise user,
domain, pedagogical and presentation models (Weld®&7). However, the domain of
tutoring provides an added complexity in so fathese are two users, tutor (parent) and
tutee (child).

Figure 3.1 illustrates P.A.C.T.’s overall architeg, which comprises a domain
model, user model, pedagogical model and presentaibdel. The different components

include the following functions:
The domain model is a representation of the skdllse learnt.

The user model represents the user’s knowledgeeofidmain and builds a profile

of the user based on behaviour and navigation.

The presentation model handles the flow of infoforatand monitors the

interactions between the users and the system.

The pedagogical model uses adaptive presentatidnnawmigation techniques to
determine what next to present to the studentrimgeof content and style using
different pedagogical strategies.
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P.A.C.T. differs from other adaptive systems infap as it contains dual domain
models and dual user models. P.A.C.T. maintaingcdile for both tutor and tutee
through the use of dual user models. As a resutsafual domain models, P.A.C.T. can

simultaneously provide support for both users irffedént domains. This is

conceptualised in Figure 3.2.
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3.3 Domain Model

As a result of P.A.C.T.’s dual user architectuheré are two domain models within
P.A.C.T. one, which comprises the skills to beredéry the parent, and the other, which
comprises the skills to be learnt by the child. Tki#ls to be learnt by the parent is home
tutoring best practice, which is informed by Taldaducation philosophy. Current
implementations of P.A.C.T. allow for the developrhef Suzuki violin and mathematics
skills within the child. P.A.C.T. attempts to demeldomain independent home tutoring
skills within the parent while simultaneously deyghg domain specific skills within the
child. Together both models assist in providingusitsupport for both parent and child.
Firstly, the parent domain model is described. 8gbsently, the child domain model will

be described.

3.3.1 Parent Domain Model

The parent model comprises an instantiation offéddent Education philosophy in an
endeavour to develop home tutoring best practighinvithe parent. Moving from a
philosophy of education to implementation as a gedi&al practice requires an act of
interpretation. Consequently, a considerable amafntesearch was undertaken in
articulating a set of tutoring tactics to denotéehaEducation philosophy (Suzuki, 1978;
Lahart et al., 2006). This process comprised imt&rs with a Suzuki expert (a teacher
who had in excess of ten years experience of tHenTd&ducation philosophy) and
observationof in excess of 20 Suzuki lessons. This procespgaed a set of seven
tutoring tactics as is illustrated in Figure 3.%hefe comprise expert demonstration,
mastery learning, motivational game, positive m@ioément, repetition, review and

tutoring variation. The validation of these tutgyitactics is described in Chapter 5.

Expert
Demonstration
Tutoring Mastery
“ariation Learning
Tutoring Tactics hotivational

Game
Repetition Pasitive
Reinforcement

Figure 3.3 Tutoring Tactics
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Expert Demonstration involves the provision of the very best examphesnf which
the child may learn. Examples may be given by theemqt if they have expertise in the
domain or may be given by an external influence. &@mple, with music, this may be

listening to a CD or with mathematics, it may bseving a video/computer simulation.

Mastery learning promotes the provision of learning material in Brsimnple steps so
that the child can achieve at each level. It iseeder a child to master new skills when
each step is mastered before the next is encodnteoe the parent this may mean asking

the child to complete the first step as opposdtiecentire task.

Motivational game(s) are used to increase motivation. The games mayobsid
dependent or independent. Domain independent gammgs be used to promote
concentration or to motivate the young child. Aample of a domain independent game
is the Colours game. The so-called Colours gameéstassy improving the child’'s
concentration. The parent begins by calling oublawr the child must repeat this colour
and adds their colour to the list. The game pragresvith each taking their turn until
someone is unable to call the list of colours. &ample of a domain dependent game for
music might be playing snippets from previouslyrigasongs. This may encourage

review of previously acquired material.

Positive Reinforcementis used to recognise the child’s efforts and tcoenage and
motivate students to do better. Phrases such aat Whs very good, now, can you do

better?” are useful in encouraging students.

Repetition is necessary in acquiring new skills. Repetitibowdd be structured, that
is, a child should be asked to repeat the skilingef number of times. Unstructured
repetition may decrease motivation. It may be Ugefinvolve the child in deciding the

number of repetitions to complete.

Review is an important aspect of Suzuki’'s Talent Eduecapbilosophy. Continuous
review of previously acquired knowledge is neces$ar mastery and can be used as a

building block in learning new skills. Review shdude carried out on a daily basis.

Tutoring variation involves changing the instruction in order to syour child’s
learning style. A myriad of research exists in ass® and supporting different learning
styles and learning preferencg$leming & Bonwell, 2008). For the purpose of this
research, implicit reference is made to VARK’s fdearning styles read/write, aural,

visual and kinaesthetic (Fleming & Bonwell, 2008).

As with any adaptive educational system it was s&mey to develop an array of

learning content for each of the skills, (tutoriagtics) represented in the domain model.
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This content comprised explanation, example andeabn resources. Explanation
resources comprise an explanation of the tutoriagtid and/or suggestions of an
appropriate domain specific activity. Example resea provide a specific example of
how the activity can be achieved. Reflection resesirare domain independent and
provide an explanation of how the particular tactim benefit the child’s learning. An
example is provided in Table 3.1 where the tutotangic is motivational game and the
domain is mathematics. In this scenario, the exlan involves a mathematics race
(“Let’'s have a Mathematics Race”). The example ine®s finding x objects of y colour,
where the child suggests x the number of objectsyathe colour (“Ask your child to
pick a colour and then pick a number between 15rkhen see who can find that many
items of that colour first. For example you miglatvh to find two blue objects.”). The
reflection involves gaining a deeper understandifhithe purpose of motivational games

(“Motivational Games can relax your child, incregsamcentration and therefore promote

learning.”).
Table 3.1 Learning Content (Explanation, Example &Reflection)
Explanation Example Reflection
Let's have a Mathematics Ask your child to pick a Motivational Games can relax
Racel! colour and then pick a numberyour child, increase

between 1 and 5. Then see  concentration and therefore
who can find that many items promote learning.

of that colour first. For

example, you might have to

find two blue objects.

The explanation and example resources are domatifisp and therefore are related
to the skills represented in the child domain modéley will be discussed in section
3.3.2. The reflection resources are related toskilés represented in the parent domain
model. Figures 3.4 through 3.10 provide exampleeféction resources for each of the
tutoring tactics. The learning content comprises rgdection resources in total the

breakdown of resources across tutoring tactiduistiated in Table 3.3.
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3.3.2 Child Domain Model

As previously, stated P.A.C.T provides supporttf@ child in two domains, Suzuki
violin and mathematics. Initially Suzuki violin waglected as it is taught using Talent
Education philosophy and anecdotal evidence suggést need for further parental
support. Subsequently, it was decided to develapetd in the domain of mathematics,
the reason being two-fold. Firstly, there was adne® investigate the effect of using
P.A.C.T. to support home tutoring of a more maemtn subject. Secondly, it may
provide answers on whether an adaptive educatisyatem informed by Talent
Education philosophy could be of benefit in a domaihere parents may not have
previous exposure to the education philosophy oy nmat be inclined to take on extra
home tutoring duties (e.g. music lessons). A dption of the mathematics domain

model will follow a description of the Suzuki vinldomain model.

3.3.2.1 Suzuki Violin

The domain model for Suzuki violin is complex in & as the set of skills to be
developed are embedded in a set of Suzuki pieaesiks 1978). The beginning Suzuki
repertoire comprises the first 12 pieces in Bookhfough which a number of key
techniques (based around posture and tone) ardogede Each Suzuki piece is taught
with a view to mastering a particular skill. Themedf, with the Suzuki violin model the
distinction between the domain model and learniogtent is perhaps less transparent.
Figures 3.11 through 3.17 illustrate examples afring content for each of the tutoring
tactics can be instantiated (through the use ofa@gtion and example resources) within
the domain of Suzuki Violin. 127 (60 explanatiorsaarces and 67 example resources)
Suzuki violin resources were developed. The breakdaf resources across each tactic is
illustrated in Table 3.3. Figure 3.11 illustraté® texpert demonstration tutoring tactic
where it is suggested that the child listens tar therrent, this will be ascertained based
on the child’s user model (explanation resourcd)e Tnultimedia object provides a
mechanism for listening to it (example resourcehe Tmastery learning tactic is
instantiated in Figure 3.12 where it is suggested the child play through this weeks
notes once, the parent is reminded to use smafplsisteps (explanation resource). In
particular, it is suggested that the child conaeton the notes while the parent does the
bowing (example resource). The motivational ganwidds illustrated in Figure 3.13
where it is suggested to have a spider race tolaleven-ordination and flexibility
(explanation resource). The parent is also provid#ll specific instructions on how to

have a spider race (example resource). Figure Bridides an example of how to
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provide domain specific positive reinforcement wehéris suggested the parent observe
the child and praise something they are doing (eglblanation resource). In particular, it
is suggested that the parent praises the childtup® (explanation resource). Figure 3.15
provides an example of how to carry out repetitioran effective manner. Here it is
suggested to carry out a finite number of repetitibased on some criteria (explanation
resource). The criteria used maybe based on tHd'chige (example resource). An
example of how the review tutoring tactic may b&tamtiated is illustrated in Figure 3.16
where particular review exercises are suggesteddbas input from the child’s user
model (explanation resource). In this examplesitsiiggested that when the child is
reviewing these exercises they concentrate on dewel particular techniques (example
resource). The multimedia animation reinforcesitlea that the Suzuki repertoire should
be viewed as a set of building blocks for skill ieypment. Finally, Figure 3.17 provides
an instantiation of the tutoring variation tactibeve it is suggested that the child may be
an aural learner (explanation resource) and thexesbould be provided with an aural

educational resource (example resource).

3 bt . parentandehidtutorfo - Parent And Cid Tuor - Micosot Intarne Exlorr g 3 htp v parentandehildutor o - Parent And CHd Tulos  Mictssoft ntonet Explrer

Press play to listen to your current piece which is Andantino Play through the new notes we have to learn for this week once.
Remember small simple steps.

For Example. If learning new notes, it might be helpful to let your child
concentrate on the left hand fingers while you do the bowing

=

3%

Figure 3.11 Expert Demonstration Figure 3.12 Master Learning

Let's have a Spider race to improve co-ordination and flexibility. Observe your child. Praise something that they are doing well.

Make sure your child has a nice bow-hold. Then ask your child to race to For Example. You are very good at standing in rest position

-« @
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Figure 3.13 Motivational Games

3 ttp:/Awww.parentandchildtutor e - Parent And Child Tutor - Microsoft Internet Explorer

Figure 3.14 PositivReinforcement

Select some criteria to determine how many times we will repeat what we
have just learnt.

For Example. Ask your child their age. Repeat what they have just played
that number of times (If they are 3yrs old repeat the task 3 times).

e =P

3 hitp:twww. parentandchildtutorie - Parent And Child Tutor - Wicrosoft Infernet Explorer.

Review - Perpetual Motion, Go Tell Aunt Rhody and May Song

While reviewing these pieces concentrate on keeping a Curly Little Finger
on your bow hand.

Figure 3.15 Repetition

3 ttp:/Awww.parentandchildiutor e - Parent And Child Tutor - Microsoft Internet Explorer

Maybe your child learns best through hearing.

For Example. If your child likes to learn through hearing then it can be
really beneficial to listen to the music.

&1 0ene

© et

Figure 3.17 Tutoring Variation

3.3.2.2 Mathematics

The mathematics domain model within P.A.C.T. cosgsia set of skills based on a

set of strands and strand units presented in tisé Primary School Mathematics

Curriculum for Junior Infants (aged 4-5 years) exbupy the Department of Education.

The strands include early mathematics activitiagnioer, algebra, shape and space,

measure and data (Mathematics Primary School Qlurt 1999). Each strand

comprises a number of strand units these are ddtmlTable 3.2.
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Table 3.2 Junior Infants Mathematics Strands and Sand Units

Strands Strand Units

Early mathematics activities  Classifying
Matching
Comparing

Ordering

Number Counting
Comparing and ordering

Analysis of number (Combining, Partitioning, Nuntéva)

Algebra Extending patterns

Shape and space Spatial awareness
3-D shapes
2-D shapes

Measures Length
Weight
Capacity
Time

Money

Data Recognising and interpreting data

Learning content was developed for each strand strashd unit. 126 mathematics
resources (comprising 63 explanation resources @Bdexample resources) were
developed. Table 3.4 provides a breakdown of timebeu of resources available for each
tactic. In particular, a large quantity of resoweeas developed for the review tutoring
tactic, as it was necessary to have a number gwesxercises for each strand and each
strand unit. The review exercises comprised a &xiostruction and a multimedia
element to work with. Sample review exercises fachestrand are illustrated in Figures
3.18 through 3.23. Figure 3.18 illustrates theyearathematical activities strand and in
particular suggests a review exercise for reviewtimg concept of matching pairs of
identical objects in one-to-one comparisons. I #@utivity, the child is presented with
pairs of objects, when the two matching objectseapmn screen they must call out
SNAP. Figure 3.19 exemplifies the Number strande ke child is asked to review the
concept of partitioning. P.A.CT. suggests the piaeagage the child in discussion around
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the flash animation, which firstly shows five playen the pitch and then partitions the
set of objects by drawing a centre field line t@owithe component parts. The Algebra
strand is instantiated in Figure 3.20 where stuglarg given a pattern (shape and colour)
and asked to extend the pattern. Figure 3.211fitest the Shape and Space strand with an
activity on 2-D shapes. The child is presented waittanimation and asked to name the 2-
D shapes square, circle, triangle and rectangle. Mleasures concept is instantiated in
Figure 3.22 where the child is asked to developiraterstanding of the concept of time
through the use of appropriate vocabulary sucha@msimg/evening, night/day, lunchtime,
bedtime, early/late, days of the week, school dayd weekends. The purpose of the
multimedia animation is to encourage the childiszrass what happened today using the
aforementioned vocabulary. Finally, Figure 3.23megkfies an instantiation of the Data
strand, where the child is encouraged to recogmiseinterpret data in terms of equal and

unequal (enough/more/as many as/less). Here iiggested that the child observe the

multimedia animation and determines which ball mmsmost often.

Review the concept of Matching with John Review the concept of Partitioning with John

For Example. Watch as the objects appear. When you see a match, call For Example. Talk about the picture with your child? How many players
out SNAP! are there altogether? Then, how many players are in each half of the
pitch?

—=p
Figure 3.18 Early Mathematical Figure 3.19 Number - Portioning

Activities — Matching

Review the concept of Extending Patterns with John Review Shapes with John

For Example. Continue on the pattern - what comes next? For Example. Name the 2D shapes; square, circle, triangle and rectangle
in the following picture.

AR
HAOHAO =P on & =
] - %
Figure 3.20 Algebra — Extending Figure 3.21 Shapend Space — 2-D
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Patterns

Review Time with John Review the concepts of Enough/More/As Many/Less with John

For Example. Talk to you child about what happened today use words like For Example. Whose ball bounces more, Ann or Barry's?
morning, lunchtime, bedtime, this helps them discover a sense of time.

= o
=P A
Figure 3.22 Measures — Money Figure 3.23 Data

Figures 3.24 through 3.28 illustrate mathematiggerat to support the other tutoring
tactics comprising expert demonstration, masteayni@g, motivational game, positive
reinforcement and the tutoring variation tactic.n@mt was not developed for the
repetition tutoring tactic. The reason for thighat the number of repetitions necessary
for a child to internalise the skill is reflected the number of mathematics problems
given by the teacher for homework. Therefore, withthematics it was not necessary to
support the parent in developing the repetitiomring tactic as the teacher implicitly

provides such support.

Figure 3.24 illustrates an example of an instaiotiabf the expert demonstration
tactic, in this example it is suggested that theema demonstrates the first step
(explanation resource). Due to the level of Juhidants mathematics, it is assumed that
the parent will have expert knowledge. The wizangdtimedia object is used to engage
the child (example resource). An example of thetamgdearning tactic is instantiated in
Figure 3.25 this is quite similar to that for thez8ki violin domain except it suggests to
take out the homework for that day. The motivatiogeme tactic illustrated in Figure
3.26 suggests a domain dependent game based ble#seire strand from the syllabus. It
encourages the parent and child to play shop (ea&ttan resource). The parent is also
provided with instructions on what to do (exammeaurce). Figure 3.27 illustrates how
positive reinforcement may be domain specific. Arario is suggested whereby a parent
might praise a skill, which the child has develogexblanation resource) in this instance
the skill is in identifying numbers (example resm)c This skill falls under the Number
strand of the Numeration strand unit, where a chilgst be enabled to read, write and

order numerals 1-5. Figure 3.28 illustrates how ti@ring variation tactic may be

58



instantiated. Here it is suggested that the childy nbenefit from visual stimulus

(explanation resource) and that it may be of bénefimake a poster and hang it in the

room where they do their homework (example resqurSamilarly, to the previous

example this activity is concerned with the Numéteand and numeration strand unit. In

terms of the VARK learning style, this activity rhigbe of benefit to visual/read-write

children (Fleming & Bonwell, 2008).

Figure 3.24 Expert Demonstration

3 ttp:/Awww.parentandchildiutor e - Parent And Child Tutor - Microsoft Internet Explorer

Try to engage your child by playing Shop.

Gather some items which can be for sale and divide some coins between
you. Then one of you be the shop keeper and the other be the customer.

Figure 3.25 Master Learning

2 http:/fwww. parentandchildtutor.je

Parent And Child Tutor - Wicrosoft Infernet Explorer.

Sometimes it can be useful to remind your child of the benefit of
homework.

For Example. See how good you are at recognising the numbers after all
our practice this week.

m . ® iverret

Figure 3.26 Motivational Games
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Figure 3.28 Tutoring Variation

3.3.3 Domain Models Summary

The parent domain model comprises the set of dkitering tactics) based on Talent
Education philosophy to be learnt by the parent €hild domain model comprises the
set of skills necessary for Suzuki violin and mataécs. The domain model for Suzuki
violin is complex as the skill set is embedded et of Suzuki pieces. The mathematics
domain model is based on a set of strands anddstraits presented in the Irish Primary
School Mathematics Curriculum for Junior Infantgdd 4-5 years) issued by the
Department of Education. A set of learning conteas developed for each of the skills
in the parent and child domain models. The learcimgtent was developed with the help
of subject experts. The content comprised explanagxample and reflection resources.
Explanation resources comprise an explanationeofutoring tactic and/or suggestions of
appropriate activity. Example resources provideecsic example of how the activity
can be achieved. Reflection resources provide ptaeation of how the particular tactic

can benefit the child’s learning.

As can be observed from Tables 3.3 and 3.4 277uress have been developed. 24
domain independent reflection resources were dpedloto assist the parent in
developing home tutoring best practice. 127 comesturces were developed for Suzuki
violin while 126 content resources were developed rathematics. In terms of the
Suzuki violin resources, these comprised 60 expl@maresources and 67 example
resources. For mathematics, the 126 resources md@3 explanation resources and 63

example resources.
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Table 3.3 Suzuki Violin Resources

Explanation Example Reflection
Expert
. 1 12 3
Demonstration
Mastery
] 6 6 4
Learning
Motivational
17 17 5
Game
Positive
) 16 16 4
Reinforcement
Repetition 2 3 4
Review 12 8 5
Tutoring
o 6 6 3
Variation

The number of Suzuki violin explanation resources dach tutoring tactic can be
observed from Table 3.3. A large proportion of tesources were created for the
motivational game, positive reinforcement and reviactics as it was important to have
a diverse selection to maintain engagement. Thexe anly need for one explanation
resource for expert demonstration, a text fragnseiggesting that the parent press play
on an embedded multimedia object to listen to thiklel's current piece (reader is directed
to Figure 3.11). Similarly, with the example resteg a higher proportion of resources
were created for the positive reinforcement and ivatibnal game tactics in an

endeavour to engage the child.
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Table 3.4 Mathematics Resources

Explanation Example Reflection
Expert
. . 1 1 3
Demonstration
Mastery
] 3 3 4
Learning
Motivational
12 12 5
Game
Positive
) 16 16 4
Reinforcement
Review 27 27 5
Tutoring
o 4 4 3
Variation

The number of mathematics explanation resourceséoh tactic can be observed
from Table 3.4. As with Suzuki violin a large profon of the explanation resources
were created for the motivational game, positiviafegcement and review tactics in an
endeavour to engage the child. The particularhi Ipigpportion of review explanation and
example resources is to accommodate presentingchiid with three mathematics
problems for review. There is a need for a lardecs®n of resources so the child will
not continuously encounter the same mathematidsdgme. This is achieved through the
development of a number of varying review actigtier each learning strand. There was
only need for one explanation resource for the expgemonstration tactics, which
comprised a text fragment suggesting that the pateow the child how to do the first
sum (reader is directed to Figure 3.24). In terrhdhe example resources a higher
proportion of example resources were created fer riotivational game, positive
reinforcement and review tactics for reasons oedinpreviously. However, with
mathematics there was a need for fewer masterynitgarand motivational game
explanation and example resources than for Suzigkinvas the repetition tactic and
therefore repetition phase was not included forheraiatics due to the nature of the

domain. The validation process is described in Ghep

62



3.4 User Models

Within adaptive educational systems, this resegmabvides a novel contribution
insofar as a user model in constructed for bothsysetor (parent) and tutee (child). The
user models provide the source of information framich the system can provide
personalised support for both users. During intevaavith the system, all information is
recorded and used to provide a complete descriptibrihe learner's knowledge,

characteristics and preferences.
The parent user model in P.A.C.T. has the followdhgracteristics

It records and updates parental self-efficacy ag groceed through the system. A
self-efficacy value, which is some value betweend 7, is maintained for each of
the tutoring tactics. 1 indicates a low level off-gdficacy while 7 indicate a high
level of self-efficacy. All values are logged whiellows for the provision of a

history of parents’ self-efficacy in using eachtteé tutoring tactics.

It represents the navigation history, a recordhef navigation path the parent has

taken through the educational material.

It maintains a record of the tutoring tactics sugige to the parent, the level of
support received for each tactic on each occasidntisne spent on each learning
activity.

It maintains a record of the parent’s name.

It represents a value indicating if the parentsukhaeceive full or adaptive
support. Full support indicates that the parentglweceives full support for each
tutoring tactic (i.e. they are provided with an exde, explanation and reflection
resource). Adaptive support signifies that a pamateives a level of support
corresponding to their self-efficacy value for thattic (reader is directed to

section 4.2.3 for a more detailed description).

It is dynamically updated during interaction toleef the learner’s current state.

The child’s user model in P.A.C.T. has the follogvitharacteristics

All affective states experienced by the child aogged, this allows for the

provision of a history of the child’s affective esqences.

It also maintains a record of the child’'s currefifieetive state and previous

affective state.
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It maintains a record of the child’s name.

With the Suzuki violin domain, it maintains a regdaf the child’s current goal in
order to provide review suggestions tailored to dhdd’'s needs. This is not

necessary for mathematics, as progression thrawegbyilabus is not linear.
It is dynamically updated during interaction toleef the learner’s current state.

The user models outlined for both parent and cartel non-traditional in so far as
they do not model user knowledge. The reason f@ it two-fold. Firstly, it was
important that parents perceived P.A.C.T. to beppertive environment and therefore it
would not be appropriate to quiz parents in ordedéentify knowledge level in terms of
each of the tutoring tactics. Secondly, it was dedito model the child’s affective state
as research indicates that positive affective stes® have a positive effect on learning.
Therefore modelling the child’s user knowledge wasside the scope of this research

however, this may form the basis of future research

3.5 Presentation Model
The presentation model is based on an abbreviaesion of Gagné’s model (Gagné,
1985). It comprises three key instructional eveass)lustrated in Figure 3.29.
Engage: the purpose of this is to attract the uaéemntion.

Activate: the purpose of this stage is to allow treer to practice some newly
acquired skKill.

Reinforce: the purpose of this stage is reinfoheekiey message through reflection.

Figure 3.29 Presentation Model Events
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Figure 3.30 illustrates the engage state whereusiee is asked to enter the child’s
current affective state. It tries to stimulate et through the colourful emoticons and
bring both parent and child into the learning spa@@h each submission of the child’s
affective state P.A.C.T. automatically builds a mloaf the child’'s emotional experience.

This in turn allows P.A.C.T. to provide a persosedi learning path.

The activity stage provides an activity for parant child based on input from the
user models. These activities are domain deperatehbased on the syllabi for Suzuki
violin and mathematics. The parent is provided wiilygested activities to carry out with
their child. Each activity comprises and explanma@énd example as described previously.

The reinforce stage, coaches the parent in dormmaependent tutoring skills by
providing a mechanism for reflection. More spedifig, this stage provides an
opportunity to reinforce the purpose of the tutgritactic just encountered. This is
illustrated in Figure 3.31 where the parent is gig@ opportunity to reflect on the benefit
of the review tactic. The statemeReéview provides the building blocks for all leagnin
may reinforce the benefits of review. Figure 3.&ballustrates the mechanism by which
parents can provide feedback on their confidenagsiag particular tactics. The parent is
asked to select a value 1-7, which best repredenisconfident they feel in using the
particular tutoring tactic (the reader is directied section 4.2.3 for a more detailed
discussion). Research suggests that seeking fdediman the parent encourages deep
reflection, thus reinforcing the learning (Espinezal., 2006).

Figure 3.30 Events in Presentation Figure 3.31 Events in Presentation
Model Model
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3.6 Pedagogical Model

P.A.C.T.’s design allows for flexibility in the usg different pedagogical strategies.
Such strategies involve providing users with a treet of resources and providing users
with a restricted set of resources. These straegie implemented by dynamically
tailoring the environment using information frometiser models and output from the
adaptive engine. Adaptivity is implemented usin@ @daptation technologies: adaptive
presentation and adaptive sequenciligeber & Brusilovsky, 2001). These technologies

are incorporated in such a way to support bothraned child.

A number of adaptive presentation techniques aterporated including text and
multimedia fragment insertion and removal, explemavariants and altering fragments.
Text and multimedia fragments are inserted and vech@s a result of changes in the
parent’s user model, in particular, their self-gdfiy value. Higher self-efficacy values
equates to removal of content, which in turn letmlarents receiving less support.
Lower levels of self-efficacy leads to insertionaaintent, thus the parent receives more
support. In addition, multiple variations of therrsa content afford the possibility of
providing the parent with various explanation ofcteatutoring tactic, in terms of

explanation, example and reflection.

Text and multimedia fragments are altered in aneawdur to provide personalised
support for the child based on their knowledge lle@entent is altered based on input

from the child’s user model.

Finally, adaptive sequencing is used to simultaslgosupport both the parent and the
child. Adaptive sequencing techniques determinefipropriate tutoring tactic to suggest
to the parent at each stage, thus guiding thenugifiréhe tutoring process. However, the
tactic, which is suggested to the parent, depeadtgely on the emotional state of the

child, which is maintained in the child’s user mbde

At the core of the pedagogical model is a set ofagegical rules comprising tutoring
rules, content rules and efficacy rules. These gegiaal rules, in particular the tutoring

rules are a unique contribution and are discusseetiail in Chapter 4.

In summary, P.A.C.T.’s novel dual user architecttwenprises dual domain models,
which allows P.A.C.T. to support dual users inefiéint domains. P.A.C.T. supports the
parent in developing home tutoring best practicd #re child in developing Suzuki
violin or mathematics skills. In addition, P.A.C dantains dual user models, which allow
P.A.C.T. to provide simultaneous support for useth different needs. The pedagogical

model has at its core a set of pedagogical rulat ases a number of adaptive
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technologies to provide adaptive support for batars. The presentation model handles
the flow of interaction between P.A.C.T. the tufparent) and tutee (child).

3.7 Technical Implementation

P.A.C.T. is implemented as a web based adaptiveatidnal system using Java
servlets and Java Server Pages technology. Theidonwel is stored in multimedia
format. Individualised user models are stored dypally and persistently within a
MySQL database. The adaptive engine has been gecklasing Java and comprises a
Rule Engine (Bigus & Bigus, 2001). The pedagoginahager is implemented in Java. It
is responsible for analysing feedback from the ,uspdating the user models, retrieving
information from the user model, communicating wiitle adaptive engine and making
decisions about which instructional strategy to 0$ee presentation model receives input
from the pedagogical manager and manages the pmésenof information through the
use of cascading style sheets. It observes moratar$handles all feedback from the user

in the form of links activated, buttons pressed txdt entered.

The architectural design of P.A.C.T is based omtldiator design pattern, which can
be described as a behavioural design pattern tloaides a central hub to control the
interactions between many objects (Gamma et ab420n relation to Java servlets it is
often referred to as servlet-centric design. Theitrod and application logic is
encapsulated in a central servlet or group of e&with Java Server Pages only used for
presentation purposes. In this approach, requestmdirectly routed to the Java Server
Pages via a servlet. This approach promotes loasling by avoiding explicit
references among Java Server Pages. This providgmssibility to vary their interaction
independently. This is illustrated in Figure 3.32.
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Figure 3.32 Mediator Behavioural Design Pattern

A further description of the implementation of RCAT is detailed in the Appendix.
This includes implementation details for the, pntagon model, pedagogical model and

its adaptive engine. Example code fragments acepatsvided.

3.8 Summary

The chapter has described the architecture, desigimplementation of P.A.C.T.. It
describes P.A.C.T.’s novel dual user architectakits different components comprising
dual domain models (parent and child), dual usedetso(parent and child), presentation
model and pedagogical model. The architecture gedbaon the mediator behavioural
design pattern. The next chapter will describe ietaill the architecture and

implementation of the adaptive engine.
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4 Adaptive Engine

4.1 Introduction

The adaptive engine, using Artificial Intelligentschniques dynamically determines
the next step in the tutoring process. Additionaltyidentifies the level of support
required for this step and informs the pedagogitraltegy on what content to present.

This chapter describes the architecture and impiéatien of the adaptive engine.
Firstly, it outlines the overall architecture oktladaptive engine. Next, it describes the
novel set of pedagogical rules, which informed k@teht Education philosophy define
tutoring best practice. The validation of such sulke presented in Chapter 5. Therefore,
together Chapter 4 and 5 describe how Talent Eurcathilosophy is an appropriate

educational theory from which to elicit a set disithat define tutoring best practice.

4.2 Engine Architecture

The adaptive engine lies at the core of P.A.C.dual user architecture. It is informed
by both user models and informs P.A.C.T.'s pedaggstrategy. The engine is
implemented using a forward chaining algorithm, ehhidetermines how different
pedagogical rules are fired. The pedagogical rebesprise three categories as illustrated
in Figure 4.1 tutoring rules, content rules andcaffy rules. The tutoring rules determine
the next step in the tutoring process. The contgles determine the particular skill to
present to both parent and child. The efficacy sulietermine the level of support
provided by PA.C.T. for the parent. Together thieswallow for a personalised learning
path throughout P.A.C.T.

Figure 4.1 Adaptive Engine - Pedagogical Rules
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4.2.1 Tutoring Rules

Lahart et al. (2008a) have derived a set of 40 domain indepentigating rules,
which identify the conditions under which partiquatoring tactics should be used. Each
rule comprises two antecedents; the child’s ematistate (happy, sad, angry or fearful
(Kort et al., 2001)) and the current phase in thering process (beginning, review, new
material, repetition (Lahart et al., 2007c)) ance @onsequent, the suggested tutoring
tactic (expert demonstration, mastery learning, ivatibnal game, positive
reinforcement, repetition, review or tutoring véiva (Lahart et al., 2006, 2007c). This is
illustrated in Figure 4.2 where the antecedent eslare; angry (emotional state) and
beginning of lesson (phase in the tutoring proces®] the consequent is positive

reinforcement (tutoring tactic).

Figure 4.2 Inferred Rule

42.1.1 Elicitation of Tutoring Rules

Developing a set of rules is a non-trivial taskréfiere involving a significant amount
of design and a number of validation phases. Tsgument used in elicitation of this set
of tutoring rules was a questionnaire. The desighe questionnaire was important, as it
was necessary to glean a set of tutoring rulesamngugh to adequately support parents in
their role as home tutor. The questionnaire corepria number of scenarios. The
scenarios were based on the four basic emotiomge afear, happiness, sadness) and the
key phases in a Suzuki lesson (beginning, review material and repetition). Each of
the four emotions was combined with each of the fpliases in a Suzuki lesson to
produce 16 scenarios. Participants were asked ¢osehas many tutoring tactics as
deemed necessary. The order in which they choese thas important. To denote order,
participants were asked to label the tutoring tattiey would use first as 1, second as 2
and so on. Participants were asked to explain tieiice and give an example. Figure 4.3
illustrates a sample of a completed scenario. Thaaio is based on the beginning phase
with theemotional state as angry.
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Figure 4.3 Sample Scenario

Fourteen Suzuki Teachers volunteered to compleeytiestionnaire. A face-to-face
meeting took place where participants were givestrictions on how to fill out the
guestionnaire. Participants were then given timeotmplete the questionnaire. However,
all participants requested to take the questioermivay with them and fill it out in their
own time stating that they expected it to be a \difffcult task. Elevenquestionnaires
were returned. On analysis, the three non-respasdead valid reasons for non-
completion of the questionnaire. These reasons deetp time constraints and self-
believed lack of experience of the Suzuki methoot @ the eleven who responded, two
of the questionnaires could not be used, as theplar participants found it too difficult
to complete — which perhaps illustrates the conipleassociated with identifying

tutoring rules.

Figure 4.4 Rule Elicitation

The nine completed questionnaires were analysedcaltdted by the author. The
guestionnaires were collated through a coding sehevhich captured (a) the number of
participants, which selected a particular tutoriagtic, and (b) the order in which they
were selected. This is illustrated in Figure 4.4evehthe scenario is the repetition phase
and the emotional state is angry. The motivatigiaahe tactic received 4 first preference

votes and 1 second preference vote, the tutoringatian tactic received 3 first
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preference votes and 1 second preference votehanehdstery learning tactic received 1
first preference vote and 2 second preference votés example results in the formation
of three rules, which are listed in Table 4.1.

This data was also refined, in that, any instarvdesre only one participant chose a
particular tutoring tactic were removed from thdadaet. These were removed on the
basis that if the tutoring tactic was deemed ingdrenough in that scenario more than
one participant would have selected it. This reslin the elicitation of 51 tutoring rules.
However, with any set of rules there is a need dostringent validation process.
Subsequently there were three phases of validagibase one was carried out by the
author, phase two involved 20 Suzuki practitionarsl a more focused third phase
involved two expert Suzuki practitioners. This fésdiin a refinement of the previous set
of rules to a rule base comprising 40 rules. THela&on phases are described in detail in

Chapter 5.
Table 4.1 Rule Elicitation — Resulting Rules

421.2 Description of Tutoring Rules

The complete set of tutoring rules is listed in [€af.2, where 1 denotes the tutoring
tactic, which is first suggested by P.A.C.T, 2, @es the tutoring tactic, which is then
suggested if the same situation persists and s&amexample, if it is at the beginning
phase and the child is angry, P.A.C.T. suggesteguositive reinforcement. If the child

remains angry, and still at the beginning phasg,@T. suggests a motivational game.

Each tutoring process begins at the beginning ptrageC.T automatically maintains
and updates the phase variable throughout theirtgt@rocess. The phase variable is
updated each time a link tutoring tactic is sugegesiThe purpose of link tactics is to
progress the tutoring process through the varitases. The values associated with the
link variable are based around the four key phades Suzuki lesson. The link tactics
comprise mastery learning, review and repetitiororéspecifically, in the beginning

phase thdink tutoring tacticsare mastery learning, repetition and review. Whea t
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mastery learning tactic is suggested, the phasablaris automatically updated to the
new material phase. When the repetition tactic uggested, the phase variable is
automatically updated to the repetition phase ahenithe review tactic is suggested, the
phase variable is automatically updated to theexevphase. Similarly, in the review
phase, thdéink tactics are new material and repetition and inné& material phase, there
is just ondink tactic that is repetition. In the repetition phabere are no link tactics as

the repetition phase is the final phase in theritugoprocess.

Table 4.2 Tutoring Rules

4.2.2 Content Rules

In addition to suggesting an appropriate tutorigjit, it is also necessary to identify
the skill to present to the child. This is achiethdugh the content rules. The content
rules work by means of a two-pronged process. I¥ir8te skill to be presented to the
child is selected and secondly the learning contieet to present that skill is selected.
Multiple variations of the same content exist andsithe content rules that determine
which text and multimedia fragments are presentéed. content rules are used to support
both the parent and the child and are informedHwy durrent tutoring phase and the
child’s domain model.

4221 Phase Specific Content Rules

The content rules determine phase specific texnamitimedia fragments to present to
the user. For each tutoring tactic selected P.A9X®ntent rules provide an explanation
of the tutoring tactic, an example of how the tuigrtacticcan be implemented and a
reflection on the importance of the tutoring tacttor example, Figures 4.5 and 4.6
illustrate a presentation of the positive reinfoneat tactic, where the tactic is explained
(“Observe your child praise something they are dauell”), exemplified (“For example,

you are very good at standing in rest positiondl #s benefits are described (“Positive
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Figure 4.5 Phase Specific Content Rules Figure 4.6 Phase Specific Content Rules

(Explanation & Example) (Reflection)
Figure 4.7 Domain Specific Content Figure 4.8 Domain Specific Content
Rules (Review) Rules (Expert Demonstration)

Reinforcement aids in building your child’s confide”). The multimedia object

corresponds to the example, it is a ‘jack-in-the*pwhich pops out and praises the child.

The content rules ensure that the parent is sugghavith phase (beginning, review,
new material and repetition) specific content. Example, in Figure 4.5, the parent is at
the beginning phase of the tutoring process. PTA.€uggests that the parent praises the
child’s rest position posture, a posture that iscd#jr to the beginning phase in the
tutoring process. Similarly, parents are also presewith phase specific support at each

of the other three phases.

Once a phase specific set of text and multimediastest has been identified, the
particular fragments for presentation are selettienligh a randomised selection process.

The reason for this is two fold. Firstly, it is essary to vary the content presented to the
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user. Secondly, this type of selection processdcpatentially reduce bias in terms of the
parental self-efficacy. This will be discussed @tall in section 4.2.3.

4222 Domain Specific Content Rules

Previously, we have discussed how the set of comtdas provide phase specific
support to both parent and child. In addition, teatent rules provide domain specific
support to reflect the child’s knowledge-level. Maspecifically, if particular tutoring
tactics are suggested as a result of firing thefkgitoring rules, the content presented to
the user will be informed by the knowledge-levelueamaintained in the child’'s user

model.

Figure 4.7 provides an example whereby the sugdestiring tactic is review.
P.A.C.T. suggests that the child reviews threeqsdtAllegro”, “Perpetual Motion” and
“Caterpillar”). These pieces are selected basetherchild’s current piece, which can be
ascertained from the child’s user model. Figuredegonstrates an instantiation of the
expert demonstration tactic. Here the text is atteand the multimedia object selected to
reflect the child’s current piece, in this casentfantino”. These domain specific content
rules only pertain to Suzuki violin. With matheneati there is not a need to fire such
rules for a number of reasons. Firstly, the mathenmsyllabus is not taught linearly
instead, teachers move from topic to topic whener@griate. Therefore, a hierarchical
skill set which exists with Suzuki violin does retist with mathematics. Secondly, due
to the nature of the Junior Infants mathematickbyk it is not necessary for children to
have covered a topic in class for them to carry rewtew at home. The focus of the
Junior Infants syllabus is everyday mathematicsefloee students will have a lot of
previous experience. Finally, due to the simpleslenf Junior Infants mathematics it is

possible for the parent to assume the role of éxjgmonstrator.

4.2.3 Efficacy Rules

The purpose of the efficacy rules is to provide ieeessary level of support for the
parent during the tutoring process. The level gbpsut the parent receives is self-
determined and based on their submitted self-efficalues. As self-efficacy refers to
one’s belief in one’s ability to succeed at certaisks, self-efficacy is scored per tutoring
tactic. That is, the parent specifies a separdfeeBiEacy value for each of the seven
tutoring tactics. These self-efficacy values deteenthe level of support the parent
receives for each tactic suggested by P.A.C.T.. inkBument for collecting parents’

self-efficacy is illustrated in Figure 4.9. Hereetparent is asked to rate themselves (1-7)
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on how confident they are in using positive reinfanent when needed. Once a parent
submits a value, the parent user model is updatédhlly, all values are initialised to 1,
which means parents receive full support on thiest interaction with each tutoring

tactic.

Figure 4.9 Self-Efficacy Collection Instrument

When the parent specifies their self-efficacy valoe a particular tutoring tactic it
corresponds to the level of support, they receivéheir next interaction with that tactic.
The efficacy rules are detailed in Figure 4.10. Sehefficacy rules define that a self-
efficacy value of one or two ensures full supparillastrated in Figure 4.11. Full support
comprises suggestion of the appropriate tutoringfida explanation, example and
reflection. An explanation comprises an explanatioh the tutoring tactic and/or
suggestions of appropriate activity. An examplevgtes a specific example of how the
activity can be achieved. An efficacy value of thog four ensures a parent is presented
with all support except the reflection fragmentisTis illustrated in Figure 4.12. Figure
4.13 illustrates the level of support received vathefficacy value of five or six. Such an
efficacy value suggests a level of confidence ingughat tutoring tactic and so this level
of support comprises the suggested tutoring tautit an explanation of it. Finally, an
efficacy value of seven suggests a high level affidence in using that tutoring tactic
and so the level of support only comprises thetifleation of the appropriate tutoring

tactic. This is illustrated in Figure 4.14.

The efficacy rules are based on the premise thalsamastery experiences are the
most influential source of self-efficacy (Bandut@86). More specifically, success raises
self-efficacy and failure lowers it. To this endy appropriate tutoring tactic is always
suggested to the parent, irrespective of theireféiifacy value. In addition, unless the
parents perceive themselves to be very configseif-efficacy value of 7) in using the
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particular tutoring tactic they are also presentétth an explanation and/or example of
the tutoring tactic. It is important to note thatrgnts are asked for their sense of efficacy
in using the tactic (e.g. Motivational Game) asagga to the specific instantiation of the
tactic (e.g. the Statues games). For this reasenettt and multimedia with which each

tactic is instantiated is selected through a ranisethselection process

Figure 4.10 Self-Efficacy Rules

In addition, efficacy rules are informed by Bloonésonomy (Bloom, 1956) in so far
as intellectual abilities and skills can be categmt in terms of degrees of difficulty.
Bloom identifies six categories knowledge, compreien, application, analysis,
synthesis and evaluation where each must be mdsiereturn. In this research,
explanation resources can be mapped to the knowladd comprehension categories,
example resources to the application category eftection resources can be mapped to
the analysis, synthesis and evaluation categolieis. for this reason that support is

provided in the order of tutoring tactic, explaoatiexample and reflection.

Figure 4.11 Self-Efficacy Value 1 — 2
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Figure 4.12 Self-Efficacy Value 3 - 4

Figure 4.13 Self-Efficacy Value 5 — 6

Figure 4.14 Self-Efficacy Value 7
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4.3 The Dual-User Approach

It is through the combined use of the adaptive msgparent domain model, child
domain model, parent user model and child user inddat P.A.C.T. provides
personalised support for both parent and childs Ithis inter-dependency among the
aforementioned models that forms the basis of doisl approach. An example of this

inter-dependency is provided in order to illustridte necessity of this dual user approach.

Assume the parent and child are undertaking mattiesnaomework, the child is
happy and they are at the beginning of the tutopraress. The parent and child dyad
interact with P.A.C.T. through the presentatioreifdce. The dyad enters the affective
state of the child and the child user model is tgdlaThe adaptive engine retrieves the
child’s affective state from the child user modetlaising the tutoring rules determines
the appropriate tutoring tactic. In this examphe tesultant tutoring tactic is review. The
adaptive engine through the content rules commtescwith the child user model in
order to identify a particular skill to review, fexample, matching pairs. Once the skill to
be reviewed is selected, the associated learningebis retrieved. Subsequently, the
adaptive engine communicates with the parent domedel in order to identify the
skills necessary for using the review tactic whetoring. Finally, the adaptive engine
retrieves the parent’s self-efficacy value for esvifrom the parent user model and using
the efficacy rules determines the appropriate levelsupport for the parent. The
presentation model is then updated to reflect tlygasted tutoring tactic and supporting

learning content.

The interdependency between the adaptive engiser, mnodels and domain
models in the example presented illustrates why ttual approach cannot be
implemented as two separate courses running ongkesadaptive engine or as a single
course on a multi-modal based adaptive engine.cBmebined use of the four models
through the adaptive engine is key to the provisibpersonalised support for both parent
and child.

4.4 Implementation of Engine Architecture

The adaptive engine is a rule-based system, we@bons intelligently using the set of
pedagogical rules in order to infer the next stethe tutoring process. The rule system is
implemented using a set of rules and an inferengéne, which determines which rules
to fire. The inference engine using a forward cimgn(Luger and Stuberfield, 1998)

algorithm searches the pedagogical ruhegrder to conclude or infer a val@nsequent.
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A forward-chaining algorithm can be used for dat&eh searching where the problem-

solver begins with the facts of the given problemd a set of rules for changing state. The
search proceeds by applying rules to facts to medew facts, which are in turn used by
the rules in order to generate additional fact®.®.T.’s, rule-based system comprises
three categories of rules, tutoring rules, contees and efficacy rules. The forward

chaining algorithm, chains through each set ofsideorder to reach a goal state.

Figure 4.15 provides an example of how the forwardining algorithm operates. In
this example, the initial facts are {affective stat happy} and {phase = beginning}. The
forward chaining algorithm chains through the rudesl infers a new fact based on the
initial facts, that is {tutoring tactic = reviewJ.he forward chaining algorithm once again
chains through the set of rules, this time withe¢hifacts (affective state, phase and
tutoring tactic) and infers three suitable reviecps (“Lightly Row”, “May Song” and
“Allegro”). Again, the forward chaining algorithmaverses the rule base, where this time
the appropriate level of support is identified. &y, the forward chaining algorithm
traverse the rule base, no new facts are infeméddfzerefore the process is complete. The
adaptive engine returns the inferred facts throdlgh pedagogical model to the

presentation model for presentation.

Figure 4.15 Forward Chaining Algorithm

Additionally, once a tutoring tactics is inferreéte rule variable corresponding to that
tactic is updated so that the inference engine knlbw that it has been previously

suggested. The adaptive engine automatically updhéephase variable once a link tactic
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has been inferred (reader is directed to 4.2.TTR)s allows the tutoring process to
progress. The inference engine and rule base genmented in Java (Bigus & Bigus,
2001).

4.5 Summary

The chapter described the architecture and impletien of the adaptive engine. The
central component of the engine comprises a sepeofagogical rules. It has also
illustrated the three categories of rules and hbesé work together to provide a
personalised level of support for both parent dritticThe following Chapter 5 describes

empirical studies conducted to validate the rukel@mmponent of the engine.
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5 Rule Elicitation and Validation

5.1 Introduction

The previous two chapters have described the dewedot of P.A.C.T. Chapter 3 has
described P.A.C.T.’s novel dual user architectuned &ow the principles of Talent
Education philosophy can be used to influence é@sching model. Chapter 4 has
described the development of the adaptive engidehaw its pedagogical rules allow the
flexibility to dynamically adapt to the needs of iisers. In an endeavour to investigate if
Talent Education philosophy is an appropriate théam which to elicit a set of tutoring
rules a number of validation studies were conductédch rule comprises two
antecedents, the emotional state of the child hacttrrent phase in the tutoring process
and one consequent, the appropriate tutoring talttias necessary to ascertain the
validity of the set of tutoring tactics, the keyagsles in the Suzuki lesson and the tutoring
rules themselves. It was not necessary to valida¢e four basic emotions as their

inclusion was based on results of previous resg#tatt et al., 2001).

The first study comprised validation of the setsef/en tutoring tactics. This study
comprised a focus group of ten Suzuki practitiondfee second validation study
involved validation of the key phases in a Suzeksbn, this involved interviewing three
Suzuki experts. Finally, the third validation stusynducted in order to validate the set of
tutoring rules involved three phases. Phase 1 waased out by the author. Phase 2,
which involved role-plays involved twenty Suzukaptitioners. Phase 3 involved a more

focused approach with two expert Suzuki practitier@®mpleting a questionnaire.

5.2 Rule Elicitation

Seven tutoring tactics have been identified whicbvige a mechanism for the
incorporation of Talent Education philosophy withire home tutoring context. A focus
group, comprising Suzuki practitioners was condiicie order to determine how

accurately they reflect Suzuki principles.

5.2.1 Validating Tutoring Tactics — Methodology

The focus group comprised ten participants. Thepgamvas opportunistic given that

the only criterion for inclusion was that partiaips were currently teaching using
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Suzuki's philosophy. The participants had not sienlist of tutoring tactics derived by
Lahart et al. (2006). The focus group was one lduration and was facilitated by the
author. The facilitator commenced discussion byirgpghe question “What are the
teaching strategies that a lesson would have todacin order to be called a Suzuki
lesson?” The facilitator remained silent for thealion except when it was necessary to
seek clarification around a contribution. Discussiavere recorded and analysed by the
author.

5.2.2 Validating Suzuki Tutoring Tactics — Results

All participant responses were analysed and lathelng one of the seven tutoring
tactics identified by Lahart et al. (2006) (for etailed discussion on how there tutoring
tactics were derived reader is directed to sec3i@nl). Those responses, which did not
refer to any of the seven tutoring tactics, weteelied as extra. These were analysed
separately to identify common themes but none eeterglowever, what did emerge
were responses corresponding to each of the pyidefined tutoring tactics (Lahart et
al., 2006). Table 5.1 illustrates an example of sahthe labelled responses. In Table
5.1, expert demonstration is referred to by leaynfrom sound. It is important to
remember that participants in the focus group weweuki practitioners and therefore
some examples are based in the music domain. Kaimme may be thought of more

generically as learning from example.

Table 5.1 Tutoring Tactics Validation

Tutoring Tactic Reference

Expert Demonstration  Learning from sound

Mastery Learning Tiny steps. . we must break the task down
Motivational Games Make it fun, play litle games, so that the enviramt is
happy

Positive Reinforcement  You have to be positive at all times

Repetition Repetition
Review Constantly reviewing what you have already learnt
Tutoring Variation Present the same thing five different ways
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In summary, the focus group validated the set ofesetutoring tactics with no
additional tactics emerging.

5.3 Tutoring Phases Validation

The second validation study comprised validatiorth&f four phase of the tutoring
process, which are based on the key phases in akiSlesson. This study involved
individual interviews with three Suzuki experts,avWvere experts in so far as they each

had in excess of ten years experience of Talent&iun philosophy.

5.3.1 Validation Key Phases in a Suzuki Lesson

Research literature implies four key phases in aululesson (Suzuki 1981)
comprising beginning, review, new material and titio@ as illustrated in Table 5.2. The
beginning phase occurs before teaching begindidrdview phase, the teacher reviews
previously learnt material. The new material phaefers to the phase where the teacher
introduces something new. The repetition phasehisnvthe student repeats whatever has
been introduced in the previous phase. It is necgs® identify these phases, as the
phase will influence the suggested tutoring tactics

Individual interviews were conducted with three estpSuzuki practitioners (who
were expert in so far as they had in excess olyéams experience of Talent Education
philosophy and were recognised experts in the aEeqjerts were provided with a copy
of Table 5.2 and asked how accurately they refietite structure of a Suzuki lesson. All
experts agreed that these phases were an acceifflation of the structure of a Suzuki

lesson and were defined correctly.

Table 5.2 Tutoring Phases Validation

Phase Definition

Beginning Warm-up period before practice begins

Review Encompasses review of previously acquired concsilis/
New Material The aspect of the lesson where new material isredve
Repetition Repetition of new concepts/skills so they beconeriralised

In summary, the experts validated all four phasesa@ncurred with the definitions of

each phase with no additional phases or definitensrging.
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5.4 Tutoring Rules Validation

The final validation study comprised validationtbé set of tutoring rules. This study
comprised three phases Phase one was carried otltebguthor. Phase two involved
twenty Suzuki teachers conducting role-plays. Bnalhase three involved interviews
with two Suzuki experts, who were expert in sodarthey had in excess of ten years

experience of Talent Education philosophy and wecegnised experts in the area.

5.4.1 Tutoring Rules Validation — Phase 1

As mentioned the elicitation of tutoring rules résd in a set of 51 rules as is
illustrated in Table 5.3. Phase 1 of the validajwaocess was carried out by the author

and involved refinement of the rules using a nundferiteria:
1. Simplifying over complex rule structures.

2. Allowing for transition from phase to phase of tlearning process using link

tactics.
3. IncludingFinish criteria to avoid tutoring paths with no end state

This process resulted in a refinement of the oalgget of rules resulting in a set of 42

tutoring rules; a description of the refinementqass follows.

Table 5.3 Tutoring Rules (51 rules)

In the beginning phase two refinements occurredeBeon feedback from experts
during the phase validation study (reader is dé@¢d section 5.3). It is known that after
the beginning phase the child should progressdadhiew phase. Therefore, rule 1 was
substituted with rule 2, where the rules are listedrable 5.4 Subsequently, rule 3
became invalid. Aseviewis a link tactic, rule 3 would never fire becausk 2 would
involve changing the phase variable friginningto review Therefore, as rule 3 was
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now redundant it was also removed. Rule 4 and & wetuded in an endeavour to avoid
tutoring paths with no end state.

Table 5.4 Rule Refinements — Beginning Phase

Rule No. Rule Definition

If (phase = beginning AND emotional state = happlEN tutoring tactic =

1
Mastery Learning)

5 If (phase = beginning AND emotional state = happlEN tutoring tactic =
Review)

3 If (phase = beginning AND emotional state = hapNDAMastery Learning = true
THEN tutoring tactic = Positive Reinforcement)

4 If (phase = beginning AND emotional state = angiNDApositive reinforcement =
true and Motivational Game = true) THEN tutoringtia = Finish)

c If (emotional state = sad AND Motivational Gameraet AND Positive

Reinforcement = true THEN tutoring tactic = Finish)

Table 5.5 lists the refined rules for the revievagh Rule 1 and 2 were discarded, as
they were redundant. The reason for this is ifttitering process is at the review phase it
means the review tactic has been suggested by H.A@ the phase variable has been
updated to review. Therefore, rule 1, 2 and 3 atenecessary. Rule 4 was discarded, as
mastery learnings a link tactic to theew materialphase rule 4 becomes redundant, as it
would never fire. Rules 5-8 were discarded in aebéhat the unnecessarily complicated
the tutoring process. The reason being if a chélshained angry at that stage of the
tutoring process it was believed it might be besend practice for now and return to
practice when the child assumed a positive affecstate. In addition, rule 9 was
discarded for the same reason. Rule 10 and 11 inmdreled to avoid tutoring paths with
no end state.
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Table 5.5 Rule Refinements — Review Phase

Rule No.  Rule Definition

1 If (phase = review AND emotional state = happy THkbring tactic = Review)

2 If (phase = review AND emotional state = fearful HIM tutoring tactic = Review)
If (phase = review AND emotional state = angry ARDsitive Reinforcement =

3 true AND Expert Demonstration = true AND MotivatadrGame = true THEN
tutoring tactic = Review)

4 If (phase = review AND emotional state = happy ANRstery Learning = true
THEN tutoring tactic = Positive Reinforcement)

c If (phase = review AND emotional state = angry ARDsitive Reinforcement =
true THEN tutoring tactic = Expert Demonstration)

6 If (phase = review AND emotional state = angry ARDsitive Reinforcement =
true AND Expert Demonstration = true THEN tutoritagtic = Motivational Game)
If (phase = review AND emotional state = angry ARDsitive Reinforcement =

7 true AND Expert Demonstration = true AND MotivatairGame = true THEN
tutoring tactic = Review)
If (phase = review AND emotional state = angry ARDsitive Reinforcement =

8 true AND Expert Demonstration = true AND MotivatadrGame = true AND
Review =true THEN tutoring tactic = Tutoring Vaiiat)
If (phase = review AND emotional state = angry ARDsitive Reinforcement =

9 true AND Expert Demonstration = true AND MotivatadrGame = true AND
Review = true THEN tutoring tactic =Tutoring Vaiat)
If (phase = review AND emotional state = angry ARDsitive Reinforcement =

10 true AND Expert Demonstration = true AND MotivatairGame = true THEN
tutoring tactic = Finish)

1 If (phase = review AND emotional state = sad ANDsiflee Reinforcement = true

AND Motivational Game = true THEN tutoring tacticFnish)

The refined rules at the new material phase aredli;m Table 5.6. Rule 1 and 2 were

discarded, as their inclusion would duplicate th®ring process because, if P.A.C.T.

enters the new material phase it meansntlastery learningactic has been suggested.

Similarly, it would not be intelligent to loop bat thereview phase and so rule 3 was

discarded. Rules 4-8 were replaced by rule 9. Easan for this was, based on input
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from Suzuki practitioners it was decided from thaset that if the child was happy they
would move directly through the four phases ofriaay.

Table 5.6 Rule Refinements — New Material Phase

Rule No. Rule Definition

1 If (phase = new material AND emotional state = AAtD Motivational Game =
true AND Positive Reinforcement = true AND Tutorixgriation = true THEN

tutoring tactic = Mastery Learning)

2 If (phase = new material AND emotional state = figlaAND Positive

Reinforcement = true THEN tutoring tactic = Mastésarning)

3 If (phase = new material AND emotional state = figlaAND Positive
Reinforcement = true AND Mastery Learning = true BExpert Demonstration =

true THEN tutoring tactic = Review)

4 If (phase = new material AND emotional state = happlEN tutoring tactic =

Expert Demonstration)

5 If (phase = new material AND emotional state = happlD Expert Demonstration

= true THEN tutoring tactic = Tutoring Variation)

6 If (phase = new material AND emotional state = happlD Expert Demonstration
= true AND Tutoring Variation = true THEN tutorinigctic = Repetition)

7 If (phase = new material AND emotional state = happlD Expert Demonstration
= true AND Tutoring Variation = true AND Repetitientrue THEN tutoring tactic

= Mastery Learning)

8 If (phase = new material AND emotional state = happlD Expert Demonstration
= true AND Tutoring Variation = true AND Repetitientrue AND Mastery
Learning = true THEN tutoring tactic = Positive Rfeircement)

9 If (phase = new material AND emotional state = haPplEN tutoring tactic =
Repetition)
10 If (phase = new material AND emotional state = AAtD Motivational Game =

true AND Positive Reinforcement = true AND Tutorixgriation = true THEN
tutoring tactic = Finish)

11 If (phase = new material AND emotional state = gD Positive
Reinforcement = true AND Tutoring Variation = trA8lD Expert Demonstration =
true THEN tutoring tactic = Finish)
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Otherwise, appropriate tutoring tactics would bggasted in an endeavour to positively
affect the child’s affective state. Rule 10 andwidre included to avoid tutoring paths

with no end state.

The repetition phase proffered one set of rulenegfients. As mentioned previously it
was decided that a happy affective state wouldratlrect progress through the phases
therefore rules 1-5 were replaced by rule 6. Ril&swere added to avoid hanging

tutoring paths. The rules are listed in Table 5.7.

Table 5.7 Rule Refinements — Repetition Phase

Rule No. Rule Definition

If (phase = repetition AND emotional state = happiEN tutoring tactic =

1
Repetition)
) If (phase = repetition AND emotional state = hagyND Repetition = true THEN
tutoring tactic = Tutoring Variation)
3 If (phase = repetition AND emotional state = hapgiND Repetition = true AND
Tutoring Variation = true THEN tutoring tactic = Meational Game)
If (phase = repetition AND emotional state = hapgiND Repetition = true AND
4 Tutoring Variation = true AND Motivational Game re THEN tutoring tactic =
Mastery Learning)
If (phase = repetition AND emotional state = hagyND Repetition = true AND
5 Tutoring Variation = true  AND Motivational Gametreie AND Mastery Learning
= true THEN tutoring tactic = Positive Reinforcertjen
6 If (phase = repetition AND emotional state = hafgpdEN tutoring tactic = Finish)
If (phase = repetition AND emotional state = sadDAMotivational Game = true
7
THEN tutoring tactic = Finish)
If (phase = repetition AND emotional state = angiyD Motivational Game = true
8 AND Tutoring Variation = true AND Mastery Learnimgtrue THEN tutoring tactic
= Finish)
If (phase = repetition AND emotional state = fehAND Tutoring Variation = true
9 AND Mastery Learning = true AND Motivational Gamerae THEN tutoring

tactic = Finish)
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Therefore, phase one of the tutoring rules valisaprocess resulted in a refinement
of the set of 51 rules by the author resulting setof 42 tutoring rules. These are listed
in Table 5.8.

Table 5.8 Tutoring Rules (42 rules)

5.4.2 Tutoring Rules Validation — Phase 2

In order to truly assess the validity of the tutgrirules, it was necessary to gain
feedback from experts. As this set of tutoring sule grounded in Talent Education
philosophy, the expert group comprised Suzuki teexhin an endeavour to collect rich
feedback, it was decided that the validation studwld involve Suzuki teachers role-
playing home practice with P.A.C.T., where one beaovould assume the role of the
parent and the other the role of the child. P.A.@v&is modified for the purpose of the
study in order to gain feedback on the approprederof specific domain independent
tutoring rules.

54.2.1 Validation Tutoring Rules Phase 2 - Instrum ent

Development

The parent and child dyads navigated through thesyas per usual. However, when
presented with each tutoring tactic, they were @gkeprovide feedback (1 — 4) on that
tutoring tactic. This is illustrated in Figure Suthere it states “Grace was sad | suggested
Motivational Game. Was this a good thing to tryttds time?” Notice the use of the

tutoring tactic term (Motivational Game) as oppogeddomain specific game (for
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example the Colours game). The reason for thisthetsthe purpose of the study was to
validate the tutoring rules not the content rulaskigure 5.3, we can see how this text
provides a mechanism for collecting feedback oncifipetutoring rules. Figure 5.3
illustrates how the feedback captured correspoads $pecific tutoring rule, where the
emotional state is sad, let us presume that watatee beginning phase and the tutoring
tactic is motivational game. As P.A.C.T. maintaihe value for the phase, the parent is
not required to know it. Input validation would ens that feedback, in terms of a rating

from one to four, was received before progressing.

Figure 5.1 Rule Validation Figure 5.2 Rule Validaton Reflection

In addition, to providing a mechanism for collegtifeedback throughout the tutoring
process, it was also decided to provide an oppibytdior reflection on this feedback at
the end of the tutoring process before final subiois The primary reason for this was
that the Suzuki teacher who assumed the role aftihé might not have been involved in
the feedback process throughout the practice sesBigure 5.2 illustrates this end of
session reflection, where a summary of the feedlygeén throughout the practice is

displayed.

Grace was sad (emotional
state)

| suggested Motivational

Game (tutoring tactic) . »
Was this a good thing to

try at this time (phase) ?

Figure 5.3 Capturing Feedback on Specific TutorindRules
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5422 Validation Tutoring Rules Phase 2 - The Stu  dy

The purpose of the study was to validate the stitofing rules used within P.A.C.T..
Twenty Suzuki teachers volunteered to take pathénvalidation study. A face-to-face
meeting took place where participants were givetruttions, resources and a very short
demonstration of the system. Suzuki teachers wekedato divide into pairs; within the
pair, one would assume the role of the parent wihiée other assumed the role of the
child. For the remainder of this section we willereto the Suzuki teachers by their role —

parent or child.

To help with the role-play each child received ke4mlay card. This contained their
current piece, a description of their emotionalugrb on entering the home practice and
an emotional map, which loosely outlined their e throughout the practice sessions.
The children were informed that this role-play caveds an aid without need to stick
rigidly to it. Another reason for giving the ematal map was to encourage participants
to take varying paths through the system thus asing the possibility of receiving
feedback on a greater number of rules, as depemtirtge input received by PA.C.T.'s

Adaptive Engine different rules are fired. The fplay card is illustrated in Figure 5.4.

Figure 5.4 Role-Play Card

The parents were informed that the purpose wasonowestigate whether they could
assess the emotional child but to provide feedlmeck.A.C.T.’s tutoring suggestions in
response to the given emotional state of the cHilal.this end, they could see the
emotional map given to the child. In addition, thegre given an emotional chart, which
contained the basic emotion and a list of synonyliing/ias necessary to categorise the
child’s affective state in terms of one of the fduasic emotions. In addition, it was

stressed that parents were not providing feedbadke content rule (that is the particular
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motivational game that was presented) but on therihg rule itself (i.e. was a
motivational game a good thing to try at this tijn@® the question states in Figure 5.1.

Each parent and child dyad had a computer. On geeranost dyads took
approximately fifteen minutes to complete a rolayplMost dyads carried out two role-
plays, some more, some less. At the end of ea@iplal, once the Practice Session
Reflection screen (Figure 5.2) was reached bothptrent and child could drop their
roles and reflect on P.A.C.T.'s advice as Suzukichers. On reflection, the teachers
could modify their feedback if desired. Feedbackmsited during the practice session

and feedback from the reflections was logged.

5.4.2.3 Validation Tutoring Rules Phase 2 - The Res ults

The log files were collated and analysed by théh@utAltogether, the log files
comprised 134 entries. Feedback was received on @#%he forty-three domain
independent rules. This was a high proportion ¢ésigiven the fact that due to the
adaptive nature of P.A.C.T. and the nature of @l@stion study it was not possible in

advance to identify the range of rules, which wdugdired.

Rules where the feedback had preponderance towsdsgher end of the scale (1-4)
were deemed valid. Rules, where the feedback hggbpderance towards the lower end,
were deemed invalid. For those rules where thebfaelddid not have preponderance in
either direction the mean was calculated. Ruleb winean greater than 2.5 were deemed
valid, less than 2.5 were deemed invalid. Prelimjirrasults indicate that of the thirty-
two rules on which feedback was received, 81% vdaemed valid while 19% were
deemed invalid. This is illustrated in Table 5.%enre validated rules are indicated by a
V. Rules deemed invalid are indicated using an d ames, which did not receive

feedback are indicated using an X.

Table 5.9 Validation Study Phase 2 — Results
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As can be seen from Table 5.9 a number of the witese the suggestion is to finish
were not validated. Dyads were only asked for feellon this on the reflection page.
However, many failed to select an option. Thissi@aesult of a design flaw, which could

have easily been overcome with input validation

At the beginning phase, only one rule was deememlidh this rule was only
encountered by two dyads, where one dyad gavedtileg of 1, while the other dyad
gave it a rating of 3. There were only two ruleshia review phase, which were deemed
inappropriate; both had only one associated ratikif.encountered rules in the new
material phase were deemed valid. In the repetjtivase, there were three rules deemed
invalid. Of these three rules, the rules suggestiagtery learning and tutoring variation
were only rated by one dyad. Interestingly, thiswee same dyad in each case. Finally,
the rule suggesting using a motivational game wasoentered by five dyads.
Interestingly two dyads gave it a rating of 4 whileee dyads gave it a rating of 1.
Informal feedback from participants indicates thatfortunately, in this scenario
participants may have provided feedback on theerdrule (i.e. they did not like the
specific game) as opposed to the tutoring rule {tlea of playing a game). In an
endeavour to validate those rules, which were nutoentered and seek further
clarification around those which were deemed imvaithird phase of validation was

necessary.

5.4.3 Validation Tutoring Rules — Phase 3

Phase three of the validation process involvediatiig the 40% of rules, which were
not validated in phase 2. Of this set, 65% hadbeen evaluated (due to the nature of the
study as previously outlined) while the remaining¥3 were evaluated and deemed
invalid. Therefore, phase three of the validatioocpss comprised gaining feedback on
those rules, which had not been evaluated, andny out analysis on the rules, which
were deemed invalid. This task was carried outlaydxperts.

The experts were given a questionnaire, whichditite set of 17 rules (those marked
with an | or X in Table 5.9). They were asked tedfy whether each rule was valid or
invalid. The experts worked individually and did tneommunicate around the
questionnaire. Interestingly, both experts answénedquestionnaire identically. 15 rules
were deemed valid, while 2 rules were deemed idvalhe rules, which were deemed
invalid were of the same hierarchical group (aieevphase and the child is angry). The

reason for deeming these rules invalid was reasenabso far as the experts believed
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that it would be a good idea to positively reinforthe child in this situation but if the
child remained angry, it would be best to finistagiice for now. Therefore, the final

validated set of tutoring rules comprises.40 rakedlustrated in Table 5.10.

Table 5.10 Tutoring Rules (40 rules)

5.5 Summary

This chapter has described two studies conductedlidate the tutoring rules within
P.A.C.T.’s adaptive engine. The phase validatiardytconfirmed that the suggested
phases were appropriate in representing the Symokess. The second validation study
comprised three phases. Phase 1, carried out bwutier involved rule refinement.
Phase 2 and 3 comprised rule validation, which edsalted in refinement of particular
rules. The studies indicate that P.A.C.T. has thiltyato provide personalised learning
paths in line with Talent Education philosophy. &der, these studies provide empirical
grounding for experimental studies that evaluatedtiectiveness of P.A.C.T. during the

home tutoring process.
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6 Experimental Design

6.1 Introduction

P.A.C.T. informed by Talent Education philosophyi@ins a model of home tutoring
best practice. Its adaptive engine, through theo$gbedagogical rules, provides the
potential to reason intelligently on the level apport required by both users’ parent and
child. However, the question remains, what is apregriate basis for adapting to the

needs of the tutor and tutee?

In order to address this question a number of dogbistudies were conducted to

investigate:

What is the effect of using P.A.C.T. on parenty s&lf-efficacy (2) knowledge

and (3) perception of their role as home tutor?

What is the effect of adapting to the affective dsef the child throughout the

home tutoring process?

P.A.C.T. provides personalised support for the maley altering the level of support
based on their self-efficacy. Low levels of selfi@cy receive high levels of support.
High levels of self-efficacy receive low levels sipport. In addition, P.A.C.T. provides

personalised support for the child by adaptindieodhild’s affective state.

This chapter presents the experimental design remestal procedure, data collection
and participants in the research studies conducted.

6.2 Experimental Design

With any adaptive system, there is always a needexperimentation in order to
identify the effect of providing adaptive suppdfthere an adaptive engine provides two
levels of adaptivity, there is a need to identlig effect of both levels. Therefore, there
was a need for an experimental design comprisirg ghases. Phase 1 was concerned
with identifying the effect of P.A.C.T. on parentself-efficacy, knowledge and their
perception of their role as home tutor. Phase 2 agaserned with identifying the effect
on the home tutoring environment when adaptingh& dffective needs of the child. It

was also necessary to identify the role of P.ABrdughout the home tutoring process.
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6.2.1 Experimental Design — Phase 1

As previously stated, phase 1 of the experimergalgth comprised investigating the
effect of P.A.C.T. on parents’ self-efficacy, knedge and their perception of their role
as home tutor. For this purpose, three dependeardbleas were defined; self-efficacy,

knowledge-level, and role as home tutor.

Self-efficacy can be defined as parents’ senseffidaey in their ability to use
particular tutoring tactic when appropriate. Séffeacy is measured as a value from one
to seven. As self-efficacy is best measured askagpecific value, the dependent variable
self-efficacy comprises seven values, a self-efficaalue for each of the seven tutoring

tactic. Therefore, self-efficacy is measured asgantjtative value.

Knowledge-level can be defined as parents’ knowdedigeach of the seven tutoring
tactics namely expert demonstration, mastery legrnimotivational game, positive
reinforcement, repetition, review and tutoring wadon. The dependent variable
knowledge-level comprises two values what and wheis necessary for parents’ to
understand what each tutoring tactic comprisesvemeh it should be used. Knowledge-

level is measured in terms of quantitative data ealue from one to seven.

Role as home tutor can be defined as parents’ péoceof their role as home tutor
and P.A.C.T.’s effect on this. This dependent \deas measured in terms of qualitative
data.

Finally, the independent variable mode comprisesualues full support and adaptive
support:

Full Support — parents receive full support regssdlof their self-efficacy value for

that tutoring tactic.

Adaptive Support — parents receive full supporthaeir first occurrence with each
of the tutoring tactics subsequently the level wbport was determined by their
self-efficacy value for that tactic. High self-efficy values results in less support,

lower self-efficacy values results in greater suppo

Experiments were designed in such a manner to tige¢s the effect of altering this

independent variable on the dependent variablengarself-efficacy.

6.2.2 Experimental Design — Phase 2

Phase 2 of the experimental design was concernédiaéntifying the effect on the

home tutoring environment when adapting to thectiffe needs of the child. For this
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purpose, two dependent variables were defined tafeeexperience and home tutoring

environment.

The affective experience can be defined as thetaféestates experienced by the child
throughout the home tutoring process. This depdndamable comprises a log of these

affective states, which can be measured in ternhgppy, sad, angry or fearful

In terms of the dependent variable home tutoringrenment it can be defined as the
effect of P.A.C.T. on the parent-child dynamicpkrticular, this will involve identifying
the strategies used for elicitation of effect ane ¢ffect on the home tutoring process of

adapting to child’s affective needs.

Finally, in terms of evaluating the role of P.A.C.throughout the home tutoring
process this can be ascertained through qualitdtites

6.3 Experimental Procedure

For each dyad, the experiment comprises four stagekustrated in Figure 6.1. The
process begins with an induction, which explaine purpose of the study and the
terminology used within P.A.C.T.. It also provideshort demonstration of P.A.C.T.. For
some the induction is face-to-face while for othérgs delivered through a movie
distributed via C.D. (the reader is directed to Ampendix). The content of both are

identical.

Figure 6.1 Experimental Procedure

The second stage of the process involves the paoenpleting a pre-questionnaire.
The completion of the questionnaire can be cargat via a computer or on paper
depending on the technical ability of the pareriie Ppre-questionnaire contains closed
guestions to measure parents’ knowledge and d&hey and open questions to measure
parents’ perceptions of the home tutoring procdss.excerpt of a questionnaire is
illustrated in Figure 6.2.
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Figure 6.2 Excerpt form Pre-Questionnaire

Stage three involves participants using P.A.C.Tinduthe home tutoring context. For
some, this takes place at home, for others it reslusing P.A.C.T. in the school’s
computer lab at specific times. All dyads were dske commit to using P.A.C.T. a
minimum of three times. Those using P.A.C.T. at booould use it as often, and,
whenever they choose. Those using P.A.C.T. in datmdd use it twice a week for four
weeks at specific times agreed in advance of thaystParents were interviewed during
the period when using P.A.C.T.. The interview pescallowed for the collection of

qualitative data.

Finally, stage four of the process involved paresdmpleting a post-questionnaire.
Again, parents could complete a paper-based or cwmmpased version of the
guestionnaire depending on their technical abilitie questions in both modes were
identical. Post-questionnaire questions were alrdesttical to those asked in the pre-

guestionnaire.

Participants were randomly assigned to one of twaups defined by the type of
support provided by P.A.C.T.. All dyads receive@ative support in terms of P.A.C.T.
adapting to the affective needs of the child. Parassigned to Group A (full support)
received non-personalised support. That is parmsasived full support regardless of
their self-efficacy. Parents assigned to Group 8ajdive support) received adaptive

support in terms of their self-efficacy. In additjawo studies were conducted, where
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Study 1 involved the domain of Suzuki violin andu@t 2 involved the domain of
Mathematics.

6.4 Data Collection

Upon interaction with P.A.C.T., data is collectedlmth users (parent and child). This
section describes how this data is analysed inraaléentify indicative traits of both
parent and child. More specifically, it describbe elicitation of parental self-efficacy
and the child’s affective state. Other data codldéhcludes navigation path, time spent at

each stage of the tutoring process and tutorirtgctaencountered

6.4.1 Self-Efficacy

Each time P.A.C.T. suggests a tutoring tactic theept must specify their self-
efficacy in using that tactic as illustrated in tig 6.3. For those parents in the adaptive
group, parental self-efficacy is used to determine level of support they receive
throughout the tutoring process. P.A.C.T. maintdg categories of self-efficacy and
thus four levels of support. The levels of supoetlevel 1-2 (self-efficacy values of 1 or
2), level 3 -4 (values of 3 or 4), level 5-6 (vaduaf 5 or 6) and level 7 (a value of 7).
Initially, the level of support is set to level 1-®hich ensures the parents receive full
support on their first encounter with each of theting tactics.

Figure 6.3 Eliciting Self-Efficacy
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6.4.2 Affective State

The child’s affective state is elicited prior tochalearning activity using the
instrument illustrated in Figure 6.4. The instruthentains four emoticons each
representing one of the four basic emotions, haagly angry and fearful. The emoticon
which best represents the child’s current affectitage is selected. Once the emoticon is
selected, the associated affective state is deamedogged.

Figure 6.4 Eliciting Emotion

Additionally, P.A.C.T. logs data on parents’ naviga through the system and time
spent on each learning activity. It also maintairieg of the tutoring tactics suggested by
P.AC.T..

6.5 Participants

Two studies were conducted with P.A.C.T. in orderdentify the best way to adapt
the learning environment for both parent and cHitudy 1 used a version of P.A.C.T.
developed for Suzuki violin. Study 2 used a versidrP.A.C.T. developed for Junior
Infants (4 -5 years of age) mathematics.

In Study 1, thirteen parent and child dyads (12denparents and 1 male parent,
children comprised 7 girls and 6 boys) participafEue children’s ages ranged from 4 to

8 with an average age of 5. All participants vohaned to take part in the study, no
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reward incentives were provided. Participants veemeently taking Suzuki violin classes
and were students of a variety of teachers. Alldcén were beginning Suzuki students.
Participating parents had varying degrees of previexperience. The study itself was

conducted in parents’ homes by using P.A.C.T. thihailne medium of the Internet.

Thirty-six parent and child dyads participated tndy 2. The children involved in this
study attended one of three schools, where allethsehools were designated
disadvantaged. This is determined by the numbessuadlents in the school from families
with socioeconomic- characteristics that have Heand to be associated with low levels
of educational achievement (e.g., unemployment, icakccardholders etc.) (Archer
2005). Participants from the first two schools uged.C.T. during school time in the
school’s computer laboratory. Participants from tiied school used P.A.C.T. at home
through the medium of the Internet. All participenblunteered to take part in the study,
no reward incentives were provided.

6.6 Summary

Two studies were conducted using P.A.C.T. to ingatt its effect on the home
tutoring process. Study 1 was conducted in the dom&Suzuki violin. Study 2 was
conducted in the domain of mathematics. Particgppased P.A.C.T. in one of two modes
either (a) at home or (b) in the computer labosatar school. For each participant
P.A.C.T. logged data on parental self-efficacy, ¢hédd's affective states, time spent on
each learning activity, navigation path through thgstem and tutoring tactics

encountered.

These studies allowed for the investigation of éffect of P.A.C.T. on parents’ self-
efficacy, knowledge and perception of their rolehasne tutor. In addition, the studies
allow for an exploration into the effect of adaptito the affective needs of the child
throughout the home-tutoring process on the parkild- dynamic. The results of these

studies will be discussed in Chapter 7.
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7 Results

7.1 Introduction

This chapter describes the results of two empirgtatlies, which were conducted
using P.A.C.T. in order to investigate if self-efcy and affect are an appropriate basis
for adapting to the needs of the tutor and tutee.

In order to answer this question quantitative andlitptive data was collected to

investigate:

What is the effect of using P.A.C.T. on parenty s&lf-efficacy (2) knowledge

and (3) perception of their role as home tutor?

What is the effect of adapting to the affective deef the child throughout the

home tutoring process?

In addition, data was collected to determine the o6 P.A.C.T. during the home tutoring

process.

The goal of the qualitative and quantitative arnialygas to evaluate the hypotheses
that providing support for parents throughout tleenk tutoring would have a positive
impact on their (1) self-efficacy (2) knowledge af3j their perception of their role as
home tutor. In parallel, it was necessary to deireent the provision of affective support

for the child would promote a positive learning earment.

Table 7.1 provides a description of the type ofidadllected in order to address the
aforementioned research question, the mechanischtasmllect it and analyse it and the
sample size involved. 13 participants were invohiedStudy 1, which resulted in
approximately 19 hours of interaction logged datel approximately six hours of
recorded interview data. The 19 hours of interactagged data consisted of
approximately 2000 interactions. 36 participantsenavolved in Study 2 that resulted in
excess of 16 hours interaction-logged data andoappately three hours of interview
data. The 16 hours of interaction-logged data cisegrin excess of 2800 interactions.
Based on usage statistics a more detailed analgsiperformed on the data of 11 of the
13 participants in Study 1 and 20 of the 36 pavénis in Study 2. A threshold
representing the minimum number of uses of P.A.@eEessary to identify its effect was
defined and dyads falling below this threshold wedigcarded from the data set. This

resulted in the analysis of 18 hours of interactamged data and the 6 hours of recorded
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interviews for Study 1 and 12 hours of interactiogged data and approximately three

hours of interviews for Study 2.

Table 7.1 Data Collection and Analysis Techniques

Analysis Data Collection Type of Analysis Sample Size
Mechanism Data Study 1 Study 2
Self-Efficacy (Pre Questionnaire Quantitative  Statistical 11 20
& Post Test (paired sample t-
Scores) test)
Efficacy Path Interaction Logs  Quantitative  Pattern analysisGroup A-6  Group A- 9
Group A vs. Group B-5  Group B- 11
Group B
Knowledge (Pre  Questionnaire Quantitative  Statistical 11 20
& Post Test (paired sample t-
Scores) test)
Role as Home Questionnaire & Qualitative Coding 11 20
Tutor Interviews Strategies
Affective Interaction Logs Quantitative Statistical 11 20
Experience (percentage)
Strategies for Questionnaire & Qualitative Coding 11 20
Eliciting Affect Interviews Strategies
Effect of Questionnaire & Qualitative Coding 11 20
providing Interviews Strategies
Affective
Support
Role of Questionnaire & Quialitative Coding 11 20
Technology Interviews Strategies

The reader is reminded that group A (full suppariyd group B (adaptive support) as
referred to in Table 7.1, refer to those who reegifull support and adaptive support.
Where:

Full Support - parents receive full support regesdlof their self-efficacy value for

that tutoring tactic.
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Adaptive Support — parents receive full supporthweir first occurrence with each
of the tutoring tactics subsequently the level gbmort was determined by their

self-efficacy value for that tactic.

The results from the analysis confirmed the hypsdBethat providing support for
parents throughout the home tutoring has a posithgact on their (1) self-efficacy (2)
knowledge and (3) their perception of their rolehasne tutor and that provision of
affective support for the child promotes a posite@ning environment. Some additional
interesting results were also revealed. More spatlf, results indicate the possible
dichotomy between parental self-efficacy and desievel of support, suggesting the
need for the development of subtle self-efficacylection instruments. In addition,
results suggest the need for intelligent designnndmiapting to the affective needs of the
child due to the possible risk of gaming. The faflog sections will present and discuss
these results. Section 7.2 presents the results sitidy carried out in the domain of
Suzuki violin. Section 7.3 describes the resultsanfempirical study, which supports
these findings in the domain of mathematics. Finadlection 7.4 discusses the two
studies together and concludes with recommendat@mnshow adaptive educational

systems can support the home tutoring process.

7.2 Study 1: Evaluating the effect of an AES to sup  port the

home tutoring process in the domain of music

Study 1 comprised 13 parent and child dyads (12aferparents and 1 male parent,
children comprised 7 girls and 6 boys). The chiktbeages ranged from 4 to 8 with an
average age of 5. All participants volunteered aket part in the study, no reward
incentives were provided. Participants were culyesmgaging in Suzuki Violin classes
with a variety of teachers. All children were beging Suzuki students; however, parents
had varying degrees of previous experience. Thaystuas conducted in participants’
homes over the Internet. Participants were rand@s$ygned to one of the two versions,
full support and adaptive support. 7 (all femaleepés, children comprised 3 girls and 4
boys) participants were assigned to the full suppersion, while 6 (1 male 5 female
parents, children comprised 4 girls and 2 boysligipants were assigned to the adaptive
support version. The resultant data set comprippdoaimately 18 hours of interaction-
logged data and approximately six hours of recoraeerview data. Based on usage
statistics a more detailed analysis was performedthe data of 11 out of the 13

participating data. The selection criterion waseldasn a requirement that participants
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have used P.A.C.T. for a minimum of three sessiassa level of interaction with
P.A.C.T. is necessary in order to ascertain withdegree of certainty its effect.

7.2.1 Investigating the effect of P.A.C.T. on Paren ts

This section will provide analysis of the data mendeavour to identify if providing
support throughout the home tutoring process thrdhg use of an adaptive educational
system may have a positive effect on parents’ élfyedficacy (2) knowledge and (3)
their perception of their role as home tutor. Rrsin analysis of the results pertaining to
self-efficacy will be presented. Subsequently tHéect of P.A.C.T. on parents’
knowledge will be investigated and finally the etfef P.A.C.T. on parents’ perception

of their role as home tutor will be explored.

7.2.1.1 Self-Efficacy

The results were analysed in order to identify effect on parents’ self-efficacy of
providing support throughout the home tutoring s As self-efficacy is best
measured when task specific it was expected thaettvould be an increase in self-
efficacy across those tutoring tactics encountesethe parent throughout the study. It is
important to note that due to the adaptive natéire.A.C.T. and the dynamic nature of
the home tutoring process a parent may not encoaliteeven tutoring tactics and will

encounter some more frequently than others.
Parents’ self-efficacy was analysed at two levels:

Pre and Post tests — which were conducted pricotamencing the study and after
their last interaction with P.A.C.T.

Self-efficacy path — self-efficacy values, whichrereollected during participants

interactions with P.A.C.T.

An excerpt from the instrument used to collect gand post test scores is illustrated in
Figure 7.1. The instrument comprised seven questioere parents were asked to rate
their confidence in using each of the seven tutptactic where appropriate. Parents were
asked to rate their confidence using a likert scalmprising seven values, 1 being not
confident and 7 being very confident. Analysis loé pre and post test scores allows for
an understanding of how P.A.C.T. may influence p&rfeself-efficacy in the area of
home tutoring.The self-efficacy path, which comprises a log ofepés’ self-efficacy
scores for each tutoring tactic throughout the riogp process, provides more precise

insights into parents’ self-efficacy. All self-afticy scores were logged directly after the
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parent completed each activity. The instrument dsedollecting the self-efficacy path
values is illustrated in Figure 7.2. This, simitarthe instrument used during the pre and
post test involved parents selecting the self-atfjc value that best represents their
confidence in using a particular tutoring tactibe(ttutoring tactic, which P.A.C.T. has
just suggested). In order to navigate to the nestesn parents must select one of the

buttons 1-7, 1 being not confident, 7 being vemfictent.

Figure 7.1 Pre-Questionnaire Excerpt — Figure 7.2 Self-Efficacy Data Collection
Self-Efficacy Instrument

7.2.1.1.1 Self-Efficacy Pre and Post Test Scores

An increase in mean values across all seven tgjasctics can be observed from pre
to post test scores. This is illustrated in TabR A paired sample t-test was conducted,
which showed a statistically significant increagetl®e p<0.05 level across mastery
learning (p=.02), motivational game (p=.005) angbetdion (p=.02). Additionally,

positive reinforcement (p=.07) is approaching staal significance.
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Table 7.2 Pre and Post Test Mean Values (Self-Eféicy)

Tutoring Tactic Pre-Test Post-Test P-value
Expert Demonstration M 3.81 SD 2.13 M 5.27 SD 1.84

Mastery Learning M 3.54 SD 2.20 M 5.45 SD 1.12 P 0.02
Motivational Game M 4.27 SD 1.90 M 6.45 SD 1.21 P 0.005

Positive Reinforcement M 5.63 SD 1.85 M6.72 SD .90 P 0.07

Repetition M5.18 SD 1.83 M6.54 SD .82 P 0.02
Review M5.18 SD 2.13 M6.36 SD .33
Tutoring Variation M 3.45 SD2.38 M 4.63 SD 2.20

Expert demonstration, review and tutoring variatghrowed no statistical significant
increase between pre and post tests scores. Th@flacsignificant increase in parents’
self-efficacy across expert demonstration and itgorvariation is not altogether
surprising considering the limited number of timésese tutoring tactics were
encountered. Figure 7.3 demonstrates the frequeitbywhich P.A.C.T. suggested each
of the tutoring tactics. Of the 506 tutoring tactiggestions P.A.C.T. made .2% of these
suggestions involved suggesting expert demonsiratichile 2% of the suggestions
involved suggesting tutoring variation. This indesathat parents gained little experience
in using these tactics, which may explain the latch statistically significant increase in
their self-efficacy. The review tactic was suggds®1% of the time throughout the
course of the study. This suggests that parentsti@pportunity to gain significant
experience in using the review tactic. Albeit tHare was an increase in parents’ self-
efficacy between pre and post test scores for wevigs increase was not statistically
significant. Perhaps the reason for this may beé dhausing P.A.C.T. parents gained a
deeper understanding of the intricacies of theesgviactic and therefore remained

somewhat cautious in using it.

Additionally, the decrease of variance between susgrpost-test is of interest as it
indicates an increase in uniformity across restltst test scores indicate an increase in
mean values. Therefore, this suggests that theyebma more dramatic increase in post-
test self-efficacy scores for participants with &swpre-test scores than for participants

with higher pre-test scores.

108



2% 0%

@ Expert Demonstration
B Mastery learning

@ Motivational Game

O Positive Reinforcement
12% B Repetition

O Review

| Tutoring Variation

20%

Figure 7.3 Tutoring Tactic Occurrences

In summary, P.A.C.T. had a positive effect on pereself-efficacy values as
measured from pre and post test scores. For sotoénty tactics, namely mastery
learning, repetition, positive reinforcement and tinaiional game this increase was

statistically significant.

7.2.1.1.2 Self -Efficacy Paths

Since each parent submits a self-efficacy valuer afsing each tutoring tactic it is
possible to determine a self-efficacy path (or dyitaself-efficacy measure) for each
parent across each tactic. This may be of benefitriderstanding the effect on self-
efficacy when supporting the home tutoring proc#es®ugh the use of an adaptive
educational system. As previously, outlined papaats were randomly assigned to one
of two groups. The first group received full sugpthis means regardless of the self-
efficacy value entered they received full suppditie second group received adaptive
support, where the level of support they received wetermined by their self-efficacy
value for that tactic. Due to the adaptive natdrB.é&.C.T. and the dynamic nature of the
learning environment each of the seven tutoringideiavere encountered with varying
frequency (reader is directed to Figure 7.3). Aesalt of this, it was decided to perform
a deep analysis of those tutoring tactics, whichewsost frequently encountered. These
comprised mastery learning (23%), repetition (22 review (21%). Due to the nature
of the data logged by the system, it is possibleltai individual self-efficacy paths.
However, some interesting observations arise whadfiefficacy paths are averaged
across all participants. For the purpose of thidstthe self-efficacy paths of participants

receiving full support will first be analysed andbsequently the self-efficacy paths of
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those who received adaptive support will be analy3#is will provide insights into the

effect of providing full versus adaptive supportgarents’ self-efficacy.

Figure 7.4 illustrates the self-efficacy path fdretreview tutoring tactic for
participants who were provided with full-support evh using P.A.C.T. The x-axis
corresponds to the number of interactions with thi&iring tactic. The y-axis corresponds
to parental self-efficacy and is measured usinglaesfrom 1 to 7. Each self-efficacy
value illustrated in Figure 7.4 is calculated bagedhe average self-efficacy value of all
participants who received full support for thaeistction, where all values are rounded to
the nearest whole number. More specifically, thetfivalue illustrated on the graph
corresponds to the average submitted self-effisatye of parents’ first interaction with
that tutoring tactic. The second value correspdodbie average submitted self-efficacy
value of parents’ second interaction with the taethd so on. As P.A.C.T. suggests
tutoring tactics based on the affective needs efcthild each parent may have interacted
with each tutoring tactic a varying number of timkesorder to overcome bias a threshold
was identified whereby averages were only inclutleat comprised the self-efficacy

values of a minimum of three participants.
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Figure 7.4 Mastery Learning Self-Efficacy Values —
Full Support

Table 7.3 illustrates the percentage of the pofighumber of participants) included
in calculating each of the averages in Figure Asican be seen from Table 7.3 all values
listed in Figure 7.4 are calculated based on thenitted self-efficacy values of more

than 50% of participants who received full support.
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Table 7.3 Calculating Self-Efficacy Values — MastgrLearning Full Support

Interaction Self-Efficacy Value % Population Included
1 5 100
2 5 100
3 5 83
4 6 67
5 6 67
6 6 67
7 6 67
8 6 67
9 7 50

Figure 7.4 illustrates that on average the selta€fy values for mastery learning of
participants receiving full support increased frénon the first interaction to 7 on the
ninth interaction. This is a steady increase, wisabgests that P.A.C.T. had a positive

effect on parental self-efficacy.

Figure 7.5 illustrates the self-efficacy of panints receiving full support path for the
repetition tutoring tactic. It shows no increases@if-efficacy from the first interaction
with the tactic to the last interaction. All valules in the range 5-6. This suggests that in

this instance P.A.C.T. had no effect on the pateet§-efficacy.
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5.0 A .—/—\/—\»
4.0 A
3.0 4
2.0 4

1.0 A
0.0

Self-Efficacy Values

1 2 3 4 5 6 7 8
Interactions

Figure 7.5 Repetition Self-Efficacy Values — Full
Support
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The percentage of the population included in caking the averages in Figure 7.5 is
listed in Table 7.4. It can be observed that dllesa listed in Figure 7.5 are based on data

of over 60% of participants. This suggests thatseéefficacy path illustrated in Figure

7.5 is representative of the population.

Table 7.4 Calculating Self-Efficacy Values — Repéton Full Support

Interaction Self-Efficacy Value % Population Included
1 5 100
2 5 100
3 6 67
4 6 67
5 5 67
6 6 67
7 6 67
8 5 67

The self-efficacy path for the review tutoring tadbr those receiving full support is

illustrated in Figure 7.6. All values except foreole in the self-efficacy range of 5-6.

The self-efficacy path peaks on tHeifiteraction with a self-efficacy value of 7. ltrche

observed from Table 7.5 that this value was caledlausing data from 67% of

participants. It is difficult to determine the reasfor this sudden peak. However,

gualitative data collected during interviews magvide further insight into these results.
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Figure 7.6 Review Self-Efficacy Values — Full Suppb
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Table 7.5 Calculating Self-Efficacy Values — Reviewull Support

Interaction Self-Efficacy Value % Population Included
1 5 100
2 6 100
3 6 100
4 6 83
5 6 83
6 6 67
7 7 67
8 5 67
9 6 50
10 6 50

Table 7.6 provides a sample of the type of datéapeng to self-efficacy, which was
collected during interviews with participants. Hasewere asked how they felt about
being asked to enter a self-efficacy value aftémgueach of the tutoring tactics. Results
are reported using pseudonyms in an endeavourotegprparticipants’ identity. Maebh
and Sarah’s response is representative of the ¢fpesponses received. They have
indicated that the submitted self-efficacy valueyb®as a result of a suggestion by their
child as opposed to a reflection of how confiddrgyt were feeling at that time. Maebh
describes how her daughter wanted her to entehitifeest self-efficacy value possible
(7) as her daughter believes that it is importargriter the “best” number. This suggests
an implication that the self-efficacy scale is ggadwhere seven is best. Sarah reports
that she does not see any personal benefit in $tlgnher self-efficacy value and
therefore has developed somewhat of an ad hoc agiptto it. The most important thing
for Sarah is keeping her son happy, if this entdits choosing the value she is happy for
that to happen. This is understandable as bechase participants received full support

the level of support remains the same regardleseatubmitted value.
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Table 7.6 Qualitative Data - Self-Efficacy Path FulSupport

Maebh - She was saying to me put in a 7. She thiokshave to put in the best one the whole

time. She wants to be a part of the whole packet.

Sarah - | wouldn't personally see any benefit addri't do it with any thought there sometimes

he wants to take over the mouse and he wantsdio @fi the number he likes and my attitudelis

1%

along as it is keeping him happy and it is keepiirg involved and it is keeping him positivi
about the whole thing that's the biggest benefitrie.

In summary, few patterns have emerged from theefitfacy paths of those parents
who received full support from P.A.C.T. There wasaaslight increase in parents self-
efficacy when using review and a more significamtréase in parents self-efficacy when
using mastery learning. Interestingly all valuegafa from the peak in mastery learning
and review) across all paths lay in 5-6 efficacyeleHowever, conclusions may only be
tentative as qualitative data suggests a somewhdtoa approach in submitting self-

efficacy values due to a perception of its lackedévance.

Figure 7.7 illustrates the self-efficacy path fbe tmastery learning tutoring tactic of
those participants receiving adaptive support. &slwe observed the path is quite erratic
with no clear increases. The path peaks at intera& with a self-efficacy value of 6.
The values are distributed between the upper #gtkey level of 5-6 and lower self-
efficacy level of 3-4. Support at the 5-6 self-edity level comprises the suggested tactic
and an explanation of how it can be used. Suppbtha self-efficacy level of 3-4

comprises the suggested tutoring tactic, an expitanand an example of its use.
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Figure 7.7 Mastery Learning Self-Efficacy Values —
Adaptive Support
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From Table 7.7 it can be observed that 75% of tlees plotted in Figure 7.7 are
based on the data of 100% of participants who vedeadaptive support. This suggests
that the graph is a good representation of paresgiilefficacy in using the mastery

learning tutoring tactic.

Table 7.7 Calculating Self-Efficacy Values — MastgrLearning Adaptive Support

Interaction Self-Efficacy Value % Population Included
1 5 100
2 5 100
3 4 100
4 4 100
5 6 100
6 4 100
7 5 80
8 4 80
9 5 80

The self-efficacy path for repetition of those pApants receiving adaptive support is
plotted in Figure 7.8. Similarly, to Figure 7.74lgraph is quire erratic, with self-efficacy
dropping marginally from 6.0 in the™linteraction to 5.0 in the ¥Rinteraction. The
highest self-efficacy value was recorded during 1ffeand 2¢ interaction, while the

lowest self-efficacy value was recorded in inteactl 1.
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Figure 7.8 Repetition Self-Efficacy Values — Adaptie
Support
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Table 7.8 Calculating Self-Efficacy Values — Repdion Adaptive Support

Interaction Self-Efficacy Value % Population Included
1 6 100
2 6 100
3 5 100
4 4 100
5 5 100
6 4 80
7 4 80
8 4 80
9 5 80
10 5 60
11 3 60
12 5 60

Table 7.8 illustrates that all values plotted oe gnaph are based on data from over

60% of participants, which indicates that the patin be taken as an accurate

representation of the group as opposed to a regegsm of the minority.

The self-efficacy path for the review tutoring faodf those who received adaptive

support is plotted in Figure 7.9. This shows anraléncrease in self-efficacy from 4 to

6. Again the graph is erratic, the lowest valuea®wecorded on the finteraction while

the highest value 6 was recorded on tHBim8eraction. All values lie between 3 and 6.
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Figure 7.9 Review Self-Efficacy Values — Adaptive
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Support

From Table 7.9 it can be observed that all valletiqul in Figure 7.9 are based on the
data of at least 60% of the participants. Thereftive erratic nature of the graph is not a
result of a minority bias but a representation eifitipipants’ self-efficacy levels.

Qualitative data from interviews held throughowe #tudy provides some insight.

Table 7.10 lists some examples of the qualitatiaga dcollected based on how
participants felt about being asked to enter aeféiifacy value after using each of the
tutoring tactics. The examples provided in Tabl)Zan be seen as representative of the

type of data collected

Table 7.9 Calculating Self-Efficacy Values — Reviedaptive Support

Interaction Self-Efficacy Value % Population Included
1 4 100
2 6 100
3 6 100
4 5 100
5 5 100
6 4 100
7 4 100
8 5 80
9 4 80
10 3 60
11 5 60
12 5 60
13 6 60

Interestingly, Ciara, Niamh, Isabelle and Chloe a#port some level of
experimentation with P.A.C.T. in an endeavour tceiee the desired level of support.
Qualitative data suggests that participants subthielf-efficacy values lower than
desired in order to receive the desired level gipsut. To this end, the submitted value
may be a representation of the level of suppost tesired as opposed to their perceived

level of self-efficacy. For example, Ciara repartseasing back in order to receive more
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“jobs” (more activity suggestions) from PA.C.T, wéhiNiamh'’s strategy is pretending
that she “hadn’t a clue”Chloe frames it as tricking the system into workifog their
benefit by submitting 1's, this is clearly illusted in Figure 7.10 where Chloe’s self-
efficacy values across mastery learning, repetitamd review quickly plummet.
Certainly, it appears that there is a dichotomyveen their perceived level self-efficacy
and the desired level of support, in so far asrgarare entering high levels of self-

efficacy but still desire high levels of support.

Table 7.10 Qualitative Data - Self-Efficacy Path Adptive Support

Ciara - In the beginning | wasn't sure . .. | waing one away from the top mark at one
stage, when everything was a seven you wouldn'tngath to do so on a couple of
occasions I'd ease back and instead of doingalfththinking I'm great we will come back

and get our jobs to do.

Niamh - That took me a while to manage becausbkeabéginning | was saying | was very
confident and | wasn't getting as much feedbadkdid when | said | was less confident or
that | hadn't a clue it seemed to work best whem said you hadn't an idea and look for
suggestions rather than saying I'm very confidérdaing this I'm very confident at doing

the other . . . where as if you suggested thatweren't as confident it gave you a few extra

ideas.

Isobelle - getting on better because . . . gaingel in scores gives you more help.

Chloe - We had to trick it into working for us, heenter 1 to get it to give suggestions.

118



; » —e— Mastery Learning
\\ //\\ —a— Repetition

Review

Self-Efficacy Values
O P N W & 01 O N @
=

1 2 3 4 5 6 7 8 9

Interactions

Figure 7.10 Chloe’s Self-Efficacy Values

A comparison of self-efficacy paths of those pgraats who received full support
and those participants who received adaptive sappghlights the lack of emergent
patterns. However, qualitative data indicates thatreason for this may vary between
groups. Participants receiving full support indezhtthat there might have been a
somewhat ad hoc approach to submitting self-efficaalues. On the other hand,
participants receiving adaptive support indicatedead to submit self-efficacy values

lower than desired in order to receive the dedeedl of support.

In summary, post test scores indicate an increasparental self-efficacy values
across all seven tutoring tactics. The increase stasstically significant at the p<0.05
level in mastery learning, motivational game angetiion and was approaching
statistical significance with positive reinforcemenhis suggests that P.A.C.T. may be of
benefit in increasing parental self-efficacy in th@main of home tutoring. However, on
closer inspection, based on parents’ self-effiqaairs it may be that these values are not
as true a reflection as initially expected. Parawtiving full support report that on
occasion they allowed their child to select thaugaio submit. Parents receiving adaptive
support identify the need to submit a value loviramnttheir perceived self-efficacy value
in order to receive the desired level of suppohiese results provide important insights in
so far as they indicate dichotomy between pargmesteived self-efficacy and desired
level of support. Secondly, it is clear that thisra need for a more subtle instrument for

eliciting self-efficacy if it is to be used withedaptive educational systems.

7.21.2 Parents’ Knowledge

Results were analysed to identify the result of.€.A. on parents’ knowledge. For
the purpose of this research, knowledge was defisgd) knowledge of what each of the

tutoring tactics comprised, (2) knowledge of wheruse each of the tutoring tactics. A
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paired-samples t-test was conducted to comparpréhand post test for each category of

knowledge. Figure 7.11 provides an example of th& dollection instrument used in

both pre and post tests.

Figure 7.11 Pre-Questionnaire Excerpt — Knowledge

In terms of parents’ knowledge of what each tumritactic comprises, results

indicated a statistically significant increase fmth the mastery learning (p=.024) and

motivational game (p=.034) tutoring tactics. Resutir the review (p=.062) tutoring

tactic are approaching statistical significancer. &b other tutoring tactics there was an

increase in the mean values between pre and psissderes however, these increases

were not statistically different, this is illusteatin Table 7.11.

Table 7.11 Pre and Post Test Mean Values (Knowled§ghat)

Tutoring Tactic Pre-Test Post-Test P-value
Expert Demonstration M 4.45 SD 2.76 M 5.63D 1580

Mastery Learning M 4.09 SD 2.58 M 6.09 SD 0.83 P 0.024
Motivational Game M4.81 SD 2.22 M 6.54 SD 0.82 P 0.034
Positive Reinforcement M5.85 SD 2.19 M 6.85D 0.37

Repetition M6.09 SD1.75 M 6.90 SD 0.30

Review M554 SD211 M 6.90 SD0.30 P 0.062

Tutoring Variation M4.18 SD 2.75

M4.72 SO2

In terms of parents’ knowledge of when to use dabbring tactic, results indicate a

statistically significant difference for masteryataing (p=.004) and motivational game

(p=.015) at the p<.05 level and results for exmtonstration (p=.085), positive
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reinforcement (p=.07) and review (p=.058) are apphing statistical significance. For
all other tutoring tactics there was an increasm@an values between pre and post test

scores however these increases were not stafigtsighificant This is illustrated in
Table 7.12.

Interestingly, the mastery learning and motivatiogame tactics show the most
profound statistical significant difference acrdssth categories of knowledge. The
significant increase in parents’ knowledge of m@gstearning is not altogether surprising
as it was the tutoring tactic suggested most fretydy P.A.C.T (23% of the time,
reader is directed to Figure 7.3) throughout the\stIn contrast, the motivational game
tactic was only suggested 12% of the time (readatiiected to Figure 7.3). As data
suggests that P.A.C.T. may have a positive effadhe home-tutoring environment (this
will be discussed in 7.2.2), it may be that P.A.Gt3elf had an implicit effect on parents’

knowledge in this area.

The decrease of variance between users at poststdiistrated in table 7.11 and 7.12
is of interest as it indicates an increase in unifty across results. As post test scores
indicate an increase in mean values this suggesisra dramatic increase in post-test
scores of participants with lower pre-test scohemtof participants with higher pre-test
scores. This suggests that in this instance theigiom of adaptive support had a more
significant effect on participants who indicatedddnowledge at pre test than those who

indicated greater knowledge.

Table 7.12 Pre and Post Test Mean Values (Knowledyghen)

Tutoring Tactic Pre-Test Post-Test P-value

Expert Demonstration M 3.72 SD 2.41 M 5.36 SD 1.80 P 0.085

Mastery Learning M 3.63 SD 2.24 M 6.00 SD 1.00 P 0.004

Motivational Game M4.54 SD2.11 M 6.45 SD 1.03 P 0.015

Positive Reinforcement M 5.63 SD 1.85 M 6.72 SD 0.90 P 0.07

Repetition M554 SD1.91 M 6.54 SD 0.82
Review M5.27 SD 2.19 M 6.63 SD 0.80 P 0.058
Tutoring Variation M 3.54 SD 2.42 M 4.63 SD 2.20
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Qualitative data provides greater insights intepts’ increase in knowledge, which is
illustrated in Table 7.13. Ciara indicates an iaseein knowledge of the motivational
game tactic by suggesting the need to make moaegaime out of home practice. Maebh
demonstrates knowledge of the positive reinforcernemtic when she explains how she
now phrases feedback in a positive manner. Nianokiges a clear explanation of the
importance of review and its benefits, which deni@tss a deep level of understanding
of the tactic. Sarah also reports on her incredsexvledge of the need for review.
Finally, Valerie provides a description of one bétpitfalls many parents can fall into
when practicing with their child where they contugly say to their child “just play it
one more time”, she acknowledges that this strasggs not promote learning and

identifies the importance of learning in small mgeable chunks.

In summary, results indicate that P.A.C.T. may bdenefit in increasing parents’
knowledge of home tutoring best practice. In patéc results indicate statistically

significant increase in mastery learning and maoiiveal game tactics.
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Table 7.13 Qualitative Data — Knowledge

Ciara - Make more of a game out ofMotivational Game)

Maebh - Instead of saying "that was fine but yaindi . . . . .. I’'m more inclined to say could
we get it as good as . (Positive Reinforcement)
Niamh - More emphasis on repeating what has goneefore hand . . . as a mother becauyse

they are progressing at school and everythingyasekind of have a tendency to get them|to
d

do what they have to do and move on to the nergthather than looking back to see | shol
have learnt this from piece A., this from piece i@ @his from piece B and it is important

(]

look at all these piece before you even look atr ymw piecgReview)

Sarah - Definitely learnt the importance of theis@n piecegRevievy

Valerie - | suppose I'm quite intense which | suggpmost parents who do this are. . So like if

there is something we need to review instead oftmagviewing it just twice and accepting
that it's not going to be perfected | might kindgaf on and say come on just do it one more
time and maybe one more time you almost had ittthet where's then they start to feel like
oh just blow off will you so the thing is that withe computer | found that it's taught me jyst
to like really do just a little bit all the time dmot get sucked into this you're almost there just

do it one more timéRepetition)

7.2.1.3 Role of Home Tutor

Data was collected on parents’ perception of tha@e as home tutor using the post-
guestionnaires and interviews conducted throughbat study. Results indicate that
P.A.C.T. had an effect on parents’ perception efrttole as home tutor, in so far as there
was now an acknowledgement of the need to:

Provide more structure.
Give more attention.
Be more positive/fun.

Be more aware of their child’s emotional needs.
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7.2.1.3.1 Providing Structure

Parents reported an ability to provide more stméctand consistency during home
practice as a result of using P.A.C.T.. This may v altogether surprising due to the
structured nature of P.A.C.T. Table 7.14 provideseaample of the qualitative data
collected and is representative of the entire dala Chloe, Elizabeth and Niamh’s
indicate that P.A.C.T. reminded them that it neags$o structure practice as opposed to
allowing an ad hoc approach. In addition, Chloeorepthat without P.A.C.T. it was
difficult not to revert to habitual tendencies amait some of the key elements of the

practice. This suggests the needs for ongoing stippo

Table 7.14 Qualitative Data — Role of Home Tutor (Bucture)

Anna — Practice is now more structured and eachiegehere is an obvious progress with

both review and new pieces . . . organisation s§d@s, adhering to a proper structure.

Chloe — it reminds you, it makes you a little bibma consistent because when we don't us

1%

it we are going straight to her newest piece andameprobably not doing all the stuff we

should be doing.

Elizabeth — Small steps need to be taken and réviepieces should always be part of
daily practice. Definitely has changed perceptioterms of review and structure

Niamh — it encourages you to do all the review ggpktition rather than just doing the little
bit she had to do for this week and if they folltvis particular format, do this do that do
the next it will get them into good practice teajue that will probably stay with them.

Valerie — | help keep their practice regular.

7.2.1.3.2 Giving Full Attention

Table 7.15 provides example of qualitative datdectéd during the study, which
indicates the benefit of P.A.C.T. in reminding peseof the need to give full attention
during home practice. Isobelle reports that P.A.(hiiovides an opportunity to give
single pointed attention as opposed to carryingpoagtice while multi-tasking with other
house keeping activities. The fact that the compstiocated in a different room ensures
that once a decision is made to practice all dieks are let go and full attention is given

to the practice. Ciara shares a similar experiesizing that previously she may have
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been listening to the practice but doing somettalsg, however, now practice time is
spent together. Niamh’s report indicates that P.A.Gnay have been of benefit in
encouraging full attention as now endeavours ardenta carry out home practice when
there are fewer distractions. As these parents Htmemme involved in the Suzuki
method, it is clear that there is some belief i lenefit of parental involvement in their
child’s learning, however, results indicate an idaong parents that this involvement
does not require full attention. Therefore, resulticate that P.A.C.T may be of benefit

in encouraging parents to become fully engageteir thild’'s learning.

Table 7.15 Qualitative Data — Role of Home Tutor (&ention)

Ciara — More one-to-one, would be listening but lmhige doing something else. Now we

spend time together which is good.

Isobelle — I'd actually be more relaxed going inrdpit because | know that | have to have
the time to go through the whole package rather tedore I'd just sit her maybe you know
on the high stool so the little one wouldn’t betiget at her and I'd be doing the dinner and

all where as now it's one to one and that's it . you see it is less stressful then because

am not trying to do three or four things togethgust go down in to the room put on the
computer, close the door and it is just me andanerthe computer. My role has changed &

great deal | now realise that a lesson needs rhgtteintion to achieve a better result.

Niamh — there is four in the house and there isetuider than her so | kind of wait until
they are gone out doing something or when they lsaweething on and | have the house
maybe that bit quieter because | don’'t want thestraiting her either and of course they

are interested in this package on the computeredls w

7.2.1.3.3 Be more Fun/Positive

There was an expectation that P.A.C.T. may be oéfitein providing a more positive
learning environment for the child. However, papants suggest that P.A.C.T. may also
facilitate a more positive attitude in parents todgahome practice. Table 7.16 provides
qualitative data that is representative of the datkected. Anna recognises that she needs
to enjoy practice, Nina states that she now hasee rpositive attitude to practice and
Valerie identifies that there is never any reasngedt serious or cross and that one should
always keep it light and happy. Maebh frames sles now sees her role as to encourage

as opposed to instructing.
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Nina makes an interesting observation that in otdesngage her child she needs to
make it fun and avoid “going on” at him. Chloe takhbis a step further saying that she
now sees her role as motivating her child to detwe. Elizabeth informs us that after

using P.A.C.T. she now knows how to make practioeenenjoyable.

Table 7.16 Qualitative Data — Role of Home Tutor (€ating a Positive Learning

Environment)

Anna — It has taught me to vary out exercises geful . | need to be innovative with

exercise and enjoy the practice also.

Chloe — Role is to motivate Cathy into practice tiyos

Maebh — To facilitate practice to encourage rathat me instructing Kate

Elizabeth — | now know how to make practice enjdgadnd Colm sees the importance of

reviewing pieces. One needs to be patient and eagmng.

Nina — It has changed. Initially | would have apgmbed tutorship as a taskmaster bu
P.A.C.T. made practice more interesting and fumhimk both Joe and | have a more
positive attitude to practice . . . . . even tootmjJoe to do a little bit more | would use
similar methodology to PACT | would try and injeztbit of randomness or fun. | realise
now that going on to Joe about posture you hawptid in a fun way because you are not

going to engage him otherwise.

[

Valerie — A little bit at a time and there is neagy reason to get serious and cross alway

keep it light and happy.

7.2.1.3.4 Awareness of Child’'s Affective State

Results indicate that P.A.C.T. may also be of benefencouraging parents to be
more aware of their child’s affective state. Tt surprising as P.A.C.T. adapts to the
affective needs of the child. For Maebh, P.A.C.ds reminded her to be aware of Kate's
affective state prior to practice and adapt thetma accordingly. Elizabeth also alludes
to the need to adapt the practice based on thé'slginotional needs. Valerie identifies
that P.A.C.T. may be of great benefit in a relaglip where the child may resist the
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parents endeavours as P.A.C.T. may provide theseapespace for negative emotions to
dissolve. These examples are illustrated in Tall@.7

Table 7.17 Qualitative Data — Role of Home Tutor

(Awareness of Child’'s Affective State)

Maebh — Using the programme has prompted me tefonlthow Kate feels in general before

we practice and to adapt accordingly

Elizabeth — one should gauge the format of thetieadepending on the form of the student

Valerie - It has really helped him and you know celationship because he tends to dig hig
heels in and if you push him it's even more reststaso this has been particularly useful in g

relationship like that.

7.2.1.3.5 Role of Home Tutor Summary

Results suggests that P.A.C.T. was of most bemefieminding parents to provide
more structure during practice time, to pay futeation during practice, to encourage a
positive attitude and be more aware of their chilaffective state. In terms of the effect
of P.A.C.T. on parents’ knowledge, results indictitat P.A.C.T. had most significant

effect in term of mastery learning, motivationahgaand review.

7.2.1.4 The Effect of P.A.C.T. on Parents Summary

Results indicate that overall P.A.C.T. had a pesigffect on parental self-efficacy,
home tutoring knowledge and their perception ofrtt@e as home tutor. Post test scores
indicate an increase in parental self-efficacy serall tutoring tactics with a statistically
significant increase across mastery learning, ratibtmal game and repetition. Data
indicates that for collection of self-efficacy thughout the tutoring process a subtle
instrument is required as there may be a dichotbetyeen parents’ perceived self-
efficacy and their desired level of support. Datsoasuggests increases in parents’
knowledge most notably in mastery learning and wadibnal game tactics. On parents’
perception of their role as home tutor, P.A.C.Tyrba of benefit in reminding parents to
provide more structure during practice time, to gay attention during practice, to

encourage a positive attitude and be more awatteeofchild’s affective state.
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7.2.2 The provision of Affective Support

This section provides insights into the effect objiding affective support for the
child throughout the home tutoring process. Firstigsults pertaining to the child’s
affective experience are presented. This indic#tesbreakdown of affective reports
across the four basic emotions. This may be of fiteire identifying the effect of
P.A.C.T. on the child’s affective state. Secondbsults pertaining to the strategies used
in eliciting affect will be presented. Finally, dandicating the effect of P.A.C.T. on the
home tutoring process will be outlined. As P.A.Catlapted to the affective needs of the
child for all participants a comparison of parergseiving full versus adaptive support

(based on self-efficacy) is irrelevant and therefaill not be presented.

7221 Affective Experiences

As a result of elicitation of the child’s emotiorsthte prior to each learning activity, it
is possible to identify the breakdown of affectesg@eriences throughout the course of the
study. Of the 639 occasions where P.A.C.T. elicieabtion, children reported being
happy 71% of the time and an even distribution s&ritne other three emotions sad
(10%), angry (9%) and fearful (11%). This is iliged in Figure 7.12. Albeit, that based
on this result alone it is not possible to hypoihésat P.A.C.T. had a positive effect on
home tutoring. However, when combined with the gative data, which will be
presented later in this chapter (Table 7.22 andeTal29), it appears that P.A.C.T. may
be of benefit in encouraging positive affectivetesathroughout the home tutoring

process.

11%

9%

10%

70%

Figure 7.12 Affective Experiences
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7.2.2.2 Strategies for Eliciting Affect

Research data suggests a number of strategieseng®yed by participants when
eliciting affect. These strategies can be broadbggorised in terms of (1) self-report (2)
collaborative-report and (3) observed-report. &ghiort involves the child solely
deciding on which emoticon best represents théactbe state. The collaborative-report
strategy involves a discussion around how the cisilfeeling from which a decision
arises. Finally, the observed-report strategy wmeslthe parent selecting an emoticon,
which they perceive best represents the child'scéiffe state. Qualitative data suggests
that many participants used a variety of the afemioned strategies as opposed to using
a single strategy throughout the entire study. &&b18 provides examples of each of the
strategies. These examples are representative afaa collected and are given from the

parents’ perspective.

Table 7.18 Strategies for Eliciting Affect

Chloe — She loved clicking herself on how she wedifig but that's when | kind of lost a
little bit of faith in it was when she started &lieg on sad face and | said you're not sad andl

she said well | want to see what it saBelf-Report)

Valerie - He is usually happy to go onto the compio most of the faces that he clicks on
are the happy faces ...... so how we hav&endbit is he gets to do all the clicking on the
computer . .. if he does it too much then itstglbu to come again later then we have to g¢

and log in again and all that and then | get abitoyed(Self-Report)

Ciara — She sayafhat face have | on me mammy€ollaborative-Report)

Isobelle - When the little happy face and sad fawe all them come up you know | do kind of

get her involved in it and ask her which one is sbe. (Collaborative-Report)

Sarah - He does not like me pressing sad, he dodsn’it being recorded that he is in bad

form . . . wondering what other people might thif@bserved-Report)

Chloe and Valerie provide examples of the self-repwategy where the child decides
how they are feeling and selects the appropriatetieom. In this instance, Ciara and
Isobelle have used the collaborative—report styatég Ciara reports, the child initiates

the collaborative discussion. However, with Isobetl is the parent who initiates the
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discussion, by asking her child which emoticon bbeptesents her current affective state.
Sarah gives an insight into the observed-repodtesyly, where she decides on which

emoticon best represents the child’s affectiveestathout his involvement.

It is interesting to note the potential negativiedf of the self-report and observed-
report strategies. Negativity may occur if eithartp perceives the other to have made an
invalid judgement of the child’s affective stata.terms of self-report Chloe reports of
“loosing faith” in P.A.C.T. when her child subm#gs emotion, which she perceives to be
invalid. In the same instance, Valerie reports ettigg annoyed. In terms of observed-
report, Sarah reports of her son not liking it wiede selects an emoticon, which he
deems invalid. This suggests that there may befibéneencouraging a collaborative
approach between self-reporter and observer whimitingy affect. A collaborative
approach may encourage a more positive learningre@maent not least through
maintaining a positive dynamic between parent drild.c

7.2.2.3 Adapting based on Affect

As previously stated, results indicates that on {B8ader is directed to Figure 7.12)
of occasions that affect was elicited children aatied they were happy. Albeit, that it is
difficult to determine the reason for such a respuislitative data (Table 7.22) suggests
that P.A.C.T. may be a contributing factor. In aiddi, Table 7.19 provides data, which
supports this finding, as Valerie reports on thieaiveness of P.A.C.T. in dissolving

frustration or anger through the suggestion of eppate tutoring tactics.

Table 7.19 The Effect of Adapting Based of Affect

Valerie — If he really does feel, if we do get &teinse and he really is feeling a bit frustrated
or cross or | got a bit cross about something &gdti a bit tense or whatever and if he reallyf
puts in well then | find that after whatever comgs, whatever the praising him or a
motivational game or whatever that after that hasigally ok and we are back on track so it

actually kind of works, it actually kind of work.

However, an interesting observation by all parénthe curiosity among children in
expressing affective states other than that whieby tare currently experiencing. It
appears that depending on the nature of the chiddpgrhaps the parent-child dynamic
there may be a risk of the child attempting to gaingesystem (Baker et al, 2006). These
activities vary in severity and for the purpose tbfs study can be defined as

experimentation, trickery and definite gaming. Bxpentation can be described as the

130



selection of an emoticon other than that which begtesents the current emotional state
based on a curiosity of what would happen. Trickieolves pretending that one is
experiencing a different emotion than ones actti@ctve state. Gaming the system
involves using the system rules against itseltlierchild’s own benefit. It is important to
note that these instances are reported from pagerspectives. Examples of each type
of activity are illustrated in Table 7.20.

In terms of experimentation with P.A.C.T. ValeriedaMaebh, describe how their
children choose alternative emoticons in an end@atesee what will happen. There is a
curiosity to see which activity will be suggestdthlerie and her child have agreed on a
strategy for managing this experimentation whemfge during each session her son can

select an emoticon, which does not represent threruaffective state.

Chloe and Sarah report instances of trickery. Créperts that her child liked clicking
on the sad face when she was happy. Sarah repatther son said he was angry or sad
when he was not.

Table 7.20 Effect of Adapting Based on Affect

Maebh — Oh she is watching for that her self andetdonest with you she plays a little bit
with it in that one day she put in fearful and stesn’t a bit . . . . but she wanted to se€q
herself because she said oh I've done happy ewaryal's see what happens if | do this.

(Experimentation)

Valerie — most of the faces that he clicks on hesttappy faces but he wants to click on thg
other ones so how we have worked it is he getotalldthe clicking on the computer and
then he can choose one of his times anyone ofittestwhen he gets to choose how he i$
feeling he can pick one of the other faces evemghdie’s not but just to see what they

bring up.(Experimentation)

Chloe — she’d trick it by clicking the sad face wishe was feeling happfirickery)

Sarah — Loved the idea of being able to decide wiwdd he is in but it has nothing to do,
it is no reflection at all on the mood he is adipah. He thinks it is funny saying he is
angry or he’s sad even when he is ibtickery)

Nina — Always said happy because he thought if did bappy he would get out of it
quicker . . . all about getting it over with so¢an get on to the Nintend@@aming)
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Finally, Nina has experienced an instance wherechitl has attempted to game the
system, where her child continuously selected tygpi emoticon in order to complete
the practice as quickly a possible. However, whendffective state of a child is one of
happiness the child is directed through the caeeehts of any practice, review, practice
of homework and repetitions. Therefore, albeit ihat difficult to determine the level of
learning, which will take place if the child haslasire to be somewhere else they are not
effectively gaming the system as they are comedilh required elements of a practice.
Interestingly, if a child wished to truly game thgstem it would involve selecting the
angry or sad emoticon a number of times in a ra#,®T. would then suggest that now
may not be a good time for practice and maybe #feuld try again later. Chloe and
Valerie report instances of this occurring. Howevir these cases it was clearly
unintentional. This data is illustrated in Tabl2Z/.

Table 7.21 Gaming the System

Chloe — she was feeling happy but she clicked ers#iu face, she clicked on the sad face too

much . . . the program ended . . . we had to atm@in

Valerie — it's just it gets annoying, we have fouhlde does it too much then it tells you to come|

again later then we have to go and log in againadirttiat and then | get a bit annoyed

As a result of the design of P.A.C.T., attemptgdme the system may not necessary
result in lack of learning. This is because alhgahrough P.A.C.T. promote learning and
fundamentally encourage review, completion of hoorwvand a number of repetitions of
the new concept/skill. Of course, this is differéatother intelligent tutoring systems
where gaming can limit learning gain as studenty maive at an answer without
working through the required learning process (B&f05; Murray & vanLehn, 2005;
Johns & Woolf, 2006; Walonoski & Heffernan, 2006).

7.2.2.4 Affective Support Summary

Results indicate that P.A.C.T. may be of benefitmaintaining positive affective
states. The instrument used for emotion elicitatiorthis study provides interesting
insights into the self-reporter observed-reportgnaiinic and how this can affect the
learning environment. It is not uncommon for thierée discrepancies between observed
reports and self-reports of affective states (Algenest al., 2007). The study suggests that

their may be benefit in encouraging collaboratioetween parties when eliciting
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emotions and perhaps their may be benefit in usingpre elaborative tool, which would
encourage more collaborative discussion, partiulathe aim was to develop emotional
intelligence and awareness. Furthermore, the fgeof this study may be of interest to
designers of affectively intelligent systems as && designers need to take into
consideration that learners may attempt to gameytsiem. However, if the design of the
system is robust gaming the system may not nedlysksad to reduced learning as all
learning paths through the system could promotmileg.

7.2.3 Role of P.A.C.T.

Analysis of the qualitative data collected fromeiviews suggests that P.A.C.T. may

be of benefit during home practice in:
Creating a positive environment.

Acting as the mediator.

7.2.3.1 Creating a Positive Environment

The data provides strong indications that P.A.Gr&y be of benefit in creating a
positive environment for learning in the home. Rissimdicate that children are happier
to practice with P.A.C.T. a sample of the type afadcollected is illustrated in Table
7.22. Ciara reports that practicing with P.A.C g ai “treat” and Maebh reports that the
child asks to practice now. When asked why childrey be happier when practicing
with P.A.C.T. a number of suggestions arise (1)dcen’s enthusiasm for technology
(Nina and Edith), (2) personalisation aspect of.€.A. (Isobelle and Sarah) (3) the game

aspect (Valarie).
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Table 7.22 Creating a Positive Learning Environmentvith P.A.C.T.

Isobelle - Always happier doing it with P.A.C.T.&likes when her name comes up. She thinkg

there is someone listening in.

Ciara - Doing it on the computer makes it a treater.

Nina - Even introducing the whole concept of thenpater changed my attitude to the whole thiphg
because | wasn't groping and start. Great excitémeing to the computer, he asks to do it with
the computer.

Chloe - Really enjoyed it made her want to do Vigiractice

Maebh - She comes looking for practice now

Edith - More interested in practice as childrensyénterested in computers

Valerie - | don't get moans if we do it with thengputer. .you know it's just this extra element that
makes it a bit more fun. Makes it more playful fidm it is not all about me and him and all the

seriousness of an instrument

Sarah - The computer has allowed it to be moretipesWe are going into the whole thing with

much more enthusiasm and excitement than we waulflibwasn't there. When | say let's go up
and do It with the computer he is much more endsi& and the practices also last a lot longer
because it is much more interactive. He loves thg s name comes up. He gets very excited he
feels like someone has listened to him

7.2.3.2 Acting as Mediator

Interestingly, data suggests that many parentsdfdud.C.T. beneficial in acting as
mediator throughout home practice. Table 7.23 plesiexample of the data collected.
Isobelle reports of fewer rows during home practideen practicing with P.A.C.T.. As
her daughter Andrea was happier practicing with dbmputer and happy to go along
with its suggestions. Nina indicates that she likeel mediation aspect of P.A.C.T. as it
meant that Michael was receiving instruction otthem from her. Sarah reports that this
has also worked well during their practice. Valgsr@vides insights into why children
may be happier to take instruction from P.A.C.T.e Sluggests that it may be that
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P.A.C.T. never adds negative energy to the enviesrirand it does not react regardless
of the child’s behaviour therefore the child doeswish to displease P.A.C.T.

Table 7.23 P.A.C.T. as Mediator

Isobelle - Easier to teach her when we aren't rgwmmuch.

Nina - | liked the fact that it was solid he wagtigg the instruction from something else other

than me.

—

Sarah - The think that | find | am able to do iggach him the notes from a song but for me to
teach him technigue is much more difficult becamgenally he wouldn't allow me to corregt
his hand position or correct his finger positioa thay he would in a lesson because he would
get angry with me. It is very hard to do that ipasitive way, | mean | know | need to leain
more skills on how to do that better when we stdfta practice in the past without the
computer there it was always starting off with gatése thing like "I don't want to do it" sq
you are at a disadvantage from the beginningis.tihe computer saying it instead of me aphd

that has worked very well for us. It is not likestme telling him this it is like it's an outsider

Valerie - Adds a different dimension to practicees them space to work in. He is happy|to
do what computer says because the computer dgesittoss or short so you are not going|to
displease it where's me | have times where I'mtsbomy annoyance isn't hidden it has
nothing to do with the way he is playing it's hititade and | know, | mean I'm an adult|l
know it isn't helping but he knows the computer gdieget that way he just goes on to the
next thing.

However, data suggests one key problem with usidgnology during home practice.
This is a lack of resources. Firstly, parents withbroadband found that initial set-up
time often resulted in them not using P.A.C.T. #ieroas desired. Secondly, for those
participants who did not have a laptop, it was fbtimat if the computer was in a room,
which was not conducive to practice there mightbeluctance to use it. This suggests
that although Ireland has become technologicaljckad over the past number of years
there is more to be done before the benefits dfn@ogy can be truly exploited during

learning activities in the home. This is illustihie Table 7.24.
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Table 7.24 Challenges of using P.A.C.T.

Nina - The place of the computer in the house miaylsi would be very important because
sometimes they didn't want to do it in the room rehthe computer was so if one had a laptpp

it would be much easier.

Isobelle - Finding it hard to get in front of thereputer, we have dial up so it's a bit slow.

Edith - Not using it as much as we should, thidus to my own organisation and setting it p

in the office we haven't got broadband.

7.2.3.3 Role of P.A.C.T. Summary

Results indicate that technology is best place iwithe home tutoring process in
providing a fun element to home practice. Parenggest that the personalisation and
randomness easily provided by computer-based témiyaos appealing to the young
child. Additionally, there is a belief that compisteased technology can be of benefit in
mediating the home practice. Results suggest thilelren are happier to take instruction
from the computer other than their own parents,ctviihaybe due to the non-reactive
nature of the technology. However, there is a gatpvéen emergent adaptive educational
systems and the technological resources, which mmggact negatively on the use of

technology in home-tutoring.

7.2.4 Study 1 Summary

Results of Study 1 provide great insights into #ifect of supporting the home
tutoring process of Suzuki violin through the udean adaptive educational system.
Overall, results indicate that P.A.C.T. had a pesiteffect on parents’ self-efficacy,
knowledge and their perception of their role as adotor. Most interestingly, results
indicate the complexity associated with collectiqgarents’ self-efficacy values
throughout the tutoring process. Firstly, unlesepes understand its relevance and value,
data may be submitted in an ad hoc manner. Secoddlp suggests a dichotomy
between parental self-efficacy and desired levebugbport. In terms of the effect of
providing affective support, results highlight thenefit in adapting to the child’s
affective state and the potential benefit in prdngtollaborative strategies for eliciting
affect. Interestingly, results indicate that P.A.Cmay be of benefit in encouraging

attentive parental involvement and may play a mol@eveloping affective awareness.
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7.3 Study 2. Evaluating the effect of using an adap tive
educational system to support mathematics

homework.

Study 1 was concerned with investigating the efééatsing P.A.C.T. to support home
tutoring of Suzuki violin. The purpose of study asmo investigate the effect of using
such a system to support the home tutoring of madiies (the population of P.A.C.T.
with mathematics content is described in Chapteecion 3.3.2.2). This study comprised
36 parent and child dyads (32 female parents, 4 mpafents, 18 male and 18 female
children). All participants volunteered to partakethe study and no reward incentives
were given. All children were at the Junior Infatdgel (aged 4-5 year olds). The study
itself was conducted across three schools wherethale schools are designated
disadvantaged in terms of the number of studentthénschool from families with
socioeconomic characteristics that have been faariee associated with low levels of
educational achievement (e.g. unemployment, med&a holders etc) (Archer, 2005).
In the first and second school, the study was camduduring school time in the school’s
computer laboratory. The reason for this is thaséhfamilies did not have access to a
computer at home. Participants from the first stihaa the opportunity to use P.A.C.T.
for eight sessions while participants from the selcechool had the opportunity to use
P.A.C.T. for four sessions. Participants from thiedt school used P.A.C.T. at home and

therefore could use it as often as desired.

Study 1 revealed a possible dichotomy between pareelf-efficacy and desired
level of support in so far as parents with highelswof self-efficacy still desired high-
levels of support. This is surprising as researggssts that highly efficacious students
seek challenging learning experiences (Sewell &8orge, 2000), which suggests that
low levels of support would be adequate. AccordingBandura (1986), the most
functional efficacy judgments tend to exceed whag ean actually accomplish and he
suggests that this overestimation serves to inereffert and persistence. However, it
remains to be answered to what degree participaaysbenefit from high perceptions of
capability in the face of low knowledge of tutoritagtics. Clearly, efforts to decrease
parental self-efficacy, in order to receive belgsels of support, should be avoided. This
suggests the need for subtle modification in thg WaA.C.T. adapts based on parental

self-efficacy.

Therefore, Study 2 involved a slightly modified sien of P.A.C.T. where P.A.C.T.

continued to provide support based on the efficatys (described in Chapter 4 section
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4.2.3), however, users were simultaneously provigigia the option of receiving the next
level of support. For example, Figure 7.13 illusathe level of support provided by
P.A.C.T. for a user with a self-efficacy value ofor the review tutoring tactic. The user
is only provided with the suggested tutoring taddowever, they are also provided with
the option to selectmore help! If selected P.A.C.T. provides the next level opport
(this level of support equates to a self-efficaajue of 5-6) where they are also provided
with an explanation of the tutoring tactic. Figutd 4 illustrates how the user is again
presented with the option to seleatdre help! If selected they are provided with an
example (this equates to a self-efficacy value &f) &s illustrated in Figure 7.15.
Therefore, even a user with a self-efficacy valti@ dor a particular tactic now has the
possibility of receiving an explanation and exampie selecting more help’at each
stage The users submitted self-efficacy value and théefétacy value pertaining to

their desired level of support are both loggedHheydystem.

Figure 7.13 Self-Efficacy Value of 7 Figure 7.14 8eEfficacy Value of 5-6

Figure 7.15 Self-Efficacy Value of 3-4
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Participants were randomly assigned to one of tersions of P.A.C.T., full-support
or adaptive-support (where adaptive-support refershe modified version described
previously). Based on usage statistics a morelddtanalysis was performed on the data
from 20 of the participating dyads. The selectiatedon, as with Study 1, was based on
a requirement that participants have used P.A.Ta minimum of three sessions. In
terms of the 20 participants, 9 (8 female and lerpakrent, 5 female and 4 male children)
were assigned to the group who received full suppdrile 11(9 female and 2 male
parents, 4 female and 7 male children) were asdigméhe group who received adaptive

support.

7.3.1 Investigating the effect of P.A.C.T. on Paren ts

This section will provide analysis of the data mendeavour to identify if providing
support throughout the home tutoring process thrdhg use of an adaptive educational
system may have a positive effect on parents’ élfyefficacy (2) knowledge and (3)
their perception of their role as home tutor. lrsive will analyse the results pertaining
to self-efficacy. Subsequently we will investigdle effect on parents’ knowledge and

finally we will investigate the effect on their peption of their role as home tutor.

7.3.1.1 Self-Efficacy

Similarly, to Study 1 results were analysed in adeavour to identify the effect, if
any, of supporting the home tutoring process withadaptive educational system. In
particular, the focus for this study was in supimgrthe mathematics homework process.
Due to the complexity of self-efficacy and in ordergain a clearer insight, self-efficacy

will be analysed at two levels.
Pre and post tests
Self-efficacy path

Similarly, to Study 1 pre and post tests involvedemts rating their self-efficacy on a
scale of 1-7 in using each of the six tutoring itact The self-efficacy path involves
parents submitting a self-efficacy value for eadbring tactic suggested by P.A.C.T. and
such values being stored in the parent’s user model

With Study 2, firstly we will analyse pre and pdests for the group as a whole.
Secondly, we will investigate trends in parentdf-efficacy paths by (a) identifying the
effect of providing full versus adaptive supportmarents’ self-efficacy paths through a

pattern analysis of three of the most frequentldusitoring tactics and (c) investigating
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the dichotomy between parents’ submitted self-afficvalues and their desired level of

support.

7.3.1.1.1 Self-Efficacy Pre and Post Test Scores

Table 7.25 shows an increase in mean across #ikeddix tutoring tactics from pre to
post test scores for all participants. This suggest increase in parent self-efficacy
values on using the adaptive educational systemsupport the process around
mathematics homework. In addition, a paired santgiest was conducted, which
identified a statistically significant increase #ie p<0.05 level in the positive
reinforcement (p=.04) and review (p=.02) tacticddionally, results of the motivational

game (p=.06) tactic are approaching statisticaliBaance.

Table 7.25 Pre and Post Test Scores of all Parti@pts

Tutoring Tactic Pre-Test Post-Test P- value
Expert Demonstration M3.25 SD2.49 M 3.75 BB

Mastery Learning M 3.37 SD 2.32 M 4.75 SD52.6
Motivational Game M 4.25 SD 2.49 M5.75 SD 2.37 P 0.06

Positive Reinforcement M 3.22 SD 2.22 M 5.55 SD 2.60 P 0.04

Review M4.22 SD 2.48 M 6.00 SD 2.00 P 0.02

Tutoring Variation M 3.12 SD 2.10 M 3.50 S2®7

7.3.1.1.2 Self-Efficacy Paths

As described previously due to P.A.C.T.'s desigwdts possible to record parental
self-efficacy for each tutoring tactic suggested ByA.C.T. throughout the learning
process. This allowed for pattern analysis of #léefficacy values. Section 7.3.1.1.1 has
described how self-efficacy has increased acrddstaling tactics between pre and post

test. Therefore, is it possible to identify simifatterns in parents’ self-efficacy paths?
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Figure 7.16 Tutoring Tactic Occurrences

As P.A.C.T. adapts the tutoring process based enatfective needs of the child
participants used each of the tutoring tactics iyimg number of times. Figure 7.16
demonstrates the frequency with which P.A.C.T. sgtgfl each of the tutoring tactics.
For the purpose of this study, P.A.C.T. had beedifieal in order to omit the repetition
tutoring tactic from its tutoring model. The readon this was that its inclusion would
create duplication in the tutoring process. Whemathematics teacher prescribes
homework for her students, she implicitly includie repetition tactic. It is usual for a
mathematics teacher to prescribe a number of matiesiproblems on the same concept
in order for the learning to be internalised thitougpetition. This may not be the case
with Suzuki violin homework where the teacher priggs a set of notes but may not

suggest the number of required repetitions.

It can be observed from Figure 7.16 that of the #&tic suggestions that P.A.C.T.
made the review tutoring tactic was suggested nfiestuently (43%) followed by
mastery learning (25%) and positive reinforceme22%4). Motivational Game (7%)
tutoring variation (1%) and expert demonstratio®o)1lwere suggested less often.
Therefore, when analysing parents’ self-efficacghpawe will concentrate on those
tactics suggested more frequently namely reviewstemg learning and positive
reinforcement. Firstly, we will look at the selffiehcy paths of those receiving full
support, subsequently we will look at the selfeHffly path of those receiving adaptive

support and finally we will provide some comparison
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Figure 7.17 Review Self-Efficacy Values —
Full Support

Figure 7.17 illustrates the self-efficacy path fire review tutoring tactic for
participants who were provided with full-support eshusing P.A.C.T.. Similarly, to
Study 1 the reader is reminded that the x-axisespwnds to the number of interactions
with the tutoring tactic the number of interactianay vary for each tactic. The y-axis
corresponds to self-efficacy and is measured usinalue from 1 to 7. Each self-efficacy
value illustrated in Figure 7.17 is calculated lbasa the average self-efficacy values of
all participants who received full support, whetkvalues are rounded to the nearest
whole number. More specifically, the first valukigtrated on the graph corresponds to
the average submitted self-efficacy value of parefiist interaction with that tutoring
tactic. The second value corresponds to the avesabaitted self-efficacy value of
parents’ second interaction with the tactic andsoAs P.A.C.T. suggests tutoring tactics
based on the affective needs of the child eachnparay have interacted with each
tutoring tactic a varying number of times. As wtudy 1, in order to overcome bias a
threshold was identified whereby only values wereuded where they comprised the
average of a minimum of three submitted self-effjcaalues across all participants in
that group. Table 7.26 illustrates the percentagethe population (number of
participants) included in calculating each of tverages in Figure 7.17 and as can be
seen from Table 7.26 the majority are calculatesebaon the submitted self-efficacy

values of more than 50% of all participants.
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Table 7.26 Calculating Self-Efficacy Values — Rewe Full Support

Interaction Self-Efficacy Value % Population Included
1 6 100
2 4 100
3 5 100
4 5 89
5 5 78
6 5 56
7 5 56
8 4 33
9 3 33
10 5 33

The self-efficacy path is erratic across interawio However, it does show a
steadiness in self-efficacy in so far as all bueé¢hvalues lie in the same self-efficacy
level (efficacy values of 5-6), with values outsities range lying in the 3-4 self-efficacy

level.

Self-Efficacy Values
w b
<>
4

1 2 3 4 5 6 7 8 9

Interactions

Figure 7.18 Mastery Learning Self-Efficacy Values
— Full Support

Figure 7.18 illustrates the self-efficacy path floe mastery learning tutoring tactic of

those receiving full support. After the initial groa steady increase in self-efficacy values

143



can be observed, save the last two values. Initegst similar to the review efficacy
path all values lie in one of two efficacy levelse 5-6 efficacy level or 3-4 efficacy
level. Table 7.27 illustrates the percentage ofpjgulation included in calculating each

of the averages in Figure 7.18.

Table 7.27 Calculating Self-Efficacy Values — Mastg Learning Full Support

Interaction Self-Efficacy Value % Population Included
1 5 89
2 3 78
3 4 78
4 5 67
5 5 56
6 6 33
7 3 33
8 4 33

Figure 7.19 illustrates the self-efficacy path fbe positive reinforcement tutoring
tactic. Again all values lie in the 3-4 or 5-6 efity level. This graph appears a little more
erratic than the previous two graphs. It may notcbencidental that the percentage
population used in calculating 66% of the averagésss than 50%. This is illustrated in
Table 7.28 where 3 of the 9 values are calculaggu56% or more participants while

the other 6 values are calculated using 44% orrfgasdicipants.
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Figure 7.19 Positive Reinforcement Self-

Efficacy Values — Full Support

Table 7.28 Calculating Self-Efficacy Values — Posvie Reinforcement Full Support

Interaction Self-Efficacy Value % Population Included
1 5 100
2 5 78
3 4 56
4 6 44
5 3 44
6 4 33
7 5 33
8 6 33
9 5 33

In summary, few patterns have emerged from theefitfacy paths of those parents
who received full support from P.A.C.T. Howevetenrestingly all values across all paths
lay in one of two efficacy levels, level 3-4 or &\5-6. The unstructured order of the
efficacy paths may not be altogether surprisingrnwbee remembers that self-efficacy is
task specific. Albeit that every endeavour was madencourage participants to submit a
self-efficacy value corresponding to their confidern using the tutoring tactic, this may
not have occurred. Instead, it may be that paditip submitted values based on their
reaction to specific activities suggested by P.A.Gs opposed to their confidence in

using the particular tactic.
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Figure 7.20 illustrates the self-efficacy path fbe review tutoring tactic of those
participants receiving adaptive support. This grdjstrates a steady increase in self-
efficacy from 4 to 6 across the 9 interactions.sT$ignifies an increase in self-efficacy
from the 3-4 level to the 5-6 level. As can be \eewn Table 7.27 all but two averages

were calculated based on self-efficacy values ef 0% of the population

7

6 4
1%}
S5 o’
<
> 41 > o > /
)
83
=
W2
©
w1

0

1 2 3 4 5 6 7 8 9
Interactions

Figure 7.20 Review Self-Efficacy Values —
Adaptive Support

Table 7.29 Calculating Self-Efficacy Values — Rewe Adaptive Support

Interaction Self-Efficacy Value % Population Included
1 4 100
2 4 100
3 4 91
4 4 91
5 4 91
6 5 73
7 5 64
8 6 36
9 6 27

Figure 7.21 illustrates the self-efficacy path fiee mastery learning tutoring tactic for

those receiving adaptive support. The graph illdef an overall steady increase in self-
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efficacy. There is one drop in self-efficacy, whatenteraction 3 self-efficacy decreases
from 5 to 4. At interaction 4, self-efficacy is d¢ne increase once more with its value

increasing from 4 to 5 for interaction 5.
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Figure 7.21 Mastery Learning Self-Efficacy
Values — Adaptive Support

Table 7.30 illustrates that the plotted self-efficavalues are based on the average
self-efficacy values of a high proportion of thepptation (64 — 100%) and therefore may

be taken as representative.

Table 7.30 Calculating Self-Efficacy Values — Mastg Learning Adaptive

Interaction Self-Efficacy Value % Population Included
1 4 100
2 4 100
3 5 82
4 4 82
5 5 73
6 6 64

The self-efficacy path plotted in Figure 7.22 reyarats the self-efficacy values for the
positive reinforcement tutoring tactic. Similarlyo the mastery learning tactic with

positive reinforcement an overall increase in effiacy is illustrated. There is one drop
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in self-efficacy at the fifth interaction where fsefficacy decreases from 5 to 4.
However, at interaction 6 self-efficacy increaseeagain with its value increasing from

4 to 5. Self-efficacy remains at a value of 5 fog teminder of the path.

Self-Efficacy Values

1 2 3 4 5 6 7 8

Interactions

Figure 7.22 Positive Reinforcement Self-

Efficacy Values — Adaptive Support

Table 7.31 illustrates that the first half of sefficacy path illustrated in Figure 7.22
comprises values based on 64-91% of the populatioite the remaining values are

based on 36-45% of the population.

Table 7.31 Calculating Self-Efficacy Values — Posite Reinforcement Adaptive

Interaction Self-Efficacy Value % Population Included
1 4 91
2 4 82
3 5 64
4 5 64
5 4 45
6 5 36
7 5 36
8 5 36
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Results indicate that overall there was an incréaself-efficacy across the review,
positive reinforcement and mastery learning tutpriactics for those participants who

received adaptive support.

As described previously P.A.C.T. adapts the levedupport provided based on the
self-efficacy value submitted by the parent fort thaoring tactic. However, in Study 2
P.A.C.T. also provided parents with an opportuiityequest the next level of support.
Interestingly, 63% of participants receiving adeptsupport requested additional support
from P.A.C.T. at some point throughout the studyisTindicates that on average
participants did not receive the desired level gbport, which suggests a dichotomy

between parental self-efficacy and desired leveiupiport.

A number of patterns emerged from the data surriogndequests for additional
support. Interestingly, further support was regegdor four of the six tutoring tactics
namely, mastery learning, motivational game, pesiteinforcement and review. Based
on all requests for additional support, requestféiother support with review comprised
82% followed by mastery learning 9%, positive rengEment 8% and motivational game
1% as illustrated in Figure 7.23. This may not begether surprising as these were also
the order for most frequently suggested tutoringida (reader is directed to Figure 7.16).
However, perhaps more interestingly, upon furthspéection results indicate that 56% of
the time that the review tutoring tactic was sugggsparticipants asked for further
support. 24% of the time that mastery learning waggested participants asked for
further support. 23% of the time that positive feinement was suggested participants
asked for further support and finally 8% of the dinthat motivational game was
suggested participants asked for further suppdis & illustrated in Figure 7.24. This
suggests a difference between parents perceivetldégelf-efficacy and desired level of

support.

For example with the review tactic participantsraitted a self-efficacy value, which
did not equate to their desired level of supportertban half of the time. Furthermore,
based on all requests for additional support 27%eqgfiests involved parents requesting
an explanation of the tutoring tactic (self-effigalevel 5-6) while 73% of requests
involved parents requesting an example of the ingaactic (self-efficacy level 3-4). As
participants can only request further support at 3M self-efficacy level if they have
previously received support at the 5-6 self-efficéevel this suggests that participants
may require an example in order to perform the .tas#ditionally, there may be a
tendency to submit a self-efficacy value of 5-6reifehe level of support desired equates

to a self-efficacy value of 3-4.
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In terms of strategies used for requesting additisapport 31% of requests involved
requesting further support at the 5-6 self-efficdeyel and immediately requesting
further support at the 3-4 self-efficacy level. hequates to asking P.A.C.T. for an
explanation of the tutoring tactic and immediatagking for an example. 6% of request
involved only asking for further support at the %e6el, this corresponds to only asking

for an explanation and not requiring an example.

9% Motivational Game ]
1%

8% Positive Reinforcement

W Mastery Learning

Mastery Leaming |

@ Motivational Game
O Positive Reinforcement

Tutoring Tactic

o Review

Review : ]

82% 0% 10% 20% 30% 40% 50%  60%

% Time Further Support Requested

Figure 7.23 Breakdown of Requests Figure 7.24 % Time Further Support
for Additional Support by Tutoring Required by Tutoring Tactic

Tactic

Finally, 63% of requests involved asking for furtilsepport at the 3-4 self-efficacy level,
this equates to P.A.C.T. suggesting an approptigitering tactic and providing an
explanation and the participant asking for an eXdamphis suggests a dichotomy
between parents perceived level of self-efficacy dasired level of support because as
illustrated in Table 7.32, 31% of requests involyediticipants submitting a self-efficacy
value of 7 but desiring a level of support correspng to a self-efficacy value of 3-4,

this is a substantial difference.

Table 7.32 Requests for Further Support

% Requests for Further Submitted Self-Efficacy Desired Level of Support
Support Value
31% 7 Level 3-4
6% 7 Level 5-6
63% 5-6 Level 3-4
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In summary, results indicate an overall increasselftefficacy between pre and post
test. Self-efficacy paths of participants receivegptive support show an increase in
self-efficacy, the same cannot be said for paricip who did not receive adaptive
support. On participants receiving adaptive suppedults indicate a dichotomy between
parents perceived level of self-efficacy and desievel of support. More specifically
patterns have emerged which indicate that pareatsrgering efficacy values, which are
too high for their desired level of support. 31%refuests for further support were as a
result of parents submitting a self-efficacy vahfe7 but desiring a level of support
corresponding to a self-efficacy value of 3-4. Timiay indicate a lack in understanding of
the link between self-efficacy and ability, or iedean eagerness to appear confident in
their ability, which may lead to unwillingness tekafor assistance. Therefore, there is a
need for future research into the design of a nsokgle instrument for collecting self-

efficacy values.

7.3.1.2 Parents’ Knowledge

The data was analysed in order to identify the céffef P.A.C.T. on parents’
knowledge. Similarly to Study 1 knowledge was amatly from two aspects (1) did
parents gain an understanding of what was mearmtabi of the tutoring tactic (2) did

parents gain an understanding of when to useteémhing tactic.

O O

O O

Figure 7.25 Pre and Post Questionnaire Example

The primary instrument for data collection for ttpsrpose was a pre and post
guestionnaire. An extract from the questionnaireshewn in Figure 7.25 where the
participant is asked (1) do they know what is mdgnexpert demonstration and (2) do
they know when to use it. Participants can ansves gr no. The yes/no option was
selected above a likert scale in Study 2 in ordeavioid over complicating the process.
Both pre and post questionnaires comprise simileestjons for all six tutoring tactics.
Additional data was collected through a short doastire (reader is directed to
Appendix). Participants using P.A.C.T. in the sdlsocomputer lab completed this short
guestionnaire at the end of each session. Pantitsipssing P.A.C.T. at home completed

the short questionnaire during a group meetingadurihg one-to-one interviews where
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the short questionnaire formed the basis of thenitew. For the remainder of this
chapter we will refer to all three data collectiantivities as questionnaires. Despite
attempts to use simple straightforward data calednstruments, completion rates were

low as parents found it difficult to complete theegtionnaire.

Results indicate an increase, between pre andgsist in the number of parents who
indicated understanding of what each tutoring ¢acbmprised. This is illustrated in
Table 7.33. Most notable are the increases in masarning (increase of 42%) and
positive reinforcement (increase of 26%). Interegyi, in the post test all participants
indicated an understanding of what the review ¢actimprises. It is unsurprising that
expert demonstration showed little increase from tpr post test as it was suggested so
infrequently (1%) by P.A.C.T. (reader is directedRigure 7.16). However, despite the
infrequency with which P.A.C.T. suggested tutoniragiation (1%) there was an increase
in understanding from 29% to 50% between pre arstl f@st, this is difficult to explain.

Table 7.33 Knowledge (What) Pre and Post Test Scare

Pre-Test Post-Test
Yes No Yes No

Expert Demonstration 44% 56% 50% 50%
Mastery Learning 31% 69% 73% 27%
Motivational Game 60% 40% 82% 18%
Positive Reinforcement 47% 53% 73% 27%
Review 75% 25% 100%

Tutoring Variation 29% 71% 50% 50%

Table 7.34 illustrates the pre and post test redudised on parents’ knowledge of
when to use particular tutoring tactics. It is re&ting to note that a comparison of pre
test scores of parents’ knowledge of when to ustecpéar tutoring tactics and parents’
knowledge of what each tutoring tactic comprisedidates that prior to using P.A.C.T., a
higher percentage of parents understood what edating tactic comprised than of when
each tactic should be used. Analysis of data pengito parents’ knowledge of when to
use particular tutoring tactics indicates an ovdrairease in the percentage of parents

who know when to use particular tutoring tacticsnirpre to post test. In this instance,

152



motivational game was the tutoring tactic, whicbwhd the highest increase (52%). This
is followed by review (44%) and mastery learning%#.

Additional data collected from participants basedlteir experiences indicated that a
high proportion of parents had great difficultyusing the computer (not even in using
P.A.C.T.). Table 7.35 lists some of the challengesountered by participants. Results
are reported using pseudonyms in an endeavouradtegtrparticipants’ identity. Holly
learnt how to switch on the computer, Andrea stateslearnt hoe to use the computer.
Niamh, Mary and Tina report that they have leamiho log-in. Logging in involved
putting in a username and password.

Table 7.34 Knowledge (When) Pre and Post Test Scaere

Pre-Test Post-Test
Yes No Yes No

Expert Demonstration 27% 74% 42% 58%
Mastery Learning 25% 75% 67% 33%
Motivational Game 38% 63% 90% 10%
Positive Reinforcement 36% 64% 73% 27%
Review 56% 44% 100%

Tutoring Variation 21% 79% 50% 50%

The username and password were written on a catdpkated beside each person’s
computer desk. The username was the parent’s rimgte and the password was
alphanumeric. In terms of data supporting an ireeia their knowledge of tutoring

tactics, the review tutoring tactic was the taotibjch was most frequently stated. Other
tutoring tactics mentioned included mastery leagninrepetition and positive

reinforcement. Participants did not elaborate airthesponses. The fact that this study
was carried out in designates disadvantaged schaaysbe a contributing factor to this

as there may have been a limited ability in artitinh what was happening at a deeper
level. However, as previously stated results ingi@a increase across all tactics in terms
of parents’ understanding of what these tacticspresa and when to use them, which

indicates that learning did in fact take place.

In summary, results indicate that P.A.C.T. had aitpe effect on parents’
knowledge. This is indicated by the increase fram fo post test in the percentage of

people who stated an understanding of what eadheofutoring tactics comprised and
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when each should be used. In particular, thereansignificant increase from pre to post
test in the percentage of parents indicating undeding of what mastery learning
comprised and when to use it. Results also indizdsek in computing skills and a need

to equip parents with greater computing knowledge.

Table 7.35 Computer Challenges

Tina — | learnt to login

Andrea — Learning to use computer

Niamh — learn to use computer, to put in my name

Mary — to log in

Holly — how to switch on computer

7.3.1.3 Role as Home Tutor

During the short questionnaires and on the posstiuenaire participants were asked
if their perception of the role as home tutor hednged because of using P.A.C.T., and if
so to explain this change. For those participank® vwompleted this section many

reported a change and these are illustrated ireTaBb.

Mathew, Paula and John report on the need for rettecture during homework
sessions. This may not be surprising as P.A.C.dviges guidance for both parent and
child through the different elements of practica. dddition, Breda reports a new
understanding of the benefit of review.

Mathew, Paul and John also report the need to makework more fun and positive.
Joan’s comment is succinct in so far as she sisfalies “encouragement works”. Anna
also reports a deeper sense of understanding afetbé for praise in order to build the
child’s confidence. Interestingly, P.A.C.T. may rmily assist in providing a positive

environment for the child as Mary reports that whseimg P.A.C.T. she is more relaxed.

Emma and Holly suggest that P.A.C.T. may be of fieimereminding parents of the
need to give full attention during homework timentlB parents report on the benefit of
spending one-to-one time with their child. WhenngsP.A.C.T. parents are involved at
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each step of the homework thus encouraging parmsitsvell as children to remain
engaged in the homework process.

Finally, some parents reported that P.A.C.T. ereged an increased awareness of
their child’s affective state. Anna reports thatwnd her child is not in form for
homework they can do it later thus demonstratinguaderstanding of the need for
positive affective states in order for learningdke place. In addition, Rachael states that
she learnt how her child was feeling.

In summary, parents’ perception of their role ambdutor after using P.A.C.T. can
be categorised in terms of the need to (1) promidee structure (2) give more attention

(3) be more fun/positive (4) be more aware of thikdts emotional needs.

Table 7.36 Role as Home Tutor

Mathew - Learnt about interaction, needs to be rfuinemore structured.

Paula - Make it more fun, more structured, moreseiant.

John - To make homework more fun, more structureate consistent and more positive.

Building the confidence of your child.

Breda — Don't think it changed but to be aware teatewing work does help

Anna - Yes, the praise element. If the child wasrform, come back to it later. Always

praise lots of it to build confidence.

Emma - It gave me a chance to have one to onemthhild.

Joan - Encouragement works.

Holly - Spending a few minutes with one child ieat.

Rachael - Learnt how Olwyn is feeling today?

Mary - Yes am more relaxed.
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7.3.1.4 The Effect of P.A.C.T. on Parents Summary

In summary results, indicate an overall increasselftefficacy between pre and post
test most noticeably with positive reinforcement areview. Self-efficacy paths of
participants receiving adaptive support show ane@®e across review, mastery learning
and positive reinforcement. The same cannot befeaigarticipants who did not receive
adaptive support. On participants receiving adaptsupport, results indicate the
dichotomy between parental self-efficacy and dddiegel of support in so far as 63% of
participants receiving adaptive support from P.A.Cequested additional support at
some point throughout the study. Additionally, tesundicate that P.A.C.T. had a
positive effect on parents’ knowledge. This is ®gigd by the increase from pre to post
test in the percentage of people who indicated raderstanding of what each tutoring
tactics comprised and when each should be useghrticular, significant increases can
be observed for the mastery learning and motivatigame tutoring tactic. Results also
indicate a lack in computing skills among paremthjch needs to be addressed at a
national level. Finally, on parents’ perceptiontloéir role as home tutor, results suggest
that P.A.C.T. may have a positive effect in incheggparents’ awareness for the need for
structure, to be more positive, to give more aitenand finally to be more aware of the
child’'s affective needs.

7.3.2 The provision of Affective Support

This section provides insights into effect of paimg affective support for the child
throughout the home tutoring process of mathemakustly, results pertaining to the
child’s affective experience are presented. Thidicetes the breakdown of affective
reports across the four basic emotions. This magflenefit in identifying the effect of
P.A.C.T. on the child’s affective state. Secondgsgults pertaining to the strategies used
in eliciting affect will be presented. Finally, daindicating the effect of P.A.C.T. on the
home tutoring process will be outlined. As P.A.Catlapted to the affective needs of the
child for all participants a comparison of parergseiving full versus adaptive support

(based on self-efficacy) is irrelevant and therefaill not be presented

7.3.2.1 Affective Experiences

The tutoring model within P.A.C.T. is based on gremise that children learn best
when they are happy and if a child is unhappy etfjias should be employed in order to
alter their affective state. With this in mind, teevas an expectation that P.A.C.T. would
assist in creating a positive homework environmevttich may as a result lead to
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positive affective states during homework timeotder for P.A.C.T. to suggest the next
activity, the affective state of the child must inputted. All inputs are logged in the
child’s user model. Therefore, it is possible toemtain the child’'s affective experience,
which is a breakdown of the number of occasionsrevitee child was experiencing each

of the four basic emotions (sad, happy, angry eadfl).

Figure 7.26 illustrates that in the main childrerev happy (67%) when using
P.A.C.T. with an even distribution among the ottleee emotions namely, sad (10%),
angry (10%) and fearful (13%). In order to expltnis finding further it is necessary to
identify the strategies used in determining thddthiaffective state and the effect of

adapting the tutoring process based on that.

1B3%

10%

O Happy
| Sad

B Angry
| Fearful

10%

67%

Figure 7.26 Affective Experiences

7.3.2.2 Strategies for Eliciting Affect

Based on the results from Study 1 parents weredaskeelect one of three strategies
which best-represented how the child’s affectivatestwas elicited. These categories
comprise self-report, collaborative-report and obsé-report. The self-report strategy
involves the child solely deciding which emoticoesb represents their affective state.
The collaborative-report strategy involves a distus around the affective state of the
child from which a decision emerges. Finally, theserved-report strategy involves the
parent solely deciding which emoticon best reprisséme affective state of their child.
Based on those who provided data for this quedi stated that they predominantly
used the self-report strategy while 45% reportealt tthey predominantly used the
collaborative-report strategy. There were no repoftusing the observed-report strategy.
This is not entirely surprising as due to the laélcomputing skills among participants

the child often assumed the role of navigator tgiothe system. Therefore, it would
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have been difficult for the parent to select areetiffe state for the child without any
collaboration.

7.3.2.3 Adapting based on Affect

In addition to knowing the strategy used in eli@tiemotion, it is also useful to
understand the basis for decision-making. Threéepet of decision-making emerged
from Study 1 namely, experimentation, trickery gaaning, and the feedback from Study
2 is analysed using these categories. The reademisded that experimentation involves
the selection of an emoticon other that that whielst represents the current affective
state out of a curiosity of what may happen nektKery involves assuming an affective
state other that that which one is currently ex@eing. Finally, gaming the system
involves using the system rules against itselftfierchild’s own benefit. It is important to
note that results described here are based onattemts’ perception of events. Parents
were asked during post questionnaire/short questioes to identify what they perceived
to be the basis for their child’s decision-makiBgsed on those who provided feedback
66% of parents reported that the predominant bdsis decision-making was
experimentation. The remaining 44% of participaeimrted that the child predominantly
selected the emoticon, which best represented ¢heient affective state. There were no
reports of trickery or gaming. Unlike other systerdse to the design of P.A.C.T.’s
tutoring model experimentation may not lead to tedilearning as all paths through the

system promote learning.

7.3.2.4 Affective Support Summary

In summary, results indicate that when using P.A.Children indicated a happy
affective state 67% of the time. On analysis of dtrategy used for eliciting affect, 55%
of responses indicated the use of a self-repaategty while 44% of responses indicated
the use of a collaborative-report strategy. As tise of a collaborative-strategy may
encourage a more refined basis for selecting eomdicthus enabling greater learning
there may be a need to promote greater collaboratiound such activities. On analysis
of the decision-making process for selection of gtoos, 66% of responses indicated
experimentation while 33% indicated that the enuotiselected was a true representative
of the child’s affective state. This suggests adniee intelligent design of the tutoring
model within systems, which adapt to the affectieeds of the child, in order to avoid

limited learning as a result of experimentatiorgaming.
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7.3.3 Role of P.A.C.T.

In any educational environment, it is interestingdentify where technology can be
of most benefit, this was the motivation behindisglparents to identify their perception
of the role of P.A.C.T. during the home tutoringgess. Again, data was collected from
post-questionnaire and short questionnaires. Aemparfound it challenging to give
feedback, they were provided with six options in aendeavour to supply a
straightforward mechanism for feedback. The paicoptions selected were based on
results from Study 1 and comprised (1) fun/gamen{@dliator (3) the boss (4) friend (5)
teacher (6) other. This is illustrated in Figur277.Additionally, the question was phrased
in such a way to promote comprehension and pacentlkl choose as many options as

they wished.

Figure 7.27 Role of Technology

100% of responses indicated that the role of P7A.@as to provide fun/games. This
can be more generically thought of as providing asitpve learning environment.
Additionally, 33% indicated that the role of P.ATCwas also mediator, 2% of responses
indicated, that P.A.C.T. also played the role o§and 1% of responses indicated that
P.A.C.T. also played the role of friend. Intereglyn there were no indications that
P.A.C.T. might play the role of teacher. This iscamaging, as P.A.C.T. was not
developed in an endeavour to replace the teachieideed the parent as home tutor but

rather to support the homework process.
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7.3.3.1 Role of P.A.C.T. Summary

In summary results indicate that P.A.C.T. may benokt benefit in creating a more
positive learning environment in the home. Addisitty, PA.C.T. may be of benefit in
mediating the homework process. Therefore, theng lmeaa need for further research in
an endeavour to exploit the benefits of technolagysupporting the home tutoring

process.

7.3.4 Study 2 Summary

In summary, results indicate that P.A.C.T. may lbebenefit in increasing self-
efficacy. In particular, results suggest that peasising the level of support received by
parents may have a positive effect on self-efficddgwever, there is still a need for
further research in the design of instruments tdeco self-efficacy values within
adaptive intelligent systems. Additionally resulssiggest that providing support
throughout the home tutoring process can have aadtron parents’ knowledge of home
tutoring best practice. Increases were observeasa@ll tutoring tactics in the number of
parents’ who gained understanding of what the daotimprised and when to use it.
However, there is evidence to suggest that a pesslimllenge of the home tutoring
domain may be in equipping parents with the necgssamputing skills. Finally,
PA.C.T. may be of benefit in creating a positivarteng environment and in mediating
the homework process. To this end, results indittegdbenefit of P.A.C.T. in supporting

the home tutoring process in the domain of mathiesat

7.4 Discussion

Both studies presented in this chapter investigabedeffect of using an adaptive
educational systerto support home tutoring. In particular, the stgdievestigated the
effect of using such a system on parents’ (1) sifitacy (2) knowledge and (3) their
perception of their role as home tutor. In addititre studies investigated the effect of
adapting to the affective needs of the child amallfy the role of P.A.C.T. during the
home tutoring process. Where these studies varaitthie domain in which they were
conducted. Study 1 was conducted in the domainualld violin, while Study 2 was
conducted in mathematics. This section will prodidmalysis on the similarity of results
across the two studies and identify what conclusidh any, can be drawn from
integrating the results from both studies. Tabl&77provides a comparison of results

from both studies and identifies whether the resukre similar or not.
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In both studies, an increase in self-efficacy axral tutoring tactics was observed.
For Study 1 this is based on seven tutoring tafdicStudy 2 it is based on six tutoring
tactics. The reason being is that the repetitidoritng tactic is omitted in Study 2 due to

its natural implicit inclusion in the quantity obimework assigned by the teacher.

The data from Study 1 was further analysed in otdemvestigate the effect of
adaptive versus non-adaptive support on parentéeffieacy using an independent
sample t-test. Results were analysed using twooappes. Firstly, the post test scores of
group 1 (full support) were compared with the ptestt scores of group 2 (adaptive
support). Albeit that results did not identify astatistically significant difference results,
results for the review (p=.084) tactic and repetititactic (p=.093) were approaching
statistical significance where the mean scoresrofig 2 (adaptive support) were higher
than that of group 1 (full support). Secondly, adependent sample t-test was conducted
using the difference between pre and post testesctur each of the tutoring tactics.
Again, no statistical differences were identifiedpwever, the results of positive
reinforcement (p=.059) and review (p=.076) wererapphing statistical significance
where the mean scores of group 2 (adaptive suppenty higher than that of group 1
(full support). Unfortunately, it was not possilie carry out such analysis for Study 2
due to small cell size. Despite some results ahiog statistical significance, the results

suggest that there may be little benefit in prawidadaptive support for parents in this
context.

For both studies a deep analysis was performeti@sdlf-efficacy paths of the three
most frequently suggested tutoring tactic. For $tiidhese comprised mastery learning,
repetition and review. For Study 2 they comprisedaw, mastery learning and positive
reinforcement. In terms of the self-efficacy pabfiparticipants who received full support
no clear patterns emerged in Study 1 or Study 2. rElason for this may be that as the
self-efficacy value submitted by the parent did infiience the level of support provided
by P.A.C.T. values were submitted in a slightlyhad manner.

Similarly, no clear patterns emerged from the effitacy paths of those receiving
adaptive support in Study 1. Qualitative data iathe that this may be because of a
dichotomy between parents perceived level of déilfsey and desired level of support.
More specifically, parents desire to enter higkelswof self-efficacy resulted in P.A.C.T.
providing low levels of support, which parents fdumsatisfactory. As stated previously
this was surprising as research suggests thatyh@jfitacious students seek challenging
learning experiences (Sewell & St George, 2000)icivisuggests that low levels of

support would be adequate. However, interactios kgggest the contrary with parents
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re-analysing their self-efficacy in order to reeeyreater support leading to turmoil in the

self-efficacy paths.

Bandura (1986) provides one possible explanatiohisnsuggestion that the most
functional efficacy judgments tend to exceed whia¢ @an actually accomplish. This
suggests that parents may enter self-efficacy galhat exceed their ability. Although,
the benefit of high perceptions of capability ire tface of low knowledge of tutoring
tactics remains unknown, it is clear that effootslecrease parental self-efficacy, in order

for parents to receive appropriate levels of supsloould be avoided.

Therefore, in Study 2, a slight modification wasdmao the adaptive strategy in so far
as once parents received the level of support sporeling to their self-efficacy value
they had an opportunity to request further suppbappears from the data that this slight
modification had a stabilising effect on the sdffeacy paths. A clear pattern emerged
from the data consisting of overall increases ithake self-efficacy paths. The provision
of additional support in Study 2 provides a mecienio further investigate this possible

dichotomy between parental self-efficacy and dediegel of support.

Indeed, data collected in Study 2 corroborates fihéings from Study 1. More
specifically, data indicates that 31% of requestsfiirther support in Study 2 resulted in
parents progressing from a level of support coordmg to a self-efficacy value of 7 to
a level of support corresponding to a self-efficagtue of 3-4. This represents a
substantial difference. Although Bandura (1986)gasgs that this overestimation serves
to increase effort and persistence it provides dditianal complexity for adaptive
educational systems, which attempt to provide pexésed support based on self-

efficacy.

In terms of parents’ knowledge of what each tugptiactic comprised an increase in
knowledge was observed from pre to post test anpangicipants across both studies. In
Study 1, a paired-sample t-test was conducted whidwed a statistically significant
increase in many tutoring tactics most notably ewgstlearning (p=.024) and
motivational game (p=.034). Similarly, in Study Zignificant increase (42%) can be
observed form pre to post tests in the percenthgarticipants who understood what the
mastery learning tactic comprised. Results alsacatd an increase in knowledge of
when to use particular tactics from pre to podt sesres among participants across both
studies. Statistically significant increases cambgerved in Study 1 for mastery learning

(p=.004) and motivational games (p=.015).
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Table 7.37 Comparison of Results of Study 1 and Sty 2

) o Comparable
Analysis Study 1 —Suzuki Violin Study 2 —-Maths
Result?
Self-Efficacy Pre ) ) ) .
Increase in self-efficacy Increase in self-efficacy across
& Post Test . ) . ) Yes
across all 7 tutoring tactic all 6 tutoring tactic
Scores
Full Support ) ] Erratic self-efficacy path no
Erratic self-efficacy paths
Self-Efficacy clear pattern emerged. No Yes
no clear pattern emerged ) ] ]
Path overall increase in self-efficacy
Adaptive ) ] ] ] )
Erratic self-efficacy paths Steady increase in self-efficacy
Support Self- No
i no clear pattern emerged paths
Efficacy Path
Increase in knowledge )
o Increase in knowledge level
level among participants o
) among participants of what each
Knowledge of what each tactic . ] Yes
) tactic comprises and when each
comprises and when each
should be used
should be used
(1) provide more structure (1) provide more structure
(2) give more attention (2) give more attention
Role as Home
Tut (3) be more fun/positive  (3) be more fun/positive Yes
utor
(4) be more aware of the (4) be more aware of the child’s
child’s emotional needs  emotional needs
Affective 70% Happy, 10% Sad  67% Happy, 10% Sad
Yes
Experience 9% Angry, 11% Fearful  10% Angry, 13% Fearful
Self-Report
Strategies for ) Self-Report
o Collaborative-Report Yes
Eliciting Affect Collaborative-Report
Observed-Report
Effect of Experimentation
providing ) ) )
) Trickery Experimentation Yes
Affective
Gamin
Support 9
Creating a positive Creating a positive learning
Role of . . .
learning environment environment Yes
Technology

Mediator

Mediator, Boss, Friend
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Similarly, significant increases in the percentafjgoarents who understood when to
use the mastery learning (increase of 42%) andvataihal game (increase of 52%)
tactics were observed in Study 2. This suggests Bh&.C.T. may be of benefit in
increasing parents’ knowledge of home tutoring Ipeattice, in particular, in providing

an understanding of the range of skills, which lbamsed, and when to use them.

The data from Study 1 was further analysed in otdlédentify the effect of adaptive
versus non-adaptive support on parents’ knowledgeindependent sample t-test was
conducted. Although no statistically significanffeliences were identified results based
on parents knowledge of when to use repetitionQ@3). was approaching statistical
significance where the mean score of group 2 (agapupport) was higher than that of
group 1(full support). Additionally, an independesaimple t-test was conducted using the
difference between pre and post test scores fdr e&d¢he tutoring tactics. Again, no
statistically significant differences were idergdi However, results of participants’
knowledge of when to use positive reinforcement.@p9) were approaching statistical
significance, again the mean scores of group 2ptagasupport) were higher than that of
group 1(full support). Unfortunately, it was notgsthle to carry out such analysis for
Study B due to small cell size. Overall, despitensoresults approaching statistical
significance the results suggest that there mayittbe benefit in providing adaptive
support for parents in this context. This is qsiteprising giving rise to a need for further

more detailed studies.

Both studies also revealed that P.A.C.T may engeugarents to (1) provide more
structure (2) give more attention (3) be more fosffive (4) be more aware of the child’s
emotional needs in their role as home tutor. Pesliamay not be altogether surprising
that P.A.C.T. provided a structure for home practisdditionally, it is not surprising that
using P.A.C.T. might encourage parents to be marare of their child’'s emotional
needs. However, it was somewhat unexpected thaCF.Aould encourage parents to be
more attentive and more positive home tutors. Caeglysis of the findings suggests that
due to the nature of P.A.C.T. and the need for quentental involvement in using it
parents were encouraged to give their full attentio the home practice therefore
transcending the desire to multi-task. Qualitathata indicated that they could see that
giving their child their full attention had a pagé effect on the learning environment and
parent-child dynamic. In addition, data indicatésttP.A.C.T. afforded parents the
opportunity to discover that in a positive learnirepvironment much can be
accomplished with qualitative data suggesting tiegfativity is never necessary.
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On the effect of P.A.C.T. adapting to the affectieeds of the child results indicate
substantial corroboration across both studiestlfirdere is a high correlation between
affective experiences in Study 1 and Study 2. Affecexperiences comprised, happy
70% in Study 1 and 67% of the time in Study 2, $@@0 in both studies, angry 9% in
Study 1 and 10% in Study 2 and fearful 11% in Stidynd 13% in Study 2. Secondly,
the collaborative-report strategy was the stratedych was used most often across both
studies. Results from both studies also indicageube of the self-report strategy. The
observed-report strategy was used in Study 1 butainall in Study 2. Qualitative data
may provide a reason for this in terms of the hdgpendency on the child in terms of
their computing skills. Additionally, Study 1 prals qualitative data, which indicates
the associated problems with using either the re@iért strategy or observed-report
strategy. This suggests that there may be a nemddify the instrument used in eliciting
emotion to encourage collaboration. Finally, on #fiect of adapting to the affective
needs of the child results from both studies sugtpespossible risk of gaming. In Study
1, three levels of gaming were observed experinientatrickery and gaming itself. In
Study 2, only experimentation was observed. Duéhéodesign of P.A.C.T.’s tutoring
model, experimentation or trickery may not leadindted learning. However, there is a
need for clever design when developing affectivielglligent systems so that gaming

may not necessarily lead to limited learning.

Qualitative data from Study 1 suggests that P.A.€dn be of benefit during the
home tutoring process in creating a positive legyr@nvironment and acting as mediator
between parent and child. In Study 2, participavese provided with six options (based
on the results of Study 1) with which to identifiyet role of P.A.C.T. during home
practice. Participants could select as many optamshey wished. 100% of responses
indicated that P.A.C.T. might be of benefit in ¢ireg a positive learning environment.
Additionally 33% indicated that P.A.C.T. might bé lbenefit in mediating between
parent and child. Other responses indicated t#aCPT. might play the role of boss (2%)
or friend (1%). This suggests that adaptive edanati systems may have particular
benefit in this domain of home tutoring and moredifically such systems may be of
benefit where there is a need for mediation ordorexternal influence to positively

influence the learning environment.
The reader is reminded that the empirical resequelstions at the core of Study 1 and 2
comprise:

What is the effect of using P.A.C.T. on parenty &lf-efficacy (2) knowledge

and (3) perception of their role as home tutor?

165



What is the effect of adapting to the affective dsef the child throughout the

home tutoring process?

Additionally, data was also collected to investgg#ite role of P.A.C.T. throughout the
home tutoring process. In summary, results inditdaaée P.A.C.T. had a similar effect on
the home tutoring process in the specific domainSofzuki violin and the more
mainstream domain of mathematics. There were a aurob findings, which were

corroborated across both studies. These can be arisath as follows:

The use of adaptive educational systems can hpesitive effect on parental self-
efficacy, knowledge of tactics and when to use thand their perception of their

role as home tutor.

Adaptive educational systems, which adapt to tffectife needs of the child, can

be of benefit in promoting a positive learning eoxmment.

Adaptive educational systems may have a role tp ipléhe home tutoring process
in terms of assisting in the creation of a positegrning environment and acting as

mediator.
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8 Conclusions

8.1 Introduction

Adaptive educational systems may be of benefituppsrting learning environments
where two or more users work together towards aneom goal such as learning.
However, in the design and development of suchesysta number of research
challenges exist. Outstanding research questiarigde: (1) is it possible to design and
develop an architecture, which can simultaneousppert multiple users with different
roles such as tutor and tutee, (2) what is an gpjate educational theory to inform
tutoring best practice and (3) what is an approiiasis for adapting to the needs of the

tutor and tutee?

This thesis has described how the adaptive edunedt®ystem, P.A.C.T. addresses
these challenges in order to create a positivanilegrenvironment for home tutoring.
Firstly, it described how P.A.C.T.’s novel architee provides simultaneous adaptive
support for both tutor (parent) and tutee (chil®econdly, it described how the
articulation and development of the set of novebring rules informed by Talent
Education philosophy defines tutoring best practidardly, it described the results from
research studies, which identify the effectiveneBsising self-efficacy as a basis for
adaptive support for the tutor and the effectiverasusing affect as a basis for adaptive

support for the tutee.

The following sections summarise the main reseéiratings, the limitations of the
research work and some directions for future resear

8.2 Summary of Research Findings

The primary contributions of this research canurersarised as:

The design and development of an architecture, twhsapports dual-user

adaptivity in the domain of home tutoring.

The articulation and development of a set of nautdring rules based on Talent
Education philosophy, which define tutoring bestqtice.

Empirical evidence that indicates the effectivengfsadaptive strategies based on
self-efficacy in supporting the parent as tutor amchtegies based on affect in

supporting the child as tutee.
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Section 8.2.1, 8.2.2 and 8.2.3 describe theseibations in detail.

8.2.1 Dual-User Architecture

Albeit adaptive educational systems have been ogfitein supporting individual
users in a myriad of domains, little research ifigases the possibility of exploiting this
technology to simultaneously support dual userspide adaptive collaborative systems
providing some insights, this work is still at tharly stages with little research exploring
the possibility of supporting two users in differglomains. P.A.C.T. supports the tutor in
developing tutoring skills while simultaneously popting the tutee in the particular
academic domain (e.g. mathematics or Suzuki viollie design and development of
P.A.C.T.’s dual-user architecture provides seveiclusions, which may guide the

development of adaptive educational systems thimt dual users.

There is a need for the provision of dual user rsotebuild and maintain a profile
on each user based on behaviour and navigatiorvidirg dual user models
allows for the personalisation of the learning eowinent to meet the needs of
both users.

There is a need to provide dual domain models dieroto provide domain support
for both users. The domain model is a represemtaifche material to be learnt.
Providing dual domain models allows for the pramisdf simultaneous support for
both users in different domains.

The need for an adaptive engine, which lies at ¢bhee of the dual user
architecture. The adaptive engine uses informafiom both user models to

inform its pedagogical strategy.

It is important to develop a presentation modeliciinas the ability to monitor the
interactions between the system and both userthedrdesign of such a model,
there are a number of important considerationsef@mple: will learning take

place in a shared space or will both users havaragpwork stations or is there a
need to provide shared control using one inputadethus increasing the need for

collaboration?

On implementation of a dual user architecture ther@ need to consider the
increased volume of data as a result of simultasigasupporting two users. The
use of a design pattern that provides a central toubontrol the interactions

between many objects may be advisable.

168



In summary, it can be concluded that it is possibldesign and develop a dual-user
architecture, which simultaneously supports duat aslaptivity.

8.2.2 Tutoring Strategies

Talent Education philosophy was chosen as the barsimodelling home tutoring best
practice for several reasons. It is a rich conctatt differs to other educational
philosophy in so far as it bridges the gap betwbeme and school. Furthermore, it
defines the importance of role of tutor during tieme tutoring process without whom
little can be achieved. However, there have beend#empts to encapsulate Suzuki’s
philosophy into a set of tutoring tactics, whicHide tutoring best practice. Such tactics
may provide a basis for the development of adapggtems that support the role of the
tutor during the home tutoring process. As a resfithe research undertaken as part of
this thesis several conclusions can be drawn, wimali provide a basis for future work

in this area.

It is possible through empirical studies to idgntf set of tutoring tactics, which
denote Talent Education philosophy. These compesgpert demonstration,
mastery learning, motivational game, positive r@ioément, repetition, review and

tutoring variation.

The aforementioned tutoring tactics can form theidaf tutoring rules, which
provides a set of best practice pedagogical siegetn turn, these tutoring rules
can form the basis of the adaptive engine, whidbwal for the provision of

personalised support.

Talent Education philosophy through the set of rintp rules provides a
mechanism for the provision of domain independatdring best practice. These
tutoring rules can be used by the tutor when togpiboth Suzuki Violin and

mathematics without the need for modification.

Developing a range of content, which representd datoring tactic, can be
challenging. However, the development of a variefycontent seems to be

important in order to spark interest and motivation

In summary, it can be concluded that Talent Edaoafihilosophy provides a rich

basis for the development of tutoring rules, whieffine home tutoring best practice.
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8.2.3 Basis for Adaptivity

Empirical studies were conducted with P.A.C.T. idey to investigate if self-efficacy
and affect are an appropriate basis for adaptinthéoneeds of the tutor and tutee. In

particular, empirical studies were conducted tesgtigate:

The effect of using adaptive strategies on parese#tefficacy, knowledge and

their perception of their role as home tutor.

The effect of adapting to the affective needs @& ¢hild throughout the home

tutoring process.
The following points summarise the main resulttheke studies:

Adapting the level of support based on self-efficdas a positive effect on

parents’ self-efficacy, knowledge and perceptiotheir role of home tutor.

These studies highlighted a dichotomy between palreelf-efficacy and desired
level of support. For example, despite parentsrigigidnigh levels of self-efficacy,
they also desired high levels of support in ordehelp them proceed through the
tutoring process. Bandura (1986) provides one ptassexplanation in his
suggestion that the most functional efficacy judgtegend to exceed what one can

actually accomplish.

In addition to providing personalised support, ¢heray be benefit in providing a
mechanism whereby individuals can request furtbppsrt due to the dichotomy

between parental self-efficacy and desired levalupiport.

Adapting to the affective state of the child hgsoaitive effect on the child. More
specifically parents provided qualitative feedbaakich suggests that children
were happier when carrying out learning activitissig P.A.C.T.

Results suggest that in eliciting affect a collaive-report strategy may be of
most benefit. The collaborative-report strategyoimes a discussion around the

affective state of the child from which a decisamerges.

When adapting the learning process based on theéschifective state, there may
be a risk of gaming. At worst, this may involve tttdld using the system rules
against itself for the child’'s own benefit. In padiar, this may involve a child

submitting an affective state that is not a trupresentation of how they were
feeling in an endeavour to finish practice as gwiels possible. To this end, there

is a need for intelligent design so that all patheugh the tutoring process
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promote learning. This may reduce the risk of ggriaving a limiting effect on
learning gain.

Additionally, P.A.C.T. may be of most benefit dugithe home tutoring process in

creating a positive learning environment and acéisgnediator.

In summary, P.A.C.T. can have a positive impact marents’ self-efficacy,
knowledge and their perception of heir role as houmer. Additionally, the provision of
affective support for the child can have a positfect on the home tutoring process.
Most interestingly, results indicate that parenithuigh levels of self-efficacy still desire
high-levels of support. Finally, the provision afagtive affective support provides the

possibility of children gaming the system.

8.3 Limitations of Work

Undoubtedly, this research has provided some istiageresearch findings. However,
it must be recognised that the significance of tbgearch may be limited in certain
respects. These limitations will now be discusseadring in mind the complexity
associated with developing an adaptive educati@ystem, which simultaneously
supports dual users.

A forward chaining algorithm was chosen as theaéithe adaptive engine. For
the task of identifying appropriate tutoring tastict works well. However, it may
be too complex a solution as the powerfulness oh @an algorithm is not fully

exploited within P.A.C.T.. A simpler algorithm magve sufficed.

This researched proposed a set of novel efficadgsrinformed by Bloom’s
Taxonomy (Bloom 1956). However, to assess the iwliof these rules further
research would need to determine how effective #reyin providing appropriate
support based on self-efficacy. This could be aadethrough the completion of

further empirical studies.

This research considered a set of four basic emsiio the provision of affective
support for the child. However, much research ssiggie need to consider other
emotions such as frustration and flow in educatiayumtexts (D’'Mello et al.,
2007). In addition, identifying the effect of P.ATC on the child’s learning might

provide some additional interesting insights.

Albeit that 277 resources were developed for P.A,Cthere is a need for the
development of further content. Particularly innterof the review content for

mathematics, children became disengaged when they pvesented with the same
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exercise too often. The development of further eshwould go some way in
avoiding this situation.

The duration of the experiment was short in scafasome participants may have
only used P.A.C.T. on three occasions. To obsdneeeffect of P.A.C.T. with
greater accuracy, it would be necessary to enceysagents to use P.A.C.T. more
often.

The range of participants in the studies was lichit@ne study was conducted with
parents who had elected to provide their child wetdtucational opportunities
outside the norm (i.e. music lessons). The othetystvas conducted with children
from designated disadvantaged schools. A samplsistorg of a broader range of
schools and participants would allow the resultbéayeneralised. In addition, the
sample population was small with only 31 dyadsipiadting in the experiments.

To generalise the results it is necessary to cdarelperiments with larger groups.

The questionnaire used for the purpose of dateda@®n during Study 2 was
ineffective as parents had difficulties in compigtthe feedback forms. The use of
different data collection instruments may have @ased the level of feedback

received.

8.4 Directions for Future Research

The work presented in this thesis represents opeoaph to developing adaptive
systems that simultaneously support dual userss Bbiction outlines a number of

directions for further research.

8.4.1 Dual-User Architecture

Currently P.A.C.T. supports the tutor (parent) aveloping domain independent
tutoring skills while simultaneously supporting thatee (child) in developing

knowledge in particular domains (e.g. Suzuki vi@immathematics). In addition to
supporting the parent in developing tutoring besicpice, a future version of
P.A.C.T. might also provide support for P.A.C.T.the tutee’s domain. For the
research studies described in this thesis the gimviof support in the tutee’'s
domain was unnecessary due to the level of the ibohk@owledge involved

(children aged 4-5 years). However, in future resesstudies it may further

enhance learning for both tutor and tutee.
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Currently, the content rules select particular enhto present to both parent and
child using a randomised selection process. Howether tutoring process may
benefit from the use of different selection crigerfor example, P.A.C.T. may
ensure that users are not presented with the samient over a number of

sessions.

Open learner models may increase motivation anthdurengagement in the
learning process. Such models might involve présgng skillomoter that
represents parental self-efficacy for each of thering tactics or building a
picture, which indicates progress through eachebéshe tutoring process.

Applications like P.A.C.T. that support learning tlre natural environment may
benefit from ubiquitous technology such as mobi@mes. Deporting P.A.C.T.
over mobile technology may increase usage staigtie to the ever-present nature

of the technology in question.

8.4.2 Tutoring Strategies

Albeit that this research indicates how Talent Edionn philosophy may be of
benefit in multiple domains, in order to truly geslese the application of Talent
Education philosophy, there is a need to creatéeobrior multiple domains by

different content authors.

These studies suggest that Talent Education plplgsonay be of benefit when
tutoring young children (4-5 years). However, thisra need to investigate if this
philosophy can also be applied across different grgeips in various tutor-tutee
contexts.

It is quite demanding and time consuming to developtent using the principles
of Talent Education philosophy, particularly ifi#t necessary to develop multiple
representations of the same content. The formulatiotemplates or authoring
tools for creating content may be of benefit anganticular, if such tools enable

teachers or parents to become involved in devedppamtent.

8.4.3 Basis for Adaptivity

This research has attempted to increase parentiakffieacy using mastery
experiences, the most influential of the four searof self-efficacy (Bandura,
1986). To fully explore how adaptive educationattsyns might increase self-

efficacy it is necessary to investigate the eff#fcincorporating the other sources
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8.5

of self-efficacy namely, vicarious experiences batmpersuasion and physiological
states. Vicarious experiences might be incorporasiadg collaboration tools (e.g.

discussions boards, wikis or blogs) where pareats share experiences. Verbal
persuasion might be incorporated through messagessdive appraisal informed

by parents’ user models. Finally, positive physjidal states may be promoted
through the inclusion of affective support for pase

Empirical studies carried out for the purpose @ tesearch have highlighted the
dichotomy between parental self-efficacy and ddslesels of support. There is a
need for future research to investigate the usmafe subtle instruments in the

collection of self-efficacy values.

The inclusion of a collaborative script to faciléacollaboration in elicitation of the
child’s affective state may have a positive effeatthe tutoring process as results
from this research suggest that the most effectivategy in eliciting affect is a

collaborative-report strategy.

Further empirical studies may involve investigatthg effect of P.A.C.T. on user
knowledge. This was outside the scope of this rekeddowever, such a study
investigating the effect of P.A.C.T. on both paseahd children’s learning gain

might provide some interesting insights.

Conclusion

In summary, the main contributions of this reseaneh

The design and development of an architecture, twhsapports dual-user

adaptivity in the domain of home tutoring.

The articulation and development of a set of nautring rules based on Talent
Education philosophy, which define tutoring bestqtice.

Empirical evidence that indicates the effectiversfsadaptive strategies based on
self-efficacy in supporting the parent as tutor amchtegies based on affect in

supporting the child as tutee.

This research presents interesting insights int hroader question of how adaptive

technology can be exploited to simultaneously sup@aal users. It seems that providing

a rich basis for adaptivity is a challenging taskl a is not always clear how best to

support both users.
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The results of this study may be significant fose@chers and practitioners. For
researchers, it demonstrates that it is possibliet@lop dual-user adaptive educational
systems that simultaneously support two users diifierent needs. For practitioners, it
demonstrates that Talent Education philosophy neagdplied in mainstream education.
In particular, this research demonstrates someeaei of generalisability in so far as it
illustrates how tutoring tactics informed by Tal&ducation can be applied in different
domains, namely mathematics and Suzuki violin. Addally it demonstrates to both
researchers and practitioners how taking into asicauutor’s perceived self-efficacy and

tutee’s affective state may have a positive efbectearning.
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Appendix A

Letters of Interest

Letter to Suzuki Violin Parents

Dear Suzuki Parent,

We know that parental involvement boosts academic success and student
achievement. However, we also know that sometimes practice times at home can
be challenging! To help you with your practice time at home, there is now the

opportunity to get involved in the Parent and Child Tutor Programme.

The Parent and Child Tutor (P.A.C.T.), is a computer application that provides
personalised support, for you the parent, during Violin practice with your child at
home. P.A.C.T. takes us step by step through home practice and provides
suggested activities, games and lots of interesting ideas. It also reminds us of the
key concepts of Suzuki's philosophy.

This programme is aimed at Book 1 Suzuki parents and children. In order to
get involved, all that is required of you is a computer with internet connection
(preferably Broadband) and a commitment to use P.A.C.T. for 8-12 weeks.

Computer skills are not required, as we will show you what to do.

So if you would like to get involved in this free trial of P.A.C.T. Please contact
us at [phone number] or [email].

We look forward to hearing from you.

Kind Regards,

Orla Lahart
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Letter to Junior Infants Teachers

Dear Junior Infant Teacher,

We recognise the importance of parental involvement in children’s homework
and we know that this involvement can impact positively on a child’s academic
success. We also know that for numerous reasons parents do not get involved in
homework activities. For this reason, we have developed the Parent and Child
Tutor (P.A.C.T.).

P.A.C.T. is a computer application that provides personalised support for
parents during Maths homework. P.A.C.T. takes the parent step by step through
their child’s Maths homework and provides additional games as well as lots of

interesting ideas.

P.A.C.T. is aimed at Junior Infant children and their parents. If you think this
may be of benefit to the children in your class all we ask is that you give a copy of
the enclosed letter to the parents. Of course, P.A.C.T. was developed in
accordance with the Primary School Mathematics curriculum and has been

approved by experienced teachers.

If you have any questions or you would like a demonstration of P.A.C.T.
Please contact us at [phone number] or [email].

We look forward to hearing from you.

Kind Regards,

Orla Lahart
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Letter to Mathematics Parents

Dear Parent,

We know that parental involvement in homework activities boosts academic
success and student achievement. However, we also know that sometimes
homework can be challenging! There is now an opportunity for you to use the
Parent and Child Tutor (P.A.C.T.) which can assist you with your child’s

homework.

P.A.C.T. is a computer application that provides personalised support for you
and your child during Maths homework. P.A.C.T. takes you step by step through
your child’s Maths homework and provides suggested activities, games and lots
of interesting ideas.

This programme is aimed at Junior Infant children and their parents. In order
to get involved, all that is required of you is a computer with internet connection
(preferably Broadband) and a commitment to use P.A.C.T. for 4 weeks.

Computer skills are not required, as we will show you what to do.

So if you would like to get involved in this free trial of P.A.C.T. Please contact

us at [phone number] or [email].

We look forward to hearing from you.

Kind Regards,

Orla Lahart
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Induction Pack

Induction Pack Letter
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User Manual
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Category Examples
Sad Unmotivated Gloomy Miserable Depressed
Cheerless Tired Downbeat Disheartened
Angry Annoyed Irritated Agitated Mad
Fuming Exasperated Upset Bothered
Fearful Worried Anxious Timid Afraid
Scared Apprehensive Terrified Frightened
Happy Content Pleased Cheerful In High
Spirits
Blissful Joyful Glad Contented
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Induction CD
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Appendix B

Questionnaires

Pre-Questionnaire Suzuki Violin
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Pre-Questionnaire Mathematics
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Short Questionnaire Mathematics
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Post-Questionnaire Suzuki Violin

FP.ACT

&1

?

F$* +

r$

I

"$

195




I $* +

"$

>

F$* +

rs

P $* +

"$

' $* +

"$

& B

196




&B O O

( &
|$*+ < =
s
# ( & ((
# ( & ((
&

)+ ¥ 8

197




Post-Questionnaire Mathematics
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Appendix C
P.A.C.T. Implementation

Presentation Model

The presentation model consists of Java ServersP@@P) informed by Cascading
Style Sheet (CSS) technology. Parameters are pasdenin the pedagogical model in
order to determine the particular content to digpldhe following is an extract from the
JSP, which generates the page for eliciting thiel'shaffective state. An extract from the
CSS is also presented.

Cascading Style Sheet

body.normal{
background-image:url(‘bgl.qgif);
background-repeat:no-repeat;
background-position:center;

}

body.pagel{
background-image:url(‘bgplain.gif’);
background-repeat:no-repeat;
background-position:center;

}

img.logo{

position:relative;

TOP:80px;

LEFT:45px;

}

p.login{

font-family: "comic sans ms";
color="#0066CC";

text-align: center;

}
h1.login{
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font-family: "comic sans ms";
color="#bce937";

}

h2.dependent{

font-family: "comic sans ms";
color="#0066CC";

}

img.dependentObj1{
position:absolute;

TOP: 400px;

LEFT:70px;

}

object.dependentObj1{
position:absolute;

TOP: 400px;

LEFT:70px;

}

Java Server Page

<HTML
<HEAD>
<link rel="stylesheet" type="text/css" href='<%=filameStyle%>'/>
<title>Parent And Child Tutor
<[title>
</HEAD>
<body class = "normal” ONLOAD="startTimer()" >
<script language="javascript">
var centiseconds = 0;
var secs = 0;

function startTimer() {
/1 1000 milliseconds = 1 second
window.setlnterval( "updateTime()", 100 );

}

function updateTime() {
centiseconds++;
secs = centiseconds/10;
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function buildURL(linkParms){

var newURL;

var baseURL;

baseURL = "/servlet/MusicDispatcher";

var pageParms;
pageParms ="&" + "secs=" + secs;

newURL = baseURL + "?" + linkParms + pageParms
location.href = newURL;
}
Il -->
</script>

<input type="hidden" name="pageld" value="questifsps>

<Table width="100%" height= "95%" border="0" backgnd="bg1l.gif">
<tr height="5%"><td width="5%">&nbsp</td><td colspa'2">&nbsp</td>
<td width="5%">&nbsp</td></tr>
<tr height="30%"><td width="5%">&nbsp</td>
<td width="15%"><img src='<%=filenamelLogo%>"></td>
<td>

<hl class = "question">

The

<% String phase = (String)session.getAttributeé§e");

if(phase != null)

{
if(phase.equals("new_material"))
{
out.print("new material");
}
else
{
out.print(phase);
}
}

%>phase </h1>
</td> <td width="5%">&nbsp</td>
</tr>
<tr height="30%"><td width="5%">&nbsp</td><td colap="2">
<h2 class="question">
<% String emotion = (String)session.getAttribugaibtion™);
if(emotion == null)
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{%>
How is <%= session.getAttribute( "childsNamé&b¥ feeling now?
<%}
else
{%>
<%= session.getAttribute( "childsName" ) %> was <%=

session.getAttribute( "emotion" ) %>. How is <%ssien.getAttribute(
"childsName" ) %> feeling now?

<%}%>

</h2>
</td><td width="5%">&nbsp</td></tr>
<tr ="35%"><td width="5%">&nbsp</td><td colspan="2"
<Table width = 80% align="center">
<tr>
<td><a return true;
href="javascript:buildURL('pageld=questions.jsp&eina=happy";">
<img src = '<%-=filenamelmage + "happy.gif'%>" bare®" alt="happy"></a></td>
<td><a return true; href="javascript:buildURL('mdd=questions.jsp&emotion=sad’);">
<img src = '<%-=filenamelmage + "sad.qgif"%>" bord&r=alt="sad"></a></td>
<td><a return true;
href="javascript:buildURL('pageld=questions.jsp&edioa=angry');">
<img src = '<%=filenamelmage + "angry.gif'%>" bord®" alt="angry"></a></td>
<td><a return true;
href="javascript:buildURL('pageld=questions.jsp&eina=fearful’);">
<img src = '<%=filenamelmage + "fearful.gif"%>" loer="0" alt="fearful"></a></td>
</tr>
</Table>

</td><td width="5%">&nbsp</td></tr>

</Table>

</BODY>

</HTML>
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Pedagogical Model

The pedagogical model is implemented using Javeetsrrunning on an Apache
Tomcat Web server. The servlets pass parametetbetaJSP in order to presents
appropriate data to the user. The following sanfigm the Dispatcher servlet illustrates
how coming from the login page the servlet intezfawith the user model to retrieve the
user’s profile and identify the next page

public void processRequest(HttpServlietRequestasiguHttpServietResponse response)
throws ServletException, IOException

{
/I geting current page
String pageld = request.getParameter("pageld");
/IThe user may be coming from Suzuki violin logr mathematics login
if(pageld == null){
pageld = "login.jsp";
}
if(pageld.equals("mathsLogin.jsp™)){
pageld = "login.jsp";
}
session.setAttribute("pageld”, pageld);
UserHelper userHelper = new UserHelper();
if(pageld.equals("login.jsp™){
String username = (String)request.getParameteeftiame"” );
String password = (String)request.getParamepargsword" );
session.setAttribute("username”, username);
session.setAttribute("password”, password);
Quser aUser = new Quser();
aUser = userHelper.getUserByUsernamePassword(ame, password
);

if(@User = null){
String childsNme = aUser.getChildsNme();
String parentsNme = aUser.getParentsNme();
int mode = aUser.getMode();
int preQ = aUser.getPreQ();
int postQ = aUser.getPostQ();
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session.setAttribute( "childsName", childsNme );
session.setAttribute( "parentsName", parentsiNme
session.setAttribute( "mode”, mode );
session.setAttribute( "preQ", preQ);
session.setAttribute( "postQ"”, postQ);
session.setAttribute( "BACK_TO_LOGIN", "false");
BACK_TO_LOGIN = false;

}

else{
BACK_TO_LOGIN = true;
session.setAttribute( "childsName", "default" );
session.setAttribute( "parentsName”, "defaylt" )
session.setAttribute( "preQ”, "10");
session.setAttribute( "postQ”, "10");
session.setAttribute( "BACK_TO_LOGIN", "true™);

}

}
int preQ = Integer.parselnt(session.getAttribipe(Q").toString());

int postQ = Integer.parselnt(session.getAttribie$tQ").toString());
if(pageld.equals("login.jsp™){
if(BACK_TO_LOGIN == true)
nextPage = "/mathsLogin.jsp";

else
if(preQ == 0)

nextPage = "/preQuestionnaire.jsp";
else
if(postQ == 0)

nextPage = "/postQuestionnaire.jsp";
else

nextPage = "/questions.jsp";
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Adaptive Engine

The adaptive engine as part pf the pedagogical hsddso implemented using Java

servlets. The pedagogical model interfaces withatlegptive engine to determine the next

step in the tutoring process. The following samipten the RuleEngine servlet is an

example of the tutoring rules used to identify #ppropriate tutoring tactic to suggest

during the beginning phase of the tutoring process.

public void initPACTRuleBase(BooleanRuleBase rb)

{

RuleVariable state = new RuleVariable{dbate");
RuleVariable action = new RuleVariable(raction™);
RuleVariable cur_phase = new RuleVariabléfectr_phase");

//Beginning

RuleVariable prBeginning = new RuleVariabbe('prBeginning™);
RuleVariable mgBeginning = new RuleVarialite(mgBeginning™);
RuleVariable mIiBeginning = new RuleVariabke('mIBeginning™);
RuleVariable rvBeginning = new RuleVariabke('rvBeginning");

Condition cEquals = new Condition("=");
Condition cNotEquals = new Condition("!=")
Condition cLessThan = new Condition("<");

/*****

* Rule Definitions

* Beginning Phase
*

*****/

[IAngry
Rule BgnPtce_A_ PR = new Rule(rb, "BgnPtce_A_PRW ausel|{
new Clause(state, cEquals, "angry"),
new Clause(prBeginning, cEquals, "fglse"

new Clause(cur_phase, cEquals, "beginyjing”
new Clause(action, cEquals, "Positive

Reinforcement"));

Rule BgnPtce_A_MG = new Rule(rb, "BgnPtce_ A MG&wnClause[|{
new Clause(state, cequals, "angry"),
new Clause(cur_phase, cEqualgitineng"),
new Clause(prBeginning, cEqudisie"),
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new Clause(mgBeginning, cEqudksé™)},

new Clause(action, cEquals, "Motivationa
Game"));

Rule BgnPtce_A_Finish = new Rule(rb, "BgnPtce_A sty new Clause[]{
new Clause(state, cequals, "angry"),
new Clause(cur_phase, cEquals, "begiinin
new Clause(prBeginning, cEquals, "true")
new Clause(mgBeginning, cEquals, "trhe")
new Clause(action, cEquals, "Finish"));

[[Fearful

Rule BgnPtce_F PR = new Rule(rb, "BgnPtce_F_P&W, Glause[|{
new Clause(state, cequals, "fearful"),
new Clause(prBeginning, cEquals, "false"
new Clause(cur_phase, cEquals, "begiijlin

new Clause(action, cEquals, "Positive
Reinforcement"));

Rule BgnPtce_F RV = new Rule(rb, "BgnPtce_F_ RVW @&dause[[{
new Clause(state, cEquals, "fearful"),
new Clause(cur_phase, cEqualgitinéng”),
new Clause(prBeginning, cEqudaisie™)},
new Clause(action, cEquals, "RevjE

[IHappy
Rule BgnPtce_H_ML = new Rule(rb, "BgnPtce_H_ML&wnClause[|{
new Clause(state, cEquals, "happy"),
new Clause(cur_phase, cEqualgitinéng™),
new Clause(mIBeginning, cEqudislse™)},
new Clause(action, cEquals, "Review"));

Rule BgnPtce_H_ PR = new Rule(rb, "BgnPtcePR", new Clause[|{
new Clause(state, cEquals, "happy"),
new Clause(cur_phase, cEqualgitinéng”),
new Clause(mIBeginning, cEqualsje™)},

new Clause(action, cEquals, "Paesit
Reinforcement™));

//Sad
Rule BgnPtce_S_MG = new Rule(rb, "BgnPtcéVlS", new Clause[[{
new Clause(state, cEquals, "sad"),
new Clause(cur_phase, cEquabgitining"),
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new Clause(mgBeginning, cEqudigse™)},
new Clause(action, cEquals, "Motivasibn
Game"));

Rule BgnPtce_S PR = new Rule(rb, "BgnPtce_S_PRV,CGlause[|{
new Clause(state, cEquals, "sad"),
new Clause(mgBeginning, cEquals, "true"),
new Clause(prBeginning, cEquals, "fdlse"
new Clause(cur_phase, cEqualgitinéng™)},

new Clause(action, cEquals, "Paesit
Reinforcement"));

Rule BgnPtce_S_Finish = new Rule(rb, "BgnPtce_8iskf, new Clause[|{
new Clause(state, cEquals, "sad"),
new Clause(mgBeginning, cEquals, "true")
new Clause(prBeginning, cEquals, "true")

new Clause(cur_phase, cEqualgitiéng™)},
new Clause(action, cEquals, "Fitis
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Appendix D

This appendix comprises two tables, which allow for a comparison of the
summative statistics of Group 1(full support) and Group 2 (adaptive support). The
first table provide the mean values for each group. The second table provides
results of an independent sample t-test. The following provides an explanation of

the terminology used in the tables

tvSEPre : tutoring variation tactic self-efficacy pre-test score

tvSEPost  : tutoring variation tactic self-efficacy post test score

tvSEDiff : tutoring variation tactic self-efficacy post test score — pre test score

tvSEGain . tutoring variation tactic self-efficacy (post test score — pre test
score) / pre test score

tvwWhenPre : knowledge of when to use the tutoring variation tactic pre test score
tvWhatPre : knowledge of what the tutoring variation tactic comprises pre test score

The abbreviations for each of the tutoring tactics are as follows expert
demonstration (ed), mastery learning (ml), motivational games (mg), positive
reinforcement (pr), repetition (rp), review (rv) and tutoring variations (tv).

Results did not show statistical significance, however, those results approaching

statistical significance are highlight in both tables.

Table 1 Group Statistics (Mean Values)

Note: mode 1 represents Groups 2 (adaptive support) mode 2 represents Groupl
(full support).

Std. Error

mode N Mean Std. Deviation Mean
tvSEPre 1.00 5 2.6000 2.60768 1.16619
2.00 6 4.1667 2.13698 87242
tvSEPost 1.00 5 4.0000 2.73861 1.22474
2.00 6 5.1667 1.72240 70317
tvSEDiff 1.00 5 1.4000 4.61519 2.06398
2.00 6 1.0000 2.52982 1.03280
tvSEGain 1.00 5 2.0286 2.79102 1.24818
2.00 6 1.0139 2.44973 1.00010
edWhatPre 1.00 5 3.2000 3.03315 1.35647
2.00 6 5.5000 2.25832 .92195
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edWhatPost

edWhenPre

edWhenPost

edSEPre

edSePost

mlIWhatPre

mlWhatPost

mlIWhenPre

mlIWhenPost

mISEPre

mISEPost

mgWhatPre

mgWhatPost

mgWhenPre

mgWhenPost

mgSEPre

mgSEPost

prWhatPre

prWhatPost

prWhenPre

prWhenPost

prSEPre

prSEPost

rpWhatPre

rpWhatPost

1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
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6.4000
5.0000
3.4000
4.0000
5.8000
5.0000
3.6000
4.0000
6.0000
4.6667
3.0000
5.0000
5.8000
6.3333
3.0000
4.1667
5.8000
6.1667
3.0000
4.0000
5.8000
5.1667
5.4000
5.6667
6.6000
6.6667
4.6000
4.5000
6.6000
6.3333
4.4000
4.1667
7.0000
6.0000
5.4000
6.6667
6.8000
6.6667
4.8000
6.3333
7.0000
6.5000
4.8000
6.3333
7.0000
6.5000
5.6000
6.5000
7.0000
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54772
2.28035
3.28634
1.67332
1.09545
2.28035
2.79285
1.67332
1.22474
2.16025
2.82843
2.19089

.83666

.81650
2.82843
1.72240

.83666
1.16905
2.82843
1.67332

.83666
1.32916
2.50998
2.33809

.89443

.81650
2.19089
2.25832

.89443
1.21106
2.07364
1.94079

.00000
1.54919
2.50998

.51640

44721

.81650
2.28035
1.21106

.00000
1.22474
2.28035
1.21106

.00000
1.22474
2.60768

54772

.00000

24495
.93095
1.46969
.68313
.48990
.93095
1.24900
.68313
54772
.88192
1.26491
.89443
37417
.33333
1.26491
.70317
37417
47726
1.26491
.68313
37417
54263
1.12250
.95452
.40000
.33333
.97980
92195
.40000
49441
.92736
79232
.00000
.63246
1.12250
.21082
.20000
.33333
1.01980
49441
.00000
.50000
1.01980
49441
.00000
.50000
1.16619
.22361
.00000




rpWhenPre

rpWhenPost

rpSEPre

rpSEPost

rvWhatPre

rvWhatPost

rvWhenPre

rvWhenPost

rvSEPre

rvSEPost

tvWhatPre

tvWhatPost

tvWhenPre

tvWhenPost

edWhatDiff

edWhatGain

edWhenDiff

edWhenGain

edSEDiff

edSEGain

mIWhatDiff

miWhatGain

mIWhenDiff

miWhenGain

2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
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6.8333
5.0000
6.0000
7.0000
6.1667
4.8000
5.5000
7.0000
6.1667
4.6000
6.3333
7.0000
6.8333
4.6000
5.8333
7.0000
6.3333
4.4000
5.8333
7.0000
5.8333
2.6000
5.5000
4.0000
5.3333
2.6000
4.3333
4.0000
5.1667
3.2000
-.5000
3.2048
778
2.4000
1.0000
25714
.9861
2.4000
.6667
1.8667
.9500
2.8000
1.3333
2.6400
1.1012
2.8000
2.0000
2.6400
1.2194
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40825
2.54951
1.26491

.00000

.98319
2.38747
1.37840

.00000

.98319
2.88097

.81650

.00000

40825
2.88097
1.47196

.00000
1.03280
2.70185
1.47196

.00000
1.32916
2.60768
2.25832
2.73861
1.50555
2.60768
2.16025
2.73861
1.72240
3.03315
3.93700
2.94515
2.58039
2.79285
2.96648
2.54751
2.49021
2.30217
3.26599
2.14217
2.50898
2.16795
2.73252
2.35542
2.42333
2.16795
2.19089
2.35542
2.35576

.16667
1.14018
.51640
.00000
40139
1.06771
56273
.00000
40139
1.28841
.33333
.00000
.16667
1.28841
.60093
.00000
42164
1.20830
.60093
.00000
.54263
1.16619
.92195
1.22474
.61464
1.16619
.88192
1.22474
.70317
1.35647
1.60728
131711
1.05344
1.24900
1.21106
1.13928
1.01662
1.02956
1.33333
.95801
1.02429
.96954
1.11555
1.05338
.98932
.96954
.89443
1.05338
96173




mISEDiff

mISEGain

mgWhatDiff

mgWhatGain

mgW henDiff

mgWhenGain

mgSEDiff

mgSEGain

prWhatDiff

prWhatGain

prWhenDiff

prWhenGain

prSEDIff

prSEGain

rpWhatDiff

rpWhatGain

rpWhenDiff

rpWhenGain

rpSEDiIff

rpSEGain

rvWhatDiff

rvWhatGain

rvWhenDiff

rvWhenGain

rvSEDiff

1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
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2.8000
1.1667
2.6400
1.0500
1.2000
1.0000
1.2095
1.0000
2.0000
1.8333
1.3500
1.2222
2.6000
1.8333
1.4967
1.1778
1.4000
.0000
1.0667
.0000
2.2000
1667
1.3933
.0278
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1.3933
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1444
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.5000
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2.16795
2.56255
2.35542
2.43619
2.94958
2.52982
2.68433
2.45176
2.23607
2.31661
2.59968
2.37034
2.07364
2.13698
2.52873
2.36659
2.07364
.63246
2.20038
.10541
2.28035
40825
2.58074
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2.28035
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2.58074
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.81650
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12844
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2.59915
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2.88097
.83666
2.61034
.16387
2.88097
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2.61034
.12546
2.70185

.96954
1.04616
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.99457
1.31909
1.03280
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1.00000

.94575
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1.01980
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.02778
1.01980

.16667
1.15414

.02778
1.16619

.33333
1.19210

.05244
1.14018

.30732
1.16237

.05721
1.06771

.21082
1.15289

.04747
1.28841

.34157
1.16738

.06690
1.28841

.22361
1.16738

.05122
1.20830




2.00 6 0000 | 154919 | 63246
rVSEGain 1.00 5 1.7667 258360  1.15542
2.00 6 .0397 25574 .10440
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