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Abstract: Emerging e-learning systems cover a wide rangappfication fields satisfying
user expectations such as rapid information acmefisxibility in time and location. Still a
challenge is to automatically respond to individlerner's perceptionsThis paper
presents a glimpse on concepts, evolution and ipahdmplementation of the Artificial
Mentor, a highly flexible, adaptive software compoh The Atrtificial Mentor selects and
triggers micro adaptations within a learning enmim@nt, intended to enhance the learning
process. It was initially developed in the settofga 3D virtual learning environment to
address modern learner’s individual learning needs.
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Introduction

E-learning systems are broadly used as tools #badice and blended education. Despite the
substantial benefits of online learning, usersroftemplain about problems like missing
motivation or a lack of instructional guidance [18his paper describes the theoretical
background and technical attempts of a framewotknished to improve a learner’'s
psycho-pedagogical state. A first prototype of sloecalledArtificial Mentor (AM) was
implemented for a Digital Educational Game (DEG}he course of a learning platform
called TARGET. This platform is based on a 3D \aftenvironment, in which a user is
represented by an avatar, interacting with so dallen-playable characters (NPCs), with
their own beliefs, desires and interests [5]. Tlwual environment consists of story
dependent indoor and outdoor locations where thieés has to communicate or negotiate
with NPCs and to gather pieces of information idesrto master the scenario.

A virtual learning environment (VLE) that adapts tfee learner's current state is
expected to increase the probability of learneiadgenotivated to engage with it. The
prerequisite for providing appropriate adaptatiss valid assessment of the learner’'s
current state. An explicit assessment by meanshbd questionnaire appearing in regular
time intervals would most likely destroy the learseflow experience [7]. Thus, it is
necessary to assess these constructs by applypligitrand noninvasive techniques.

The implicit assessment technique described ingagger is based on the interpretation
of the learner's actions and behavior while he loe & engaged with the virtual
environment. This technique aims to extendntiw oadaptivity approach established in the
European research project ELEKTRA (http://www.elaktroject.org/). In ELEKTRA, the
assessment of the learner's competence state éas<betinuously updated based on the
interpretation of the learner’s actions and behal/patterns within game scenarios. When
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necessary, the scenario is adapted through thécagph of microadaptive interventions
[10]. For example, an NPC provides a hint to therrder on how to solve a particular
problem within the scenario.

In this attempt, the microadaptivity approach iteeded by taking also motivational and
emotional constructs into account in addition tolp@m-solving related processes. These
motivational, emotional and problem-solving relatpdocesses and constructs are
considered as important parts of a holistic viewtloa individual's learning process. A
conceptual overview of the extended microadaptigpproach is shown in Figure 1. It
consists of the noninvasive assessment of considenestructs, the interpretation of raw
values in terms of sufficient and insufficient vasuand interventions selected based on
didactical rules.
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Motivation Motivation
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Figure 1: Conceptual Overview of the extended Microadaptivity Approach

The component diagram in Figure 2 outlines thetmwsdf the AM in a system context.
It represents the technical interpretation of tbeceptual ideas illustrated in Figure 1. To
ensure platform independence, the AM prototypelsesn developed in JAVA. Although
the AM was designed as a highly adaptable and lplerteomponent, access to certain
information and necessary services need to begedwy the Learning Environment (LE).
Collected raw data is forwarded to a Performancalyaer (PA) component for further
processing, necessary to draw conclusions abolgdneer's psycho-pedagogical state. As
a decision basis, the AM requests this informagienodically from the PA. After applying
a set of rules, context information is fetched iy AM that triggers a fitting service in the
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Figure 2: The Artificial Mentor illustrated as a System Component

The learner assessment embodies a substantiafghe system. Thus, all components
contribute to it to some extent. Logic regarding ihterventions is split between the
Learning Environment (LE) that actually implemetite process and the AM that decides
based on various factors (e.g. context informaleerner assessment, didactical rules, etc.)
about the most fitting intervention to be introddc®/ithin the next chapters the identified
concepts are explained in greater detail with gatheoretical background and technical
implementation.
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1. Assessment

Two selected constructs which are (complementezbhypetence and clearness) part of the
extended microadaptivity approach are further priegein this chapter.

Motivation: Achievement motivation [1][13] can be defined && tmotivation to
develop competences (approach motivation) and tbgvation to avoid incompetence
(avoidance motivation) [8]. Our model is basedlma quadripolar achievement motivation
model [6] which considers approach and avoidancivatmn as independent factors.

Emotion: Our emotional model is based on the circumplexe@hoflemotion suggested
by [11]. The circumplex model consists of the twamtinuous dimensions pleasantness
(valence) and activation. The effect of emotion learning and memory processes is
complex and further described in [3]. However, wigspect to activation, a medium level
of activation leads to a superior learning pro¢&5$

The constructsotivation andemotion are assessed by continuously retrieved behavioral
indicators, which represent a learner’s interaciaith the virtual learning environment.
Up to now, an extensive set of behavioral indicatas been conceived, whereof some can
be found in [12]. In this paper the focus is oreavrapproach towards the identification of
behavioral indicators that is inspired by the tlyemirinformation Foraging [14].

Information Foraging: The theory of Information Foraging [14] describ&stegies to
gather and consume information, for instance duaiggame-play. Human search behavior
Is supposed to be adaptive to gain information festernal sources that are termed patches,
for example on-line documents or NPCs in a vire)avironment. An ideal information
forager maximizes the rate of gaining valuable nmfation through a balanced ratio of
explorative and exploitative search behavior: Touite knowledge efficiently, available
time has to be divided into the search for new cmre.g. NPCs) as well as into the
elaborate processing of them (e.g. by conductingfanmative conversation with an NPC).
While the time spent on exploration is calBetween-Patch processing and is represented
by the variableTg, the time spent on exploitation is term@dthin-Patch processing,
represented byy. We assume that indicators reflecting this all@rabdf time amondls
and Ty allow for inferences about motivational and coigeitstates of a learner during
game-play. Learners who balance well between eafor and exploitation are assumed to
be aware of a current problem state and motivatesiive the problem.

Besideslg andTy, additional variables that are taken from [14]d&v be computed to
obtain two behavioral indicators, namely InformatiGain G) and Rate of Information
Gain R). G stands for the total amount of information gaiaed is given by equation (1),

G=41-Ty-g (1),

wherel is the prevalence, the average rate of communitatvith NPCs, and is the
average gain of information during a conversatidth\wn NPCA is simply given by
equation (2),

A=1/t, (2),

wherety, represents the average time in seconds spenaorhggy for NPCs in the course of
a predefined time-slice. The higher the valug,ahe lower ist, reflecting low motivation.
Finally, g is — in our case — the number of relevant projmosst extracted during the
conversation. To simplify the assessment procdms,number of propositions may be
equated with the number of relevant content wosgglly an NPC. Relevant content words
are terms referring to topics of an informative wensation.

Finally, R, the rate of valuable information gained per tigtiee can be obtained. It is
given by

R=G/(Tg +Tw) 3).
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The more information is extracted during convewsaiand the less time is needed for
this information gain, the higher the valueRof

All indicators are continuously measured duringdhme-play. After each time slice, the
raw values for all behavioral indicatarare standardized by meanszdfansformation for
the sake of comparability. Afterwards the standaedivaluesz are inserted into the
following logistic function

p(z) = (4),

l+e”
where p(z) represents the value of the indicatorThe logistic function is positively
accelerated and differentiates primarily in a rabpggveen -3 and +3. Finally, the valy¥g)
are combined with a linear regression equation whesults in an aggregated vapfe) for
each construct.

2. Interventions

Interventions, in this context are sensitive attemio positively influence a learner’s
psycho-pedagogical state and therefore enhancée#ineer’s learning experience. This
chapter provides a glimpse on firstly the theoedtideas and secondly this approach’s
highly adaptable integration and development agchitre.

To explain the theoretical background, we elabomieone example, which is the
introduction of field records. Field records areumsds naturally occurring in our
environment, for instance the chirping of birdsdmdr or the clicking of a keyboard indoor,
of which we do not become aware most of the timewéler, psychological research
suggests that external stimuli do not have to begesed consciously in order to influence
behaviour. To the contrary, unconscious, i.e. aatanprocesses can activate our implicit
motive system [2], which is in turn related to affee reactions. Thus, we make use of
field-records to create a nonintrusive, acoustimasphere affecting the learner’s
motivational and emotional state. To this end, weeided to apply the psychological
database IADS [4], consisting of sound-tracks #ratclassified by the two dimensions of
activation and valence. This classification enatilesselection and provision of sounds that
both affectively stimulate the learner and are coegt with the current emotional state.
The provision of sounds that are in accordance tiéhlearner's emotional state should
avoid unpleasant feelings of dissonance [9]. Ireaafslow values on the activation and
valence dimensions, the learner should not be cotéd with sounds characterized by high
activation and very positive valence. In orderrtiprove the state in a gently way, sounds
should be selected that are moderate with respdmbdth dimensions. However, a learner
with intermediate or even high valence- and adtwvavalues may be stimulated by
activating and happy sounds.

Interventions in their structure and logical imp&tation have a natural dependency on
the virtual learning environment as different kirafsenvironments are expected to offer
different possibilities of interaction (e.g. com@a8D virtual worlds with 2D learning
platforms). Therefore, interventions in their immplentation and integration in the AM need
to be easily exchangeable. In order to addressntlai®r requirement in the prototype,
concrete interventions derive from a superclassrention, that possesses an abstract
methodtrigger. This method is called to execute the intervenaod therefore needs to
introduce the respective logic. After a new intem@n class was created correctly it only
has to be registered in the class “InterventionMana dedicated to a type of intervention
classification (e.g. Emotionalintervention). Wheeewan Intervention of such a specific
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kind is required, the InterventionManager can déedao return objects of the registered
classes. In this sense, a pluggable structurdegriate Interventions is provided.

3. Discussion

This paper describes background and genesis ofitaldiearning support tool. The
Artificial Mentor monitors and interprets a learisepsycho-pedagogical state in a
noninvasive way. This assessment is grounded onctminuous observation and
interpretation of behavioral indicators, providimyidence for a learner’'s cognitive,
emotional and motivational state. In order to easam efficient and sustainable learning
process, interventions are introduced based orefined didactical rules. Future work will
be carried out in respect of validation of behaafiamdicators and evaluation of intervention
efficiency. Taken the results of this researchlagsas, the goal is to provide an extensive set
of atomic indicators as building blocks for moremgex behavioral indicators to offer an
easily adjustable approach applicable in variall&s/
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