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Abstract
The development of intelligent tutoring systems and learning environments has
become an important issue in both computer science and education. This paper presents
pedagogical software for a secondary school biology course. The proposed system integrates
the concepts of Brain Based Learning (BBL) and intelligent tutoring system to adapt the
learning interface according to the student thinking style. The system is formalized as {inite
automata with some aftributes that allow leamer interaction (image, video, text, color, sound
and contents) and some user's brain characteristics (right, left, and integrated thinking style).
For the same contents and strategy the information of the learner thinking style
enables the system to adapt a specific learning environment. The initial student
model is formed through personal data and thinking style. The thinking style is
obtained by a diagnostic activity, based on brain assessment test offered to the students. The
system enables an adaptation in the output learning environment where the resulting user
interface is highly personalized and dynamical.
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V- Introduction

The problem of detecting how
students learn and acquire knowledge has
gained great interest, where students learn
tn many different ways. In addition, the
problem of how much a given student
learns, depends on his characteristics.
Many researches show that the best
learning may occur when the teaching

styles match with the student's learning
styles {1].

Individuals favor wverbal or visual
strategies when they are processing
different kinds of information. The left and
right thinking styles are distincted by
analytic~-holistic, sequential-intuitive and
verbaliser-visualiser consequently [Y].

The influences of computer-
supported learning are proved. Visualisers
benefit more than verbalisers from multi
media [T].

Learning styles methods suggest that
suttable technological tools can be used to
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alternatives are used for integrated
thinking style learner.

Due to this important role of the thinking
style in learning, the rescarchers of the
computer in education field have studied
techniques of artificial intelligence in
order to turn the educational systems more
customized also, for the affective states of
the student.

The ultimate goal of any Intelligent
Tutoring System (ITS) is to make the
learning process most cflective in the
corresponding domain. Carelul selection
of the contents, kinds and structure of
knowledge and information are the
extreme importatice in achieving that goal.
This paper describes a pedagogical
software that integrates concepts of ITS
and BBL to learn a unit in secondary
school biology course. The paper is
organized as following: in Section Y, brain
based learning and thinking styles are
introduced. Section Y contains the ITS'
features, the adaptive interface and the
automata formalization of ITS. An
illustrative example of ITS is introduced in
section £.

Y- Brain Based learning

Brain based learning is the
informed process of using a group of
practical strategies that are driven by
sound principles derived from brain
research [£].
it is a comprehensive approach to
instruction based on how current research
in neuroscience suggests our brain learns
naturally. This theory is based on what we
currently know about the actual structure
and function of the human brain at varying
stages of development. This type of
education provides a biologically driven
framework for teaching and learning in
addition to, it helps explain recurring
learning behaviors. BBL is a meta-concept
that includes eclectic mix of techniques.

Currently, these techniques stress allowing
teachers 1o connect learning with student’s
real life expericncees.

The core principles of brain-based learning
slatc that {°]:

V. The brain is a parallel processor,
mea;ing it can perform several aclivities at
once.

Y. Learning engages the whole physiology
of human.

. The search for meaning is innate.

t, The secarch for meaning comes through
paticrning.

. Cmotions are critical to patteming,

1. The brain processes wholes and parts
simultaneously.

Y. Learning involves both focused
attention and peripheral receplion.

A. Leamming involves both conscious and
UNCONSCious processes.

1. We have two types of memory: spatial
and rote.

1. We understand best when facts are
embedded in natural, spatial memory.

V3, Learning is enhanced by challenge and
inhibited by threat.

VY, Each brain is unique.

The three instructionat techniques
associated with brain-based lcaming are:

V. Orchestrated  immersion--Creating
learning environments that fully immerse
students in an educational experience.

Y. Relaxed alertness--Trying to eliminate
fear in leamers, whilc maintaining a highly
challenging environment.

. Active processing—Allowing the learner
lo consolidate and internalize information
by actively processing it.

The educational tool's designers must be
artistic in their creation of brain-friendly
environments. Instructors need to realize
that the best way to learn is not through
lecture but by participation in realistic
environments that let learners try new
things safely.
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Jensen [1] states several concepts as
essentials of brain-based learning such as
multi-model input engage as many
modalities as possible by providing
learners  with  options and choices.
Ensuring learning activities offer auditory
and visual components.
Instructional design must include learning
principles and conditions that meet the
learner’'s needs. Key elements of
instructional models include: leamer
consideration, learning task, learning
content, content organization, instructional
strategies, media, learmning environment,
assessment of instruction, materials for
delivery and evaluation/feedback. In brain
based learning environments materials and
tnstruction must be learner-centered and
delivered in a manner that is funm,
meaningful and personally enriching [¥].
Studying of brain cells is needed for
understanding brain based leaming. The
brain consists of many cells such as the
neuron which is basic to leaming. The
learning takes place when two neurons
communicate and when the neuron gathers
tnformation, it grows appendages called
dendrites.
Y-\~ The Brain

Human Brain Weighing about of
V.Y kg and containing 1+ + billion neurons.
It is a marvel of evolution. Complex
interactions between neurons produce
psychological processes, including
leaming, memory, emotion, thinking and
perception.
Many motor and sensory functions have
been “mapped” to specific areas of the
cerebral cortex. In general, these areas
exist in both hemispheres of the cerebrum,
each serving the opposite side of the body.
Less well defined are the areas of
association, located mainly in the frontal
cortex, operative in functions of thought
and emotion and responsible for linking
input from different senses. The areas of

language are an  exception:  both
Wernicke’s arca, concerned with the
comprehension of spoken language, and
Broca's area, gaverning the production of
speech, have been pinpointed on the
cortex. Figure ! represents these areas.
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Figure Y Functions of the Cerebral Cortex

Y-Y Thinking Styles

Although  the  cerebrum s
symmetrical in structure, with two lobes
emerging from the brain stem and
matching motor and sensory areas in each,
certain intellectual functions are restricted
to one hemisphere. A person’s dominant
hemisphere is wusually occupied with
language and logical operations, while the
other hemisphere controls emotion and
artistic and spatial skills. The left
hemisphere is better with sequencing,
language, parts and creating internal
dialogues (interpreting events). The right
brain processes spatial information, works
randomly and with wholes (the gestalt).
None of these attributes guarantee
creativity. There are very clear, anatomical
and functional differences between the lefi
and right half brain [A].
Thinking styles (lefi, right, and integrated)
concem people’s habits or tendencies to
approach cognittve tasks with a particular
attitude, activating a specific set of skills
and applying a special kind of strategy [4].
The [earning process is influenced by a
learner’s style of thinking. So, people who
are inclined to apply sequential and
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analytical strategiecs (left-thinkers) arc
thought to learn through a specific way,
whereas those who prefer holistic and
intuitive strategies (right-thinkers) tend
towards another way.

In fact, the left stylc is associated swith
logical-analytical thinking and implies
preference for sequential processing of
information, verbal expression and
systematic approach. The right style refers
to holistic thinking and implies preference
for visual code and parallel processing.
The integrated style is used 1o describe
people that show cqual amounts of both
characteristics [Y+]. The following rules
illustrate the Lefi-thinking and right-
thinking features:

Rule for
characteristics
Il person is lefi thinking sivle, \hen the
characteristics are: Analytical, Serial,
Sequential, Logical, Oral-absiract,
Systematic Realistic, Settled, On purpose
learning, Learning in scholastic confext,
Careful and Planncr

Left-Thinking Style

Rule  for
characteristics
If person is right thinking style then the
characteristics are:  Holistic, Parallel,
Counnective, Intuitive, Visual-motional,
Pioneering, Imaginative, Ewnterprising,
Inventive, Incidemally learning, Learning
in extra-scholastic context, Forgetful and
Seeking changes

Right-Thinking  Style

If the technological and instructional
features of an educational setting are
consistent with a learner’s style (matching
condition), there are betlter outcomes
compared to mismatching conditions.
Therefore, the designing of educational
systems must adapt learning environment
to the students’ thinking style by including

features that allow them 10 pursue their
preferred way of fearning.

Y- Intelligent Tutoring Systems
[ntelligent Tutoring Systems are
computer programs that use several
technological resources to support a
teaching—learning process. They use
techniques of Artificial Intelligence (Al) to
represent domain knowledge module,
tutorial module, student module, and user
interface module, '
The development of ITS is made on the
basis of prototypes with consecutive
improvemen(s. A modular architecture
allows the use of knowledge modules in
dilferent applications. Knowledge can be
reutilized at different levels, from the
knowledge base that stores a given
domain, to the whole 1TS architecture.
The general systems, ITS shells, are oo
generic. They demand a considerable
effort to carry out an application
contrasted to custom made ITS. In
between the systems that are domain
specific [Y']. In the f{ollowing part
samples of ITS are introduced.
Lisa N.Michaud et al. [YY] dcveloped an
ITS for deaf learners of written English.
The system takes a piece of text which is
wrilten by a deaf student and analyzes that
text lor grammatical crrors. Then, the
system cngages that student in a tutorial
dialogue, enabling the student to generate
appropriate  corrections to the text.
Ozdemir and Alpaslan prescnted an
intelligent agent for guiding students
through on-line course material. This
agent can help students to study course
concepts by providing navigational
support according to their knowledge level
['¥]. Gwo-Jen Hwang proposed a
conceptual map model, which provides
learning suggestions by analyzing the
subject materials and students' test results.



Mansoura Engineering Joumal, (MEJ), Vol, 31, No. 2, June 2006. E. 1l

Conventional testing systems simply give
students a score and do not give them the
opportunity to learn how to improve their
learning performance.

Therefore, developing more eftective
programs to test enhances the learning
performance. Students would benefit more
if the test results could be analyzed and
hence, advice could be provided
accordingly [Y¢]. Yujian Zhou et al
described a study of the hinting strategies
in a corpus of human tutoring transcripts.
in additional to the implementation of
these strategies in a dialogue-based
intelligent tutoring system (Hinting is a
general and effective tutoring tactic in one-
on-one tutoring when the student has
trouble solving a problem or answering a
question). They tested their model with
two classes totaling Y¢ medical students
[Ye]. Miguel Nussbaum et al. developed a
tool for teachers to elaborate tutoring
applications for the practice of certain
skills related to math in preschool
children. The teacher makes use of stored
knowledge to choose the required contents
so that the system automattcally generates
exercises. These exercises arc completed
and evaluated in real time, according to the
student's reality, being able to mediate
with the pupil to achieve the maximum
session utilization [Y1]. Sidney K.
D’Mello et al. developed a project for
integrating affect sensors in an ITS. It
augments an existing ITS (AutoTutor) that
helps learners construct explanations by
interacting with them in natural language
and helping them use simulation
environments. They aimed to develop an
agile learning environment that is sensitive
1o a leamer’s affective state. Some of the
technologies they were exploring include a
video camera that can identify facial
features, a posture detector that monitors
the learner’s position and features of the

dialog exhibited while [eamers are
interacting with AutoTutor [11] .
Although there are variations of ITS in
their domains, features, size, and
applications, they must have a suitable
user interface module. The interface
module allows communication between
the student and the system. Recently, the
interface has acquired greater importance,
enriching interactivily between students
and system. Interface became the fearning
environment and its adaptation s
fundamental to improve system efficiency.

¥-Y Adaptive Interface

A key function of any ITS is the ability to
adapt, as closely as possible, pedagogical
activities to individual learner needs. So,
they try to identify some student's
characteristics that allow obtaining
criterions to propose activities, as well as
to know how to react to some actions.
Adapting tutoring to individual students
significantly increases the speed of
learning. Therefore adaptability can be
observed as a common goal in all the
systems developed.

A great variety of techniques to facilitate
and increase flexibility of interface
construction have been developed in the
last years. Also several studies are being
developed in the domain of the cognitive
sciences to understand learning. Some of
these studies identified relationships
between students’ characteristics and
environments that facilitate their learming
processes [V, 1A]

Two types of variables have been defined
to represent the wvariables of leaming
process: characieristics and attributes. The
first ts a set of variables that identifies the
student. Each student model is formed by
the characteristics values. On the other
hand, the attributes identify the interface.
The characteristics include: age, sex,
interests, learning styles, cultural and
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socio-cconomiical information, ctc. The
attributes include content, form (strategy,
media, context, ctc.) and interactivily
(number of links, navigation availability,
clc.).

The interface of pedagogical software
must be configured in function of two
axes: the learner’s axis and the pedagogical
axis. It emphasizes that the interactions
between the learner and the object under
study must be facilitated. The interface
must be highly adapted to the sludent, and
its aim is not to facilitate the use of the
system, but to propitiaic learning [Y4].

¥-Y Automata Definition

Formalization of the ITS as automata can
facilitate the integration of the knowledge
areas involved in their development [Y+].
The ITS can be defined formally as finile
automata. It can be represented or defined
by a set of six clements:

S(U; Y ; X; x.; & m) where:

U as the unitc sct formed by the attributes
that allow learner intcraction (image,
video, text, color, sound, content).

Y as the unite set formed by the attributes
that cstablishes the interface
configuration.

X as the unite set formed by the user's
characteristics  (right, left, integrated
thinking style, content). Each model
implies a specific planning of the
activilies. For example, for the same
content and strategy, the information of
the leamer thinking style enables the
system to select a specific learning
environment.

x. the initial student model is obtained by
a diagnostic activity, based on tests which
arc offered to the students at their first
interaction with the system.

X the transition state function, it represents
knowledge of the relationship between
attributes and Characteristics (A—C). It
enables an update in the student model.

it the oulput funclion, it represenls
knowledge ol relationship  between
Characleristics and attributes (C—A). It
cnables an update in the output (for
example: if the student is verbal, text
altribute must be activated).

The behavior of ITS can be modeled by
means of thc automata, each components
of the ITS defines a specific part: the
inputs and outputs occur at the interface.
The student module stores system states,
which correspond to  the apprentice
identification. A and 1 belong to the
lutorial module, which stores pedagogical
knowledge that cnables the system to
update the output according to the input.
In the following section an illustrative
cxample of I'TS is introduced, the system
is formalized as automata.

{- An Illustrative Example

The proposed example is ITS for
leaming a unit of biology course
containing scven lessons for secondary
school students. Figure Y represents the
system  architecture. Four modules arc
prescnted: the domain module, the tuloriat
module, the student module and the user
interface module.

Domamn module
(leszonl,. . Jesson7)
Todgwead redude R s | Uner mherTicd uncdile
{Tidozial, practiced (Texd, sornd, wiage.. )
Stdent inaabe
(Secmity, personal, lesming)

Figure ¥ system architecturc

The student module is formed by the
learner’'s  characteristics and  subject
contents, the students’ data tables and
relations between them are stored in a
databasc file. Figure V¥ represents
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relationship between student table and
results table.

Figure Y the relationship between student
table and results table.

Students  attributes  categorized into:
security data (1D and Password); personal
data (name, age and gender); and leaming
data (thinking style, contents, and scores).

The Initial Student Model is obtained at
the first interaction with the system. The
student fills his personal data and his
thinking style is assigned through a
diagnostic activity, based on brain
assessment lest which is offered to the
students [YV].

The test is employed to identify students’
thinking styles. It contains 1} questions.
Each new student is given randomly Y-
questions from them. Each question has
three answers; one referring to the lefi-
style thinking, the other referring to the
right and the remaining answer referring to
the integrated style. The learner is asked to
choose the answer that agrees with him.
Samples of these questions are shown in
appendix A.

The system computes the number of
answers that represent the left style, the
right style and the integrated to identify
the student thinking style. The resulted
style is assessed and shown to the student.
It is then stored in his record that found in
students' table in the database file.

The interface module is produced
according to the student attributes. Table )

illustrates the inputs that contain media
(color, text, image, sound and video) for
representing a specific topic (for example
cont) or contY).

Symbol [ Input
A Color
B Image
C Sound
D
E
F

Text

Video

Cont}

G Cont¥
Table Y system inputs

The student is modeled by his thinking

style and topic. Table ¥ represents some

ossible states.

State | Definition

X, right thinking style, interested in

cont!

X left thinking style, interested in cont?

Xr integrated thinking style, interested

n cont?

X right thinking style, interested in
cont¥

X, lefi thinking style, interested in cont?¥

X integrated thinking style, interested
in cont?

Table ¥ Space of states

The left style thinking implies preference
for verbal and systematic approach; the
right style thinking implies preference for
visual  processing.  Integrated  style
describes peaple having amounts of both
characteristics. Therefore contents are
presented by images, video, color for the
right thinking style students or text and
sound for the left thinking style students.
Mix of the previous media is presented for
the integrated thinking style students. The
following diagram represents the transition
state diagram. Table Y illustrates the
outputs corresponding to students input.
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Figure ¢ slales {ransition diagram
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A 1] 1] E F
Wi [ Coborconil | lmage tont] | Speechoent] | Testconll | Veleatonil | Coer o
mage
wideo contd
¥y | Colofcomt]l | Image comll | Sprechcont]l | Traigont) | Vylen gond| | Sperch o

teef pontd
Ya | Coloreomtl | lmage comt® | Speechoont]l | Trocerth | Wrdeo contl An)l'z meda
ol

¥o | Colorgome | lmage cont? | Sprechcopt? | Trdcont2 | Velovet2 | Celor o
gy o
] video cout2
R | Colorcontz | Image com2 | Gpeachenn@ | Twmeon@ | Voleo con | Speech o
texd comi2

(X, [Colow cont 2 | lmage comd | Sptecheonll | Irdltoutz | Vadeorond | Aoy meda
ot}

Table Y illustrates the output according (o
cach state.

ft is important to underline that the
advantage of student internal states, based
on the student preferences, is subsequent
presentations that corresponding to the
states (characteristics). This makes the
system outputs, all the time, depend on the
knowledge, which the system has on the
siudent's characteristics.

Once the system identifies the student, the
tutorial module introduces two methods
for teaching (tutorial and practice) as
shown in figure ©. The system sets the
interface attributes that specify exactly the
screen components of each pedagogical
activity (content, form and interactivity).

e _ = ==

| 1)

s b S—

il bei

“.' i.w;ln.dh .Nlﬂ-‘JIbaJ

r

2o | foscasat el | 3ilso |

TRt e

« hing methods

The second method of learning is the
practice where the students answer some
questions as training, sample of the

questions database is shown in figure 1.
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Figure ¥ Questions records

Each environment is considered as output
of the system. The interface offers action
possibilities to the uscr, through controls
(icons, menus, and buttons). Figure Y
snows sample of the introduced screen for
left thinking style student in the tutorial
method. Background s filled with black in
addition to grey. The written tutorial
context in each frame is colored in white
in order not 1o move the student's attention
to any colored item. As this style depends
on the audible way of learning rather than
the visulal one, the screen contains a
button for hearing the lesson. The button
can repeat rcading the written tutorial
context. The learners of lelt thinking style
are sequential, analytical and logic, so
each screen is containing a button named
scientific rule for explain the screen
characteristics.
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Figure ¥ sample of the introduced screen
for left thinking style student

Figure A presents a sample of the

integrated thinking style screen where it
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contains all media components ((ext, color,
image, speech.)

for integrated thinking style student

Figure 1 represents a sample of the screen
of right thinking style. It contains color,
image and video.

P, | N
( Ny
.II‘.*

LylJaope glipd

;
;

P

Figure % sample of the introduced screen
for right thinking style student

EPTY

As illustrated the resulting user interface is
highly personalized and dynamical.

2- Conclusion

In this paper, pedagogical software
for biology course with adaptive user
interface is introduced. The system is
formalized as finite automata. The main
importance of this formalization is that, it
describes each component, contributing to
a common language to represent the
system. In addition, it facilitates the
integration of the pedagogical, the domain

and the computational areas. The
formalization was focused on interface
configuration.  The  system  stores
knowledge about sludents’ characteristics
and takes decisions on how to configure
the interface (output) and how to modify
the student model (state). Once the initial
student model is established, the tutorial
module configures a specific learning
environment with the suitable interface
attributes, The system proposes student
oriented activities, it administrate the
resources, strategies, and student modules
to build the activities. So, each activity
responds to specific user's needs.
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Appendix A

Sample of brain assessment test
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