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Abstract Theoretically grounded and empirically supported strate-

gies that can be used to improve the development and as-
Numerous research and development contributions such sessment of students’ critical thinking skills are presdnt

as authoring systems, online tutorials, collaborative learn- in [10].
ing and multimedia facilitate today’s educational use of Research-based good practice addressing the pedagogi-
computer technology. Presenting information via multiple cal, operational, technological, and strategic issuesdéy
media formats enriches users experience and improves the those adopting computer-assisted assessment is desearibed
learning process. Multimedia applicationin alearning situ- [5].
ation stimulates students interest in a subject and increases A model for student knowledge diagnosis through adap-
their motivation. This paper discusses important interre- tive testing is presented in [4].
lationships among students perceptive abilities and use of

multimedia for learning. 3. Preliminaries

Let P be a non-empty ordered set. dfip{x,y} and
1. Introduction inf{z,y} exist for allz,y € P, thenP is called alattice
[3].

Numerous research and development contributions such A lattice is a partially ordered set, closed under least up-
as authoring systems, online tutorials, collaborativéniea per and greatest lower bounds. The least upper bound of
ing and multimedia facilitate today’s educational use of andy is called the join of andy, and is sometimes written
computer technology. Presenting information via multiple asx + y; the greatest lower bound is called the meet and is
media formats enriches users’ experience and improves thesometimes written asy.

learning process. Multimedia application in a learning-sit X is a sublattice ot if Y is a lattice,X is a subset of
ation stimulates students interest in a subject and ineseas Y andX is a lattice with the same join and meet operations
their motivation. asY. A lattice L is meet-distributive if for eacly € L, if

This paper discusses important interrelationships amongz: ¢ L is the meet of (all the) elements coveredigythen
students perceptive abilities and use of multimedia for the interval[z; y] is a boolean algebra.
learning. A concept is considered by itextent and itsintent: the
The rest of the paper is organized as follows. Related extent consists of all objects belonging to the concept while
work is listed in Section 2. Selected theory is presented in theintent is the collection of all attributes shared by the ob-
Section 3. Multimedia factors related to learning are dis- jects [3].
cussed in Section 4. Learning orientations are described in A context is a triple (G, M, I) whereG and M are sets
Section 5. A concept lattice relating multimedia factoth andl ¢ G x M. The elements o& and M are called
effect students’ learning is constructed in Section 6. The objects and attributes respectively [3]. The set of all con-

paper ends with a conclusion placed in Section 7. cepts of the contexiGG, M, I) is a complete lattice and it is
known as theoncept |attice of the contex{G, M, I).
2. Related Work ForA C G andB C M, define

[
Various effects of multimedia on students’ achievement A'={me M | (Vg€ A) gIm}
are discussed in [7] and [8]. B ' ={geG | (VYm e B) gIm}
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so A’ is the set of attributes common to all the objectslin
and B’ is the set of objects possessing the attributeB.in
Then aconcept of the context{G, M, I) is defined to be a
pair (A, B) whereA C G, B C M, A’ = BandB’' = A.
Theextent of the conceptA, B) is A while its intent isB.

A subsetA of GG is the extent of some concept if and only
if A” = A in which case the unigue concept of the which
Alis an extentig A, A’). The corresponding statement ap-
plies to those subsefs of M which are the intent of some
concept.

The set of all concepts of the conteX¥, M, I) is de-
noted byB(G, M, ). (B(G, M,T);<) is a complete lat-
tice and it is known as theoncept lattice of the context
(G, M,I).

For conceptg Ay, By) and(Asz, B2) in B(G, M,T) we
write (A1, B1) < (As, B2), and say that

(A;, By) is asubconcept of (As, Bs), or that

(Az, B2) is asuperconcept of (41, B1),
if A; C A, which is equivalenttd; O Bs.

The structure of a concept lattice is represented with a

learning styles [6] are Diverging (feeling and watch-
ing), Assimilating (watching and thinking), Converg-
ing (doing and thinking), and Accommaodating (doing
and feeling).

The learner preferences - Active, Pasive, Visual, Ver-
bal.

Content delivery and content

expl oration

Content delivery refers to educational materials like

textual course notes and other supporting media where
learners go through the course materials in a way
they do in distance education. Content exploration

has more interactive fashion - simulations, games
and other complex environments. At the same time
interactive systems should facilitate various learner
styles and provide opportunities for learner control.

5. Learning Orientations

Hasse diagram. The Hasse diagram is a special directed = gy, dent learning orientations [11] are critical for individ-

graph, where the nodes are the concepts and the edges COfj,izing the instructional process. The four learning orien-
respond to the neighborhood relationship among the con-i54ions investigated in [12] are:

cepts. The Hasse diagram of a concept lattice is used to

describe the concepts hidden in the underlying data system. e Transfornming | earners

4. Multimedia Factors

Multiple factors, that we consider in this work, having
effects on learning are

e Visual and auditory inputs

They are often considered to be of great assistance in
providing more effective learning outcomes. However,
learners have to divide their attention across multiple
inputs when presented with instruction in both audi-
tory and visual modes [9]. Our experience implies that
if learners focus their attention on one single media re-
source at a time have better results than those to whom
more complex delivery has been offered.

e Interaction
It is important to distinguish between functional inter-
action and learning interaction. The first one includes
functions like volume control, audio and video queu-
ing, search tools, navigation, and configuration param-
eters. The latter is interaction provided for specific
learning outcomes.

e Learner styles
Multiple views of information can be provided rather
than assuming a single information structure. This
way of presenting information supports effective al-
ternatives for different learning styles. The four Kolb

They place great importance on personal strengths,
ability, persistent effort, strategies, high-standards, and
positive expectations to self-direct intentional learning.

They use stimulating influences, such as intentions,
motivation, passions, personal principles and high
standards, to direct achievement of challenging per-
sonal goals.

Perform ng Learners

They are non-risk, skilled learners that consciously,
systematically, and capably use cognitive processes,
strategies, preferences as they focus on grades and at-
taining normative achievement standards.

They are short-term and task-oriented, take fewer risks
with challenging or difficult goals, and rely on coach-
ing relationships and available external resources and
influences to accomplish a task.

Conform ng Learners

They are compliant and more passively accept knowl-
edge, store it, and reproduce it to conform, complete
assigned tasks if they can, and please others.

They do not typically think critically, synthesize feed-
back, solve complex problems, make independent de-
cisions, or give knowledge new meaning to initiate
change in themselves or the environment.

Resi stant Learners
They lack a fundamental belief that academic learning
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Table 1. Entities

Vi Al LC LS LO
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2 [VIVIVIVIVIVIIY v VIV |V
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5 |V v v v
6 |V |V v v
7 Vv v v
8 ||V v
O IVIVIVIVIIVIVIV IV VI iVvIVIY v
10 v VoV v v v IV v
11 ] v ViV Vv
L2 | VIVIV]V VIV IV v v v
13 || v v v |V v
14 VIV v v v
LIVv]Y v Vv v

e Learner Control

and achievement can help them achieve personal goals
or initiate positive change.

These learners do not believe that formal education or
academic institutions can be positive or enjoyable in-

fluences in their life.

6 The Concept Lattice

For the sake of simplicity we limit the amount of
attributes that may effect students’ performance to the ones

— Time (Tm)

— Interactivity (Ir)
— Navigation (N)

e Learner Style

— Active (Ac)

— Passive (Ps)
— Visual (Vs)

— Verbal (Vb)

included in Table 1. The corresponding concept lattice iS o Learner Orientations

shown on Fig. 1.
Notations in Table 1

e Visual Input
— Text (T)
— Pictures (P)
— Video (V)
— Animation (A)
e Auditory Input

— Instructions (1)
— Music (M)

— Transforming learners (LT)
— Performing Learners (PL)
— Comforming Learners (CP)
— Resistant Learners (RL).

Engineering students on bachelor level enrolled in a cal-
culus course have been asked to to answer a Web based
guestionnaire about their preferences related to learning and
multimedia based inputs. In this particular case they are
divided in entities according to gender and results from a
preliminary test as follows:

e Entity 1 - male students with score above 90%
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e Entity 2 - female students with score above 90% It means that only students from units
{U3,U9,U10,U11} are the performing learners
o Entity 3 - male students with score between 80% and with visual preferences.
89%

e node number 36 has a label

Entity 4 - female students with score between 80% and
89% - I={P Ps,V},

— E={U1,U9,U14}.

Entity 5 - male students with score between 70% and
79% It means that only students from un{t&'1, U9, U14}

prefer pictures, video and are passive.

Entity 6 - female students with score between 70% and
79% 7. Conclusion

Entity 7 - male students with score between 60% and ) ] . )
69% The paper presents relationships between multimedia

materials and successful learning performance. The en-
Entity 8 - female students with score between 60% and closed concept lattice illustrates the effect of learning styles,
69% learning orientations and various multimedia inputs on
learning. A course supported by multimedia materials
e Entity 9 - male students with score between 50% and should allow students to chose their own way of progressing
59% through the course materials.

Entity 10 - female students with score between 50%
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