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ABSTRACT

In the framework of rapid socioeconomic reform due to the development of Information and
Communication Technology an intensive research and political interest for the exploitation of ICT in
education has been emerged. This interest has been expressed in practice by a sequence of large scale
interventions in the educational system like the reform of the curriculums, the equipment of schools
with hardware and software, the development of digital telecommunications networks, teachers training
etc. Despite these interventions, educational reality in the class level has not been reformed in a
satisfactory level, in general.

The effective introduction of ICT in education requires the adoption of a wider theoretical view
which alows manageable goal definition and implementation. In this direction the ICT introduction is
theoretically viewed using the computational modeling environments as a standing point. This
consideration has been based on the observation of the catalytic impact of computational modeling to
the basic scientific activity of problem solving.

Scientific models constitute a compact form of knowledge expressed using inscription systems
that are called Representation Systems (RS). Computer science empowers traditional representation
systems like algebra improving their applicability while develops new ones like neural networks
providing new opportunities for problem solving and scientific progress. Using computational
modeling environments scientists exploit computational resources using conceptual frameworks closer
to the problem and the solver than the machine architecture. The familiarization with severa
representation systems is considered a significant advantage for a problem solver because the selection
of the representation system often determines the problem solving difficulty. Modern educational
systems often define problem solving development as a main goal and ICT could be exploited in
educational systems using computational modeling environments as a vehicle in the context of problem
solving improvement goal. In addition interactivity of computational modeling environments and the
socia nature of modeling process permit the design of general learning activities according to the
modern learning theories and pedagogical approachesin the context of several knowledge fields.

The thesis focuses on the general purpose computational modeling environments because their
use is more or less independent of specific scientific field and they can be applied in scientific as well
as in every day problems. From the environments of this kind we choose the Relational Database
Management Systems for systematic study. The study concerns questions about the didactics of
databases design and use and questions about the possibility of databases exploitation in the context of
several teaching subjects in secondary education.

The general structure of the thesis contains: initialy the review of the scientific use of models,
the representation systems, and the impact of computer science in scientific modeling. The current state
of the educational research for modeling exploitation in learning is examined next, as well asthe role of
models in curriculum and the representations of students about models. Then specific remarks from the
current state are used in order to document the selection of data modeling for study in the thesis.
Epistemological and cognitive analysis of data modeling for database design is following with the
review of related research. Then the research questions are defined, the action research design is
described, and the research results are presented. Finally, the conclusions are formulated and followed
by specific propositions for the improvement of data modeling didactics and its general educational
exploitation.

The research concerns the conceptual representations of 11™ grade students about databases, the
difficulties of database design, the evaluation of the specific didactic approach, the analysis of students
specific difficulties for the relationships understanding and representation during database formal
design, and the characteristics of students' involvement in learning activities using database design. In
summary, research results support the conclusion that it is feasible and purposeful to familiarize
students to database use and design in order to be able to use databases in problem solving, as well as,
in general purpose learning activities.

Keywords. Information and communication technologies in education, Computer science education,
Data modeling, Database, Secondary education, Scientific modeling, Instructional design, , Students’
difficulties, Students' misconceptions, Action-research.
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The sciences do not try to explain, they hardly even try to interpret; they merely make
models. By a model is meant a mathematical construct, which with the addition of certain
verbal interpretations describes observed phenomena. The justification of such a
mathematical construct is solely and precisely that it is expected to work.

- John von Neumann [ Neumann, Von J., 1947, : 180-196]
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«Quantitative concepts for management» "

1 " [EppenD. G., Gould J. F., Schmidt C., 1988].

1.2 Different types of models and three examples

In our world, many kinds of models are associated with many kinds of activities.
Engineers build model airplanes, urban planners build model cities, designers make mode
dresses, and stage managers make model sets. Physicists construct models of the universe,
and economists build models of the economy. Business managers and corporate planners
work with models of their own particular environments. ...

Despite the diversity of these models they have one aspect in common. They are all
idealized and simplified representations of reality. Another way of saying the same thing is
that: A modé is a selective abstraction of reality. An artist looks at reality, filters it, and
creates a selective representation. A modeler does the same thing.

Three examples: Gravity, Supply and Demand, Break-Even Analysis

Based on observation, Sr Isaac Newton hypothesized the notion of gravitational
force. Based on experimentation, Galileo quantified this model, stating that a falling body, no
matter what its mass, falls a distance of D=gt?/2 feet in t seconds, where g is called the
constant of acceleration. This quantitative statement is a selective representation of reality
that explicitly describes the quantitative relation between distance D and time t. This
equation, D= gt?/2, is an excellent example of a model. It states an idealized numerical
relationship. It is idealized and simplified because it ignores (or, putting it differently,
“assumes away”) everything else that is happening in the world and focuses only on a
particular relationship the two distinguished entities, D and t. although the relationship set
forth in the model is not exactly satisfied in any real situation (because of, for example, air
fiction, wind storms, and other variable factors), the model is certainly useful, important, and
simple. Its very simplicity represents a level of achievement often sough but seldom realized,
for it is frequently he case that the best models are the simplest ones —those that are easiest to
use and understand. In economics, a well-known model describes the equilibrium price of a
given commodity...
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" " . «System Identification: Theory for the user»
[Ljung, L., 1987].

I ntroduction

Inferring models from observations and studying their properties is really what
science is about. The models (* hypotheses™, “ laws of nature” , “ paradigms’, etc.) may be of
more or less formal character, but they have the basic feature that they attempt to link
observations together into some pattern. System identification deals with the problem of
building mathematical models of dynamical systems based on observed data from the systems.
The subject is thus part of basic scientific methodology, and since dynamical systems are
abundant in our environment, the techniques of system identification have a wide application
area....

1.2 Models

Modéd types and their use

When we interact with a system, we need some concept of how its variables relate to
each other. With a broad definition, we shall call an assumed relationship among observed
signals a model of the system. Clearly, models may come in various shapes and be phrased
with varying degrees of mathematical formalism. The intended use will determine the degree
of sophistication that is required to make model purposeful.

No doubt, in daily life many systems are dealt with mental models, which do not
involve any mathematical formalism at all. To drive a car, for example, requires the
knowledge that turning the steering wheedl to the left induces a left turn, together with subtle
information built up in the muscle memory. The importance and degree of sophistication on
the latter should of course not be under estimated.

For certain systemsit is appropriate to describe its properties using numerical tables
and/or plots. We shall call such descriptions graphical models. Linear systems, for example,
can uniquely described by the impulse or step responses or their frequency functions.
Graphical representations of these are widely used for various design purposes. The
nonlinear characteristics of, say, a valve are also well suited to be described by a graphical
model.

For more advanced applications, it may be necessary to use models that describe the
relationships among the system variables in terms of mathematical expressions like difference
or differential equations. We shall call such models mathematical (or analytical) models.
Mathematical models may be further characterized by a number of adjectives (time
continuous or time discrete, lumped or distributed, deterministic or stochagtic, linear or
nonlinear. Etc) signifying the type of difference or differential equation used. The use of
mathematical modelsisinherent in all fields of engineering and physics. In fact, a major part
of the engineering field deals with how to make good designs based on mathematical models.
They are also instrumental for simulation and forecasting (prediction), which is extensively
used in all fields, including no technical areas like economy, ecology, and biology.

The model used in a computer simulation of a system is a program. For complex
systems, this program may be built up by any interconnected subroutines and lookup tables,
and it may not be feasible to summarize it analytically as a mathematical model. We use the
term software model for such computerized descriptions. They have come to play an
increasingly important rolein decision making for complicated systems.
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: «STIQUITO for beginners. An introduction to Robotics» [Conrad, M. J., Mills,
W. J., 2000].

Chapter 2. Engineering Skills and the Design Process
Turning I deasinto Designs (pp.19)

To facilitate the design process, engineers often rely on models. A model simplifies a
system or process so that it may be better studied, understood, and used in a design. Four
common models are used in engineering: mathematical, simulation, physical, and prototype.

Mathematical models usually consist of one or more eguations that describe a
physical system. Many physical systems can be described by mathematical models. Such
models can be based on scientific theories or laws that have stood the test of time, or they
may be based on empirical data from experiments or observations. Mathematical models are
usually employed for simple systems, although advances in computers, machine intelligence,
desktop spreadsheets, and commercial simulation tools have expended the usefulness of
mathematical models. For example, an aeronautical engineering can design an airplane wing
and use a fluid dynamics model to predict the airflow across the wing.

Computer simulation models allow engineers to examine complex systems. Such
models may incor porate many mathematical models as part of the total simulation model. A
computer program is developed to describe a system, and this model can be run repeatedly
under many different simulated operating conditions.

Today electrical engineers use computer simulation models to design digital (and in
some cases even analog) circuitry. These models can fully simulate the function of circuits
without ever programming a programmable logic device (PLD) or fabricating an application
specific integrated circuit (ASIC) using commercial simulation software tools.
Developments in genetic algorithms, artificial neural networks, and other technigues now
give researchers the ability to define the desired result of a model and let the computer find
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the best solution. Complex data from real-world systems can be input to a computer so that
the computer can “learn” how to generate similar outputs for similar inputs that it may or
may not have seen before. Fuzzy logic algorithms are another devel opment that allow models
to be constructed based on “ English” descriptions of the models instead of mathematical
ones.

Physical models have long been used by engineers to understand complex systems.
They probably represent the oldest method of structural design. Physical models have the
advantage in that they allow an engineer to study a device, structure, or system with little or
no prior knowledge of its behavior. Full-scale models are some times built, but most often,
they are scaled down anywhere from 1:4 to 1:48. Examples of studies made with physical
models include:

1. Dispersion of pollutants throughout a lake

2. Behavior of waves within a harbor

3. Underwater performance of different submarine shapes

4. Performance of aircraft by using wind tunnels to simulate various flight conditions

Prototype models are used in addition to other modeling to prove that a design
works, test the synthesis of a complex design, work out bugs, or make tougher design
decisions when the models are not accurate enough. In prototyping the engineer attempts to
build a fully functional device based on the initial designs, versus a physical model that is not
to full size or isnot fully functional.
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«Representation and change. A metarepresentational framework for the foundations
of Physical and Cognitive Science» [Heylighen, F., 1999]. &&
S, " " 7 "

1.1 Physical science

The birth of modern science is traditionally traced back to Galileo. What
distinguishes the work of Galileo from that of his predecessors is that he combined
consequently two approaches: empirical observation and formal (mathematical) description.
This allowed him to model physical phenomena in a general and controllable way: the
principles he inferred could be applied and checked in an accurate way by other people in
quite different settings.. ..
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man(nikos).
man(john).

man(george).

woman(helen).

woman(suzan).

mother (helen, suzan).
mother (helen, george).

mother (helen, john).

father (nikos, suzan).
father (nikos, george).
father (nikos, john).

parent(X,Y):-father (X,Y) or mother(X,Y).
i # X Y. (father(X)Y) mother(X)Y)) parent(X,Y)]
brother (X,Y):- man(X),parent(Z,X),parent(Z,Y).
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“On use of models in education” [Kirbach, J., Schmidt, W. J.,1976]
&
"$ ! $
$ ! $ [Minsky, L. M., 1968].

M.L. Minsky, Matter, Mind, and Models in: M.L. Minsky (ed.): Semantic
Information Processing. MIT Press 1968

If a creature can answer a question about a hypothetical experiment without actually
performing it, then it has demonstrated some knowledge about the world. For, his answer to
the question must be an encoded description of the behavior (inside the creature) of some
sub-machine or "model" responding to an encoded description of the world situation
described by the question

We use the term " model” in the following sense: To an observer B, an object A* is
amodel of an object A to the extent that B can use A* to answer questions that interest him
about A.

The model relation is inherently ternary. Any attempt to suppress the role of the
intentions of the investigator B leads to circular definitions or to ambiguities about "essential
features' and the like. It is understood that B's use of a model entails the use of encodings for
input and output, both for A and for A*. If A isthe world, questions for A are experiments. A*
is a good model of A, in B's view, to the extent that A*'s answers agree with those of A's, on
the whole, with respect to the questions important to B. When a man M answers questions
about the world, then (taking on ourselves the role of B) we attribute this ability to some
internal mechanism W* inside M. It would be most convenient if we could discern physically
within M two separate regions, W* and M-W*, such that W* "really contains the knowledge"
and M-W* contains only general-purpose machinery for coding questions, decoding answers,
or administering the thinking process. However, one cannot ready expect to find, in an
intelligent machine, a clear separation between coding and knowledge structures, either
anatomically or functionally, because (for example) some "knowledge" is likely to be used in
the encoding and interpreting processes. What is important for our purposes is the intuitive
notion of a model, not the technical ability to delineate a model's boundaries Indeed, part of
our argument hinges on the inherent difficulty of discerning such boundaries.
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Fish is Fish [Lionni, L., 1970] describes a fish who is keenly interested in learning
about what happens on land, but the fish cannot explore land because it can only breathe in
water. It befriends a tadpole who grows into a frog and eventually goes out onto the land. The
frog returns to the pond a few weeks later and reports on what he has seen. The frog
describes all kinds of things like birds, cows, and people. The book shows pictures of the
fish's representations of each of these descriptions: each is a fish like form that is dlightly
adapted to accommodates the frog' s descriptions people are imagined to be fish who walk on
their tailfins, birds are fish with wings, cows are fish udders. This tale illustrates both the
creative opportunities and dangers inherent in the fact that people construct new knowledge
based on their current knowledge. !  “How people learn” book [ Bransford, D., J., Brown,
L., A, Cocking, R., R. (Eds), 2000, pp.:11]:
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*#( (Dynamic vs Static models)

%

»

%

Historically in most cases deductive solutions were the only possible, since simulation
solutions require large computing resources not available at the time. However more and more
problems are attacked by simulation nowadays A warning should be given to those enthusiastically
thinking in constructing theories solely by simulation models: Theories are systems of laws, not single
isolated generalizations /BUNGE 67/ and only deductive solutions through operations on the meta
level lead to systematizing effects. On the programming level such systematizations allow generative
programming /SCHMIDT 74/, where programs about specific cases can be generated from the general

case.

Smulation in education differs from systems simulation in that focus is on the learner
attacking an analysis problem. Therefore also deductively solved systems are made dynamically
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available to the learner in which case not the general equation, but a general solution with free
parameters is implemented. This simplifies model construction, reduces computing requirements,
leaves (only) choice of certain parameter values to the learner, and produces parts of systematizable
(because part of already systematized) behavior.

Three points should be made about this: Smulation in education involves-

the chance of making systems dynamically available to investigation by learners

the possibility that learners investigate systems that cannot (yet?) be deductively understood,
thus extending the scope of teachable knowledge to a new class of interesting systems-

the danger that learners give up deductive efforts to understand by systematization because
the machine works so conveniently for them.
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v&( 1.
\ $ (
4 ).
%&( 2.
' # ! #
"$
# #
g |
$ $" #
$ " #
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Avogadro,
# $

$

#

#

[Thornton, S., 1997].



1118 "$% K (3B#H! & *#

$ #
# $ $ "
w " $ " # %
) $ " % $
¢
1181 ' )# $%s(/ (
$
$ 4 &
# $ $
#
$
) $ (
#
# ).

1182 "& " $%$1,

$ $
) $

(trial and error).

11.1.83 # (
# "$
$ % . $
$ $.
11.1.84 | - # # | (

$ % $
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$ $ $ $
$ $ # & ..
$ #" $ 100%
$ # # ! 3
$ 8

.19 X $(« & "# +

! 3 $
$ &
$ ! $
$ #
# S $
$ $ &
$
$/ .
( e & ) NAI
v
(( " %8 *#
( & # ,
, " $ )
v
1% & OXI
( . &, o
%)
v
s o "y &
&K, (8, /1,
C)HR( .
¢ % $ " )
19&( 3."
111191 " $#!'$%( ( #$+ (Conceptual reframework)
"&
$ %
#
$ " # :
« » () (conceptua reframework). 1 $
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$ # &
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1.1.10 "t , #1$ $% & "# + |
" $ 0/&
# # %
$
& "$
$||
$
& )
" $
$ $ # % $ #
g
! $ # . %
$ $ $.,%
$ & ($ & & ) $
& " ' (") 3
11.1.10.1 "Ho 4+ ($ #' 0'$%
1 #
# " H # &
# # $
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$ & ' #
$ 13
$ " # ! $
# 105 10.
"$ #
$ /3. #
& &
# &
& ! "$
! $
$ $
$
$ (
& ) # %
# ! $
& $ "
$
&
[Pea, R. D.,
1985]. $
$ %
I
% # (. % % ) # (..
)
& # #" ( $
# I
# ( $' $
, " )
& "$ $
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# # $& "
$II
DNA, "$ " " (..vL),"
# $ , "$ $
"$
11.1.11 ( w( (( ( ('- ( , . & *#
! Hoor ¢ )
% "
04 & "$ $
$ $ #
# % $
$ # :
# #
$ .1
(inscription systems) " &
||& n " #
# $ $
% $ $" $ %
$ " , 5
[DiSessa, A. A., 2000].
11.1.11.1 &% . & . ((C (-
* & (# & & ) #
# $ ' 1
$ & #'& #
#
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( & $ )
3 $ $
%
1112 (& $/ ( & . ((C (- ( ,
$ $
& (
)-) $
$ (
" ) )
#
$ 9 ( &
# ! #
& # # 0 $
" /
$ # & $
( & $ #
Galileo.
# $ #
: $
$ # $
3 ! " #
« », " $ $
" & ! $
$ ! #
11.1.11.3 W ((C(C (- ( , (9" # CO)HY%E( .

Even for human problem solvers a representation shift may make an enormous
difference in problem-solving effectiveness. [Rich, E., Knight, K., 1991]
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$
[Pea, R. D., 1985].

( &(:

(0 TR &

1) # &

%

; [Rich, E., Knight, K., 1991]”

(-

9$).
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%
[Cormen. H. T., Leiserson, E. C., Rivest, L. R., 1991, .:514-549]:

C . ) 0 G=(V.B),

$ 2 # u
2 (u, )
U, ) min{w(p):u * } " $ u
p .u : 2
w(p)= (u, ).
0 & #
*H#
* # # $& " $ #
% # & ,
$ !
(#H( $%( ( (- (
$ $'& : "o " #
$ "
$ $ &
& $" $ $
* $
$
& # # $ % $'& :
$ ! ! L
# $ ! $
& %
$ # &
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1.1114 ('( '$ $- . & .

$ : #

1" #4 (Formality)
$ "$ $

&S & —, (%
#

% 1] $

& #& (% )

‘#d o'/ (Verifiab#ity)
"g .
" $ %
%
Petri-nets.
"EBHT (H% 2&
% $ "

% ! $
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% $ % #
$ " $
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" &
$
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112 ($" $%(33% + , & "+ - L (
(-

Snce a modern society has a need for goal-directed behavior of its members, e.g. in
problem solving, there is also the need to teach people the associated structures. They need

to get to know existing models (knowledge),

to learn the way models are used (methods),

to get to know the tools for modelling (theories), and

to be ableto use strategies for devel oping them (science).

[Kirbach, J., Schmidt, W. J.,1976]

" & " U
$ " %
1 3 "
"o & % ! "
$ S, $" "
& $ ,# "
. g o g . .
% s # --
: $ #
# " 1
. . . . .
( & ) & $
g
& $ # " $
" " %
¢ "
0 " & " "&
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o 1°'

$

#
o1
* & « » & ,
$$" i
0 " $
# #,
& %
$
$ $
& )" % ! ,
! $ $ 3 o .
)
0] #
%
0] #
.21 -4"%, (3% + , &

n (+"

1211 $( $%& "# + L'+ |/

$ %
/3 $ o

(811.2.2, . 129).
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112111 & "# + &4 & , "1 # 14, & ( +
[ , 1., 1994]
" " #' $
$ , $
1 $
#
$ % , "3,
: $ "
& .1 $ #
% * ! $
% & $
12112 & "# + $( $%. &4 & $5
« Mo $ 8"
%» [ o c
1997] " , % $
) & #' #
$ ! $ # )
!
% De Lange "ol «*
) ».,
&
1 : # # $
, 3 & #
"g ’
% $
$
1 )
# "# # «Principles and standards for school
Mathematics» NCTM [Ferrini-Mundy, J., et a, 2000] !
(811.22.2  .:145).
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1212 $( $%& "# + & |/

1.2121 $"1( +, L ondon Mental Models Group

) $ ! " " "3
, " London Mental Models Group

[Méllar, H., Bliss, J., Boohan, R., Ogborn, J., Tompsett, C. (Ed), 1994].
' 1986 $ Joan Bliss " $ $
$ $ #' " #.

# " " " , & $

1989 " 1992

Programmeg” $ " , " $ !

“Tools for Exploratory Learning

$11"

&

1121211 #%#$$ & $1' $,

14.

$

$. “Toolsfor Exploratory Learning»

$
1 % $ %  #
( $ #)
1 $
2 $ !
1 # # #
, %  #
: # !
, #
% , # "
# %
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: #
$ $ " Q-MOD.
, $ " "
, $ " #
, «Explore your options»
$
, "%
# & .. #
# "% GQON
121212 ) 1( $1' S, $. “Toolsfor Exploratory Learning»
# # % #
# 1
$ % #
(& (. '"( '$ %.
: $

$
1 3 (fitness and diet)
2. " (shops and profits)
3 ' $ (traffic and congestion)

" a o
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& . '( '$ %.

1 $ # "
" L8
& "$ $
$ o
what if» $ 3,
g 1 v
$ S
s, & ", #
1 $
"1 I # $ !
" : ! ! $ .
1.21.2.1.3 '$ )" ) 1.
"#&( ( $N& "#
& ! ! $
[Boohan, R., Brosman, R., 1994]. "
§ " "
T ’
T "
#
$ $

% :

" " $
&
%
« -
&
-
%

Research Tool or Pedagogic Tool

The quantitative tool proved in many ways very useful as a research tool, particularly
in revealing pupils difficulties with aspects of quantitative reasoning and quantitative
models. Had it ‘been better’ and ‘done more’, then it might not have been sp effective in
eliciting these problems. For example, the tool did not enforce consistent units nor compute
the units of derived quantities. Had it done so, pupils might have benefited, but we might have

|learned less.

1 n

%
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% $", $

"& "$ # 1 $
# & : & $ 9 "
" g & ’ "
.1 $ $
: " $ 1
" $
" &( ( $ $% "# +
& " " $ " "
" [Bliss, J., Sakonidis, H., 1994]. "
# ! 20" $11" 4.1 " %
" " # & " . & " ,
/3, # % ! &
" $ ! $
% # .1
a8 " " "
" " Lynx88  OF) " “Explore
your options’. & $
& ! ! %
Conclusion

In conclusion, much qualitative thinking initiates in narrative, and it is not, trivial for
young secondary pupils to move towards simplifying and dissecting a narrative into a
structure of alternatives. Nor is it easy for them, in exploring models, to synthesize existing
sets of choices and consequences into wholes, so as to compare and eval uate them.

S | "$
3 # %
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$ " "
$ $ " $
/" #
" &( ( &$ $%& "# o+
' [Bliss, J., 1994] " "
IQON. IQON " #, & " " #
" 11-14 " ) IQON
" | " « 5
" o . " |
$ ! # «$ % %
», «$ % " # »
" $ ! $ # o,

Our study thus suggests that children between the ages 11 and 14, using a tool such
as |QON which permits semi-quantitative reasoning, can create their own models. They can
understand that a modd is fallible and can be modified or they need to build a new one.
IQON provides opportunities for pupils to learn more about some fundamentals aspects of
modelling, to find out what ‘exploring’ a model is all about, either though the experience of
expressing some themselves or by trying out and criticizing others' models. In both cases they
have the opportunity of thinking about the relation of models to reality or about how a model
or moddlling system looks at the world in its own special way.

" " , ! $ ! " #
" . & # & #
! & " &
! # # ! $
1121214 ($6
1 London Mental Models Group, # "
! ! : &
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% ;

11-14,
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1.2.1.2.2

(animation).
%

$

Matlab [Matlab web site],

[Mathcad web  site].

$ #
& Modellus
* & "
1121221 " $ #06+ +$ )(
# " Moddlus,

& Vitor Duarte Teodoro "

Vieira
Modellus
1999

Filipe Costa Cl rigo,
Modellus,

3, $
$
(# ' # |
# " Moddlus,
.1

11.2.1.2.2.2

Modellus

% &

(4 & $%& "#

+ —Moddlus

& ) :
&
, !
”
& :
#
!
# & 3
Mathematica [Mathematica web site]
& :
$ $

Jo o Paulo Duque
% $ (1997)
$ K nowledge Revolution, $
College of Sciences and Technology
9
, $ «Advancing Physics» 0 #
«1l # »
, $ $ " #
$3 " [Modellus web site].

« »
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ODELLUS - C:%PROGRA~1%MODELLUS SAMPLES, PHYSICS  GRAYITY', OR|
File Edit Case MWindow Help
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[N R R ey
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=G

Cases: [& [u [a]

i [m][4]-]

]
L
-

I

Vectors:
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4

Cansider o sateliite arbiting 1

Mewian's Law af Univarsal Gr

miwm2

& 3o =
Int: yertical |D t= 16.30 n
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N

" L " L " L " 1 " L " L
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-200EZ |

Vert:226 23

Double click to =et origin. Click and drag to zoom.

case 3

case 1 case 2

198 5. (%% '$6
1 Moddlus, " #
1
g $ #
) %
1121223 (& $#$ 1'#8" " (
# o &
( & $ "$.3
, $
n=n+10 n=last n +10
1 :
# mn
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" # %
: " $
#
Modellus, " " ,
& & "

$ ,
n((t+1)/step)=n(t/step)+10.
" # #

"$ $ " n=n+1



1 K W ((«($$8 »lg& "# + Modellus,

Many models in the physical sciences are dynamic system models, i.e., models that
establish some sort of mathematical relation between physical quantities and time, considered
as an independent variable. [ Teodoro, V. D. , 1998]

" % & $
Modellus, " # " " "
" | W ow $
" " " " # 7
$ $ " : Modellus #
A "$. [Teodoro, V. D. ,

1998, .:19] «The advantages of the use of computers, especially with exploratory

tools like Modelus, are enormous. from giving mathematical objects a new

epistemological status (thus becoming more like concrete objects, and allowing

students to build formal reasoning skills more easily), to giving students the sense of

using state-of-the-art scientific tools to learn and perform science and mathematics,

by measuring, controlling, communicating, etc.»

" Modellus R $ "
n ! n , I
* 3$ " $ , $
. % $ " Modellus
II$ " n n
2. " $#HI1$/ #H+$ w( ,((C(C- ¢,
1 Modellus & , "8 oo
" & "o # ! ,
" ! O $ " " )
w " ’ "
%
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1121224 '#  $$,#). )" #
Teodoro D. V. " & $ "

: $ s

«Physical sciences are the sciences of constructing models (simplified descriptions or
explanations) about the physical world. Models based on functions, differential equations and
difference equations can describe many patterns of the physical world.» [ Teodoro, V. D. ,
1998]

" % # $ "
& "$ & .. % " : " #
# $ Bertrand Russel  $

[Russel, B., 1948]:

«It must be emphasized that, as Bertrand Russel pointed out (1948), scientists use
mathematical models to describe/explain phenomena not because they know the physical
world very well but because they know very little: they can only discover mathematical
properties of physical entities, such as particles, fields, heat, planets, galaxies, etc.»
[ Teodoro, V. D. , 1998]

$ " , Teodoro D. V.
& " " $
! L& ] $ " & ,
# " .. "
" Modellus ! " "
(learning by reception). ' #" " Teodoro D. V. $ "
! # % #, ! $ , $
| # " # #% ,
"& " I$" $ &&
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Learning models of motion is a process of creating mental representations, not from
scratch as Galileo and Newton did, but from socially shared knowiedge, in books and in
learning communities. This process, as most of school learning processes, involves both
learning by reception and learning by doing. Learning by reception since students cannot
rediscover scientific principles and ideas (that took a long time and effort to formulate), and
learning by doing because as the constructivist movement in education has shown us in the
last two decades, learning is an idiosyncratic process where new ideas interact with previous
knowledge. [ Teodoro, V. D. , 1998]

1121225 '$"  #£ ' $ $. " $1+0(

& Modellus, " " $

"$ ) " ) $
& % Modellus
) " : %
" # " # % « "$ " & >,
« % », « "y

Modellus % " ;
7 .0 Modellus 0 #
7 " + . w " $ Modellus,
"W
« » «1l # »,
"8 ! Modellus
$ $ "o "&
& $ $ 7 : 5" 1 "
$ B "
1121226 # ,*,#0 ") LTS ) HWE'S )"
4* "$
) 3 " " # #
"H #  Moddlus, "& $
1. /4" , $( $% (3K, ,& "# +

& : $ " & Modellus [Teodoro, V.
D. , 1993]. # ! [Webb, M., Hassell,
D., 1988] #' !
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" # , #
2./ # " ! non g
& -
3./ "
" , #
1 # $
% " .
2 /4" . 1"$ & 5 -(0' & . ( $"®.
) & $ % Modellus, $ "
" & $ " wo
$ " , - " (concrete

abstract objects) "1 "$ $.

" Modellus ! , "

" |
" : " Modellus !

" # " ) " L*
" " " "
", " " # " #

¢
) $ - " " Modellus
5 $ $ $' $ "o

Models based on functions, differential equations and difference equations can
describe many patterns of the physical world. In the traditional learning environments, these
types of models are difficult to be mastered by many students. These difficulties can be rooted
in the fact that most students do not have tools with which they can explore formal objects as
«objects-to-think-with», as «objects-to-experiment-with». Experimentation with conceptual
objects is a new kind of experiment—a conceptual experiment—only possible with computer
tools, based on graphical user interfaces.
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Objects in Modellus can be classified as a new class of objects: concrete-abstract
objects (Hebenstreit, 1987). Concrete in the sense that they can be manipulated directly with
a computer and abstract in the sense that they are representations of mathematical
constructs. [ Teodoro, V. D. , 1998]

3. /4" (4 1 & &+
&4
" % $ &
" & " #
’ " .
R # #
$ S -- % #

K )"# +

%

For example, teachers should be aware that learning with exploratory environments
does not take place spontaneoudly: regulation and control are fundamental. Probably, the
best way to regulate and control learning is the use of written materials, with guided inquiry
approaches, where students read, discuss with peers, confront conceptions and descriptions,
and write (the process of writing is a «disaccelerator» of information, specially visual
information, and an accelerator of knowledge construction). [ Teodoro, V. D. , 1998]

oS- & (
' " $3 Modéellus, &
. Vitor D. E. 1998 [Teodoro, V. D., 1999].
S, 75 $ 11 :
" Modellus. 1 ""
& " , 8 )
5" 7 " : :
) " .1 "
" Modellus " 1997-1998 "
" %
"8 " $ "
" % $ Modellus  $
1. 7 " " , «
(reification) Modellus " !
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2. 9 ! % $ $ Modellus "

3 10 " % $ $ $  Modelus
n & n " n " n

& $ " $ " #o# "
'5 & 7.

7. A common problem in sone teaching environnments is the absence of
reification or concretization of abstract objects, such as an
oscillator or a parabolic trajectory. One of the nmin goals of
Model lus is to give students and teachers a tool to work with «fornal
objects» in a concrete way. Do you think this goal can be attained
wi th Model | us?

' " $, $ !
Modellus, "
Modellus " # # " $
& & ! ! $
" $ # " " #
" $ " " " " %

'5 & 9.

9. Have you ever used Mdellus with your students? If your answer is
«yes», can you please specify what they have done with it and the way
you assess that?

Modellus " "
# ,

% # o . $& $
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1] $ 1]
" , $ " Modellus

Modellus " $ " "
& $ Matlab
'5 & 10.

10. Froma traditional point of view, an experinent involves concrete
devices such as penduluns, clocks, sensors, etc. From a |less
traditional viewpoint, an experinent is something you can also do
with abstract objects such as particles, vectors, functions,
differential equations, etc., using a conputer, for exanple. Modellus
was created to allow students and teachers (particularly at secondary
school and undergraduate levels) to nmke this kind of experinent,
wi thout the conplexities of programmng |anguages or of powerful
comput er systenms such as Mathematica, Mathcad or Matlab. How do you
eval uate this clai mabout Mdellus?

10 $ % « " »
(conceptua experiments) " Modellus. ' $ " % «conceptual »
" . $ "
! , $ " " Modellus
" " % " .3 %
& & , . $ « oo "
" .1 Jon Obgorn " " "
% $ ! " Modellus % #
#' %, $ Modellus ! R
R $ " % $ !
- ! % Modellus, " #
& # .
1.21.227 )" , & $( 98"
Modellus # " "8
STELLA [High Performance Systems, 1988], [STELLA web site].
Modellus, " " # "& " #
$ STELLA. To Modellus ! "
! ! ! $ MATLAB, MATHEMATICA, MATHCAD
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& $
Modellus.
11.21.2284)
Modellus,

($$&. $# #6
"&
$
#,
[
1 $
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11.2.1.2.3 & %& "# + - Stella, PowerSim
11.21.231 " $ #6 + +$ )(

& STELLA # 1987 $ High
Performance Systems, Inc [High Performance Systems web site].  $ , &
& " % Jay Forrester [Forrester W. J., 1968]. O . Jay
Forrester $ $ oo #
" #STELLA & &# $ $" & &
Jay Forrester.
STELLA % " "
5 " "$ CC-STADUS
(Cross-Curricular Systems Thinking and Dynamics Using STELLA). $
4 $ # %
" # # & "
& $ $ " $' " $ PowerSim
[PowerSim web site] VenSim [Vensim web site].
1121232 (#' # |
ToSTELLA $ & !
& " $
A " (stocks) STOoCcK

2 (Flows) @%@

FLOW

) (Converter) O
CONVERTER
"# " (Connectors) -
+( (L 0 & STELLA
" &% , $
n 1] $ $u n
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“deaths’.
! 1 #

2
“deaths’. 1 "

) "$

POPULATION

BIRTHS

BIRTH FRACTION

19%&( 6. ( 0 # STELLA.
$ $ STELLA "%
! , $ "$
$ " “population”. 1 "$  #% "H
“births’, "$ "
# # &
" “births” " $ " “population”,
$ 3 "$ % $ "
$" # " $ $ "
“birth fraction” “death fraction” " #
"$ " #
" ! #
" & . "
! " “population” . 100.
" “birth_fraction” “death_fraction” . .0.3

births=population*birth_rate

n $ 1]

DEATH

DEATH FRACTION

deaths=popul ation* death_rate.

POPULATION(t) = POPULATION(t - dt) + (BIRTHS - DEATHS) * dt
INIT POPULATION = 100
INFLOWS: BIRTHS = POPULATION*BIRTH_FRACTION

OUTFLOWS: DEATHS = POPULATION*DEATH_FRACTION
BIRTH_FRACTION =0.2
DEATH_FRACTION = 0.2

$3
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! STELLA.
" H % :



STELLA &
MODELLUS.

a=s

BIRTH FRACTION

a

o

DEATH FRACTION

19%8( 7. 0
) #' $
" STELLA.
n n # n
STELLA
n % n & #

98
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121233 (& $#$ 1'#6" " (" "o
" ! STELLA,
$ & " (maximum flow problem) #
(flow networks) [Cormen. H. T., Leiserson, E. C., Rivest, L. R., 1991, 227].
# % (sources) & (sinks)
$ R ;
"% $ Runge-Kutta[Fisher M. D., 1994], [) $
5 & Q,1991].
1 STELLA "%
% : & & #'&
" " "
# $" : $ "
# % « # » ( #% " )
" STELLA, $
% " " % : 3
$" 1 " STELLA
" "
11.21.234 $# "1" « H#HH#TEU(»,# $ $ $&" " $STELLA;
" " # « »" STELLA,
$ # " STELLA $ "
" " | W 7 ’
5" + ! [Zaraza R., Fisher D., 1997]
" " T $ 7 , + 1
" ! ! STELLA. . 7
" ’ + "
$ " " 1 " " "
STELLA " " " 5"
* W " % «
g » "
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$ $ ! I STELLA ™" !

" : % # $ 3
# $ " " [ZarazaR., Fisher D., 1996].
1121235 $ (($% $,#6' &4 $1"1" $. ('t
1 STELLA " : " . :
" & ) ,
$ ! # % # !
# " # $ ! $ ! !
" STELLA,
! ! # # # & " #
& " " # ! !
% : "% % :
STELLA, &
1 $ "$ ! STELLA
" , $ « "$ " & - »
# " $" :
# [Fisher M. D., 1998].
11.21.236 '# $$,#). )" #
1 " STELLA ! "
$" “STELLA: Anintroduction to Systems Thinking”, [High Performance
Systems Inc, 1997]. ' " $
1. (0 &+ "$1 &  (content assimilation)
$ " "
# " " (content knowledge).
" : ,  $ %
% & "
" & & " "
" , %
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2. " +1 , CC/ , (gaining under standing)

13 « $ > " " $
« $ $ " "% ! :
: $ $
# & $
$ $ ( & 9 ,
$ # | # 2
2 $ % $
, $ #
3. /& « (1/ , (building under standing)
3 " "& $ $
$ & #
$
# :
& : #
$ $ :
$" (mental model) $
4. /& 3507 ('Y /& o (C( :
$ % $ " H
STELLA, # " %

The systems Thinking skills (the paradigm, method, and language) which you'll
develop by using this Guide and the STELLA software are one of the flows that fill the
Capacity for Building Understanding stock

5. /& S/ ('Y &% ( ¥ N O
(" $ $. «) (buildingthecapacity for sharing understanding)
$ $ $ "
¢
$ $ : # 3 $
STELLA
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' , ! , STELLA " : #

& $ "$. $ 5 "

, $ STELLA "& $, # &

! . STELLA I $ #'
" ! ! $
1121237 '$" # ' $ $. " $1+0(

' " CC-STADUS (Cross-Curricular System
Thinking and Dynamics Using STELLA) " $ $
< " " " " (USA/I SF) %

1993, # $ $30* " 100 "

$ " [ZarazaR., Fisher D., 1996]. +  $

$ ’ " "

$ & " " " "
CC-STADUS " % " : #

! # $ NSF $
1993 " 1999 (CC-STADUS:1993-1997, CC-

SUSTAIN:1997-1999). ' , " "

$ $ 240 .' [Zaraza R., Fisher D., 1996] :
g $ " . (>70%)
1121238 # ,*.#® ")) 1 ,1'$)" #%#"'$ )"

STELLA " "$
# ! $ USA/NSF !
$ 1993" 1999. % CC-STADUS (Cross Curricular

Systems Thinking and Dynamics using STELLA) CC-SUSTAIN (Cross
Curricular Systems Using STELLA: Training and INservice) [CC-STADUS, CC-
SUSTAIN web site, 2001]. " :

" $3
4* "§
) $ & % STELLA,
" #" ! $" «STELLA: Anintroduction to systems
thinking», [High Performance Systems Inc, 1997]. ! & . $
STELLA ! & "
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$ $ " STELLA " #

. | " .
" CFC  § ," # "

M . 3 Cy

" $ $ "
3. - ! & . % "
" S L #
3 ! $  STELLA & 3 4 "
2 . .
$ 1 "$ & , !
" # & " " #
" " & § #" " ,
& " STELLA
#
5 " , ! $ STELLA " "
# " . $
" : " $

: ( ) # :

) : " ,
#
. - g
" $

[ZarazaR., Fisher D., 1996].

The CC-STADUS... Project is one effort to introduce systems concepts to teachers
and students in the pre-college environment. Its focus and methodology are good reflections
of assumptions that seem rather widespread among educators working with system dynamics.
These assumptions can be summarized rather simply:

* Teachers and students learn new concepts and tools best by actually using themto

address problems.

» Models are most likely to be used by teachersif they are actually involved in

building or modifying those models.

 The highest and most important use of systems concepts is in a multi-disciplinary
environment, or as a second-best case, examining a multi-disciplinary problem in a single
discipline course. This use emphasizes the complexity and inter-connectedness of real world
problems. It also demonstrates the unique ability of systems dynamics to address such
problems.
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$-( " & (

# STELLA, $
# .
% .- $
, # $
$" "8 % ! [Zaraza R., Fisher D., 1996]
$ $ 70% " ,
STELLA : "$
"& " $ " R
g
# $
, #
0 # " " [Fisher M. D.,
1998] " «Mistakes made in the early years teaching students and teachers to
create system models». $ $ % :

Mistake: Thinking that tutorials would help students build models.

Mistake: Thinking that students could build original models once they had seen a
demonstration of such models, asan introductory lesson.

Mistake: Thinking that students could build substantive models after carefully
designed

lessons that built their skill in the use of STELLA and model analysis and ssimple
model construction.

Mistake: Thinking that showing teachers system dynamics models and how they

are useful isenough to get them to usethem in class.

0 I,
L, $
$
1121239 )" . & H( PR
STELLA ! "%
$ Modellus, Matlab, Mathematica, MathCAD ~ .' " Modellus
$ ! # % #
$

$ $ : $
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# #
#
"$
&
#
1 $"
$ & %
11.2.1.2.3104)
STELLA
MAC-OS. *
" # 1
STELLA
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$ $ "
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2124 = (( (( - "$- "™9-# WORLDMAKER
1121241 " $ #06 + +$ )(
# &
WORLDMAKER(HK) # Department of Curriculum
Studies " 5 $ Dr. Nancy LAW Eric W.
C. Tam. "8, "$
, /13 (International Conference on Computers in
Education) 1998 [Law, N., Tam, C., W., E., 1998].
WORLDMAKER(HK) % WORLDMAKER 2.0
# % :
% $
$ % [WORLDMAKER web site]
, : $ $,
$ $
1.21242 ((# ' # ! $1WORLDMAKER
1 WORLDMAKER ! $
"& 'S (" ). ! :
# # " ( )
tl $" (world-grid). " & :
# # " #' $ !
1 $ ! " & # " #
& " (rule editor), # %
$ $ $
$ ,
$ 1 $ $! $"
&
#
(" ) $ $ $
# 8 ,
$ " WORLDMAKER,
$ & $ $ " $!
$
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$",

Summer, T., 1994].

$

(participatory theater approach) [Repenning, A.,

k3
g | tree
i tree on fire ® Y2900 PRPROPRPDPDRDD
ashes P09 PPDDD P o9
Object 4 i oe oo (oeeeee | @
objects  LEL¥ ¢ oooeee o00e
Objects e0ee @@@@@@@@5\@\
No Object eeeeeedoeee o000 R
= - ¢ 4@ e e 2999
Dackgrount | ¢ DEEEE ¢e9¢ 92999
Hacknmundiey E X el+EE ¢ 99999
Background 3 S0 m)| eeeee o000 | [oe
Background 4 | [} e ool W 10
Background 5 Tl 29e999999e @099 |
Background & 2900099099 99009999
Blank Background o IS ® 9999 o999 999909
. @ ® 000009 9009
& |tree on fire Testalll 1}' Y0999 9090009 @@
. P99 99 9o9oo0e 99
fiespread |((NJ[W] DI BlEos] @ eeeeeeee ¢ eeeee
|humuut @uJ j]ﬁ
7 | @'Ll |>|W I E o ] ) 0 generations
e | N[ [ »]i100 J Coordinate: FgdDir|  BgdDir|
YWorld Maker [Hong Kon
| N Hpifoo (Hong Kong)
| @ |L| | .”ﬁ Version 1.89 6/4/98
19%&( 8.3 + 0 WORLDMAKER.
$ $ " , # $
n ||$ $ n "
n # , $ll " mn " #' $
# " # [7 o
5 v & A # , ., 2000].
121243 (& $#$ 1'#6 " " (" R
# " WORLDMAKER's & !
"$ " (cell automata computation) [Toffoli,
T.a M., N., 1987]. $" " # " #
$ # , n
n $ $" #, $
" " S« I o» Conway [Garder, M., 1970Q].
$ $ " (genetic agorithms), !
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(artificia life), " (classifier systems)

(neural  networks) " " #,
. $ + C
! " B "$.
" $ intermaths
[Bailey, J., 1996].
a. X % ( «($$8 » g & "# +
WORLDMAKER,;
! WORLDMAKER,
! $ #' $ #
"$ $ $
# $ # o
$
[Wolfram, S., 1984].
1 $ # $
2. 5"
3. F
4, *
5. 1
6. ( $ " )
7. $ # $
8
9
10.1
11"
$ # #
$ $ "$ ¢
& $, " #
#
$ $
" # # $ $
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& "
b. "OSHIS] #H+$ w( . (CC-
" WORLDMAKER ! ! $
, # $"
, ! $_$
| "% #
$ $ # $
$ ! $ $
1 #
# # ,
# ,
& " " (.. % %
'z )
: $ :
& ! « "» « $ » (event). 3
#, $ ! ! # # #
$ : #

[Boohan, R., 1994].
1121244 '# $$#). )" #
WORLDMAKER: “ A model is a simplified and idealized
system that can be used to think about another. Key concepts and principles in many
disciplines are often theoretical models of phenomena under scrutiny” [Law, N.,
Tam, C., W, E., 1998].

# 3$ ! # :
%
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#, $ ! ! $
% $ $" . WOLRDMAKER & ! $
$ " " #, $ $
1.21.245 '$" # ' §, $. " $14+0(
! R4 $ #
" " $ ’ "
#o " # & # "
$ : $ % $'
% & $ !
$( $% , $% ($WORLDMAKER
WORLDMAKER
" “The rise and fall of the ClockWork Universe”
$ " 7 AS/AL Physics B
(advancing Physics) + #0 # 7 (UK Institute of Physics).
WORLDMAKER " 7 : ,
$ $ " [Law, N., 1999, pp.: 3].

“ Physicists appreciate that many natural phenomena are currently explained by assuming
that matter consists of microscopic particles, which act in certain, well-defined ways. Prime examples
of thisinclude diffusion and Brownian motion, both of which are explained by the kinetic theory.

In a school laboratory situation, it is often difficult to explain how these abstract principlesin
Physics relate to the macroscopic phenomena observed in standard experiments. There are some
physical models that attempt to provide analogies for illustrating these microscopic interactions.
However, such models tend not to be very effective as the physical properties of the “ particles’ used in
these models, like beads and beans, are rather different fromthe “ ideal particles’ that they smulate.

Given that the structure of matter is one of the most fundamental and mind-boggling theories
about the universe (the atomic theory started with the Greeks, yet did not convince many scientists until
the early 19™ century, and was not proven until 1905 by Einstein), it is important and yet not easy for
the students of today to fully comprehend the nature and implications of such a theory. By using a
cellular automaton simulation system, one can make it easier for students to realize how the
macroscopic phenomena may result from the random interactions of microscopic entities. While
physical models of the kind described above are effectively only illustration tools, students can actually
explore the various features of the system using WM. This allows them to make sense of and construct
their own understanding of how a theoretical model of microscopic entities can in fact produce
deterministic macroscopic behaviour, fostering the development of deep cognitive understanding and
meaningful learning.”
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1121246 # *#% ") 1 ,1'$)" #%#'$ )"

4* "§
$ I " * 7 ,
! " WORLDMAKER "
" . # # $ $
“Modelling as a learning activity in science would help students to develop an
understanding of scientific principles as theoretical models and not facts. It would
also help develop a better understanding of nature of science and a deeper
understanding of the specific principles explored. [Law, N., 1999, pp.: 1]”
WORLDMAKER :
Einstein Infeld $ *“ Scienceis not a collection of laws or a catalog of facts
but a creation of human mind with freely invented ideas and concepts [ Einstein,
A., Infeld, 1938]" $ " ,
" : %
" [Law, N., Tam, C., W., E., 1998, pp.:2].

WORLDMAKER $
“ Computer-based modelling...allows the use to externalize thoughts as well to
interact with them: computer-based models are “run able” thoughts [Law, N.,
Tam, C., W, E., 1998, pp.:2]" .

- $ ", %

“Modédling activities... provide opportunities for children to engage in activities

involving high level of cognitive understanding and creativity in making sense of phenomena
and possible contributing (whether tangible or abstract) factors for the domain context. The
provision of appropriate modelling tools to enable children to create their own
representations (“worlds’) and to explore other people's representations would greatly
enhance the accessibility of such activities to younger children. [Law, N., Tam, C., W,, E,,

1998, pp.:2]”
1 " # # "
$ %
" ) $ ! " # "
WORLDMAKER Boohan's,
$ $ ! " # " " , & " "
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$ « "> « $ » [Boohan, R., 1994]. ) $ 3
: # " $
oS- (& (

" $ $ " %
WORLDMAKER, & ! $ $ [WORLDMAKER web
site]. $ $ : # " "

" $ "
" Shum [Shum, P., 1997, unpublished MEd.
dissertation at University of Hong Kong]. 1 # $ :
# $ , !
$ " WORLDMAKER. & " , |
$ $ "o

“It has been generally found that discrepancies between prediction and
observation provided very stimulating contexts for discussion and further exploration.
Comparison of situations where students were using the software in individual
settings with those in group settings consistently revealed that the latter led to more
fruitful learning. Group discussions provide a non-threatening environment for
expressing and exploring ideas, allowing deeper understanding to develop. [Law, N.,
Tam, C., W,, E., 1998, pp.: 7"

' $ WORLDMAKER "

" , % & "
1 " Shum, % $ WORLDMAKER
& " % # :
$' ! & $ "
! .' [Law, N, Li, S, Li, R, Tang, P., 2000, pp.: 2,3]
, $ " , "
" " .1
$ # " " %
$  (god directed), " $" "
$ % # % ( )
WORLDMAKER 2.0.
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11.21.247 )" , & (%" .
Agentshesets
# " AgentSheets, $ & "
# " $  AgentSheetsinc.  AgentSheets
"8 Dr. Alexander Repening
& " " # (Center of LifeLong
Learning & Design) " Colorado [Repenning, A., loannidou, A.,
Zola, J., 2000], [AGENTSHEETS web site].
' " $ B # " Agentsheets " "
"# " " WORLDMAKER.
" Agentsheets " WORLDMAKER & ! $ & "
# 0" % # . AgentSheets, $

! . YH# ! R # #

$' $.
StarL ogo
& " " # StarLogo #
! (Media Laboratory) MIT, " % #0 #'
" (National Science Foundation) " LEGO (LEGO
group). StarLogo & ! Mitchel Resnick

g | .
" (% " ) " " [Resnick, M.,
1991], [Resnick, M., 1992], [STARLOGO web site].
$ 9% " # StarLogo
WORLDMAKER $' $ . StarLogo & ! "
" LOGO.

" WORLDMAKER « » StarLogo.

" # # $" "



& $ (event handlers)

! . #
StarLogo #" # !
" $ $ $
& & # "
$ # " $
$ " ) !
WORLDMAKER "& "
! 205 20
" # #, %
11.21.24.84) ($$&. $# #8
WORLDMAKER(HK) " "
$ # " MS Windows. *
" #
WOLRDMAKER (world grid)
"$ # %
"$ % 0% " # "
" ).
# % $ "
“rule-editing panel”, $
$ $

WORLDMAKER 2.0 %

" $ %
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MODELLINGSPACE
11.2.1.251 " $ #6 + +$ )(

# " ModdlingSpace #
IST-School of Tomorrow 9 - $ IST-
2002-25385 “ModellingSpace”. "% %
" « " $ " » [Dimitracopoulou A., Komis V.,
Apostolopoulos P., Politis P., 1999] #
«1*3" 0 » ' % ModellingSpace,

/ ' ,
,  University of Mons-Hainaut (B), = New University of Lisbon (PT),

University of Angers (F) SchlumbergerSema (SP).
& $ " ,
! "$
$ $ " [ModellingSpace Web Site,
2002] " & $
121252 (# ' # ! $1MODELLINGSPACE
& $ $ #
1 & $
# : $ #
$ $ ,
$ $ :
&
2 & " #- $
, # "
# .
3.
$ $ :
! $ % %
, # " "
4. 1
# $ !
post-it,
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1.21.253 $" "
#

!
g
$
ModellingSpace, " $
.1 $ $ 9
" / s
|
1 $ # #
& #' $
$ $
$ $,& & #
&
3
& " $
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1 )
# # $ #
# # &
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o
$ $
animation
(" .
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[Boohan, R., 1994], ( &
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" [Bliss, J., 1994]. " "

ModellingSpace
1 " # " $
Y ’
2 $ ! ,
$ ’ "
3 $ ! $
&& : $ $
" [Bliss, J., 1994].

1121254 '# $$,#). ) #

' [Dimitracopoulou A., 2002]

«The scientific activity involves in great extend creation and testing of adequate models of phenomena,
systems or situations under study. These models can be either formal (such as the mathematical models
built in physics) or can constitute simple iconic representations. Models appear in most scientific areas
(economics, history, biology, meteorology, archaeology etc.), as well as in our everyday life. The
concept of ‘scientific model’ is a key one, common among many (if not all) the disciplines.
Consciousness of this concept enables science exploration from an advantageous point of view.
Additionally, detecting common, similar, or comparable models among different disciplines accelerate
knowledge transfer and reusability [Bertalanffy, 1969]. Moreover, during the last years, modelling
tools provided by computer science, considerably influenced some disciplines function. This kind of
epistemological reasons could be one factor that has influenced the devel opment of modelling systems
for education [ Hestenes, 1996] . »

, $ ! $ !
! $ $ ! "W
: # " # $
1 " " ModellingSpace "
& ' #
121255 '$ # ' §, $ " $1+0(
oo % " $
# % " $ #
$% ModellingSpace " " $ "
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" $ $ $ #, $
" 7 ) " -
1 $ "
" " $ , $ #
$ # % , " " $
1.2.1.256 # ,* ,#0 ") (LS ) H#H%HE'S )
4* "§
1 "$ ModellingSpace " & 3,
" o 3 "
$ " , $ ! ) #
! 3, "$
M odellingSpace, ! [Dimitracopoulou A., Komis V., 2002].
) $ & # %
ModellingSpace, # # 09

[Dimitracopoulou A., 2002] :

Soecifically, the object of models, the technological environment and the underlying pedagogical
approach has the potential to develop:
Modelling process skills (understand, develop and verify models) permitting work on the heart and
the evolution of every science. The environment incites students to cope with various problem-
solving situations (simple or complex one) of everyday and scientific life and support them through
multiple “ reasoning and representational tools” .
Necessary meta-cognitive skills (realised with the help of specific tools, as well as appropriate
pedagogical strategies). We focus on learning how to learn so that knowledge becomes less about
facts themselves and more about how to be creative in new and challenging situations.
The students creative and flexible thinking: the possibilities of multiple representations
(appropriate for young students), different reasoning modes and the open architecture of the
system permits to students to express their ideas via simple manipulations of a wide and open
range of entities & relations (from the concrete and empirical to abstract and scientific ones).
Communication (modelling constitutes a means and a support of the expression of ideas and the
communication) and collaboration skills (the environment implicates students to work on rich
collaborative situations supporting them by appropriate tools).
A wide range of fundamental concepts, laws and reasoning approaches of different subject matters
(mathematics, physics, biology, chemistry, environmental education, computer science) thanks to
the wide variety of situations that the environment permits to study.

TS (&l (
! $ ", 8
% ModellingSpace "
[Dimitracopoulou A., 2002] ! "o
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11-17

; [Smyrnaiou Z., Well-
BaraisA.,2002),[1  $ '.* " # ., 2002].
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$ #
11.21.257 )" & $( &
$ $ " « " $ " »
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" # % o ! $
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& $ % $ #
# # 0$ $
11.2.1.25.84) ($$&. $,# #6
$ "#, ModellingSpace $
$ & , %" $ %
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$ :
LOGO #
190, " & $ "
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Learning Group) ) 0.
" Jean Piaget

H LOGO
, $ , $
# # $
% ! $
[Microworlds Project web site]
"$ [STARLOGO web site].
121262 (#0' # | . LOGO
H LOGO
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(interpreter). $ # " : # $

# "o " $
$ LOGO % ! " " #,
$ % $ 1
$ & % :
« »l, LOGO &
! ( %)
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«C ", , ) "
, $ !
.1 $ LOGO
"g,
1 3 $ LOGO $ STARLOGO, $
# ! ( $ , ,video ).) %
LOGO, $ # % « »
$ " $ $ Mitchel Resnick
MULTILOGO
$ $ [Resnick, M., 1990]. $
" # : $
"$. LEGO/LOGO "$
# # " & » LEGO " LOGO. H
MIT (MIT Media
Lab Epistemology and Learning Group) g
& ! ! ", 8
. & .1 LEGO/LOGO !
s & R
LOGO.
11.21.26.3LOGO #6/9%" $#& 3$()
) LOGO,
$ " $
) 0 (MIT Media Lab Learning and Common Sense Group).
) $ " LOGO, # " $ " !
( $ )" ! " : %
#, " # "$ "
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n $ nn n % n

& " LOGO [Muller, J., 1997]. $ !
LOGO % # $ # & .
% " # %

1 LOGO $ " $ 1999-2000 " oo
2. " $ " o ) + [English

Dpt. for Education - Mathematics, 1999] $ "

" 8% LOGO. . " 20 $
" 1> $, " 7 )

“1CT opportunity: Pupils could programme atoy to follow a path involving half
and quarter turns.”

25
“1CT opportunity: Pupils could use software to create repeating patterns, such as
tessellations.”

11.21.26.7 # ,*,#0 ") (L, ) H#H%HE'S )
1 & $
LOGO # # % .1 ,
% $ & " # ;
a. LOGO ($" # ")H & .
$ $ " "$ $
$ & " ! "$ LOGO
$ $ [Soloway, E., 1986] [DiSessa, A. A., Abelson, H.,
1986]. $ LOGO o Papert . [Papert.
S., 1987, 244, 45]  «...
, ) 0
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*# + +.$ % &
2 & 0 &
& & « 0 »
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2 2 #
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Text) & " " "t .1 30
45 " 1011 ) %
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( #  [Clements, D. H., 1986] o
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LOGO [Bransford, D., J., Brown, L., A., Cocking, R., R. (Eds), 2000,  .: 53,55].
C. LOGO ($ $( $%&4 & $5
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% # "
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! " 1 "$
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[Clements, D. H., 1986], [Cope, P., Smith,

[Hoyles, C., Noss, R,

$ & LOGO
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H., Simmons, M., 1992], [Hoyles, C., Sutherland, R., 1987]
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“Programming is most often viewed as a way for experts to get computers to

perform complex tasks efficiently and reliably. Boxer presents an alternative image —

programming as a way for nonexperts to control a reconstructible medium, much like

written language, but with dramatically extended interactive capabilities.”
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With scientific method, we took things apart to see how they work. Now with
computers we can put things back together to see how they work, by modeling complex,
interrelated processes, even life itself. Thisis a new age of discovery, and ICT is the gateway.
Douglas Adams, Author [English Cur - ICT , 1999, . 15]

$" t # #8 $"
% , % $
1. Finding things out, 2. Developing ideas and making things happen, 3. Exchanging

and sharing information, 4. Reviewing, modifying and evaluating work as it

progresses:
" ! # %
n ' $u
/ 9
1 Key Stage2 | 2. Developing ideas and making things happen

Pupils should be taught: ...

C. to use simulations and explore models in order to answer ‘what if...? questions, to investigate and
evaluate the effect of changing values and to identify patterns and relationships [for example, simulation

software, spreadsheet models]. [English Cur - ICT , 1999, 18]

2 Key Stage3 | 2. Developing ideas and making things happen

Pupils should be taught: ...

¢. how to use ICT to test predictions and discover patterns and relationships, by exploring, evaluating and

developing models and changing their rules and values. [English Cur - ICT , 1999,  .: 20]

3 Key Stage4 | 2. Developing ideas and making things happen

Pupils should be taught: ...

c. apply, as appropriate, the concepts and techniques of 1CT-based modeling, considering their advantages

and limitations against other methods [English Cur - ICT , 1999,  .: 22]

+( (3 ( 0 & EnglishCur-ICT
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1 ICT +" 3

Pupils use ICT to save information and to find and use appropriate stored information, following straightforward lines of
enquiry. They use ICT to generate, develop, organise and present their work. They share and exchange their ideas with others.
They use sequences of instructions to control devices and achieve specific outcomes. They make appropriate choices when
using | CT-based models or simulationsto help them find things out and solve problems. They describe their use of ICT

and itsuse outside school. [English Cur - ICT , 1999,  .: 41]

2 JicT [ +" 4

Pupils understand the need for care in framing questions when collecting, finding and interrogating information. They interpret
their findings, question plausibility and recognise that poor-quality information leads to unreliable results. They add to, amend
and combine different forms of information from a variety of sources. They use ICT to present information in different forms
and show they are aware of the intended audience and the need for quality in their presentations. They exchange information
and ideas with othersin avariety of ways, including using e-mail. They use ICT systems to control eventsin a predetermined
manner and to sense physical data. They use | CT-based models and simulations to explor e patterns and relationships,
and make predictions about the consequences of their decisions. They compare their use of ICT with other methods and

with its use outside school. [English Cur - ICT , 1999,  .: 41]

3 JiIcT [ +" 5

Pupils select the information they need for different purposes, check its accuracy and organiseit in aform suitable for
processing. They use ICT to structure, refine and present information in different forms and styles for specific purposes and
audiences. They exchange information and ideas with othersin avariety of ways, including using e-mail. They create
sequences of instructions to control events, and understand the need to be precise when framing and sequencing instructions.
They understand how ICT devices with sensors can be used to monitor and measure externa events. They explor e the effects
of changing thevariablesin an | CT-based model. They discuss their knowledge and experience of using ICT and their
observations of its use outside school. They assess the use of ICT in their work and are able to reflect critically in order to

make improvementsin subsequent work. [English Cur - ICT , 1999, . 42)

4 |ICT | +" 6

... They develop, try out and refine sequences of instructions to monitor, measure and control events, and show efficiency in
framing these instructions. They use | CT-based modelsto make predictions and vary the rules within the models. They
assess the validity of these models by comparing their behaviour with infor mation from other sources. They discuss the

impact of ICT on society. [English Cur - ICT , 1999,  .: 42]

5 |iIcT [+ 7

... They use ICT to measure, record and analyse physical variables and control events. They design | CT-based models and
procedureswith variables to meet particular needs. They consider the benefits and limitations of ICT tools and information
sources and of the results they produce, and they use these results to inform future judgements about the quality of their work.

They take part in informed discussions about the use of ICT and itsimpact on society. [ English Cur - ICT , 1999,
. 42)

6 |ICT [ +" 8

Pupils independently select appropriate information sources and ICT tools for specific tasks, taking into account ease of use
and suitability. They design successful waysto collect and prepare information for processing. They design and implement
systemsfor othersto use. When developing systemsthat respond to events, they make appropriate use of feedback.
They take part in informed discussions about the social, economic, ethical and moral issues raised by ICT. [English Cur -

ICT, 1999, ..42]

7 JicT | % $

Pupils evaluate softwar e packages and 1 CT-based models, analysing the situations for which they were developed and
assessing their efficiency, ease of use and appropriateness. They suggest refinements to existing systems and design,

implement and document systems for others to use, predicting some of the consequences that could arise from the use of such
systems. When discussing their own and others’ use of ICT, they use their knowledge and experience of information systems

to inform their views on the social, economic, political, legal, ethical and moral issues raised by ICT. [English Cur —
ICT, 1999, .:42]

+( (4 ( 0 & * EnglishCur-ICT
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Snce the age of ten, I've been hooked on mathematical problems as intellectual
challenges. However, nobody has to worry that pure mathematics won't be used.
Mathematics — even some of the most abstruse mathematics that we thought would never be
used —is now used every time you use your credit card, every time you use your computer.

Professor Andrew Wiles, Princeton University [English Cur - Mathematics, 1999,

.15
$ " ) " + "
$ $ o $ "
1. Ma2: Number and Algebra ( " (O & )s
2. Ma3: Shape, space and measures (. " )
3. Ma4: Handling data (" & $ )
$ $ # #0% %
! &
Key stage 1 Number, shape, space and measures
Key stage 2 Number, Shape, space and measures, Handling data
Key stage3& 4 | Number & agebra, Shape, space and measures, Handling data
+( (,6) (! & .
' ¢ v ) " |
" $ " $ "
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% " o "
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1 Key Stage3 | Ma2 Number & Algebra | Equations, formulasand identities

5. Pupils should taught to:...

f. use formulae from mathematics and other subjects (for example, formulae for the area of a triangle, the
area enclosed by a circle, density=mass/volume); substitute numbers into a formula; derive a formula and
change its subject (for example, convert temperatures between degrees Fahrenheit and degrees Celsius, find
the perimeter of arectangle given itsarea A and the length | of one side)

ICT opportunity: Pupils could use a spreadsheet to construct formulae to model situations.

[English Cur - Mathematics, 1999, .. 34]

2 | Key Stage4 | Ma2 Number & Algebra | Equations, formulas and identities

5. Pupils should taught to:...

f. use formulae from mathematics and other subjects expressed initially in words and then using letters and
symbols [for example, formulae for the area of a triangle, the area enclosed by a circle, wage earned=hours
worked x rate per hour]; substitute numbers into a formula; derive a formula and change its subject (for
example, convert temperatures between degrees Fahrenheit and degrees Celsius, find the perimeter of a
rectangle given its area A and the length | of one side, use V=IR to generate a formula for R in terms of V
and )

ICT opportunity: Pupils could use a spreadsheet to construct formulae to model situations.

[English Cur - Mathematics, 1999, . 47)

+( (, 7. 0 EnglishCur-Mathematics
1221228 " . ('$)." &+ 28/, " . %1 $.
/
1 Ma2 Number & Algebra +" 8

Pupils solve problems involving cal culating with powers, roots and numbers expressed in standard form, checking for correct
order of magnitude. They choose to use fractions or percentages to solve problemsinvolving repeated proportional changes or
the calculation of the original quantity given the result of a proportional change. They evaluate algebraic formulae, substituting
fractions, decimals and negative numbers. They calculate one variable, given the others, in formulae such asV = rh. Pupils
manipulate algebraic formulag, equations and expressions, finding common factors and multiplying two linear expressions.
They know that a®-b?=(a+b)(a-b). They solveinequalitiesin two variables. Pupils sketch and interpret graphs of linear,
guadratic, cubic and reciprocal functions, and graphs that model real situations.

[English Cur - Mathematics, 1999, .. 90]

2 M a3 Shape, space and measures +" 5

When constructing models and when drawing or using shapes, pupils measure and draw angles to the nearest degree, and use
language associated with angle. Pupils know the angle sum of atriangle and that of angles at a point. They identify all the
symmetries of 2-D shapes. They know the rough metric equivalents of imperial units still in daily use and convert one metric
unit to another. They make sensible estimates of arange of measuresin relation to everyday situations. Pupils understand and
use the formula for the area of arectangle.

[English Cur - Mathematics, 1999, - 92

+( (,8 O * EnglishCur-Mathematics
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x3+x=100

$

y=mx+c, y=f(x+a), y=f(ax) . .
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1 Key Stage3 | Ma2 Number & Algebra | Equations, formulasand identities

5. Pupils should taught to:...

j. use systematic trial and improvement methods with ICT tools to find approximate solutions of eguations
where there is no simple analytical method (for example, x*+x=100)

[English Cur - Mathematics, 1999, .. 34]

2 | Key Stage3 | Ma2 Number & Algebra | Sequencies, functionsand graphs

5. Pupils should taught to:...

0. g3enerate points and plot graphs of simple quadratic and cubic functions (for example, y=x?, y=3x%*+4,
y=x’)

ICT opportunity: Pupils could use a spreadsheet to generate points and plot graphs

[English Cur - Mathematics, 1999, .. 35]

3 | Key Stage3 | Ma4 Handling data | Intepreting and discussing results

5. Pupils should taught to:...

c. look at datato find patterns and exceptions

ICT opportunity: Pupils could use databases to present their findings
[English Cur - Mathematics, 1999, - 41]

4. | Key Stage4 | Ma2 Number & algebra | Sequencies, functionsand graphs

6. Pupils should taught to:...

c. construct linear functions from real-life problems and plot their corresponding graphs; discuss and
interpret graphs arising from real situations; understand that the points of intersection of two different lines
in the same two variables that simultaneously describe a real situation is the solution to the simultaneous
equations represented by the lines; draw line of best fit through a set of linearly related points and find its

equation.
[English Cur - Mathematics, 1999, .. 48]
5 | Key Stage4 | Ma2 Number & algebra | Sequencies, functions and graphs, Gradients

6. Pupils should taught to:...

d. find the gradient of lines given by equations of the form y=mx+c (when values are given for m and c);
investigate the gradients of parallel lines.

ICT opportunity: Pupils could use a spreadsheet to calculate points and draw graphs to explore the effects
of varying m and c in the graph of y=mx+c

[English Cur - Mathematics, 1999, .. 48]

6 Key Stage 4 | Ma2 Number & algebra | Sequencies, functionsand graphs
higher

6. Pupils should taught to:...

g-f. graphs of linear functions, Interpreting graphical information, Quadratic functions, other
functions

ICT opportunity: Pupils could generate functions from plots of data, for example, from a science
experiment, using simple curve fitting technigues on graphic calculators, or with graphics software.

[English Cur - Mathematics, 1999, .. 63]

7 Key Stage 4 | Ma2 Number & algebra | Sequencies, functions and graphs,
higher Transfor mations of functions

g. apply to the graph of y=f(x) the transformations y=f(x)+a, y=f(ax), y=f(x+a), y=af(x) for linear, quadratic,
sine and cosine functions f(x)

ICT opportunity: Pupils could use software to explore transformations of graphs

[English Cur - Mathematics, 1999, .. 64]

+( (9 0 EnglishCur-Mathematics
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The importance of science

Science stimulates and excites pupils "curiosity about phenomena and events in the
world around them. It also satisfies this curiosity with knowledge. Because science links
direct practical experience with ideas, it can engage learners at many levels. Scientific
method is about developing and evaluating explanations through experimental evidence and
modelling. Thisis a spur to critical and creative thought. Through science, pupils understand
how major scientific ideas contribute to technological change —impacting on industry,
business and medicine and improving quality of life. Pupils recognise the cultural
significance of science and trace its worldwide development. They learn to question and
discuss science-based issues that may affect their own lives, the direction of society and the
future of the world.

' “Science” ( D "& " $ "
"o " "& ! ! !
! $ : Scl Scientific enquiry, Sc2 Life processes and living
things, Sc3 Materials and their properties, Sc4 Physical processes. $
R ! $ " % & $
" s
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1 Key Stage2 | Sc4 Physical processes Electricity

5. Pupils should taught:...a. to construct circuits, incorporating a battery or power supply and a range of
switches, to make electrical devices work [for example, buzzers, motors] ICT opportunity:_Pupils could
use simulation software to extend an investigation of components in a series circuit. [English Cur - Science,
1999, .:26]

2 | Key Stage2 | Sc4 Physical processes | The Earth and beyond, periodic changes

5. Pupils should taught:...b. how the position of the Sun appears to change during the day, and how
shadows change as this happens d. that the Earth orbits the Sun once each year, and that the Moon takes
approximately 28 days to orbit to Earth. ICT opportunity: Pupils could use video or CD-ROM to study
models of the Sun, Earth and Moon system[English Cur - Science, 1999,  .: 27]

3 | KeyStage3 | Sc4 Physical processes | Electricity and magnetism, Circuits

1. Pupils should taught:...a. how to design and construct series and parallel circuits, and how to measure
current and voltage. ICT opportunity: Pupils could use simulation software to investigate and model
circuits.

4 | Key Stage3 | Sc4 Physical processes | TheEarth and beyond, The solar system

4. Pupils should taught:...a. how the movement of the Earth causes the apparent daily and annual movement
of the Sun and other stars c. about the movements of planets around the Sun and to relate these to
gravitational forces e. about the use of artificial satellites and probes to observe the Earth and to explore the
solar system. ICT opportunity: Pupils could use video or CD-ROM to study the solar system. [English Cur
- Science, 1999, .. 35]

5 Key Stage4 | Sc4 Physical processes Energy resour ces and energy transfer

4. Pupils should be taught: b. about the efficient use of energy, the need for economical use of energy
resources, and the environmental implications of generating energy |CT opportunity: Pupils could use a
spreadsheet to model energy lossin a house [English Cur - Science, 1999, - 41]

6 Key Stage4 | Sc4 Physical processes Forces and motion, for ce and acceleration

2. Pupils should be taught: b. about factors affecting vehicle stopping distances |CT opportunity: Pupils
could use a spreadsheet to analyse data [English Cur - Science, 1999,  .: 54]

7 | Key Stage4 | Sc4 Physical processes | Forcesand motion, force and non-uniform motion

2. Pupils should be taught: i. why falling objects may reach a terminal velocity |CT opportunity: Pupils
could use simulations to investigate falling objects [English Cur - Science, 1999, .. 55]

8 | Key Stage4 | Sc4 Physical processes | Waves, characteristics of waves

3. Pupils should be taught: a about the reflection, refraction and diffraction of waves, including light and
sound as examples of transverse and longitudinal waves c. the quantitative relationship between the speed,
frequency and wavelength of a wave ICT opportunity: Pupils could use CD-ROM software to explore
wave models [English Cur - Science, 1999,  .: 55]

9 Key Stage4 | Sc4 Physical processes Waves, Earth’slayered structure

3. Pupils should be taught:

n. that the Earth’s outermost layer, the lithosphere, is composed of plates in relative motion, and that plate
tectonic processes result in the formation, deformation and recycling of rocks

ICT opportunity: Pupils could use simulation software to model plate tectonic processes

[English Cur - Science, 1999, .. 5]

10 | Key Stage4 | Sc4 Physical processes | The Earth and beyond

4. Pupils should be taught:

a. the relative positions and sizes of planets, stars and other bodies in the universe [for example, comets,
meteors, galaxies, black holes]

b. that gravity acts as a force throughout the universe

ICT opportunity: Pupils could use CD-ROM software to simulate movements in the solar system and the
universe [English Cur - Science, 1999,  .: 56]

11 | Key Stage4 | Sc4 Physical processes | Radioactivity

6. Pupils should be taught:

a. the meaning of the term ‘half-life'

ICT opportunity: Pupils could use simulationsto explore half-life
[English Cur - Science, 1999, .. 56]

+( (, 10. 0 Sc4. Physical processes
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1 Key Stage3 | General description

During key stage 3 pupils build on their scientific knowledge and understanding and make connections
between different areas of science. They use scientific ideas and models to explain phenomena and events,
and to understand a range of familiar applications of science.

[English Cur - Science, 1999, .. 28]

+( (, 11. 0 3
/ 9
1 Key Stage3 | Sc2 Life processes and | Humans as organisms
living things

2. Pupils should taught:...

n. how the growth and reproduction of bacteria and the replication of viruses can affect health, and how the
body’ s natural defences may be enhanced by immunization and medicines.

ICT opportunity: Pupils could use simulation software to model changes in populations of bacteria in
different conditions

[English Cur - Science, 1999, . 31]

2 Key Stage3 | Sc2 Life processes and | Green plantsas organisms, Nutrition and growth
living things

3. Pupils should taught:...
a. that plants need carbon dioxide, water and light for photosynthesis, and produce biomass and oxygen
ICT opportunity: Pupils could use sensors to record or use simulation software to model factors that affect

photosynthesis
[English Cur - Science, 1999, .31

3 Key Stage3 | Sc2 Life processes and | Livingthingsin their environment
living things

5. Pupils should taught:...

f. how toxic materials can accumulate in food chains.

ICT opportunity: Pupils could use simulation software to explore toxic materials in food chains
[English Cur - Science, 1999, . 31]

4 Key Stage4 | Sc2 Life processes and | Humans as organisms, Nervous system
living things

2. Pupils should be taught:

d. how the reflex arc makes rapid response to a stimulus possible

ICT opportunity: Pupils could use multimedia simulation of nerve impulse.
[English Cur - Science, 1999, .0 39]

5 Key Stage4 | Sc2 Life processes and | Livingthingsin their environment
living things

4. Pupils should be taught:

a. how the distribution and relative abundance of organisms in habitats can be explained using ideas of
interdependence, adaptation, competition and predation

ICT opportunity: Pupils could use spreadsheets to model the effects of competition and predation.

[English Cur - Science, 1999, .. 40]

6 Key Stage4 | Sc3 materials and their | Classifying materials, atomic structure
properties

1. Pupils should be taught:

b. about amodel of the way electrons are arranged in atoms

c. how the reactions of elements depend on the arrangement of electronsin their atoms.

ICT opportunity: Pupils could use software simulations to explore models of atom and reactions.
[English Cur - Science, 1999, . 41]

7 Key Stage4 | Sc2 Life processes and | Humansasorganisms, breathing, Nervous system
living things

2. Pupils should be taught:

d. how the structure of the thorax enables ventilation of the lungs

h. how the reflex arc makes a rapid response to a variety of stimuli

ICT opportunity: Pupils could use multimedia sources to see things that cannot readily be observed
[English Cur - Science, 1999, .. 48]

+( (, 12 0 Sc2. Life processes and living things.
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1 Key Stage4 | Sc3 materials and their | Patternsof behaviour, The periodic table
properties

3. Pupils should be taught:

c. the connection between the arrangement of outer electrons and the position of an element in the periodic
table.

f. about different types of chemical reaction, including neutralization, oxidation, reduction and thermal
decomposition, and examples of how these are used to make materials.

ICT opportunity: Pupils could use a database of the elements to explore patterns

[English Cur - Science, 1999, . 41]

2 Key Stage4 | Sc3 Materials and their | Patternsof behaviour, Reversiblereactions
properties

2. Pupils should be taught:

s. about manufacturing processes based on reversible reactions, and how the yield of these depends on the
conditions

ICT opportunity: Pupils could use simulation software to explore the effects of changing conditions.
[English Cur - Science, 1999,  .: 53]

+( (, 13 0 Sc3.  aterialsand their properties.
122135 ('$)." S " " & + ' [4$
o ! $ % $
% $
1 | Sci Scientific enquiry | Level 8

Pupils give examples of scientific explanations or models that ave had to be changed in the light of
additional scientific evidence.

[English Cur - Science, 1999, .. 76]

2 | Scl Scientific enquiry | Exceptional performance

Pupils give examples of scientific explanations and models that have been challenged by subsequent
experiments and explain the significance of the evidence in modifying scientific theories.

[English Cur - Science, 1999, .0 76]

3 | Sc3 Materialsand their properties | Level 7

They use the particle model of matter in explanations of phenomena (for example, changes of state).
[English Cur - Science, 1999,  .: 80]

4 | Sc3 Materialsand their properties | Level 8

They use the particle model in awide range of contexts.

[English Cur - Science, 1999,  .: 80]

5 | Sc4 Physical processes | Level 5

They use simple models to explain effects that are caused by the movements of the Earth (for example,
the length of aday or year)

[English Cur - Science, 1999, .: 82]

6 | Sc4 Physical processes | Level 8

They use models to describe and explain phenomena (for example, the magnetic field of an
electromagnet, the passage of sound waves through a medium)

[English Cur - Science, 1999,  .: 82]

7 | Sc4 Physical processes | Exceptional performance

They understand how models (for example, the particle model) are useful in explaining physical
phenomena (for example, how sweating causes cooling).

[English Cur - Science, 1999,  .: 82]

+( (, 14 0
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Numbers and Operations, Algebra, Geometry, Measurement, Data Analysis

and Probability, Problem Solving, Reasoning and Proof, Communication, Connection,
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A mathematics curriculum focuses on important mathematics

... In addition, the curriculum should offer experiences that allow students to see that
mathematics has powerful usesin modeling and predicting real-world phenomena...

[NCTM, 2000, .15, 16]
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Algebra standard

Instructional programs from prekindergarten through grade 12 should enable all
students to: understand patterns, relations, and functions, represent and analyze
mathematical situations and structures using algebraic symbols; use mathematical models to
represent and under stand quantitative relationships,; analyze change in various contexts.

[NCTM, 2000, .37]
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Use mathematical models to represent and understand quantitative relationships

One of the most powerful uses of mathematics is the mathematical modeling of
phenomena. Students at all levels should have opportunities to model a wide variety of
phenomena mathematically in ways that are appropriate to their level. In the lower
elementary grades, students can use objects, pictures, and symbols to model situations that
involve the addition and subtraction of whole numbers. When children demonstrate the
situation “ Gary has 4 apples, and Becky has 5 more” by arranging counters, they are doing
beginning work with modeling. In grades 3 -5 students should use their models to make
predictions, draw conclusions, or better understand quantitative situations. These uses of
models will grow more sophisticated. For instance, in solving a problem about making punch,
middle-grades students might describe the relationships in the problem with the formula P
=(8/3)J ,where P is the number of cups of punch and J is the number of cups of juice. This
mathematical modd that can be used to decide how much punch will be made from fifty cups
of juice. High school students should be able to develop models by drawing on their
knowledge of many classes of functions —to decide, for instance, whether a situation would
best be modeled with a linear function or a quadratic function —and be able to draw
conclusions about the situation by analyzing the model. Using computer-based laboratories
(devices that gather data, such as the speed or distance of an object, and transmit them
directly to a computer so that graphs, tables, and equations can be generated), students can
get reliable numerical data quickly from physical experiments. This technology allows them
to build modelsin a wide range of interesting situations. [NCTM, 2000, . 39, 40Q]
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Using concrete models, drawings, and dynamic geometry software, students can
engage actively with geometric ideas. With well designed activities, appropriate tools, and
teachers support, students can make and explore conjectures about geometry and can learn
to reason carefully about geometric ideas from the earliest years of schooling....

Technology also has an important role in the teaching and learning of geometry.
Tools such as dynamic geometry software enable students to model, and have an interactive
experience with, a large variety of two-dimensional shapes. Using technology, students can
generate many examples as a way of forming and exploring conjectures, but it is important
for them to recognize that generating many examples of a particular phenomenon does not
constitute a proof. Visualization and spatial reasoning are also improved by interaction with
computer animations and in other technological settings. [NCTM, 2000, . 41]

[1.2.2.2.1.3 Representation
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The ways in which mathematical ideas are represented is fundamental to how people
can understand and use those ideas. Consider how much more difficult multiplication is using
Roman numerals (for those who have not worked extensively with them) than using Arabic
base-ten notation. Many of the representations we now take for granted — such as numbers
expressed in base-ten or binary form, fractions, algebraic expressions and equations, graphs,
and spreadsheet displays —are the result of a process of cultural refinement that took place
over many the ideas they represent, they have a set of tools that significantly expand their
capacity to think mathematically.

... Some forms of representation —such as diagrams, graphical displays, and
symbolic expressions —have long been part of school mathematics. Unfortunately, these
representations and others have often been taught and learned as if they were ends in
themselves. Representations should be treated as essential elements in supporting students’
understanding of mathematical concepts and relationships; in communicating mathematical
approaches, arguments, and understandings to one 's self and to others; in recognizing
connections among related mathematical concepts; and in applying mathematics to realistic
problem situations through modeling. New forms of representation associated with
electronic_technology create a need for even greater ingructional attention to
representation.

Representation Sandard

Instructional programs from prekindergarten through grade 12 should enable all
students to- create and use representations to organize, record, and communicate
mathematical ideas; select, apply, and translate among mathematical representations to
solve problems; use representations to model and interpret physical, social, and
mathematical phenomena.

[NCTM, 2000, .67
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Use representations to model and interpret physical, social, and mathematical phenomena

The term model has many different meanings. So it is not surprising that the word is
used in many different ways in discussions about mathematics education. For example, model
is used to refer to physical materials with which students work in school —manipulative
models. The term is also used to suggest exemplification or simulation, as in when a teacher
models the problem-solving process for her students. Yet another usage treats the term as if it
were roughly synonymous with representation. The term mathematical model, which is the
focus in this context, means a mathematical representation of the elements and relationships
in an idealized version of a complex phenomenon. Mathematical models can be used to
clarify and interpret the phenomenon and to solve problems.

In some activities, models allow a view of a real-world phenomenon, such as the flow
of traffic, through an analytic structure imposed on it. An example of a general question to be
explored might be, How long should a traffic light stay green to let a reasonable number of
cars flow through the intersection? Students can gather data about how long (on average) it
takes the first car to go through, the second car, and so on. They can represent these data
dtatistically, or they can construct analytic functions to work on the problem in the abstract,
considering the wait time before a car starts moving, how long it takes a car to get up to
regular traffic speed, and so on.

Technological tools now allow students to explore iterative models for situations that
were once studied in much more advanced courses. For example, it is now possible for
students in grades 9 —12 to model predator-prey relations. The initial set-up might be that a
particular habitat houses so many wolves and so many rabbits, which are the wolves' primary
food source. When the wolves are well fed, they reproduce well (and more wolves eat more
rabbits); when the wolvesare starved, they die off. The rabbits multiply readily when wolves
are scarce but lose numbers rapidly when the wolf population is large. Modding software
that uses difference equations allows students to enter initial conditions and the rules for
change and then see what happens to the system dynamically.

Sudents use of representations to model physical, social, and mathematical
phenomena should grow through the years. In prekindergarten through grade 2,students can
model distributing 24 cookies among 8 children, using tiles or blocks in a variety of ways. As
students continue to encounter representations in grades 3 —5,they begin to use them to model
phenomena in the world around them and to aid them in noticing quantitative patterns. As
middle-grades students model and solve problems that arise in the real and mathematical
worlds, they learn to use variables to represent unknowns and also learn to employ equations,
tables, and graphs to represent and analyze relationships. High school students create and
interpret models of phenomena drawn from a wider range of contexts —including physical
and social environments —by identifying essential elements of the context and by devising
representations that capture mathematical relationships among those elements. With
electronic technologies, students can use representations for problems and methods that until
recently were difficult to explore meaningfully in high school. Iterative numerical methods,
for example, can be used to develop an intuitive concept of limit and its applications. The
asymptotic behavior of functions is more easily understood graphically, as are the effects of
transformations on functions. These tools and under standings give students access to models
that can be used to analyze a greatly expanded range of realistic and interesting situations.
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Prekindergarten-2

%

Model situations that involve the addition and, substraction of whole
numbers, using objects, pictures, and symbols.

3-5 % Model problem situations with object and use representations such as
graphs, tables, and equations to draw conclusions.

6 -8 % Model and solve contextualized problems using various representations,
such as graphs, tables, and eguations.

9 -12 % Identify essential quantitative relationships in a situations and

determine the class or classes of functions that might model the
relationships;

Use symbols expressions, including iterative and recursive forms,
to represent relationships arising from various contexts;

Draw reasonable conclusions about a situation being modeled.

+( (, 15. Algebra standards/Use mathematical models to represent and understand quantitative

1122214 $()

relationships Expectations table

“$ - w0 ( *( $#" /. ($6

«" » «' » #

" #
] $ n $ n

" & " ( &

$ "%
6 " $
] $ n % n

n n n ( n

151




%

152

%



112222 (" "$ $/ '/ (& 5 $5 $ &5
& " : $ $
$ " $ $ [CA Board of
education/Science standards, 1998].
" $ Physical Sciences, Chemistry, Biology/Life

Sciences, Earth Sciences % Investigation and experimentation.
1 ! $ " $
-3 13 (, ")
7 Investigation | Scientific progressis made by asking meaningful questions and
& conducting careful investigations. As abasis for understanding this
Experimentati | concept and addressing the content in the other three strands, students
on should develop their own questions and perform
investigations. Students will: ...
d. Construct scale models, maps, and appropriately labeled diagrams
to communicate scientific knowledge (e.g., motion of Earth’s plates
and cdll structure). (. 25)

9-12 5" |/ 1. The periodic table displays the elements in increasing atomic number
and shows how periodicity of the physical and chemical properties of the
elements relates to atomic structure. As a basis for understanding this
concept:...

i.* Sudents know the experimental basis for the development of the
guantum theory of atomic structure and the historical importance of the
Bohr model of theatom. (' . 36)
9-12 Earth 2. Earth-based and space-based astronomy reveal the structure, scale, and
Scienceg/Eart | changesin stars, galaxies, and the universe over time. Asabasis for
h's Place in | understanding this concept:...
theUniverse | g.* Sudents know how the red-shift from distant galaxies and the cosmic
background radiation provide evidence for the “big bang” model that
suggests that the uni-verse has been expanding for 10 to 20 billion years.
( .49
9-12 Earth 6. Climate is the long-term average of aregion’s weather and depends on
SciencesEner | many factors. As abasis for understanding this concept:...
gy in the | d.* Sudentsknow how computer models are used to predict the effects of
Earth System | the increase in greenhouse gases on climate for the planet as a whole and
for specific regions. (' . 50)
9-12 Investigation | 1. Scientific progressis made by asking meaningful questions and
and conducting careful investigations. As abasis for understanding this
Experimentati | concept and addressing the content in the other four strands, students
on should develop their own questions and perform
investigations. Students will:...
f. Distinguish between hypothesis and theory as scientific terms.
g. Recognize the usefulness and limitations of models and theories as
scientific representations of reality....
n. Know that when an observation does not agree with an accepted
scientific theory, the observation is sometimes mistaken or fraudulent
(e.g., the Piltdown Man fossil or unidentified flying objects) and that the
theory is sometimes wrong (e.g., the Ptolemaic model of the movement of
the Sun, Moon, and planets).
( .52
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& " [Bransford, D., J., Brown, L., A., Cocking, R.,
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$ $ !
" # $ $ # %
5 [Lochovsky, H.,
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[11.1.55 (0 '* ¥ $( $*1%"$

) $ $ ! +*
[Jonassen, H. D., 2000]. 1 $ #
" g 4k
$ .0 .) " :
[11.1.551To " §-#* TableTop
0 ! " # Tabletop
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... data is a model of a real-world situation - a model that support transformations and operations
whose results can be interpreted in terms of the original situationLike any model, it is a partial
representation, and its validity must be judged in the context of the usesto which it will be put.

[Hancock, C., Kaput, J., Goldsmith, T., 1992, pp.339]
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# $

$
$ #
4
$ 3 $

< 932123,

< 932124,

< 932125,

19%( 18." #

$ 3 $

1112352 ('- "S& #!$% & "# +

# % # 0$ $ #
* 1:
$)'"r(__, (/94 $,$9% , 9!": 18 ; "' )$1,848:%; )" )
> 2
4%) 9" $(_,) ") 4, 89 %/ o8 ;"' )S$!)
I 3
) % (__,__::8; "')$!)
# % $
# $ #
$ # $ #
$ " " . %

212



" " $$ $" $ $ $
$ $ " , " "
oo o + % $
" # $ " &
1112353 $&9 198 , " & .
$ 3% " " "
( % $ %) /
; ; g ;
# " " $ $ " (%"
$ %) -- et | .
" "%
# " " " 19
" $ $ " " ' " $
L
'5 -0 '
#
/ 932123 1' 21" 21*1"
/ 932124 1' 21" 21*1"
/ 932125 5)1 21" 21*1"'
'5 ' - 310 1:
#
21 1000 | FIAT STILO 21
21+1001 | VW GOLF ) 321
'5 5 Q
# #
/932123 | 21 1000
/932124 | 21 1000
/ 932125 | 21+1001
19%( 19.!
(( "%"s:
1 $ $ $ $
" & %

213



2.1 $'&

% $ ! ! & $ % ,
$ $
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1 $ $
1 . $" ! $
Codd: [Codd, E., 1970].
2. . " 1 ' $
Chen: [Chen, P., 1976].
3. . " " [Batini, C., Ceri, St.,

Navathe Sh., 1992], [Edward R. Tufte, 1990] [Federal Information
Processing Standards Publication 184, 1993].

4. . % % " " [Navathe. Sh.,
1992], [David C. Hay, 1995] [Federal Information Processing Standards
Publication 184, 1993].

5 . " " #
Uk gk " #" $ ’
SQL . . $ :[DaecC. 1990].

Data models are vehicles for describing reality. Designers use data models to build
schemas which are representations of reality. The quality of the resulting schemas
depends not only on the skill of the database designers, but also on the qualities of the
selected data model. [Batini, C., Ceri, ., Navathe Sh., 1992], . 15.
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| | $ ( &
$
# % #
SQL. | & 4
%
$ $
1 * gk & $
% $" 4
% $ $
% g
2. (. re $ & # % SQL
" !
$
&
1 4 $
$
2. 4 #ooox * $
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1 0 .6. ' 0+ "' 0 $ 5+ , .8,
* %1) /6] : A >+, #
54* > 4%
2 /1 0 )1/ $ # ,
) 4 6/ .0 0 +*
3 *3' ' 1.0') 4 6/ "$ 5+* " . %
''1/'5 *0') 15+*
4 0O .6. 'O ) & $ & %
+'0 ' //10" R :
13'5 '0 13 "$ $ !
) 1/ 13 $ $ "
Ol . " .
& " %
56 ) *6' + '06/ 1" !
/11@®/
78 |+ 0 ' 280 , , . ( & ),
'5 " %% ( ), 0% ! 3,
! $, # ) H# %
% & "
$
9 *6' + '06/ 1 ! Yo" #
2 8 6/ 5" & # ! , %3
10, 0 .6. / ) & & ( && &
11 1110 & #)
'3'5 0
12, )y *6 1 # % TE
13 /110" $ &
'3'5 0 $
14, ] ' SQL & # % ,
15, 217126/ ) ( & % , 18" ,
16 "3/ 8 ). "
26 ) 6/ # ( $ & | # (join), % , ,
'$"
17 0 3801 1 ! "ok # # &
+4) 1 # s $
810 ®' ' 6/ % & +*
) 4 6/ $ ) $ " #
" "&
18, 0 .6. 1/ $ $ )
19 5 *Q ') 1 +* , $
+*
20, 1.01'"'5 *0 ") 1° "
21 +- 01/0 )1 a-1,14 1))
)
22, 11 26) |/ Case studies % $
23 2 * Q)
24 ‘5 %0 ') 13 +*
25 16" 0 ' o" ! #
*3''1.0"" |/
/110 '
'3'5 0
01/0 ')
) 1
26 16" 0 ' o" ! #
*3''1 0 /
/110 '
'3'5 0
01/0 )1
)
27 |0 o0 $ & " - $ 7
28, *2 2a ) +*, $ # % , " ,
29, [ 52 ' "H4x + $ $ #
30, 35 ) $
31,
32 $ % +*
+( (, 241 (- : ,
L L] - )
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V.2 /&

( $"&  ( #H+¥

$ll

'*+* &

&&

g & |

, *l mn (,
$
( ! & »
%
%
$
&
$ #" $
!
%. .
$
$
2.
4
$ n
$ "&
(
$
#
&& .1
# '*+*
& " % $
o
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V21 $(1.'% $ & ) %K (4" $5 " &'+
$ $ & "
+*. % % %
$ %
& # $
$ $ # #
)
& $ $ "
! % +* 8
# # $ % L #
% % "&
$ ro#
V.22 "$ !'(0$*, ($7 O *,
1 +* (5+*) $ ! # $
# % % % +*.1 " 5+* "
$ +* $
$ ! $
& %
+* ( , ) & % $
% $ ! .1 ! S5+*
' # $ +*
$ $$
% 5+* " #
/[t 5+* $ !
% # 1/
! 5+ $
# #
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% " , !
mn $ mn mn
! $ $ " # " " & #
.10 # $ " $
+* (>+7%) $
> 4% " " % " "
% 3.1 " " !
n $ % n ,
) # # $ |
"3 # >+ "$" " #
s ' ! "8
# 5+* " >+* " % % "
# L +* | n $ll n n
%
IV23 $(1.1% $)( $** §, " & *#
+* " ‘
O 1 n n
$ " +*
& " # & & " $ & "
/5 (" $ #O(:" # * 0 2
& & * *
& " #2 # . %
#H2 0 . 3 #2
: Small, Medium, Large, XLarge, XXLarge. 3 #
+ 0 . H# 0
# &
. 9
& _ *
1 g $ # ! "
1] ’ $ 1] # n
$ mn mn min
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%

! $ $
null,
#e+ 9 " %
# & ,
$& # " $ &
$ # && $
! & $
#
$ #1 #
& $ —
%
s8 "
+* $,
null ( _ )1 % +*
null. 1 ' # #
null " " #.
$ #' &
1)
+* " $
$ $& "
>4x " " L L |
# $ +* * 4
& . # $
T "
IV.231 & * . . )($5 " B
1" # $ +*
kg &
#.
#98.
#
$
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% 1] n 1 % +* #

(null,
).
IV.232 ' " & «'§ "$(1. 1'% . )( $5 '-3. " 1*
) $ >* 4 "
& " 1 #
# $ "$ $ 5+* $
>+* .1 # "
" #
# .1 $ $ !
$$ "$
%
$ & " " 5+*. $
# " % " >+*,
IVv24 ( $* '-3'§ " 1I*
1" % " "$(!. 1'% &
K!"(0% " >+ #
& " . $
kg ((&% , (3B/& 0% '-"$ &.
" % ( "$ $
& " & "
! % $" # & %
% # :
( (8% ( $5 "0-"
# $
(3%/& ! %
$ 8" " %
% $" $ " $("1P% (3B/&
P # $
$ ! " % !
% " ! & ! $'
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0% '-'$ & % $ # %
& " 1 $ !
$' $ ! # % $
o
&
%
$
% $ $
& # %
1V.24.1 B £ ' 4" - # #' 0'H & %
( (&, )( $5 -3
) & % $ #
& " % % $
% ) $ $ "$ & %
+* & # " "
$ #
$' $ !
$ +* # $
" & & #
g
IV.242 & * . )( $5 H - "I ' %
"( ' ( '$& ! (& . $- .
) $
& $
$ " # 2-3 ¢
% # ' *4x1 '$
# ( [ L # 1+, [
& 1+) #
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246 % - $&

&

n $ n n #
n n $ ( $ )
n n & n n $ n , $ $ 175 Cm
" 1980 & " # $ 80 Kgr # "
n 15. ! $ n # >7 >7 n n
6o - . H . ] . .
n n n ? $ "
B MofnTeg: MATpapiopa pe faon T poppio 1ol x|
| Kwdikdg palinmi Emmvupo Ovopu Hptpopnvia_ yivwnong Brpog Yo | Xpopo_pe
» | | =81 /1980# >80 =170
7$ n n # ( n $ Q.
. =10l x|
Kwdikdg_ polinry Emmwvupo Ovopu Hpepopnvio_yivwnone Bipog | Yyog | Xpw
» d AZxHMOZ FAMNNHE 11041981 a5 173 MM
. 3 AETKHMOZ FHFHE 4/6/1981 a3 177 KAT]
0 0 0
Eyypapry: I | 1 || 1k | kl |HE| and 2 (pinTpa) 1] | _’I
n n - " # i
19%&( 15.7 "t & $", ( O
n n n $ n $ ? ( I
$ $ n n # n & n # n Or
n n n # #l
n # n n $ n n 16.

B MabnTic: MiATpapiopa pe Bdon T poppa o ] 4|
Emmwvupo Dvopa Hpspopnvic yévenong Bidpog ) | Xpt..’.mu_pmm’.lﬂ
e ;I
Awalr| o Tou
1 n $ n n ! n #H n $ 1.
B MabnTec : Mivakoag -0l x|
Kwdikde_pulinTh Ewavupo Ovopa Hpspopnvio_yivwnong Bdpog Yoo | Xpopo pomiay
ia ]]AEXHMOZ M&NMHE 171071931 a3 173 MIMAE
| 2 ORAIOOOYACY ASHMNA 177371931 G0 176 KAZTAND
| 3 AERHMOE fHEHE 46193 a3 177 KAZTAND
* 0 0 0
Evypar 14 <[ 1 v | v |p#] and 3 (pinToo) | | 2
10/&( 16 1 u$ n . n $u n $ O
$/ (1 0 ;
IV243 & * . ) $5 0 -3t -t K %

('8 ("0 &!%)( $5 -3 "t +( (

3 $ $ ! & %
(. "H ! oo
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%
%

% $"

%

#

' &
$ (% 2
) % ! $
%
- |
(*2)
" &
% $"
$ %S
#
$ $
$
% ;
#
|
1 "$
1
1
4 %
&
g
%, #
"4
$
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/ - /1 /I © 9
+ 0 0* *1) [6/
( 9 : = )
TMHMA:
5 ! $ " o« % # windows» , $
$ DB_LA_NO_4 MS097.mdb " (c:\bp1\ %c:\bp2).
MS ACCESS % #" & % «0 217 »
n . 1 " $|| .
Microsoft Access - [AIATPO®H : Mivikoas] 4 ] ] |
J Apyzin Emefepyaoia MpoPokn Eooyoyn Moper Eyypogpss Epyoisio COopddo BonBsia -|5’|£|
L N =
- B S8Ry iay| o @ MNYr Y Ay E 2
Ap| Fogs” [ Giun] | S|\winly Size [ //Weidht |ﬂ
|1 Apple jui 1714 243
| 2 Appl P 1 158
| 3 Apple peel 2 3/4 diam 1 A g
|| 4 Apricot nectar canned ? 7
|| 5 Asparagus, raw cuts and tips 212«
|| B Avocado Calif 172 Ib with refuse 191 ea 173
|| 7 Bagel, plain 291 ea B3
|| B Bamboo shoots, canned and sliced 1001 cup 131
|| 9 Banana raw without peel 7 1ea 114
| #| 10/ Beef- Liver 930z 85
11 Beef- Steak lean and fat 930z 85
12 Beef dried chipped 14250z 72 -
Exypapry: H| 4 ” 10 _k |b| |H9| ana 180 <| | L4

|I'I|:u:||30}\|'1 (A0 BEOOLIE DY

N S I ;3

0132.0 202 7
1
2
3
4
5
6
7
8
2 (%" &g/, %S
1. &
2 % & " C « —EGG »;
3. 3 " $ $1004 " $ $ 10mg
+ "G $ $ & (Cacium); ( / "8 : #')
4. % " $  (apple-pie) & 18mg (Iron);
s " $ # ;
S.  §$ "8 $ " 3 " ;
$/ (2" O# 3
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IV25 $(!.1%

&&

& #

$

(.

0 %)

$

*

+*

& #

& #

$
$
&&
&&
s #
& #
#
& #
n #ll
& #
#
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2 / - /1 /| © 9
+ " 0 *1) /6/
IZl
‘3'5 0 0 & 2 (O [ 712 '
: TMHMA:
1.4 & " &# $ " .1 "
# $ & #. $' "
" (conceptual schema) &
BirthDate Client_ID Forein Key CIie:n\_ID Date Time
N L
_ _ Composite
Client 1 N Appointment Key
LastName FirstName Comment
1 # & $ : Client ( ) Appointment (2 & #).
2. "o (1 )1 (has) $ & #.
& # ! $ $ (Client_ID), "o
& # $ "
$ $ Appointment/Client_ID % $ (FK) $ Appointment
" $ Client/Client_ID.
(¢ "- "& ! MSAccess" $ " c:/bp[1]2])/act_05.mdb "
R $ "
8 Clients : Mivakag -10| B Appointments : Nivakag i m]|
[ T ovopa nediou | Tonoc Bedopeviry | Mzprypapn | [ Towopa nediou] Tono: sebopevir]  Neprypamn |
% [Client_ID ApEpa; Kofikde neham % | Client_ID ApiBpog Kudikdg nendTm
Lasthlame Kzipewvo EnifzTo nesam T |Date Huzpopnvialy | Hufwa povtefon
Firsthame Kzipewvo Mikpd Ovopa NEhaTT Z | Time Huzpoprvigl'Dy | 'Qpa povtefol
EirthDrate] Hugpounwig/Qr Hugpounyia yésvwnang || Comment Kgipzvo w0
S #' " $'
1. 1 "/ :20/08/1970) & # 18/1/2001, 17:00
" 22/1/2001 .
2. 15 ! "/ :15/05/1968) & # 18/1/2001, 14:00
"$, 19/3/2001 16:00 " 20/3/2002, 10:00 #'&
31 $) "/ :10/10/1972) & #.
I'$ " (+ 8 3$& & ! $ :
Clients Appointments
Client ID | LastName | FirstName | BirthDate Client_ID | Date Time | Comment
o 5 1 % © $ .S
g# % ;1 , $ " $ "
# % % # # % "
2.' # B S $ " " & $
$ ! . M SAccess " &
"H $ (referential integrity):
1. ! N 0] #. I )
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LastMarne
FirstMarne
BirthDate

Cammenk

2=

EnceLepyuaoio OXcoewy

Mivaras/Epammpa: FyETippEvos Nivakas/spmua:
ICIients Ll.ﬁ.ppcnintments

BEUpD |
Client_ID = Client_ID

Tunog auvdEauou., |
Anpioupyia vEou., |

ok DN

v Evepyonoinan arkepaid nTag avapopiy
W Aiafouikr SYnMEpuOT Ty THETISIY £y ol
W Ainfoxikr) Sioypogn Toy CEETKEY Syypopin

Tonog medans: 'Eva-npog-nohha |
2.1 ! # " % # #" & «"' » $
n $ n n & $ n & #
“clients’.) $ $:
a # "& $ $ # & # #
b. ! $ll n n
B Appointments : Mivakag
Dvopa nediou TUnog Gefopvuy
| %Y Client_ID Qfnyde avalfmaons... Kindikds nehatm
1% [Date Do : o : —
[ Tme nyoc avalnTnong
o 3
| -ommen AuThe o abnydg SnpoupyEl T hioma avalfmang, nou spgpavilz pa
— RIOTO MY QNG Mg ONoiE; PNOPEITE Y0 emideteTe, M noioy TpoNo
— e .I BEheTs va AOMBAvOYTOl QUTEG Ol TIREG and T Al0Ta avalmang;
: HHHRHR RN HRS
— HHEHRHRNNE
| « {01 TG y1a T higma awalrmang Ba avalnmedvta ot nivaka n
- EpOITTRA.
| g MANKTROADYO 40 TIG TIHEG,
] Brupo < [MponyoupEsD | Enopsvo = I TEADG
#
# .
o 1 8 : -
" & # #,
. g 2 3
$ll n & #
;
" #' % " $ MSAccess &
n $! n $ ;
. 2" e Clientg/Client_ID " "
( / ll$ : ! $ll
$/ (3. o# 4
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# $ & #
&# 1 " $
$ " H $
#" (referential integrity).
& " & #
o
% " . $ &
IV.251 & * . K, *$
! %
# * $
& " # $
# # $
Dk
4 $
§ "
# ! R
1 #
# 1-1, 1-/ /-) $
§ "
& .1 $
$
IV.26: # #' 0'H (/ : (3 "'.
# # "
# 1 1
ko " " 4k
$ # #
Ckpx
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%

%



n$ 4% $ n

& "$" # %

%
+*
n # +* $ "
+*
IV261 " $!1% "$ $

# % " &

Yk o4k

Yk o4k n $

V262 $( $% /&

252

& 1
# %
& & $ $
$ % #
$ &
# #o+*) $
$" "$ $
#
% $ # %
- %"
$ & # %
.10
$II
$ $
$ # % "
#
$ #
#
$ SQL
"$+*,
(3,". &
%
& # )
(aggregate functions)



Vi. "

2 " " #
[ $ ¢
i. # (join)
ii. % ) s )
#
" $
$ $ " oo
# #
" ) ) $
" $ $ $ ¢
$||
1 $ n n
! (semi-join). ' $ $"
$ " # % $ "
: : (s 4 #
" ( $ 5 $ 6 $ 7.
% " % "
14: # & (/! - %"$
"$ &
& $ # $ " # $
& # # $ %
$ $ &
ol " & & 1
& # % " MS Access "
13" . " " & " $ MS Access
! ( ) " "
Structured Query Language (SQL) - " " " .. oo
" " SQL & # " MS
Access.
138 '. %"§ "*( +( (
# " &
n $ & n n
« 26 ) » $ " " " . $ $
« " " » " | "« & » " "
«1l », " 21,
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Anpoupyio EpUTHHATOC

Anuioupyia epuTpaTO: Huplc
sprian Coryal

anje

QA OE Ondiy ZPOTTUOTINY
O0ny0s EpITNHATIY SIOoTONpWOTS
O0ny0s 2pEamg INhoTONwY
O0ny0g SpE0T)S OTipIOoTIY

Ok I Arupo |
19%&( 21. $ " " »
$ " S
$ 1/
" ) " 22 $ $

EMIZKEWEIZ

«

———————————

|

it

Tagmwno

Epip

[ ]

|

198( 22. "
"8 " $
" 23.
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g=f TRAspuyIKos KaTakoyor : EpuTnpo EmADYNG

‘Cnvopa
Ay
Trsdipuvo
‘ETog_pdwvnang

=101 %]

KIN
Medio: | Endrvupa Civiopd Trhipioto =
Mivakas: |AZSEMELZ LFEEMET® AFSEMET
TaEreopnan: | AlEouag x
Eppetviam;
Kprmpa:
i -
o | 3
19 23.1 "$ " $
# % "$ ' . "
n ' ( " , n , ) % $ll "
$ $ "
# " s o > s o
$ " " $
" "« $ ».
" " # " v
' " " ! " 24.
=10/ =l
Tnhipuwvo
K PIAKH o041
[AMMHE 21000
| [KONETANTONOYADE TETPOZ 20000
| [MEPOYAH EMEMH 41890
| |[TEPPOZ HOETAL 23000
Eyvpnpds M4 4| 1 e |wip#]|anes
19&( 24. " " 23 "
" # " " " # "
" # " & >
| ,ﬁ $ " " $" #' % % "
n $ & n n n
« » « "»
1411 ', 9% (& "$%&K
" 1970 " #'
" " " 25. $
" ! " # " $
A ( $ : “ %)
IETRE # " "a
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= TRASPWYIKOE KUTAAoYoS : EpuTnpe EmMA0YNG

Endirvupio ﬂ
‘Cwaopa

Az an

Trphdpoono

‘ETog_yEvvnang i

=101x]

<] | LIJ
Medio: | Endrvupo Onvopa Tnadpmyo ‘EToC_yEwwndre =
Mivakag: | AZSEMELE AZGENELZ AZGEMELZ AZEENELZ
Tabwapnan: | &oFouma ALEoUDg
Epiepdian: [
KplTﬁplCII: <1970
" et »
=101 x|
Dvopu | Tnhigpwvo
Y PLAKH 8041
EAEMH 41830
19%&( 25. $ 1970 "$ - "
1412 . og( (&  #1W& ( "«
4 $ %
(

Medio: |MEPICPA®H TIMH_MOMNAALZ NOZOTHTA AZTA_MPOIONTOE: [TIMH_MONAAAZ T¥NOZOTHTA] 2
Mivakas: [NPOIOMTA MPOIONTA MPOIOMTS
Tafropnan:
Epcpérvian:
Kpmﬁpn?:
i
I -
| _'l_I
1ol x|
- NEPIrPADH TIMH_MONAAAY | MOIOTHTA |ﬂ.EIﬂ_I’IF"DIDNTDE
BA|NOAHAATO BhX a0a00 12 9R0000
|| MOAHAATO TPIKY KAD 100000 3 300000
|| MTOAHAATO ANTIRA, 1000000 0 0
|| AAZTEAA NOAHAATOY $100 10000 a0 a0000a0
| [PPENA TIOAHAATOY 8000 23 184000
#* 0 0
Eyypapry: H| 4 || 1k |H |He| ano 5
19&( 26. "o s :
80 210/ 1';Q )1/ * '] 80  21a/ 1']
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1413 ', %( (& !'" ', $- 'K
# " " " # # $ "$ "
" $ % .. " " & #' "
#o® : o 95 %
% .. .
: = | o 5 '- 3
_|Ol x|
MEPIrPADH
TIMH_MOMAAAZ
MOZOTHTA
[« | _>IJ
Medin: |TIMH_MONAARE =
Mivakas: [MPOICHTA -
EuykevTpwmkd arorgia: | Iienanakry |
Togiopnan:
Epipatiar;
Kprmyma: |
n: | - |
19&( 27. " "
142 ', %"$§ " # , +( ",
- g O / "
" " $ P "o
& " $" " " # " #" I$" $ MS
Access s "t$
" # " - et # " 10
nn 5 +" 20 nn MS Access !
" 5+3=8 10*20=200 " $ " " ! "
" # (" 28).
_|o| x|

KOATKOE
MEFIMPADH
TIMH_MOMNAAAE
MOEOTHTA

Mefin: [ATOENELZ.* proronTa, * IR =
Mivaras: [AZSENEIE MPOIONTA
TaErapnar:
Epscpariar;
Kprmypia:
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= Epwnpal : EpwTnpa EMAoYnc 2 ] 4
Kwdikdg_Ao| Emmvup Dvopa Aeidfuvan Tnafgpuwvo [‘Etog 1| KOAIE NEPITPAQH |TIMH_M0N4| MOZOTH
ia B KONZTANTIMIAHE TIANMHE [ TPIBA 21000 1970 1 NOAHAATO B 80000 12
| 3 MNEPPOZ KOEZTAE  AHMOKPATIAZ 23000 1972 1 NOAHAATO BMX 80000 12
| 4 MEPOYAH EAEMH  ACAMNOZITOAGN 41550 1955 1 NOAHAATO BhX 80000 12
L 5 ADANAZIOY KYPIAKH AT NIKOAADY 83041 1960 1 NOAHAATO B 80000 12
| 1 KOMETANTONOY NETPOZ  NETPIAH 20000 1970 1 NOAHAATO B 80000 12
| 2 KOMETANTIMNIAHE TIANNHE  TRIBA 21000 1970 2 NOAHAATO TRIKYKAD 100000 3
| 3 MNEPPODE KOETAEZ  AHMOKPATIAZ - 23000 1972 2 MNOAHAATO TRIKY KAD 100000 3
| 4 TEPOYAH EAENH  ATAMNOZTOAON 41890 1955 2 NOAHAATO TRIKYKAD 100000 3
| 5 ADANAZIOY KYPIAKH A NIKOAADY 89041 1960 2 NOAHAATO TRIKY KAD 100000 3
| 1 KOMNZITANTONODY NETPOZ  NETPIAH 20000 1870 2 MNOAHAATO TRIKYKAD 100000 3
| 2 KONETANTINIAHE TIANNHEZ  TRIBA 21000 1970 3 MOAHAATO ANTIKA 1000000 0
b = T T LA T T AR ATILAT AT ST 200N A0TT DT AL A AT A RITILS A Rinlnnin'nlul nl i
Eyypacpn: I<| Ll | 1(WIE |>| |HE| and 25
19&( 28. n g ("4 0, 22a/ ) "
$ $II #
1 ! $ll n $ nn #
$ n # # n $ n
. " # (join) "
n % n n $ n , n #|I n
" " 29 # " '$" MS Access
" I " # " "
(=]
« _>l_I
il = poprvia > lSpa Enavupo ‘Owopa TrhEpova ZKonog =
Mivakag: |ENIZKEWELZ ENIZKEYELZ AFGEMELR AZOENEIE AFSENELR ENIZKEWELZ
Tafropnan: |Adtouda Alfougg
Epepdrvian:
KDITI'TDICII: <=#12:00:00 pp#
n:
[ 3|
=t EpwTnpal : EpuTnpo EMAOYNG =10l x|
Hpepopnvica Npu Emrwvupo Dvopa | Thhipuwvo | Ikomic
4 1 B 10:00:00 mp KOMZITANTONOY NETPOZ 20000 E-ETAZH OYPON
12/3/2002) 11:00:00 wp NEFPOYAH EAENH 41830 E-ETAZH AlMATOE
13/3£2002) 12:00:00 wp MEFFOZ KOEITALZ 23000 E-ETAZH AIMATOZ
137372002 10:00:00 rp KONZTANTONOY METPOZ 20000 AMNCOTEMEEZMATA EZETAZE!
*
Eyypapr: 14 ] 4 II 1 v |1 r#| ane 4
198( 29. o 1§
" " # " #
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g=f EpwTnpal : EpuTnpa emioync : o m]

o .
o o

Medio: | Kwdrde AgBsyvr Endixvupio Kufikde_aoBsvol =
Mivakas: | AZSENEIE AZOENEIZ EMIZKEYELZ =
ZUYKEYTPOTIKG gTanxEia: | Quadonoinan kaTa Dpadonoinar Kot wl N
TaSmapnarn:
Epipirvian:

Kpmpia:
s

-

< | _|J

=8 Epwrnpol : EpuTnpo eEmAoync =101 x|
Hmﬁmug _AgBevij Emrwvupo NaffogTouKwdikd_ aolivoig
1 KOMETANTONOY ADE 2
| 3 NEPPDEZ 1
| 4 NEPOYAH 1
5 ABANAEZIOY 1
Evyypapr: 4] < || 1 e | ei]p#] a4
1%&( 30. B # .
$ " " # "
" " " " ® & $ "

MEPIFPADH
TIMH_MOMNASARE
MCOECTHTA

Medio: N h

Mivakag: [NPoIoNTA ]
EUVKEYTRWTRG OTalein! [Migoe dpoc
Tafapnar:

Epipaiom:

Kpimmia:

n: &
1| | 3
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=% AKPIBOTEPA_THZ_MEZHZ_TIMHE : EpuTnpa emAoync

KOAIKOZ
MNEPIMPADH

TIMH_MOMAAAZ
NOZOTHTA

Mémog_opogTouTIMH_

=10]

Media:
Mivarag:
Tagrounan:
Epicpasion:
Kpimipia:

n:

KQATKOZ

MNEPICPATH

NOZOTHTA

TIMH_MOMAAAE

Mégoe_dpocTouTIMH_MONAAAE

NPOIONTA

APOIONTA

APOIONTA

NPOIONTA

IMleam) Tpr) npaiby Tog
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Abstract

In the thesis it is considered that the computational modelling environments could be
the vehicle for the educational exploitation of information and communication
technologies (ICT), in secondary education mainly due to their impact on scientific
methodology. The thesis focuses on general purpose computational environments and
contains systematic study of the educationa exploitation of relational database
management systems. The study concerns questions about database design and use,
didactics and questions about the exploitation of databases in genera learning
activities in secondary education. For the research design the hermeneutics approach
Is used while the implementation follows the methodology of action research. The
research results concern the conceptua representations of students about databases,
the students' difficulties in database design, the evaluation of the proposed didactic
approach and the characteristics of students' involvement in general learning activities
with database design. In summary, research results support the conclusion that it is
feasible and purposeful to familiarize students to database use and design, in order to
be able to use databases in problem solving as well as in general purpose learning
activities.

Keywords. Information and communication technologies in education, Computer
science education, Data modeling, Database, Secondary education, Scientific
modeling, Instructional design, , Students difficulties, Students’ misconceptions,
Action-research.
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