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The curriculum should be organized around models, not topics, because models are basic units
of coherently structured knowledge, from which one can make direct inferences about
physical systems and comparisons with experimental data. Cognition is basically about
making and manipulating mental models.

David Hestenes: MODELING THEORY for math and Science Education, Arizona State
University, 2007, U.S.A.

If the data is presented textually, the amount of data which can be displayed is in range one
hundred data items, but it is like a drop in the ocean when dealing with data sets containing
millions of data items.

For data mining to be effective, it is important to include the human in the data exploration
process and combine the flexibility, creativity, and general knowledge of the human with the
enormous storage capacity and the computational power of today’s computers.

Daniel A. Keim: Information Visualization and Visual Data Mining,, IEEE Transactions on
Visualization and Computer Graphics, 2002, U.S.A.

In a nightmare world, we would perceive the world around us being continuous and withour
structure. However, our survival as a species has been possible because we have evolved the
ability do “cut up* that world mentally into chunks about which we can think and hence give
meaning.

This process of chunking, a part of all cognition, is modeling and the products of the mental
actions that taken place are models.

John K.Gilbert: Visualization: An Emergent Field of Practice and Enquiry, Springer
Science+Business Media, 2008, U.S.A.
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Summary

The monograph Educational & Didactic Communication 2010 is
a follow-up to earlier monographs which have presented the results of math, natural
sciences, statistics and arts education in a field of didactic and communication of
science based on the Brockmeyer’s communicative conception of physics and natural
sciences education theory.

The communicative conception was described by the educational
communication of physics/science (Brockmeyer, Kotdsek) and by the curricular
process (Pricha, Zaskodny). The both conceptions were in 2008 integrated (Tarabek,
Zaskodny) and in 2009 implemented into data mining process (Zaskodny, Prochazka).

Following the communicative conception of natural sciences, statistics and arts
education the model of educational data mining was developed in relation to phases
and transformations of the educational communication and the curricular process.

For example, the mathematical data mining tools were used in an applied field of
statistics education, in the derivation of financial option greeks on the basis of Black-
Scholes model.

The monograph Educational & Didactic Communication 2010 is the result, by
conceptually way elaborated by P.Tarabek and P.Zaskodny, of the contributions from
international internet conference “Curricular Process and Educational Data Mining”
which has been carried out in Bratislava, Slovak Republic (June-September 2010).
The conference promoters — Publishing House Didaktis, Curriculum Studies Research
Group.
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Abstract:
An imperative of data mining and a need of coopematf the human with today’s computers are
emphasized by D.A.Keim (see Zaskodny, Pavlat, Zi¥a, Keim, 2002):

“The progress made in hardware technology alloway computer systems to store very large
amounts of data. Researchers from the Universitexkeley estimate that every year 1 Exabyte
(= 1 Million Terabyte) of data are generated, ofchia large portion is available in digital formhi$
means that in the next three years more data e/ifjdnerated than in all of human history before”.

“If the data is presented textually, the amountafa which can be displayed is in range one
hundred data items, but this is like a drop indbean when dealing with data sets containing mslio
of data items”.

“For data mining to be effective, it is importaat include the human in the data exploration
process and combine the flexibility, creativity,dageneral knowledge of the human with the
enormous storage capacity and the computationa¢pofitoday’s computers.”

The main principle of paper: Data Mining in Statistics Education (DMSTE) as®eon Solving
The main goal of paper: Delimitation of Complex Tool and Partial ToolBMSTE
The procedure of paper:Data Preprocessing in Statistics Education
Data &¥esing in Statistics Education
Compleaol of DMSTE — Curricular Process (CP-DMSTE)
Parflfalol of DMSTE — Analytical Synthetic Modelling (ASIAMSTE)
Applicat of CP-DMSTE and ASM-DMSTE
The results of paper:
1. Educational Communication of Statistics as Redulata Preprocessing
2. Educational Communication of Statistics as Five nBfarmationsT1-T5 of Knowledge from
Statistics to Mind of Educant
3. Curricular Process of Statistics as Result of DRtacessing
4. Curricular Process of Statistics as Structuralinati Algorithm Development and Formalization of
Educational Communication of Statistics
5. Curricular Process as Succession of Five Transfdiona T1-T5 of Curriculum Variant Forms
6. Curriculum Variant Forms as Forms of Education GmttExistence
7. Formalization of Curriculum Variant Form (Four ofriversal Structural Elements: Sense and
Interpretation, Set of Objectives, Conceptual Kremge System, Factor of Following
Transformatiof
8. Variant Forms of Curriculum -Conceptual Curriculum(Communicable Scientific System of
Statistics), Intended Curriculum (Educational System of Statisticsprojected Curriculum
(Instructional Project of Statistics and Its Textk® Implemented Curriculum-{Preparedness of
Educator to Education)lmplemented Curriculum-ZResults of Education in Mind of Educant),
Attained Curriculum(Applicable Results of Education)
9. Curricular Process a£P-DMSTE (Structuralization, Algorithm Development and Falimation
of Five Transformations Successibh-T5)
10. Analytical Synthetic Modelling asASM-DMSTE (Modelling Inputs and Outputs of
TransformationsI 1-T5)
11. Analytical Synthetic Models as Results of Probl&wmising (Real or Mediated Problems)
12. Application of CP-DMSTE and ASM-DMSTE (Visualia of Conceptual Curriculum in Area of
Statistics with Concrete Basic Statistical Set,dNekVisualiae of All Curriculum Variant Forms
as Application ofCP-DMSTE
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Key Words:

Data Mining, Statistics Education, Statistics, iStats with Concrete Basic Statistical Set, Data
Mining Tool, Complex Tool, Partial Tool, Educationh&€ommunication, Curricular Process,
Transformation of Knowledge, Variant Form of Cuatiom, Visualia (Result of Visualization),

Visualiae (Results of Visualization)

1. Data Mining (see also Supplement 1)

Data Mining — analytical synthetic way of extraction of hiddamd potencially useful information
from large data files (continuum data-informatiamiledge, knowledge discovery)

Data Mining Techniques— the system functions of structure of formerlgdsn relations and patterns
(e.g. classification, association, clustering, prioh)

Data Mining Tool — a concrete procedure how to reach the intengidra functions

Complex Tool- a resolution of complex problem of relevant sceebranch

Partial Tool — a resolution of partial problem of relevant acie branch (e.g. analytical synthetic
modeling, needful mathematical or statistical pduces)

Result of Data Mining — a result of data mining tool application

Representation of Data Mining Result- a description of this what is expressed

Visualization of Data Mining Result— optical retrieval of data mining result

Data Mining Cycle — Data Definition, Data Gathering, Data PreprocegsiData Processing,
Discovering Knowledge or Patterns, Representatioh\édsualization of Results

See P.Tarabek, P.Zaskodny, V.Pavlat, P.Prochazkdpwik, J.Skrabankova (2009-2010,
2009-2010abcde and quoted sourc@sioted sourcesn 2009-2010abcde:
E.g. American Library Association, M.C.Borba, E.M.Viltaal, G.M.Bowen, W-M Roth, C.Brunk,
J.Kelly, R.Kohavi, Mineset, B.V.Carolan, G.Natrell N.Delavari, M.R.Beikzadeh, S.Phon-
Amnuaisuk, U-D Ehlers, J.M.Pawlowski, U.M.FayyadP@telsky-Shapiro, P.Smyth, J.Fox, D.Gabel,
J.K.Gilbert, O.de Jong, R.Justi, D.F.Treagust, \Jaf. Driel, M.Reiner, M.Nakhleh, W.Hamalainen,
T.H.Laine, E.Sutinen, M.Hesse, A.H.Johnstone, Meduks, U.V.Vazivani, D.A.Keim, R.Kwan,
R.Fox, FT Chan, P.Tsang, Le Jun, J.Luan, J.Manakiohal research Council-NRC, R.Newburgh,
I.Nonaka, H.Takeuchi, C.J.Petroselli, E.F.RedistRdisberg, C.Romero, S.Ventura, N.Rubenking,
R.E.Scherr, M.Sabella, D.A.Simovici, C.Djeraba, po8sta, L.Talavera, E.Gaudioso, E.R.Tufte,
J.Tuminaro, R.Vilalta, C.Giraud-Carrier, P.BrazdilSoares, D.M.Wolpert.

2. Data Preprocessing in Statistics Educatio(see also Supplement 2)

Result of Data Preprocessing — Educational Communication of Statistics as
a succession of transformations of education comvems (taken over from physics education):
- The transformation T1 is transformation of scientific system of statistito communicable
scientific system of statistics (the first formaafucation content existence),
- The transformation T2 is transformation of communicable scientific syst®f statistics to
educational system of statistics (the second fdredacation content existence),
- The transformation T3 is transformation of educational system of staisto both instructional
project of statistics and preparedness of edutateducation (the third and fourth forms of edumati
content existence),
- The transformation T4 is transformation of both instructional projectstétistics and preparedness
of educator to results of education (the fifth fosfreducation content existence),
- The transformation T5 is transformation of results of statistics eduaratio applicable results of
statistics education (the sixth form of educationtent existence)
See J.Brockmeyer (1982), P.Zaskodny a kol. (20087% P.Tarabek, P.Zaskodny (2001, 2007-
2008abc, 2008-2009, 2009-2010), P.Zaskodny (20m16,2009).

3. Data Processing in Statistics Educatiosee also Supplement 3)
Result of Data Processing- Curricular Process of Statistics as a succesditransformations
of algorithmized and formalized education contenirfs (taken over from physics education):
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i. The form of education content existence “variant form of curriculum ”

ii. The curriculum - “education content (see Prucha, 2005)

iii. The variant forms of curriculum have got the universal structure (four structural elements -
sense and interpretation, set of objectives, cdoeépknowledge system, factor of following
transformation)

iv. The variant forms of curriculum were selected on tle basis of fusion of Anglo-American
curricular tradition and European didactic traditio n

v. The curricular processis defined as the succession of transformatiofisl-T5 of curriculum
variant forms:

“conceptual curriculum” (output of T1, the first variant form of curriauh) - the communicable
scientific system

“intended curriculum” (output of T2, the second variant form of curtiom) - the educational

system of statistics

“projected curriculum” (output of T3, the third variant form of currieuh) - the instructional project
of statistics

“implemented curriculum-1" (output of T3, the fourth variant form of curricum) - the preparedness
of educator to education

“implemented curriculum-2" (output of T4, the fifth variant form of curricuin) — the results of

education

“attained curriculum” (output of T5, the sixth variant form of curricuh) - applicable results of
education

See P.Prochazka, P.Zaskodny (2009-20XDuapted sourcesn 2009-2010c:
E.g. A.V.Kelly, M.K.Smith, W.Doyle, M.Pasch, A.M.Sochov,.V.Krajevskij, |.J.Lerner, J.McVittie,
K.Carter, G.M.Blenkin, L.Stenhouse, E.Newman, Gamg, F.Bobitt, R.W.Tyler, H.Taba,
C.Cornblet, S.Grundy, D.Lawton, P.Gordon, M.CerfdnGayle, G.J.Posner.

4. Complex and Partial Tool of DMSTE — CP-DMSTE, AM-DMSTE
Complex tool of DMSTE is given by curricular process of statistics (CREIE). CP-
DMSTE delimits the correct education content viecgssion of transformations T1-T5.

Partial tool of DMSTE is given by analytical synthetic modelling (ASM-L[BVIE).
ASM-DMSTE describes the mediated or real problemisg within the inputs and outputs of
individual transformations T1-T5. In this papere thescription of ASM-DMSTE is realized
by means of both visualia Vis.1 and Legend to Vis.1

Legend to Vis.1
a (ldentified Complex Problem)vestigated area of reality, investigated phenune
Bk (Analysis) — Analytical segmentation of compfaoblem to partial problems
by (Partial problems PP-k) — Result of analyssseatial attributes and features
in¥estigated phenomenon
Ck (Abstraction) — Delimitation of partial problerassences by abstraction with goal
to acquire thetdusolutions
ck (Partial solutions PS-k) — Result of abstractjgartial concepts, partial pieces of
knledge, various relations, etc.
Dk (Synthesis) — Synthetic finding dependences gmesults of abstraction
d« (Partial conclusions PC-k) — Result of synthesimciple, law, dependence, continuity
Ex (Intellectual reconstruction) — Intellectual oestruction of investigated phenomenon /
investigated area of reality
e (Total solution of complex problena™ — Result of intellectual reconstruction:
analytical synthetic structure of final knegte (conceptual knowledge system)
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Vis.1 General Analytical Synthetic Model of Problen Solving

a - Identified Complex Problem

B B, ANALYSIS Bk
A\ 4 y A4
b; - Partial Problem b, - Partial Problem b - Partial Problem
No. 1 (PP-1) No. 2 (PP-2) No. k (PP-k)
C C Cs Cs ABSTRACTION Ck
A 4 A 4 \ 4 A 4 V
ci-Partial co-Partial cz-Partial cs-Partial c-Partial
Solution Solution Solution Solution Solution
No.1(PS-1)| | No.2(PS-2)| | No.3(PS-3)| | No.4(PS-4) No.k(PS-k)
D, D, SYNTHESIS Dy
\ 4 A\ 4 \ 4 A\ 4
d - Partial Conclusion & - Partial Conclusion d. - Partial Conclusion
No. 1 (PC-1) No. 2 (PC-2) No. k (PC-k)
E; E, RECONSTRUCTION Ex
A\ 4

e - Total Solution of Complex Problema™formed by means of PC-1, PC-2, .., PC-k

5. Application of Partial Tool ASM-DMSTE

The application of ASM-DMSTE is the visualia Vis.2from the area of statistics education.
The visualia Vis.2 is analytical synthetic modelstétistics with concrete basic statistical setisTh
visualia constitutes a part of statistics concdptuariculum as a part of communicable scientific
system of statistics (a part of output of transfation T1).

The visualized resultVis.2 of data mining in statistics education ciangts the paramorphic
model and hypertextual representation, represdmsekternal conceptual knowledge systems as
external representation of general social expeeiefibe visualized result also represents the ctacre
type of data file — the representation of statsstiith concrete basic statistical set.
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Vis.2: An analytical synthetic model of statisticsormed by four partial models
al-el, a2-e2, a3-e3, a4-e4
(a part of conceptual curriculum of statistics — gpart of communicable scientific system
of statistics — output of transformation T1)

Collective random phenomenon and reason of itssiigation a-1

A 4 A 4 A 4 A 4
Statistical unit Statistical sign Variants (values) of Choice of statistical
statistical sign units
A 4 A 4 A 4 A 4

Selective statistical set (SSS) as a part of Istattstical set, Goals of statistical examinatieri=a-2

4 v v v
Creating of scale Frequencies tables Graphical expression Empirical parameters
Measurement (Empirical distribution)
A 4 A 4 A 4 A 4

Empirical picture of selective statistical setNecessity of probable investigation e-2=a-3

v v
Choice of acceptable Quantification of Comparison of theoretical and
theoretical distribution theoretical parameters empirical parameters
A 4 A 4 A 4
Testing of non-parametric Point & interval estimation Testing of parametric hypotheses
hypotheses (e.g. confidence interval)
Y
Empirical & probable picture of selective statiatiset, Necessity of association investigatie-3=a-4
A 4 A 4 A 4
Statistical dependence Regression analysis Correlation analysis

(causal, non-causal)

A 4 A 4 A 4
Empirical & probable & association picture of seiee statistical set

Interpretation and conclusions as the statisticak&bable dimension e-4
of investigation collective random phenomenon

A 4
Applied statistics
(e.g. financial options and their mathematical atadistical elaboration by means of greeks calmnaind
option hedging models)

Remark: The visualization of conceptual curriculum of picgs (classical, quantum and
relativistic statistical and non-statistical phyic- see English bookP.Zaskodny (2006):
Survey of Principles of Theoretical Physics. Theualization of curricular process of physics
—see Czech boolP.Zaskodny (2009): Curricular Process of Physics
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LEGEND to whole visualia Vis.2

A 4
A 4

A 4
P
w
g
AN

A 4
e
AN

e-1 a-2 e-2 a-3

a-1

One — Sample Analysis, Two / Multiple — Sampleamis

LEGEND to partial models of visualia Vis.2

A 4

a-1 e-1

Formulation of statistical examination

a-2 > e-2

Relative & Cumulativd=requencies (Empirical distribution)

Plotting functions: e.g. Plot Frequency Polygon (Gragad expression)

Average-Means, Variance-Standard Deviation, Oblgss, Pointedness (Empirical parameters)
a-3 » e-3

Theoretical Distribution (partial survey in alphabetical order):
Bernoulli, Beta, Binomial, Chi-square, Discrete fdnin, Erlang, Exponential, F, Gamma, Geometric,
Lognormal, Negative binomial, Normal, Poisson, &utés, Triangular, Trinomial, Uniform, Weibull

Testing of Non-parametric Hypotheses (Hypothesis s for HO — receive or reject HO):
e.g. computed Wilcoxon’'s test, Kolmogorov-Smirnestt Chi-square test
e.g. at alpha = 0,05

Point & Interval Estimation:
e.g. confidence interval for Mean, confidence waéfor Standard Deviation

Testing of Parametric Hypotheses (Hypothesis tesvif HO — receive or reject HO):

e.g. computed u-statistic, t-statistic, F-statjgiihi-square statistic, Cochran’s test, Barle&tSs, t
Hartley’s test

e.g. at alpha = 0,05

a4 % e4

Statistical dependence:
e.g. confidence interval for difference in Meangqy&l variances, Unequal variances)
e.g. confidence interval for Ratio of Variances

Regression analysis:
simple — multiple, linear — non-linear

Correlation analysis:
e.g. Rank correlation coefficient, Pearson’s cati@h coefficoent
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6. Conclusion

Modelling as a partial tool of data miningquotation acoording to J.K.Gilbe(R008)

“In a nightmare world, we would perceive the wodbund us being continuous and
without structure. However, our survival as a spednas been possible because we have
evolved the ability do “cut up” that world mentallyto chunksabout which we can think and
hence give meaning to”.

“This process of chunking, a part of all cogniti@mmodelling and the products of the
mental actions that have taken place are modelen&s; being concerned with the provision
of explanations about the natural world, placesegpecial reliance on the generation and
testing of models”.
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Supplement 1
DATA MINING AND ITS TOOLS

(Retransfer — see References of Supplement 1)

S1.1. Quotations from Sources
S1.1.1. Definitions of Data Mining

J.Luan (2002)

Definition of Data Mining

a) Data Mining is the process of discovering megiuihnew correlations, patterns, and trends by
sifting through large amounts of data stored inos#fpries and by using pattern recognition
technologies as well as statistical and matheniagchniques

b) The notion of Data Mining for higher educati@ata Mining is a process of uncovering hidden
trends and patterns that lend them to predicatiodaling using a combination of explicit knowledge
base, sophisticated analytical skills and acadelmicain knowledge

N.Rubenking(2001)

Definition of Data Mining

Data Mining is the process of automatically exiragtuseful information and relationships from
immense quantities of data. In its purest form,aDitining doesn’t involve looking for specific

information. Rather than starting from a questioradwypothesis, Data Mining simply finds patterns
that are already present in the data.

R.Kohavi(2000)

Definition of Data Mining as Knowledge Discovery
Data Mining (or Knowledge Discovery) is the proceg&dentifying new patterns and insights in data

Interpretation of Data Mining
As the volume of data collected and stored in degab grows, there is a growing need to provide data
summarization, identify important patterns anddserand act upon findings

Le Jun (2008)

Definition of Data Mining as New Technology

Data Mining is extraction of hidden predictive infmation from large database. Data Mining is
a powerful new technology with great potential &phan scientific area focus on the most important
information in its data

N.Delavari, M.R.Beikzadeh, S.Phon-Amnuaisi{R005)

Definition of Data Mining

Searched knowledge (meaningful knowledge, prevjouisknown and potentially useful information
discovered) is hidden among the raw educational skettand it is extractable through Data Mining

R.Kwan, R.Fox, FT Chan, P.Tsan{008),Le Jun (2008)

Data, Information, Knowledge
Data, Information, Knowledge are different termgjat differentiate in means and values.
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a) Data is a collection of facts and quantitativeasures, which exists outside of any context from
which conclusions can be drawn.

b) Information is data that people interpret andcplin meaningful context, highlighting patterns,
causes of relationships in data.

¢) Knowledge is the understanding human developrasmeaction to and use of information, either
individually or as an organization.

Data-Information-Knowledge Continuum

a) Data, information and knowledge are separatddlibked concepts which can form a data-
information-knowledge continuum.

b) Data becomes information when people place ébimext through interpretation that might seek to
highlighting.

¢) Knowledge can be described as a belief thatssfied through discussion, experience and perhaps
action. It can be shared with others by exchangifagmation in appropriate contexts.

S1.1.2. Data Mining and Problem Solving

L.Talavera, E.Gaudios@2002)

Data Mining as Analysis Problem
In this paper we propose to shape the analysidgaroas a data mining.

J.Tuminaro, E.F.Redish(2005),E.F.Redish(2005)

Problem solving
Problem solving and the use of math in physics sesir
Student Use of Math in the Context of Physics RnabEolving: A Cognitive Model

M.C.Borba, E.M.Villarreal (2005)

Problem solving

Problem solving as context
Problem solving as skill
Problem solving as art

Process of modeling, process of problem solving
The process of modeling or model building is a pathe process of problem solving

Steps of problem solving procesfprocess of problem solving as entailing seveaeps

The starting point is a real problematic situation

The first stepis to create a real model, making simplificatiadealizations, establishing conditions
and assumptions, but respecting original situation

In the second stepthe real model is mathematized, to get a matheatahodel

The third step implies the selection of suitable mathematicalhods and working within
mathematics in order to get some mathematicalteesul

In the fourth step, these results are interpreted for and transiatedhe real situation

S1.1.3. Forms of Data Mining, Data Mining System, Gals of Data Mining, Scope of
Data Mining

R.Kohavi(2000)

Forms of Data Mining (Structured mining etc.)
Structured mining, Text mining, Information retrav
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W.Hamalainen, T.H.Laine, E.Sutinerf2003)

Data Mining system, educational system
Data Mining system in educational system: the etiloial system should be served by Data Mining
system to monitor, intervene in, and counsel thehimg-studying-learning process

R.Kohavi(2000)

Goals of Data Mining

Data Mining serves two goals:

-Insight: Identified patterns and trends are corensible

-Prediction: A model is built that predicts (scQrésised on input data. Prediction as classification
(discrete variable) or as regression (continuousioke)

Scope of Data Mining

The majority of research in DM has concentratetuiding the best models for prediction.

A learning algorithm is given the training set gmdduces a model that can map new unseen data into
the prediction.

S1.1.4Results of Data Mining, Applications of Data Minings, Interdisciplinarity of Data
Mining

R.Kohavi(2000),D.M.Wolpert(1994),M.J.Kearns, U.V.Vazivan{(1994)

Some theoretical results in Data Mining

- No free lunch (All concepts are equally likellgeh learning is impossible)

- Consistency (non-parametric models - target qoingiwen enough data, parametric models as linear
regression are known to be of limited power) - eytodata = consistency

- PAC learning (probably approximately correct héag) is a concept introduced to provide
guarantees about learning

- Bias-Variance decomposition

U.M.Fayyad, G.Piatelsky-Shapiro, P.Smy(h996)

Interdisciplinarity of Data Mining
Data Mining, sometimes referred to as knowledgscBvery, is at the intersection of multiple
research area, including machine learning, stegispiattern recognition, databases and visualizatio

J.Luan (2002)

Potential applications of Data Mining

“There are several ways to examine the potentialications of Data Mining

a) One is to start with the functions of the alforis to reason what can be utilized for

b) Another is to examine the attributes of a speeifea where data are rich, but mining activides
scare

¢) And another is to examine the different functiof a specific area to identify the needs that can
translate themselves into Data Mining project”

Notes:a) - See Curricular Process as Data Mining Algamit
b) - See Curriculum: Theory anddica as scientific area in which mining activite®
scare
c¢) - Some of the most likely plaedsere data miners (educational researchers whp wea
this hat) may initiate Data Mining projects areridat Forms of Curriculum
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S1.1.5. Data Mining techniques
N.Delavari, M.R.Beikzadeh, S.Phon-Amnuaisi{R005)

Data Mining techniques

“DM techniques can be used to extract unknown patbeom the set of data and discover useful
knowledge. It results in extracting greater valuanT the raw data set, and making use of strategic
resources efficiently and effectively.”

J.Luan (2001)

Data Mining techniques as Data Mining functions
“Prediction, clustering, classification, associatio

Le Jun (2008)

Data Mining technigues — application of Data Miningtools
“Application of DM tools: To solve the task of piietion, classification, explicit modeling and
clustering. The application can help understanchira” learning behaviors”

C.Romero, S.Ventur§2006)

Data Mining techniques in educational systems

“After preprocessing the available data in eacle daata Mining techniquescan be applied in
educational systems — statistics and visualizatilustering, classification and outlier detection,
association rule mining and pattern mining, texting”

J.Luan (2002)

Clustering and prediction — the most striking aspets of Data Mining techniques

- “The clustering aspect of Data Mining offers camtpensive characteristics analysis of investigated
area”

- “The predicting function estimates the likelihoid a variety of outcomes”

B.V.Carolan, G.Natriello(2001)

Clustering
“Data-Mining Resources to identify structural ditries of educational research community-e.g.
clustering as collaboration of physicists and ljats”

D.A.Simovici, C.Djerabg2008)

Clustering, Taxonomy of clustering

a) “Clustering is the process of grouping together objects thatsimilar. The groups formed by
clustering are referred to akisters”

b) “Clustering can be regarded as a special type of dsification, where the clusters serve as
classes of objects”

c) “It is widely used data mining activity withultiple applications in a variety of scientific activities
from biology and astronomy to economics and sogilo

d) “Taxonomy of clustering(we follow here the taxonomy of clustering)

- Exclusive or nonexclusive:Clustering may be exclusive or may not be exchislvis exclusive,
where an exclusive clustering technique yieldstehgsthat are disjoint. It is nonexclusive, where
a nonexclusive technique produces overlappingeisist
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- Intrinsic or extrinsic: Clustering may be intrinsic or extrinsic. Intriasi based only on
dissimilarities between the objects to be clustefextrinsic - which objects should be clustered
together and which should not, such informatiopraided by an external source.

- Hierarchical or partitional: Clustering may be hierarchical or partitional. tdiehical - in
hierachical clustering algorithms, a sequence dfitfpms) is constructed. Partitional - partitional
clusterings creates a partition of the set of dbjethose blocks are the clusters such that objects
a cluster are more similar to each other than jeatdthat belong to different clusters”

S1.1.6. Data Mining tools
C.Brunk, J.Kelly, R.Kohavi(1997)

Data Mining tool
“Mineset” is a Data Mining tool that integratesafa Mining and visualization very tightly. Models
built can viewed and interacted with.”

C.Romero, S.Ventur2006)

Data Mining tools

“Data Mining tools provide mining algorithms, filtering and visualima techniques. The examples
of Data Mining tool:

- Tool name: Mining tool, Authors: Zaiane and L20@1), Mining task: Association and patterns

- Tool name: Multistar, Authors: Silva and Vieiv002), Mining task: Association and classification
- Tool name: Synergo/ColAT, Authors: Avouris e{(2005), Mining task: Visualization”

D.A.Simovici, C.Djerabg2008)

Mathematical tools for Data Mining

a) “This book was born from experience of the arghas researches and educators, which suggests
that many students of Data Mining are handicappedin their research by the lack of formal,
systematic education in its mathematics. The bgoktended as a reference for the working data
miner.”

b) “In our opinionthree areas of math are vital for DM:

- set theory, including partially ordered sets aadhbinatorics,

- linear algebra, with its many applications imgipal component analysis and neural networks,

- and probability theory, which plays a foundatilormde in statistics, machine learning and DM”

S1.1.7. Modelling, Model
J.K.Gilbert, M.Reiner, M.Nakhleh(2008),J.K.Gilbert (2008),J.K.Gilbert, R.Justi( 2002)

Definition of Modelling, Model

“We have evolved the ability do “cut up” that wordentallyinto chunks about which we can think
and hence give meaning to. This process of chunking (Data Mining clustering),
a part of all cognitionis modelling and the products of the mental actions that hakent placere
models’

Significance of Modelling, Model
“Modelling as an element in scientific methodology amaldelsat the outcome of modelling are both
important aspects of the conduct of science andeéhehscience education”

“Categorization of models

a) Historical modelsQurriculum models) - learning specific consensus (the P-N junctiadet of
transistor). Curriculum models can be used to pi®vian acceptable explanation of
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a wide range of phenomena and specific facts,ghely, it is useful way of reducing, by chunking,
the ever-growing factual load s€ience curriculum

b) New qualitative models - developed by following the sequence of learnifig: revise an
established model, To construct a model de noveeftonstruct an established model)

¢) New quantitative models- developed by following the sequence of learnipgantitative version
of a useable qualitative model of phenomenon

d) Progress in the scientific enquiryis indicated by the value of particulaombination of
gualitative and quantitative modelsin making successful predictions about it progstti

C.M.Borba, E.M.Villarreal (2005)

Definition of modeling

“Modeling can be understood as a pedagogical apprdhat emphasizes students” choice of
a problem to be investigated in the classroom. &ttg] therefore, play an active role in curriculum
development instead of being just the recipientsisifs designed by others.”

“Problem solving

- problem solving as context
- problem solving as skill

- problem solving as art”

Process of modeling, process of problem solving
“The process of modeling or model building is atgdrthe process of problem solving.”

“Steps of problem solving process

Process of problem solving as entailing severaisste

a) The starting point is a real problematic situation

b) The first stepis to create a real model, making simplificatiddealizations, establishing
conditions and assumptions, but respecting origiitaition

c) In the second stepthe real model is mathematized, to get a matheatahodel

d) The third step implies the selection of suitable mathematicallmads and working within
mathematics in order to get some mathematicalteesul

e) In the fourth step, these results are interpreted for and transiatedhe real situation”

J.K.Gilbert, O.de Jong, R.Justi, D.F.Treagust, J¥&n Driel (2002)

“Model as a major learning and teaching tool
Models are one of the main products of science,altiad is an element in scientific methodology,
(and) models are a major learning and teachingitostience education”

“Model of Modelling Framework

1. Decide on purpose Select source for modeand Have experience - Produce mental model
2. Produce mental model - Express in mode(s) obsgmtation

3. Express in mode(s) of representation - Condaright experiments

4a. Conduct thought experiments (pass) - Desigrparfdrm empirical tests

4b. Conduct thought experiments (fail) - Reject taemodel (Modify mental model) armhck to
Select source for mode{negative result)

5a. Design and perform empirical tests (pass) filFulirpose and Consider scope and limitations of
model andback to Decide on purposépositive result)

5b. Design and perform empirical tests (fail) -éjmental model (Modify mental model) amalck
to Select source for mode{negative result)”

R.Justi, J.K.Gilbert(2002)
“Role of chemistry textbooks in the teaching and larning of models and modelling
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This role may be discussed from two main angles:

- the way that chemical models are introducedxtbtmoks
(note: projected curriculum, a learning model)

- and the teaching models that they present

(note: Implemented curriculum-1, a teaching model)”

“Teaching model, Learning model, Analogies

A teaching model is a representationproduced with the specific aim of helping studetds
understand some aspect of content. Assuming th&raabsature of chemical knowledge, they
(learning modelg are used very frequently in chemical textbookdnigain the form of overt

analogies as drawings and as diagrams (specifically to &toen”, “chemical bonding” and “chemical
equilibrium™)”

“Some future research directions

a) How can teachersédagogical content knowledgabout models and modelling be improved?

b) The role of models and modelling in ttevelopment of chemical knowledde

c) How can it be made evident to teachers thatnineduction of model-based teaching and learning
approach can be way to shift the emphasis in cha@neiducationfrom transmission of existing
knowledge to a more contemporary perspective in whh students will really understand the
nature of chemistry and be able to deal critically with chemistry-tethsituations?”

S1.1.8. Representation (Creativity)
J.K.Gilbert, M.Reiner, M.Nakhleh(2008),J.K.Gilbert (2008)

“Levels of Representation
The “Representation in Science Education”is concerned with challenges that students face in
understanding the thre€levels” at which models can beepresented - “macro”, “sub-micro”,

“symbolic” - and the relationships between them.”
A.H.Johnstone(1993),D.Gabel(1999)

“Representations as distinct representational levsl

a) The models produced by science are expresghcem distinct representational levels

b) The macroscopic level - this consists of whateien in that which is studied

¢) The sub-microscopic level - this consists ofregpntations of those entities that are inferred to
underlie the macroscopic level, giving rise to greperties that it displays - molecules and iores ar
used to explain the properties of pure solutiofsadiotherapy)

d) The symbolic level (this consists of any quéila abstractions used to represent each itemeat th
sub-microscopic level - chemical equations, mathimaaequations)”

J.K.Gilbert (2008),M.Hesse(1966),G.M.Bowen, W.-M.Roth(2005))

“The ontological categorization of representations

a) Two approachesto the ontological categorization of representetiare put forward, one basex

the purpose which the representation is intended to serve, dtieer on the dimensionality -
1D,2D,3D - of the representation.

b) The purpose for which a Model is Produced

- All models are produced by the use analogy. Tdrget (which is the subject of the model) is
depicted by a partial comparison with a source. dlhssification is binary: The target and the seurc
are the same things (they are homomorphs - anlaemm virus), They are not (they are paramorphs
- paramorphs are used to model process ratheothjants)

¢) The dimensionality of the Representation
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The idea that modelling involves the progressivduction of the experienced world to a set of
abstract signs can be set out in terms of dimessiom follows:
- Macro level - Perception of the world-as-expecesh- 3D, 2D
- Sub-micro level - Gestures, concrete repres@msifstructural representations) - 3D
- Photographs, virtteghresentations, diagrams, graphs, data arrdys - 2
- Symbolic level - Symbols and equations - 1D”

E.R.Tufte(1983),J.K.Gilbert (2008),D.Reisberg(1997)

“External and internal representations, Series ofmternal representations and creativity

a) Visualization is concerned witkxternal Representation, the systematic and focused public
display of information in the form of pictures, grams, tables, and the like

b) Visualization is also concerned witfiternal Representation, the mental production, storage and
use of an image that often (but not always) iséisalt of external representation

¢) External and internal representations are linkedin that their perception uses similar mental
processes

d) Visualization is thus concerned withe formation of an internal representation from an
external representation.An internal representation must be capable of mental use in the making of
predictions about the behaviour of a phenomenoeusykcific conditions

e) It is entirely possible that oneeseries of internal representations have been vialized, that they
are amalgamated/recombined to form a novel interaptesentation that is capable of external
representationthis is creativity”

S1.1.9. Visualization

J.K.Gilbert, M.Reiner, M.Nakhlen(2008),J.K.Gilbert (2008)

Definition of Visualization

“The making of meaning for any such representatioris “visualization”. Visualization is central
the production of representations of these modaisriCulum models, qualitative and quantitative
models and their combinations).”

J.K.Gilbert (2008)

Visualization and Internal Representation

“Visualization is also concerned witnternal Representation, the mental production, storage and
use of an image that often (but not always) iséisalt of external representation.”

R.Kohavi(2000)

“Essence of Visualization - Data Summarization

As the volume of data collected and stored in degtab grows, there is a growing need to provide data
summarization €.g. through visualizatior), identify important patterns and trends, and @abn
findings.”

C.Brunk, J.Kelly, R.Kohavi(1997)

“Serviceability of Visualization

One way to did users in understanding the moddtsvssualize them.”

D.A.Keim(2002)

“Serviceability of Visualization
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a) Information Visualization techniqgues may helgtbve the problem
b) Data Mining will use Information Visualizatioedhnology for an improved data analysis”

Application of Visualization
“Application of Visualization is Visual Data Explation”

“Benefits of Visual Data Exploration

- University of Berkeley - every year 1 Exabytedata (16° bytes, Gigabyte = fbytes)

- Finding the valuable information hidden in thdrayever, is a difficult task

- The data presented textually - The range of some hundred data items can be displayed
(a drop in the ocean)

- The basic idea of visual data explorations to present the data in some visual form, athguathe
human to get insight into the data, draw conclusi@md directly interact with the data (to combine
the flexibility, creativity and general knowledgéthe human with the enormous storage capacity and
the computational power of today’s computers)

- The visual data exploration processan be seen a hypothesis generative process (@amimvith
new hypotheses and the verification of the hyp@btesan be done via visual data exploration)

- The main advantages of visual data explorationVisual data exploration can easily deal with
inhomogenous and noisy datasual data explorationis intuitive and requires no understanding of
mathematical and statistical algorithmasual data exploration techniquesare indispensable in
conjuction with automatic exploration techniques

- Visual data exploration paradigm: overview first, zoom and filter, details-on-demand

S1.1.10. Metavisualization

N.R.C.(2006)

“Metavisualization - spatial thinking
The associated visualization which can be callpatial thinking™

J.K.Gilbert, M.Reiner, M.Nakhleh(2008),J.K.Gilbert (2008),

“Metavisualization - learning from representations

It is of such importance in science and hence iense education that the acquisition of fluency in
visualization is highly desirable and may be calie@tavisual capability” ofmetavisualization”. A
fluent performance in visualization has been dbsdrias requiring metavisualization and involving
the ability to acquire, monitor, integrate, andeext learning from representatiohdetavisualization

- learning from representations.”

“Criteria for Metavisualisation

Four criteria are suggested for attainment of mete status. The person concerned must be able to:
a) demonstrate an understanding of the “convemtioapresentation” for all the modes and sub-
modes of 3D,2D,1D representations (what they cancannot represent)

b) demonstrate a capacity to translate a given himteseen the modes and sub-modes in which it can
be depicted

¢) demonstrate the capacity to be able to conséruepresentation within any mode and sub-mode of
dimensionality for a given purpose

d) demonstrate the ability to solve novel problersing a model-based approach”

“Developing the Skills of Metavisualization

level 1 - representation as depiction

level 2 - early symbolic skills

level 3 - syntactic use of formal representations
level 4 - semantic use of formal representations
level 5 - reflective, rhetorical use of represeaotas”
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S1.1.11. Visual DM techniques

D.A.Keim (2002)

“Classification of Visual Data Mining Techniques (dstraction criterium)

- Techniques as x-y plots, line plots, and histogrdut they are limited to relatively and low-
dimensional data sets

- Novel information visualization techniques allowgivisualization of multidimensional data without
inherent 2D or 3D semantics.”

D.A.Keim (2002)
“Classification of Visual DM Techniques based on ttee criteria a), b), c)

a) The data to be visualized(one or two- dimensional data, multidimensionatagdaext and
hypertext, hierarchies and graphs, algorithms aftwvare):

Dimensionality of date set the number of variables of data set.

Text and hypertext in the age of the world wide web one importaatadype is text and hypertext
Hierarchies and graphs= data records often have some relationship tergtieces of information,
i.e. a graph consists of set objects, called natesconnections between these objects, calledsedge
Algorithms and software= the goal of V is to support software developntgnhelping to understand
algorithms, e.g. by showing the flow of informatiom a program, to enhance the understading of
written code, e.g. by representing the structuthafisands of source code lines as graphs

b) The visualization techniques(Standard 2D/3D displays, Geometrically-transfainuisplays,
Icon-based displays, Dense pixel displays, Stadigulays-treemaps, dimensional stacking)
Geometrically-transformed displays these techniques aim at finding “interestingihsformations of
multidimensional data sets. The class of geomeligplay techniques includes also the well-known
Parallel Coordinate Technique (PCT). The PCT mapsktdimensional space onto the two display
dimensions by using k equidistant axes which arelighto one of display axes

Icon-based displays the idea is to map the attribute values of atidiolensional data item to the
features of an icon

¢) The interaction (IT) and distortion (DT) techniques used (interactive projection, interactive
filtering, interactive zooming, interactive distort, interactive linking and brushing)

Interaction techniquesallow the data analyst to directly interact witsualizations and dynamically
change the visualizations according to exploratiojectives

Distortion techniqueshelp in the data exploration process by providimeans for focusing on details
while preserving an overview of the data

Interactive filtering, Interactive zooming in exploring large data sets it is importaniriteractively
partition the data into segments and focus onéstarg subsets. This can be done by a direct gmlect
of the desired subset (BROWSING) or by a specificatof properties of the desired subset
(QUERYING).”

S1.1.12. Educational Data Mining

C.Romero, S.Ventur2006)

Educational Data Mining

a) “Currently there is an increasing interest in @Md educational systems (well known learning
content management systems, adaptive and intellige-based educational systemsjaking
educational Data Mining as a new growing researchoenmunity (from 1995 to 2005).”

22



Educational&Didactic Communication 2010
Data Mining Tools in Statistics Education

b) “After preprocessing the available data in eaake,Data Mining techniques can be applied in
educational systems — statistics and visualizat@uastering, classification and outlier detection,
association rule mining and pattern mining, texting”

c) “Data Mining oriented towards students— to show recommendations and students to use,
interact, participate and communicate within edooal systems (e.g. traditional classrooms)”

d) “Data Mining oriented towards educators (and acadensi responsible-administrators)— to
show discovered knowledge and educators (admitossato design, plan, build and maintenance
within educational systems (e.g. traditional claesrs)”

e) “Data Mining tools provide mining algorithms, filtering and visualiimm techniques. The
examples of Data Mining tool:

- Tool name: Mining tool, Authors: Zaiane and L26@1), Mining task: Association and patterns

- Tool name: Multistar, Authors: Silva and Vieiv002), Mining task: Association and classification

- Tool name: Synergo/ColAT, Authors: Avouris e{(2005), Mining task: Visualization”

f) “Future researches lines in educational Data Mining

- Mining tools more easy to use by educators orerpert users in Data Mining

- Standardization of data and methods (preproogsdiscovering, postprocessing)

- Integration with the e-learning system

- Specific Data Mining techniques”

W.Hamalainen, T.H.Laine, E.Sutiner{2003)

Data Mining system, educational system
“Data Mining system in educational system: the etiooal system should be served by Data Mining
system to monitor, intervene in, and counsel thehig-studying-learning process”

R.E.Scherr, M.Sabella, E.F.Redis{2007)

Curriculum development
“Conceptual knowledge is only one aspect of gooolhtaedge structure: how and when knowledge is
activated and used are also important.”

Representation of knowledge structure
“The nodes represent knowledge. The lines represtaitons between different nodes.”

R.Newburgh(2008)

“Linear and lateral (structural) thought process (in physics)

Why do we lose physics students?

a) There is a wide spectrum in thought procesgh®ftwo major types one igmear (i.e. sequential)
and the othelateral (i.e. seeking horizontal connections).

b) Those who developed physics - from Galileo tavide to Einstein to Heisenberg - were almost
exclusively linear thinkers. Paradigm for linear thought Bucledian thinking, Eucledian logic
(many physicists chose physics for their careeraaesult of their exposure to geometry - a
consequence of this is that textbooks are usualiftem in a Eucledian format)The sense of
discovery is lost.Many students do not recognize that the Eucleftiemat is not a valid description
how we do physics. Their way of approaching prolslem different but just as valid. Too many
physics teachers refuse to recognize the limitatioh this approach (thereby causing would-be
students who do not think in a Eucledian fashiole&ve).

c) The format of our textbooks is Eucledian. Newton’s laws, Hamilton-Jacobi theory, and
Maxwell’s equations are often presented as quasirexin advanced texts. The laboratories become
fixed exercises in which the student must confioms principle already established. He knows the
answer before he does the experiment.

d) Now I yield to no one in mgdmiration for Euclid. He has been an inspiration to many of us. We
understand his genius but also see his limitationgortunately there are many who do not follow

his way of thinking.
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e) By presenting alternate approaches to studepecifically uses of lateral thinking, false starts
that must be corrected, atelssons that are discoveries not memorizatiorwe can retain more
students in physics.

f) We should remember that lateral thinking is essenél to the formation of analogies an activity
that one cannot describe as Euclidean. Doing seiefitbout analogies seems to me an impossibility.”

J.K.Gilbert, O.de Jong, R.Justi, D.F.Treagust, J¥&n Driel (2002),R.Justi, J.K.Gilbert(2002)

Model as a major learning and teaching tool
“Models are one of the main products of scince, eflod) is an element in scientific methodology,
(and) models are a major learning and teachingitostience education.”

Role of chemistry textbooks in the teaching and leaing of models and modelling
“This role may be discussed from two main angles:

- the way that chemical models are introducedxtbtmoks

- and the teaching models that they present.”

Teaching model, Learning model, Analogies

“A teaching model is a representationproduced with the specific aim of helping studetus
understand some aspect of content. Assuming th&aabsature of chemical knowledge, they
(learning modelg are used very frequently in chemical textbookdnigain the form of overt
analogies as drawings and as diagrams (specifically to &toen”, “chemical bonding” and “chemical
equilibrium™)”

Some future research directions

a) “How can teachergédagogical content knowledgabout models and modelling be improved?”

b) “The role of models and modelling in tHevelopment of chemical knowledd#’

¢) “How can it be made evident to teachers thairttreduction of model-based teaching and learning
approach can be way to shift the emphasis in cha@neiducationfrom transmission of existing
knowledge to a more contemporary perspective in wbh students will really understand the
nature of chemistry and be able to deal critically with chemistry-tethsituations?”

J.K.Gilbert, O.de Jong, R.Justi, D.F.Treagust, J¥&n Driel (2002),J.H.van Driel (2002)

“Curriculum for Chemical Eduaction

a) The central question is concethe design of curricula for chemical educationnote: curricular
process) which make chemistry interesting and agievor various groups of learners (professional
chemists, general educational purposes-it is usefulll citizens in the future)

b) In recent decadesurricula have been changedon the one hand for general educational
purposes, this has led to context-based approaches to tepatiamistry,on the other hand for
professional chemistsspecific chemistry courses have been developetarcontext of vocational
training, aimed at developing the specific chemicampetencies that are needed for various
professions.

c¢) Finally, chemistry is nowadays also presentedfiormal ways, for instance, in science centred an

nn

through chemistry “shows”.
U-D.Ehlers, J.M.Pawlowsk{2006)

“Quality and Standardization in E-learning

- Quality development: Methods and approaches

Methods, models, concepts and approaches for treafement, management and assurance of quality
in e-learning are introduced

- E-learning standards

The main goal of e-learning standards is to progilations to enable and ensure interoperability an
stability of systems, components and objects.”
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R.Kwan, R.Fox, FT Chan, P.Tsan{008),Le Jun (2008)

Knowledge management, Data Mining

“We set up a few objects and value propositionthefinitiative which was set up to improve teaching
and learning, to enhance the quality of curriculand to extent learning support. We apply Data
Mining tools to discover behavioral characteristiédew strategies for knowledge management in the
curriculum development in distance education wélldiscussed.”

Le Jun (2008),I.Nonaka, H.Takeuchi(1995),I.Nonaka, H.Takeuchi(2005)

Types of knowledge, Interaction of types
“Many knowledge management experts agree that Hretevo general types of knowledge:

a) Tacit knowledge is linked to personal perspecitituition, emotion, belief, experience and valte.
is intangible, not easy to articulate, and difftdol share with others.

b) Explicit knowledge has a tangible dimension thah be more easily captured, codified and
communicated

Based ornl.Nonaka, H.Takeuchithese two versions of knowledge can interagthen the
“knowledge conversion” occurs:

- socialization: from tacit to tacit

- externalization: from tacit to explicit

- combination: from explicit to explicit

- internalization: from explicit to tacit”

Le Jun (2008),I.Nonaka, H.Takeuchi(2005)

“Research methods for knowledge management

a) Data Mining techniques

b) Web text mining is discovery knowledge from based non-structueak itext representation,
feature extraction, text categorization, text datisig, text summarization, semantic analysis, and
information extraction)

c) Learning theory

Learning theories are classified into four paradigns: behavioral theory, cognitive theory,
constructive theory, social learning theory.

We emphasizelearning is continuous process that was indisisitable from ongoing work practice

- by discovering the problems, recognizing thepety, and by solving problems in routine work and
learning. Learners can continuously refine theigritive, information, social and learning
competencies.

d) Knowledge management

Knowledge sharing and application of the SECI mdsgetl.Nonaka, H.Takeuch)”

S1.1.13. Metadata Mining Process

R.Vilalta, C.Giraud-Carrier, P.Brazdil, C.Soare004)

Meta-learning — Support Data Mining

»,Current data mining tools are characterized byethpra of algorithms but a lack of guidelines to
select the right method according to the naturehef problem under analysis. Producing such
guidelines is a primary goal by the field of metarning; the research objective is to understaed th
interaction between the mechanism of learning &edcbncrete contexts in which that mechanism is
applicable. The field of meta-learning has seertisoaus growth in the past years with interesting
new developments in the construction of practicatet-selection assistants, task-adaptive learners,
and a solid conceptual framework. In this paper, giee an overview of different techniques
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necessary to build meta-learning systems. We bégindescribing an idealized meta-learning
architecture comprising a variety of relevant comgmd techniques. We then look at how each
technique has been studied and implemented by quewiesearch. In addition, we show how
metalearning has already been identified as anri@pocomponent in real-world applications.”

J.Fox (2007)

Definition Metadata Mining process
“Since metadata is just another type of data, appldata mining to metadata is technically
straightforward XML - eXtensible Markup Language

American Library Association(1999)

“Definition of Metadata

a) As for most people the difference between dathirformation is merely a philosophical one of no
relevance in practical use, other definitions are:

Metadata is information about data.

Metadata is information about information.

Metadata contains information about that data bemotiata

b) There are more sophisticated definitions, sich a

Metadata is structured, encoded data that deschita@cteristics of information-bearing entitiesaid

in the identification, discovery, assessment, andagement of the described entities.”

S1.2. Brief Summary of S1.1.

Data Mining — an analytical synthetic way of extraction of léddand potencially useful information
from the large data files (continuum data-inforrmatknowledge, knowledge discovery)

Data Mining Techniques— system functions of the structure of formerlgdsn relations and patterns
(e.g. classification, association, clustering, firéoh)

Data Mining Tool — a concrete procedure how to reach the intengigdra functions

Complex Tool- a resolution of the complex problem of relevagsience branch

Partial Tool — a resolution of the partial problem of relevacience branch

Result of Data Mining — a result of the data mining tool application

Representation of Data Mining Result- a description of this what is expressed

Visualization of Data Mining Result— an optical retrieval of the data mining result

S1.3. Data Mining Cycle
S1.3.1. Quotations from Sources

U.M.Fayyad, G.Piatelsky-Shapiro, P.Smy(h996)

“Cycle of Data mining

Data Mining can be viewed as a cycle that consissgveral steps:

- Identify a problem where analyzing data can ptewalue

- Collect the data

- Preprocess the data obtain a clean, mineable tabl

- Build a model that summarizes patterns of intdrea particular representational form
- Interpret/Evaluate the model

- Deploy the results incorporating the model imother system for further action.”
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J.Luan (2002)

“Steps for Data Mining preparation (algorithm, buil ding, visualization)

a) Investigate the possibility of overlaying Daténiig algorithms directly on a data warehouse

b) Select a solid querying tool to build Data Muirfiles. These files closely resemble
multidimensional cubes

c) Data Visualization and Validation. This meanghbexamining frequency counts as well as
generating scatter plots, histograms, and othgxhigs, including clustering models

d) Mine your data”

Le Jun (2008)

“Main processes of Data Mining

- The main processes include data definition, dgttnering, preprocessing, data processing and
discovering knowledge or patterns (Data Mining teghes can be implemented rapidly on existing
software and hardware)

- Application of Data Mining tools: To solve theskaof prediction, classification, explicit modeling
and clustering. The application can help underskaachers’learning behaviors.”

S1.3.2. Brief Summary of S1.3.1.
Data Mining Cycle:

- Data Definition, Data Gathering

- Data Preprocessing, Data Processing

- Data Mining Techniques and Data Mining Tools,

- Discovering Knowledge or Patterns,
-Representation and Visualization of Data Mining&Res,
- Application.

References of Retransfer

i. Tarabek,P., ZaSkodny,P. (2009-2010)
Educational and Didactic Communicatio2009.
Bratislava, Slovak Republic: Didaktisww.didaktis.skISBN 978-80-89160-69-3

ii. ZaSkodny,P., Pavlat,V. (2009-2010a)
Data Mining — A Brief Recherche(in: i.)

iii. ZaSkodny,P., Novak,V. (2009-2010b)
Data Mining — A Brief Summary (in: i.)
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Supplement 2
DATA PREPROCESSING — EDUCATIONAL
COMMUNICATION OF PHYSICS

(Retransfer — see References of Supplement 2)

S2.1. Data Definition, Data Gathering — Descriptiorof Educational
Communication of Physics

The subject of physics education (the educatiormhrounication of physics within the
communicative conception - J.Fenclova-Brockmeyerd@s2) does not identify with the subject of
educational science. It includes the whole knowdedd physics with its ties to the physics’
surroundings and also the education of physichénsbciety (J.Fenclova-Brockmeyerova, 1982, in
P.Tarabek, P.Zaskodny, 2007-2008a.b.c, 2008-2@1H-2010).

The educational communication of physics is the jesuib of physics education
in the communicative conception (this includes atsgihodic, integrative and application conception
— P.Tarabek, P.Zaskodny, 2007-2008a.b.c, 2008-Z0B-2010).

The physics education is a whole continuous prosegwwarding and negotiation of results and
methods of physics knowledge to the sense of iddals, who are not directly bounded with the
knowledge creation. This process is leading tardesfer of physics knowledge to the sense of whole
society (in P.Tarabek, P.Zaskodny, 2007-2008a2008-2009, 2009-2010). This process is done by
various participants with educational intention amdudes not only the teaching and educationlin al
levels of educational system, but also lifelongdis carried out institutionally and information
transfer from physics science to society.

The physics knowledge piece undergoes several foramations during the educational
communication (in P.Tarabek, P.Zaskodny, 2007-2@08a 2008-2009, 2009-2010). Physics
education has to follow the whole way of physiceowledge transfer and thus is passed through
totally different areas of thinking, investigatiand locution, which approximately come up to
mentioned physics knowledge transformation. Thease the basic problematic areas of physics
didactics.

The basic problematic areas of physics educatian #re scientific system of physics,
the educational system of physics, instructionabjgmt — instructional process, the results
of instruction and their evaluation. Also the teath preparation of physics and methodology of
physics education belong to this group of probleenaareas of physics education.
The transformations of physics knowledge pieceiapdts and outputs of each transformation define
these basic problematic areas of physic educatioR.Tarabek, P.Zaskodny, 2007-2008a.b.c, 2008-
2009, 2009-2010).

Physics conceptual-knowledge systems undergo devermms of existence during the
educational communication of physics and gainftiss of existence in transformations T1 to T5 (in
P.Tarabek, P.Zaskodny, 2007-2008a.b.c, 2008-2@1®-2010).

The survey of transformations could be describedr@ing to Brockmeyer, 1982 (in P.Tarabek,
P.Zaskodny, 2007-2008a.b.c, 2008-2009, 2009-20h@) R Tarabek, P.Zaskodny, 2007-2008a.b.c,
2008-2009, 2009-2010, respectively following way:

1. The ascertainment of objective reality, usuallyden@y measuring, an experiment, or mathematical
deduction, must be defined in words, mathematicallygraphically in order to be publishable and
thus conveyable to the widest circle of physiciaty] at the same time filed into the scientificteys
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of physics (J.Fenclova-Brockmeyerova, 1982, in Rabek, P.Zaskodny, 2007-2008a.b.c, 2008-2009,
2009-2010)

Transformation T1 (input — output) (P.Tarabek, P.Zaskodny, 2007-2008a.b.68-2D09, 2009-
2010)

Input T1: The scientific system of physics (thetsgs of physical theories. Output T1: The
scientific system of physic in the light of its comnicability (the scientific system of physic frahe
point of view of its communication).

2. Such a piece of physics knowledge is transforroetieé educational system of physics, with regard
to the addressees and objectives, of which theemsyss to serve its purpose (J.Fenclovéa-
Brockmeyerova, 1982, in P.Tarabek, P.Zaskodny, 20@Ba.b.c, 2008-2009, 2009-2010).

Transformation T2 (input — output) (P.Tarabek, P.Zaskodny, 2007-2008a.b.68-2009, 2009-
2010)

Input T2: Scientific system of physic from the poof view of its communication- Output T2:
Educational system of physics and its content (Bample, contents of instruction as
a subject matter - the most precise and conciseession of the educational system of physics)

3. Another transformation occurs when trying to espréhe piece of knowledge (usually simplified)
didactically in a particular product, such as texth (J.Fenclova-Brockmeyerova, 1982, in P.Tarabek,
P.Zaskodny, 2007-2008a.b.c, 2008-2009, 2009-2010).

Transformation T3 (input — output) (in P.Tarabek, P.Zaskodny, 2007-2008a2068-2009, 2009-
2010)

Input T3: Educational system of physics and itsteonh - Output T3: Instructional project
of physics and its textbook (the textbook as aroirigmt part of instructional project of physics)

4. Another transformation occurs during the procdgeaching and learning. This transformation can
be multipled, the piece of knowledge can be paesagtadually and enriched in its content. The tesul
is knowledge in the form of information (a piecelefrning). (J.Fenclova-Brockmeyerova, 1982, in
P.Tarabek, P.Zaskodny, 2007-2008a.b.c, 2008-2@mR-2010)

Transformation T4 (input - output) (P.Tarabek, P.Zaskodny, 2007-2008a.b.0)8-2D09,
2009-2010)

Input T4: Instructional project of physics andtigtbook, learners” initial information and expade
(including common knowledge), preparedness of telach Output T4: Results of physics education
(the transformation T4 is realized through theringion of physics at school)..

5. Another transformation happens when incorporativegpiece of knowledge into the education as
a lasting value of man, in his consciousness amaravess. Another kind of transformation is the
application of the physics knowledge in the redé lor a production situation ((J.Fenclova-
Brockmeyerova, 1982, in P.Tarabek, P.Zaskodny, Z0WBa.b.c, 2008-2009, 2009-2010)

Transformation T5 (input —» output) (P.Tarabek, P.Zaskodny, 2007-2008a.b.68-2009, 2009-
2010)

Input T5: The results of physics education (thepot# of physical schooling. Output T5: Applied
results of physics education (permanent constiteénéducation and applied outputs of physical
schooling).

S2.2. Brief Summary of Data Preprocessing

The physical dimension of physics education is evidrom the description of the educational
communication of physics according to J.FenclovéeBmeyerova (1982, p.26, in P.Tarabek,
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P.Zaskodny, 2007-2008a.b.c, 2008-2009, 2009-2Gk®),P.Tarabek and P. Zaskodny (2006, p.149,
in P.Tarabek, P.Zaskodny, 2007-2008a.b.c, 2008-22009-2010). A piece of physics knowledge
undergoes several distinctive transformations duttre didactic communication:

Transformation of the piece of physics knowledgél).Fenclova-Brockmeyerova, in P.Tarabek,
P.Zaskodny, 2007-2008a.b.c, 2008-2009, 2009-201ty:physics education must follow all the way
of passing of the physical knowledge and it goesuph completely different areas of thinking,
research and expression, which roughly correspaditid thve outlined transformations. These are the
basic problematical areas of physics education

Transformation of the piece of physics knowledg¢P.Tarabek, P.Zaskodny, 2007-2008a.b.c,
2008-2009, 2009-2010) Within the frame of the tleafr ,Didactic Communication® is introduced
a succession ofT1 to T5 Transformations of a piece of physics knowledge from the scientific
language to the language of methodology, whichomprehensible enough to both teachers and
students.

S2.3. Need of Structuralization, Algorithm Developrant, and Formalization

The physical dimension of physics education is ciagsad with the above described succession
of the transformations of the pieces of physicsiedge.Here come up three questions associated
with these transformations (the need of a structurbization, an algorithm development, and
a formalization):

Question One: How to create, express and display the inputs amgputs of T1 to T5
Transformations? How to create, express and dighlayscientific system of physics education, so
that it would be communicable? How to create, esprand display the didactic system of physics
education, its objectives and subject matter? Howréeate, express and display the elements of an
educational project of physics, especially theltegk? How to convey the knowledge to the students,
so that it would become their knowledge (learninfprmation), and how to find out about, display
and evaluate achieved results of teaching physisshmols? How to assess, display and evaluate the
applicability of acquired physics knowledge?

Question Two: How do the educational and physical dimension ofsgs education relate?
Suppose that the educational and physical dimensigohysics education are associated with the
transformations of the piece of physics knowledben which educational constructs to use in order
to describe particular transformations?

Question Three:Can we consider the first two questions as subataiso for the field education of
scientific disciplines, eventually also for the gdb education of entirely different field areas?

The common answer to all of the three questions (dralso a fulfillment of the requirement
of data structuralization, data algorithm development, and data formalization) is closely related
to the variant forms of curriculum existenceg( the theory and practice of curriculum), and to the
ways of the expressing and constructing of thepestyof curricula with appropriate educational
constructsi( e. with appropriate modeling of the contents ofducation in its variant forms of
existenc®. The succession of the variant forms of currioulcan be called agurricular process"
(Manak, 2005, Zaskodny, 2007 - in P.Tarabek, P.@@sk 2007-2008a.b.c, 2008-2009, 2009-2010),
similarly for the name of the succession of T1 t& ffansformations of physics knowledge the
common term of ,educational communication of phgsican be used.
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Supplement 3
DATA PROCESSING — CURRICULAR PROCESS
OF PHYSICS

(Retransfer — see References of Supplement 3)

S3.1. Investigation of Curriculum Variant Forms in Publications

There are many definitions of curriculum. Somehaim will be used, briefly discussed and only
approximately applied to the results and coursglofo T5 transformations. These applications do not
aspire to becoming a comprehensive associatiocamgarative — their goal is to show the link to the
particular transformations of physics knowledged &m try to name preliminarily this link with the
help of an appropriate variant form of curriculurisgence.

a) A.V.Kelly, 1999

Curriculum is all the learning which is planned ajuided by the school, whether it is carried on
in groups or individually, inside or outside thénsol. Curriculum has two basic features: learnig i
planned and guided, and the definition of currioulis related to school educatiorthe results of T3
transformation, the course of T4 transformation

b) M.K.Smith, 2000

In what follows we are going to look at four wayk enquiry into curriculum theory and
practice:

Curriculum as a Body of Knowledge to be transmitt€lirriculum as a Syllabus to be
transmitted. Such curriculum orientates itself be tcanon of Western cultural heritage and is
associated with systematic development of reasopavger and the communication of the canon. It
should be transmitted or 'delivered' to studentgHgy most effective methods (Blenkin, 1992 - in
P.Tarabek, P.Zaskodny, 2007-2008a.b.c, 2008-20099-2010) -the results of T1 and T2
transformation.

Curriculum as Product. We think of product as dipecctivities that are needed for life —
Bobbitt, 1918, 1928 (in P.Tarabek, P.Zaskodny, 22008a.b.c, 2008-2009, 2009-2010). Curriculum
as product focuses on the statement of changdakeoplace in the students. Curriculum as product
emphasizes the environment of the educational gesjoand education associated with it the
rationality and relative simplicity (Tyler, 1949in P.Tarabek, P.Zaskodny, 2007-2008a.b.c, 2008-
2009, 2009-2010), and is very similar to technaraproductive thinking (Taba, 1962). A feature (and
perhaps an inconvenience, too) of this model isuirapsion, that behaviour is objectively and
mechanistically measurable (Stenhouse, 1975, GatimblL990 - in P.Tarabek, P.Zaskodny, 2007-
2008a.b.c, 2008-2009, 2009-201@he results of T4 and T5 transformation

Curriculum as Process emphasizes the interactiorteathers, students and knowledge,
curriculum is what actually happens in the classr@md what people do to prepare and evaluate. The
most significant is natural order of developmenthia student — curriculum is in harmony with the
child's real interests, needs and learning pattéknsurriculum is rather like “a recipe in cookery”
(Stenhouse, 1975 - in P.Tarabek, P.Zaskodny, 2008&b.c, 2008-2009, 2009-2010). These
processes can enhance a person’s learning, ifnbgywell, or, if they go wrong, inhibit a person's
learning’. By this process the learning is offer@ccepted and internalized (Newman, Ingram, 1989)
- the results of T3, and the course of T4 transformabn.

Curriculum as Praxis. Curriculum as praxis is, iany respects, a development of the process
model. This model brings to the centre the emphasiscollective human well-being and the
emancipation of the human spirit. School is a mgjerhaps the principal force for social change and
social justice. The curriculum is not simply a eéplans to be implemented, but rather is congittut
through an active process in which planning, acind evaluating are all reciprocally related and
integrated into the process. (Grundy, 1987 - inaRabek, P.Zaskodny, 2007-2008a.b.c, 2008-2009,
2009-2010) the course of T4 transformation, the results of T4ransformation.
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¢) J.McVittie, 2007 a, 2007 b

Three different kinds of curriculum will be discesls— transmissional or technical (learning
exists outside the man and is objectively deterthemed researchable), next transactional, or pedctic
(learning originates in interaction with other pkomnd the world, learning is conveyed and
constructed socially and personally), and transébional or emancipatory (students accept the world
view of the dominant group, and this ,false congsitess” needs to be transformed in order to reach
the full potential of the student).

Various educational models are associated withqodait types of curriculum (conceptual — the
model of information processing, behavioral — thedei of direct teaching, cooperative — the model
of social interaction, empirical — personal modafjd learning theory (e.g. behavioral, construst)vi

For instance, with the transactional type of cuttion are linked conceptual, cooperative and
empirical models of education. With these educafionodels go teaching methods. The empirical
educational model is accompanied by the teachinthods such as excursions (field trips), guided
discovery, predict-observe-explain, playing-thirgdsciencing), concept formation, concept
attainment, independent research, and particufarnmation jig saw. With cooperative educational
model are associated all teaching methods assdorth empirical model and also role-play and
simulation. With conceptual teaching model go eflahing methods associated with cooperative and
empirical educational model, and also the teachiathod of concept web and concept map.

The word ,curriculum® comes from Latin and its commmeaning is the course of studies.
A teacher will say ,curriculum® meaning a curricaiuhandbook. Parents will sometimes say
Lcurriculum* meaning the content of the course.

For the purpose of curriculum studies at the Umiterof Saskatchewan the word curriculum
will cover all that represents ,favourable condisd — ,aspices” — for school functioning. As paft o
this curriculum there can be included equipmentrt(md hidden curriculum), the contents of
curriculum handbooks, the way we teach/manage/ata@lacts and behavior, school sponsors’
activities, (part of ineffective or ,nul curriculdinetc. The curricula in according to Saskatchewasmn
transactional, fixed in the constructivist theorfy learning and conceptually oriented. Conceptual
orientation the results of T1 and T2 transformation

Within the framework of core curriculum studies ee\basic areas of curriculum studies are
required — linguistics, mathematics, science, $osiadies, medical education, humanities, and
physical education. The curriculum studies will &med at required curricular documentation that
arises from SaskLearning, as well as the ways athieg and evaluating the results of T3
transformation, and the course and results of T4 mnsformation

d) J.Priicha, 2005

Definition of Curriculum:

* Curriculum in the narrow sense of the word metres programme of teaching (Lawton, Gordon,
1993 - in P.Tarabek, P.Zaskodny, 2007-2008a.b@3-2009, 2009-2010)

* Curriculum in the broad sense of the word mealhdearning happening in schools or other
institutions, both planned and not planned. (Lawteardon, 1993 - in P.Tarabek, P.Zaskodny, 2007-
2008a.b.c, 2008-2009, 2009-2010)

* Recently curriculum has been defined as a digéthe culture of the society, and the curriculm i
created in the process of cultural analysis. (Law@@ordon, 1993 - in P.Tarabek, P.Zaskodny, 2007-
2008a.b.c, 2008-2009, 2009-2010)

* Curriculum is the content of entire experiendeattstudents gain at school and during activities
related to school, its planning and evaluationi¢Ra, Walterova, MareS, 2001 - in P.Tarabek,
P.Zaskodny, 2007-2008a.b.c, 2008-2009, 2009-2010).

* From the point of view of curriculum research ahd very essence of education process curriculum
is understood as the content of education, or @uer content — every educational process has two
subjects and its own content (the content as auurg is a subject matter of learning and also
teaching in school environment)

* Curriculum should be understood as a sum oflalt is taught at school and what children learn
(Doyle, 1992 - in P.Tarabek, P.Zaskodny, 2007-20008a22008-2009, 2009-2010)
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* Curricular research makes it possible to definericulum towards building the teaching material
with such qualities which would respect logical a@anantic structures which would make learning
easier. A.M.Sochor (1974) (in P.Tarabek, P.Zaskpd?§07-2008a.b.c, 2008-2009, 2009-2010)
enriched the curriculum theory by working on thelpems of communicability of the subject matter,
and in terms of measurable semantic networks at (Bachor, 1974 - in P.Tarabek, P.Zaskodny,
2007-2008a.b.c, 2008-2009, 2009-2010)

Content Pedagogy Theory

* This practical construction line in the curricmdutheory represents the research of ways of
transforming the contents of human learning inipaldr sciences (Doyle, 1992a - in P.Tarabek,
P.Zaskodny, 2007-2008a.b.c, 2008-2009, 2009-201is is connected with Doyle’s definition of
curriculum.

* Content Pedagogy Theory (postulated by Doyleseageches into particular procedures of choice,
structure and organization of what is supposededhe content of school education. Authors of
curriculum try to generate the most useful formgeafning plans, educational standards and texts in
order to use them immediately in school educatiattre (see also Sochor, 1974 - in P.Tarabek,
P.Zaskodny, 2007-2008a.b.c, 2008-2009, 2009-20IRhjs is also dealt with in more detail in
J.Pacha works (1987) (in P.Tarabek, P.Zaskodny, 20a¥8aM.c, 2008-2009, 2009-2010)

* Walter Doyle is Professor in College of Educatat the University of Arizona. His other works

also include, for example, W.Doyle, K.Carter (20Q08)P.Tarabek, P.Zaskodny, 2007-2008a.b.c,
2008-2009, 2009-2010)

Five Curriculum Concepi€erton, Gayle, 1991):
* The concepts related to the structure of learrfthg subject matter as a sum of knowledge items of
particular sciences):
T1 and T2 Transformation, Conceptual and Intended @rriculums
* The concepts of the development of cognitivecpsses (thinking is more important than the facts)
T4 Transformation, Implemented Curriculum
* The concepts related to the technology of teaglliearning focused on the method of imparting)
T3 Transformation, Projected Curriculum
* The concepts of child’s self-fulfillment (givdnthe learner space to discover the world through
thein own activities, arising from their own intsts):
T4 Transformation, Implemented Curriculum
* Concepts of rectification of the society (solgisociety’s abuses through education)
T5 Transformation, Attained Curriculum
According to J.Rrcha (2005, p 239) (in P.Tarabek, P.Zaskodny, 2@m8a.b.c, 2008-2009, 2009-
2010): ,Members of particular opposing parties ¢emdly come to terms with the advocates of
a different approach, which often leads to seatésma and rivalrly among authors of various
curriculums*

Forms of Curriculums:

* Conceptual Form (Concept of what is to be theteots of education):

T1 and T2 Transformation, Conceptual and Intended @rriculums

* Projected Form (particularly planned projectstbé contents of education:

T3 Transformation, Projected Curriculum

* The Form of realization (the contents of eduaatioesented to the subjects of education):
T3 Transformation, Projected Curriculum and Implemented Curriculum-1

* Result Form (the contents of education perceivethbysubjects of education):

T4 Transformation, Implemented Curriculum-2

Effect Form (the contents of education functionomgthe side of the subjects of education):
T5 Transformation, Attained Curriculum

The approach to curriculum as a variant phenomeves worked out in theory as early as in
1980s (Piicha, 1987 - in P.Tarabek, P.Zaskodny, 2007-2008&£608-2009, 2009-2010). According
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to J.Pficha (2005) (in P.Tarabek, P.Zaskodny, 2007-2008a2008-2009, 2009-2010) it became the
base of empirical analyses, concern of which, afrarth curricular theory, was the following of
practical aims: To carry through the view, thatgiphed contents of education is not identical with t
.realized contents of education” (,there is diffiece between what the authors of the curriculum,plan
and what pupils are able to learn®)

The notions of Intended Curriculum, Implemented rieuium and Attained Curriculum are
analyzed as 3 different levels in the following wé§trakova, Tomasek, Péaleva, 1996 - in
P.Tarabek, P.Zaskodny, 2007-2008a.b.c, 2008-2@1H-2010):

Intended Curriculum — intended aims and content of education explic#§ined in curricular
documents (curriculum, textbooks). Three categarsfesontent can be distinguished: the educational
content itself, its operational level (the actiedti of students and teachers e.g. when handling
appropriate types of learning tasks), and the lef/@rospects (planned changes of learners” atstud
intersts and motivations)

Implemented Curriculum - the learning matter actually delivered to the stitglavithin the
frame of particular school education (that is kpagticular teacher in a particular school)

Attained Curriculum - the learning matter actually attained by stude@tge important form of
the educational content is its form modified by 8tadents based on their own, including extra-
curricular experience and interests.

The mechanisms of the transfer between the fornesimiculum are described only partially. In
the least way the transformations of project fofrawriculum into the realisation level of curricuh
(see Transformation as a transfer from Project Currculum and Implemented Curriculum-1 to
Implemented Curriculum-2). According to V.V.Krajevskij and I.J.Lerner (1988n P.Tarabek,
P.Zaskodny, 2007-2008a.b.c, 2008-2009, 2009-20X@poitant changes occur during this
transformation. In the project form there are (Kvakij, Lerner, 1983 - in P.Tarabek, P.Zaskodny,
2007-2008a.b.c, 2008-2009, 2009-2010) two forms educational content: Invariant content of
education (determined by curricular documentBreject Curriculum as a partial result of T3
Transformation), and variant content of education (content imetigd by a particular teacher in a
particular class kmplemented Curriculum 1 as a teacher’s preparatiorfor class and as another
result of T3 Transformation)

Levels of curriculum construction:

* Curriculum in class and at school (Doyle, 1992b P.Tarabek, P.Zaskodny, 2007-2008a.b.c, 2008-
2009, 2009-2010), curriculum ,comes to life" only ¢lass, when it is realised by a teacher in the
process of teaching. Its part is also Projectedi€uium on the school level.

* Curriculum in educational programmes (Projectedrriculum is usually defined in curricular
documents such as school curricula and educatmoglammes, curriculum, methodology handbooks
for teachers, exam requirements, etc.), educatipnagramme represents a kind of curricular
document on the national level, and in internatiotg@minology it is associated with national
curriculum (as projected curriculum guaranteedhgydtate), or framework curriculum.

e) J.Svoboda, R.Kol&ova (2006)
Elements of Projected National Curriculum

An educational programme as Projected National i@uum (for the educational system of the
country or for a certain type of school and as mmlex system of managirthe contents of school
education on the national level) usually consists of theloleing elements (Richa, 2005 - in
P.Tarabek, P.Zaskodny, 2007-2008a.b.c, 2008-2@1®-2010):
- education concept
- aims of particular education
- syllabus
- subject matter (its themes) in particular sulgjectintegrated subject fields
- target standards as requirements of what leaarerexpected to learn in particular years or

levels of the school
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- evaluation tools for finding out about accompilightarget standards
- implementation plan, with the help of which trtueational program will be implemented
into educational practice

Projected Curriculum on National Level in the Cz&dpublic (Czech National Curriculum)

The need to develop new educational programmes$dsic and middle schools in the Czech
Republic emerged from the government documentaallmncept of education and development of
the educational system in the Czech Republic* Theciples of the formation of Czech national
curriculum as project curriculum on the nationalelewere compiled in the ,National programme of
the development of education in the Czech Repy(llibite Book, 2002 - in P.Tarabek, P.Zaskodny,
2007-2008a.b.c, 2008-2009, 2009-2010) and broughward in the Act of Pre-school, Basic,
Secondary, Tertiary Professional and Other Educafgince 2005). Curricular doccuments of the
Czech national curriculum are formed, apart from jNational Programme of the Development of
Education®, by so called ,Framework Educationaldfaanme” and ,Framework Syllabus® for pre-
school, basic, gymnasium, secondary professioralosimer educationT@@ Transformation, Project
Curriculum on national level).

The Framework Educational Programme for basic &sdrgdary education divides its contents
into 9 educational areas

Language and Language Communication

Mathematics and its Application

Man and the World

Man and Society

Man and Nature

Art and Culture

Man and Heath

Man and the World of Work

Information and Communication Technology

These are made up of closely-related educatiotelsfi(field methodologies as arts that deal
with particular educational fields). While formirgoject curricula on school level the schools can
split these educational fields into subjects (sttbjeethodologies as arts that deal with particular
subjects). On the basic education level the sulgephysics assumes to be included in years sgartin
with the sixth year of Basic school and year Prandahe lower level of eight-year Gymnasium.

The Framework Syllabus for basic and secondary atiuc determines mandatory
implementing of educational areas into the basicpsdary and secondary professional education, and
allocates minimum time endowment, bound dispens@éie endowment, (for the 2nd level of basic
school), free dispensable time endowment, and tditidjatory time endowment for a particular level
of education. The Framework Syllabus assesses ke td include cross-sectional themes, and
encourages creation of integrated subjects.

For instance, the educational content of physidsaaic school is, according to the Framework
Educational Programme made up of such cross-sattioemes like Matters and Bodies, Movements
of Bodies, Forces, Mechanical Characteristics gfulds, Energy, Sound Processes, Electromagnetic
and Light Processes, and the Universe. At Gymnasaccording to the Framework Educational
Programme the cross-sectional themes are Physiedley¥ and their Measuring, Mechanics,
Molecular Physics and Thermics, Electromagnetisnptid®, Physics of Microworld, and
Astrophysics.

Projected Curriculum on School Level

On the basis of the Framework Educational Prograreatmol educational programmes are
being created (recently for all basic schools amdséveral pilot Gymnasiums in the Czech Republic),
these divide the educational kontent into particaidjects on the basis of the Framework Educdtiona
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Programme for a particular school level.3( Transformation, Project Curriculum on School
Level). The educational content specified in this wayhisn structured by means of curricula for
particular subjects in the following way:

- name of the subject

- characteristics of the subject

- educational content of the subject (outputs fitbkn Framework Educational Programme to years,
selection and processing of the subject matter yetirs, and in association with expected outputs,
thematic areas of cross-sectional themes, intgesubontext.

f) T.Janik (2005)

The content of education (curriculum)is not only the knowledge planned for teaching (in
order to become students” knowledge), but alsongldrexperience, skills, values, attitudes and
interests, which are to be developed in students.

The pragmatic concept of curriculum in the USA - 1850s the teaching of subjects
interconnects with mother disciplines at the ursitexs. Curriculums are created, which are
contentually derived from the systematics and gmf scientific disciplines Tl and T2
Transformations, Conceptual and Intended Curriculum) Voices have grown stronger which point
at the need to choose the core curriculum

In the structure of scientific disciplines one daistinguish the substantive structure (concepts
which create the content load) and the syntax streqways of findings, which lead from the data
through their interpretation to a conclusion) (Sabw1964 - in P.Tarabek, P.Zaskodny, 2007-
2008a.b.c, 2008-2009, 2009-2010he result of T1 Transformation, Conceptual Curriculum

In the research work on pedagogy there appearsdbd for a new research paradigm — the
category of the content of the education shouldtddeen seriously enough into consideration
(Shulman, 1987 - in P.Tarabek, P.Zaskodny, 20082@0c, 2008-2009, 2009-2010). From there
goes the research on methodological knowledgeeotdimtent targeted at inquiry into the professional
knowledge of teachers. (Janik, 2004 - in P.TaraPekaskodny, 2007-2008a.b.c, 2008-2009, 2009-
2010)

In recent years the metodology has come (undeinthegence of the constructivist theory of
learning) to the search for domain specific coroesiing with the particularities of the content of
a specific subjecflil and T2 Transformation, Conceptual and Intended @rriculum )

g) J.Manéak, 2005

Within the framework of curricular research we cliistinguish
- Official Curriculum (recorded in school documeida) - T3 Transformation, Projected
Curriculum
- Operational Curriculim, taught at school33 Transformation, Implemented Curriculum-1 as
teacher’s preparation for instruction
- Hidden Curriculum (which adds information, e student’s environment
- Nul Curriculum (regards subjects not taught atgbhool)
- Extra-Curriculum (expected experience goes beyhedframe of the subject) (Poster, 1992 - in
P.Tarabek, P.Zaskodny, 2007-2008a.b.c, 2008-2@1H-2010).

The research also regards the following
- Curriculum as expected result$4( Transformation, Implemented Curriculum-2 as subject
matter mastered by students)
- Curriculum as structures of particular knowledgeas T1 and T2 Transformation, Conceptual
and Intended Curriculum)
- Influence upon human behaviour and stimuli to domdive and creative thinkinge{g. T5
Transformation, Attained Curriculum )

The structure of educational aims has become thiectumatter of theoretical analyses:
- the highest educational aims, sophisticated tamoas for the cognitive area are available (Brunner
Bloom, Gagne), affective (Kathwohl) and psychomiatgHarrow) —T2 Transformation, Intended
Curriculum
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- from the highest educational aims particular g@ak derived as requirements of particular subject
T2 Transformation, Intended Curriculum

- particular goals lead into specifying objectivesjei are associated with teaching units, coursds an
tasks -T3 Transformation, Projected Curriculum, Implemented Curriculum-1 as teacher’'s
preparation for instruction.

The expertise and research of learning texts alsdigate of the concept of curriculul(and
T2 Transformation, Conceptual and Intended Curriculum) and point out at:
- the choice of the subject matter and involvemeitircumstancesc(eating, expressing and
displaying results of T2 Transformation, i.e Intended Curriculum)

An important role in the process of curricular agsh is played by ,Curricular process” as an
analysis of instruction and the process of ,capwirithe subject matter by the student® (
Transformation, from Project Curriculum and Impleme nted Curriculum-1 as teacher’s
preparation for instruction to Implemented Curricul um-2 as the subject matter mastered by
studentg. This ,Curricular Process" takes its course ie thost effective way as problem solvirtig (
show to display results of T2 and T4 Transformatios, i.e. Intended Curriculum and
Implemented Curriculum-2. Displaying these resultsas models of intermediated problem
solving based on the merging of the systemic andjic approache$.

There also appear problems of curriculum associatigidl growing influence of postmodern
concepts — those make the existing canon of toamitivalues and educational aims relative. (Alba,
2000 - in P.Tarabek, P.Zaskodny, 2007-2008a.b@3-2009, 2009-2010).

S3.2. Brief Summary of Data Processing - CurriculaDimension of Physics
Education

The gradual development of the variant forms oficutum is like a ,process of capturing the
subject matter by the students” newly specified@gricular process” (Manak, 2005, Zaskodny,
2007 - in P.Tarabek, P.Zaskodny, 2007-2008a.b.68-2009, 2009-2010). Resulting from the
research of theory and practice of curricular psedebecomes evident that the succession of Thto
of Transformations of pieces of physics knowledgelucational communication of physics
education) can be associated with the succession of theriantaforms of curriculumdurricular
process of physickin the following way:

i. The form of education content existenceariant form of curriculum ”

ii. The curriculum - “education content (see Prucha, 2005 - in P.Tarabek, P.Zaskodnyy200
2008a.b.c, 2008-2009, 2009-2010)

iii. The variant forms of curriculum have got the universal structure (four structural elements -
sense and interpretation, set of objectives, cdoeépknowledge system, factor of following
transformation)

iv. The variant forms of curriculum were selected on tle basis of fusion of Anglo-American
curricular tradition and European didactic traditio n

v. The curricular processis defined as the succession of transformatiofisl-T5 of curriculum
variant forms:

“conceptual curriculum” (output of T1, the first variant form of curriauh) - the communicable
scientific system of physics (or other natural sc&®

“intended curriculum” (output of T2, the second variant form of curtiom) - the educational
system of physics (or other natural science)
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“projected curriculum” (output of T3, the third variant form of curriauh) - the instructional project
of physics (or other natural science)

“implemented curriculum-1" (output of T3, the fourth variant form of curricum) - the preparedness
of educator to education

“implemented curriculum-2” (output of T4, the fifth variant form of curricuin) — the results of
education

“attained curriculum” (output of T5, the sixth variant form of curricuh) - applicable results of
education

See P.Prochazka, P.Zaskodny (2009-2010c) (in Fo&lyd.Zaskodny, 2007-2008a.b.c, 2008-
2009, 2009-2010Quoted sourcesn 2009-2010c:
E.g. A.V.Kelly, M.K.Smith, W.Doyle, M.Pasch, A.M.Sochov,.V.Krajevskij, |.J.Lerner, J.McVittie,
K.Carter, G.M.Blenkin, L.Stenhouse, E.Newman, Gamg, F.Bobitt, R.W.Tyler, H.Taba,
C.Cornblet, S.Grundy, D.Lawton, P.Gordon, M.CerfdnGayle, G.J.Posner.

The above described associationGsgricular Dimension of Physics Education simplifies
and unites the terminology of physics educatiobasic and secondary schools, and also collegiate
physics education — the transformation of the pafgehysics knowledge can for all kinds of schools
be described as a succession of consecutive vadoams of curriculum as curricular process of
physics.

According to J.Richa (2005, p. 239) (in P.Tarabek, P.Zaskodny, Zili8a.b.c, 2008-2009,
2009-2010), regarding the five concepts of curtioul (Certon, Gayle, 1991 - in P.Tarabek,
P.Zaskodny, 2007-2008a.b.c, 2008-2009, 2009-20M¥mbers of particular opposing parties can
hardly come to terms with the advocates of a dfieapproach, which often leads to sectarianism and
rivalry among authors of various curriculums*.

We can assume that if the didactic communicatiophyfsics is taken as a subject of physics
education (Fenclova-Brockmeyerovd, 1982 - in P.hekaP.Zaskodny, 2007-2008a.b.c, 2008-2009,
2009-2010), the above described antagonism amangiémbers of particular opposing parties can,
surprisingly easily, be to a certain extent elinmok Particular concepts, particular variant foiwhs
curriculum only express different transformatiorighe piece of physics knowledge. From this point
of view the particular concepts of curriculum coudoperate very well. Besides, in the Czech
Republic the approach to the curriculum as vanda@nomenon was theoretically drawn up as early as
in the 1980s. (Richa,1987 - in P.Tarabek, P.Zaskodny, 2007-20082b6@8-2009, 2009-2010). The
discovery of ,didactic communication of physics‘efi€lova-Brockmeyerova, 1982 - in P.Tarabek,
P.Zaskodny, 2007-2008a.b.c, 2008-2009, 2009-204@)ita structural construction with the help of
T1 to T5 Transformations (P.Tarabek, P.Zaskodny)722008a.b.c, 2008-2009, 2009-2010) can,
through its interconnection and sequence of coscapd particular forms of curriculum, acknowledge
the productivity of the approach to the curriculaswariant phenomenon.

At the same time there appears one important rblphgsics education as one of subject
didactics — the physics education with its curdcutlimension defines itself as a unique and
independent scientific field.. The curricular dirsam of physics education can also be the wayéo th
structural approach to physics education.
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Abstract:
An imperative of data mining and a need of coopematf the human with today’s computers are
emphasized by D.A.Keim (Keim, 2002):

“The progress made in hardware technology alloway computer systems to store very large
amounts of data. Researchers from the UniversitBexkeley estimate that every year 1 Exabyte
(= 1 Million Terabyte) of data are generated, ofckiha large portion is available in digital formhi$
means that in the next three years more data eifjdmerated than in all of human history before”.

“If the data is presented textually, the amountiafa which can be displayed is in range one
hundred data items, but this is like a drop indbean when dealing with data sets containing mslio
of data items”.

“For data mining to be effective, it is importaat include the human in the data exploration
process and combine the flexibility, creativity,dageneral knowledge of the human with the
enormous storage capacity and the computationa¢pofitoday’s computers.”

Financial options are those derivative contractsviich the underlying assets are financial
instruments such as stocks, bonds or an interest ra

The Black-Scholes modelraces the evolution of the option’s key undegyiariables in
continuous-time.The Binomial and Trinomial models trace the evolution of the option's key
underlying variables in discrete-time.

In mathematical financethe Greeks are the quantities representing the sensitivitiés
derivatives such as options to a change in unagylparameters on which the value function of an
instrument or portfolio of financial instruments dependent. The name is used because the most
common of these sensitivities are often denote@Gieek letters.

The Greeks in the Black-Scholes model are relatieaky to calculate, a desirable property of
financial models, and are very useful for derivesitraders, especially those who seek to hedge thei
portfolios from adverse changes in market cond#ioRor this reason, those Greeks which are
particularly for Hedging Delta, Gamma and Vega waedl-defined for measuring changes in Price,
Time and Volatility.

The basic concepts about Data Mining in StatisHEdsication — see Z&Skodny,P., Tardbek,P.
(2010-2011) Data Mining Tools in Statistics Educatiorfin: Tardbek,P., ZaSkodny,P. (2010-2011),
Educational and Didactic Communicatior2010, Bratislava, Slovak Republic: Didaktis,
www.didaktis.sk). The complex data mining tool in statistics eatian is the Curricular Process of
Statistics. The partial data mining tools in statgseducation are the Analytical Synthetic Moahg]li
Statistical and Mathematical Data Minidgols.

The main goal of presented paper — description oft&tistical and Mathematical
Data Mining Tools in Statistics Education.

The main principle of paper: Data Mining in Statistics Education (Greeks andi@pHedging)
The main goal of paper: Partial Tools of DMSTE — Statistical Tools, Mathetical Tools
The procedure of paper:Financial Options — Introduction, Statistical Bafé-inancial Option
Greeksl @ption Hedging in Black-Scholes and Binomial Misd
Statisti Data Mining Tools — Normal, Binomial and Triniain
Distriinns
Mathemat Data Mining Tools
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The results of paper:

1. Description of Financial Options

2. Description of Statistical Base of Financial Option

3. Greeks in Black-Scholes Model

4. Greeks in Binomial Model

5. Option Hedging in Black-Scholes Model

6. Option Hedging in Binomial Model

7. Statistical Data Mining Tools in Applied Statistiesn Greeks and Option Hedging

8. Mathematical Data Mining Tools in Applied Statistie in Greeks and Option Hedging

Key Words:

Data Mining, Statistics Education, Partial Data M@ Tool, Financial Options, Greeks, Option
Hedging, Black-Scholes Model, Binomial Model, Trnmial Model, Statistical Data Mining Tools,
Mathematical Data Mining Tools

1. Financial Options - Introduction
(quoted according to www.economywatch.com)

Financial options are those derivative contractsviich the underlying assets are financial
instruments such as stocks, bonds or an interést Tae options on financial instruments provide
a buyer with the right to either buy or sell thedarlying financial instruments at a specified prace
a specified future date. Although the buyer gegsrithts to buy or sell the underlying options réhis
no obligation to exercise this option. However, sledler of the contract is under an obligation oy b
or sell the underlying instruments if the optiorei®rcised.

Two types of financial options exist, namely cgtions and put options. Under a call option,
the buyer of the contract gets the right to buyfth@ncial instrument at the specified price atiturfe
date, whereas a put option gives the buyer the tigtsell the same at the specified price at the
specified future date. The price that is paid bg Huyer to the seller for exercising this level of
flexibility is called the premium (the fair pricélhe prescribed future price is called the strikeep

The theoretical calculation of premium is connectathely with both the Black-Scholes Model
(continuous statistical model based on normal ibigtion) and the Binomial or Trinomial Model
(discrete statistical models based on binomiatinomial distribution).

Financial options are either traded in an organigeitk exchange or over-the-counter. The
exchange traded options are known as standardizgahs. The options exchange is responsible for
this standardization. This is done by specifying guantity of the underlying financial instrumeitd,
price and the future date of expiration. The detaf these specifications may very vary from
exchange to exchange. However, the broad outlireesimnilar.

Financial options are used either to hedge agasist by buying contracts that will pay out if
something with negative financial consequences érappr because it allows traders to magnify gains
while limiting downside risks.

Financial options involve the risk of losing sonreat of the contract price, if the market moves

against the trend expected, and counterparty sig¥) as broker insolvency or contractors who do not
fulfill their contractual obligations.
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2. Statistical Base of Financial Option

(quoted according to “mars.wiwi.hu-berlin.de/ebdbksl/sfe/sfenode41.html.” and “Zaskodny,P.,
Pavlat,V., Budik,J. (2007). Financial Derivates dimir Evaluation, Prague, Czech Republic:
University of Finance and Administration”)

The Black-Scholes modelraces the evolution of the option’s key undegyiariables in
continuous-time. This is done by means of bothstl@dard normal probability densitie&l;), p(d,)
and the standard normal distribution functidifd;), N(d,).

The variabled;, d, are connected with Spot pri& Strike priceX, Risk-Free Rate, Annual
Dividendd, Time to Maturityr, and Volatilityo.

The basic formulas for Black-Scholes model (Valusdfion — Fair Price for call option is
marked “C) ", Value Function — Fair Price for put option isnked “(P)"):

(C)=Se” N d)- X&" N g,( P= XE [+ 3 Se (N
. =Ins/x+(r—d+0'%)r
1 0_\/;

V()= p(a) o(d). N(@)=[ o d) { 9

d,?

pld)=r=e . p(d)=7r=e

'dz = d.L_O-\/?

[EEN
HQ
-

The Binomial model traces the evolution of the option's key undedyuariables in discrete-
time. This is done by means of a binomial tree a@umber of time steps between the valuation and
expiration dates (the number of time steps is nthfk&. Each node, in the tree, represents a possible
price of the underlying at a given point in time.

At each step, it is assumed that the underlyingrinsent will move up or down by
a specific factory or d) per step of the tree (where, by definitiorl and 0<d<1). So, ifSis the spot
price, then in the next period the price will eitheS,;= Su or S;oun= Sd.

The number of up factors is markgd, the number of down factors is-j".

Xis theStrike price andis the Spot price of the underlying asset.

Under the risk neutrality assumption, today's faice of a derivative is equal to the expected
value of its future payoff discounted by the risked rate. Therefore, expected value is calculasatyu
the option values from the later two nodes (Optiprand Option down) weighted by their respective
probabilities — "probability"p of an up move in the underlying, and "probabilif-p) of a down
move. The expected value is then discountegl #iie risk-free rate corresponding to the life v t

_gq-d

option (p q)
u —

The basic formulas for Binomial model (Value Fuaonti- Fair Price for call option is marked
“(C) ", Value Function — Fair Price for put option is nked “(P)"):

(C) =q—1an|jCj , Gj=max (0§ —X)
j=0
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(P) :q—1n2r|jpj , P;=max (0X-9)
i=0

n,= [?jp" (- p)™

S, =uld™ls, sf =uld“’s

The Trinomial model traces the evolution of the option's key undedywariables in discrete-
time. This is done by means of a trinomial tree,dmumber of time steps between the valuation and
expiration dates (the number of time steps is nthfk&. Each node, in the tree, represents a possible
price of the underlying at a given point in time.

The fair price can be determined numerically. TheoBiial model after Cox-Ross-Rubinstein
can be used. In this section it will be introdu@etess complex but numerically efficient approach
based on trinomial trees. It is related to the gsitad numerical procedures for solving partial
differential equations, which are also used tosohe Black-Scholes differential equations.

The Trinomial model follows the procedure of thedsmial model whereby the price at each
time step can change to three instead of two dinest

At each step, it is assumed that the underlyingringent will move up or down by
a specific factor (e.g. two up factows, u, and one down factod) per step of the tree (where, by
definition, u;,u>>1 and 0<<1). So, ifSis the Spot price, then in the next period thegwill either be
S = Suy, S = Su, or § = Sd. The probability with which the price moves from&S,;, S, Siis
represented gs, pz, Ps (P1t+ P2+ Ps = 1).

The number ofy; factors is markedj”, the number ofi, factors is markedi®, and the number
of d factors is hH—i".

The basic formulas for Trinomial model (Value Fuoet— Fair Price for call option is marked
“(C) ", Value Function — Fair Price for put option ismked “(P)"):

<C>:q_];122niij’ i+ ]=n,

i=0 j=0

C, =max(0,§ - X

§=d4ds
§:Z‘,Z‘,Hij %1 H = N
i=0 j=0
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3. Greeks and Option Hedging in Black-Scholes andiBomial Models
(quoted according to http://en.wikipedia.org/wikig@ks_(finance) )

In mathematical finance, the Greeks are the questitepresenting the sensitivities of
derivatives such as options to a change in unagylparameters on which the value function of an
instrument or portfolio of financial instruments dependent. The name is used because the most
common of these sensitivities are often denotedigek letters. Collectively these have also been
called the Risk Sensitivities, Risk Measures or ggeBarameters.

The Greeks are vital tools in Risk Management. EGcbek measures the sensitivity of the
value function of a financial instrument or porifolo a small change in a given underlying paramete
so that component risks may be treated in isolataord the portfolio rebalanced accordingly to
achieve a desired exposure (see for example DeltigiHg).

The Greeks in the Black-Scholes model are relatiealy to calculate, a desirable property of
financial models, and are very useful for derivesitraders, especially those who seek to hedge thei
portfolios from adverse changes in market cond#tioRor this reason, those Greeks which are
particularly for Hedging Delta, Gamma and Vega waedl-defined for measuring changes in Price,
Time and Volatility.

The most common of the Greeks are the first oréeivdtes: Delta, Dual Delta, Vega, Theta
and Rho as well as Gamma, a second-order derivatalwe function. Although Rho is a primary
input into the Black-Scholes model, the overall aoip on the value function of an option
corresponding to changes in the risk-free rateeisegplly insignificant and therefore higher-order
derivates involving the risk-free interest rate ao& common.

The most used of the Greeks are some second @edgates: Gamma, Dual Gamma, Vomma,
Vanna, Charm, DvegaDtime. Also the most used ofGhexeks are some third order derivates: Speed,
Zomma, Color, Ultima.

The Greeks in the Binomial model trace the evolutibthe option's key underlying variables in
discrete-time. The most used of the Greeks ar®#im and Gamma. Those Greeks are well-defined
for Hedging Delta and Gamma.

The most common of the Greeks in the Black-SchahekBinomial models are the Delta, Vega,
Theta and Gamma. The most used of the Option Hgdgjie the Hedging Delta and Gamma. The
remaining sensitivities (and hedging connected wigm) in this list are common enough that they
have common names, but this list is by no meanatestive.

Referencegaccording to http://en.wikipedia.org/wiki/GreekBnance)

- Banks, Erik; Siegel, Paul (2006)he options applications handbook: hedging and sia¢ing techniques for
professional investordvicGraw-Hill Professional. p. 263. ISBN 007145319880071453158.

- Macmillan, Lawrence G. (1993pptions as a Strategic InvestméBtd ed.). New York Institute of Finance.
p. 742. ISBN [[Special:BookSources/0-13-636002-530999661-0|0-13-636002-5 0-13-099661-0]].

- Chriss, Neil (1996)Black-Scholes and beyond: option pricing mod&lieGraw-Hill Professional. p. 308.
ISBN 0786310251, 9780786310258.

- Haug, Espen Gaardner (200The Complete Guide to Option Pricing FormuladdcGraw-Hill Professional.
ISBN 0071389970, 9780071389976, i)

- Suma, John. "Options Greeks: Delta Risk and Reétwanttp://www.investopedia.com/university/option-
greeks/greeks2.asp. Retrieved 7 Jan 2010.
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- Haug, Espen Gaardner (200The Complete Guide to Option Pricing FormuladdcGraw-Hill Professional.
ISBN 0071389970, 9780071389976, ii)

- Haug, Espen Gaardner (200The Complete Guide to Option Pricing FormuladdcGraw-Hill Professional.
ISBN 0071389970, 9780071389976, iii)

- Haug, Espen Gaardner (200The Complete Guide to Option Pricing FormuladdcGraw-Hill Professional.
ISBN 0071389970, 9780071389976, iv)

- Haug, Espen Gaardner (200The Complete Guide to Option Pricing FormulddcGraw-Hill Professional.
ISBN 0071389970, 9780071389976, V)

- Espen Gaarder Haug, "Know Your Weapon, PartMilmott MagazineMay 2003, p. 51, i)

- Espen Gaarder Haug, "Know Your Weapon, Partilmott MagazineMay 2003, p. 56

- Espen Gaarder Haug, "Know Your Weapon, Partlmott MagazingJuly/August 2003, p. 53

- Haug, Espen Gaardner (200The Complete Guide to Option Pricing FormuladdcGraw-Hill Professional.
ISBN 0071389970, 9780071389976, Vi)

- Haug, Espen Gaardner (200The Complete Guide to Option Pricing FormuladdcGraw-Hill Professional.
ISBN 0071389970, 9780071389976, vii)

- Haug, Espen Gaardner (200The Complete Guide to Option Pricing FormuladdcGraw-Hill Professional.
ISBN 0071389970, 9780071389976, viii)

- Macmillan, Lawrence G. (1993pptions as a Strategic InvestmgBtd ed.). New York Institute of Finance.
p. 799. ISBN 0-13-636002-5.

- Espen Gaarder Haug, "Know Your Weapon, PartMilmott MagazineMay 2003, p. 55, i)

- Haug, Espen Gaardner (200The Complete Guide to Option Pricing FormulddcGraw-Hill Professional.
ISBN 0071389970, 9780071389976, ix)

- Haug, Espen Gaardner (200The Complete Guide to Option Pricing FormuldcGraw-Hill Professional.
ISBN 0071389970, 9780071389976, Xx)

- Haug, Espen Gaardner (200The Complete Guide to Option Pricing FormuladdcGraw-Hill Professional.
ISBN 0071389970, 9780071389976, Xi)

- Espen Gaarder Haug, "Know Your Weapon, ParWilimott MagazineMay 2003, p. 51, ii)

- Espen Gaarder Haug, "Know Your Weapon, Par¥lmott MagazingJuly/August 2003, p. 52

- Haug, Espen Gaardner (200The Complete Guide to Option Pricing FormuladdcGraw-Hill Professional.
ISBN 0071389970, 9780071389976, Xii)

- Espen Gaarder Haug, "Know Your Weapon, Partilmott MagazineMay 2003, p. 55, ii)

4. Statistical Data Mining Tools — Normal, Binomialand Trinomial
Distributions

4.1. Standard Normal Probability Densityp(x) and Standard Normal Distribution
FunctionN(x)

4.2. Binomial and Trinomial Probability Functions

n, = mp" (- p)™’

]

n ] n—i-j
M, z(ijjpipé(l_ P~ pz) J
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5. Mathematical Data Mining Tools
5.1 Differential Calculus

Differentiation is a method to compute the ratevhich a dependent outputchanges
with respect to the change in the independent iRp@ivenf(x) a function of the one real

variablex. If a change ok, Ax, causes the change foff | the average rate of changefof
meansAf /Ax . The instantaneous rate of changé chlled derivatd’, is obtained by

f (x)=lim ar _df
-0 AX  dX

where & and d denote infinitesimal changes wfandf. In the case whehis a function of
some another functioy(x), i.e. f (y(x)) , the derivate of according tox has the form

The derivatd”(x) can be again derived obtainifig(x) and so on.
If fis a function of several real variables, say...,x,, the rate of change dof
corresponding to a change of variakleheld other variables fixed, is
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of _ df

ax  dx,
This result is the function of one variable anda#led partial derivate dfwith respect

to x; and similarly for other variables. A complete piet by considering all variables at once
is given by total differential

—(%,,...,%, = const)

df (><1,---,><1)——d>a+ +% o,

5.2 Integral Calculus

The opposite procedure to the differentiation ie thtegration. The antiderivate (or
indefinite integral or primitive function) to contious functionf(x) is F(x) + ¢ (c being
a constant) if and only if

dF
™ =f(x).

The difference

F(b)—F(a):J.bf(x)dx

a

is the definite integral, wheeandb are the lower and upper limit respectively.
The fundamental theorem of calculus sounds:fLbe a real-valued integrable function
defined on a closed intervad<b>. If F is defined foix in <a, b> by

% Ut ()= (9(x) g (9.

5.3 Convergent Progression and Convergent Series

The infinite progression of real numbexsn = 1,2,... is convergent if there exist finite
real numbea for which it holds

lima, =a.

n-oo
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An infinite seriesZan is said to be convergent when the infinite progi@ss, of

partial sums has a finite limit, where

S=4a
S=ata
S=atata

5.4 Taylor Series

The Taylor series is a power expansion of a fond{x) about a poink = a

5.5 Binomial Series
The binomial theorem expressing the n-th powerlsiham & +y)
n (N
Oery) =21 XY
o\ K

can be also expressed in the simplified form

(1-%)" =2 (-1)"%,

k=0
where

e

5.6 Trinomial Series

Similarly, the trinomial series is given by

(% +%+%)" = 3

n kv ke v
mimwd‘&g’

Where

()
K ko ks ) Ktk

It can be again brought simplified form as
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6. Conclusion

The Statistical Data Mining Tools in Greeks and i@ptHedging (as a Part of Data Mining in
Statistics Education):

- Normal distribution,
- Binomial distribution,
- Trinomial distribution.

The Mathematical Data Mining Tools in Greeks andi@pHedging (as a Part of Data Mining in
Statistics Education):

- Infinitesimal calculus,

- Derivate of an integral according to its uppaeni
- Taylor series, Binomial series, Trinomial series.
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Abstract:
An imperative of data mining and a need of coopematf the human with today’s computers are
emphasized by D.A.Keim (Keim, 2002):

“The progress made in hardware technology alloway computer systems to store very large
amounts of data. Researchers from the UniversitBexkeley estimate that every year 1 Exabyte
(= 1 Million Terabyte) of data are generated, ofckiha large portion is available in digital formhi$
means that in the next three years more data e/ifjdmerated than in all of human history before”.

“If the data is presented textually, the amountiafa which can be displayed is in range one
hundred data items, but this is like a drop indbean when dealing with data sets containing mslio
of data items”.

“For data mining to be effective, it is importaat include the human in the data exploration
process and combine the flexibility, creativity,dageneral knowledge of the human with the
enormous storage capacity and the computationa¢pofitoday’s computers.”

The basic concepts about Data Mining in StatisHEdsication — see Z&Skodny,P., Tardbek,P.
(2010-2011) Data Mining Tools in Statistics Educatiorfin: Tarabek,P., ZaSkodny,P. (2010-2011),
Educational and Didactic Communication 2010, Bratislava, Slovak Republic: Didaktis,
www.didaktis.sk.). The complex data mining toolsiatistics education is the Curricular Process of
Statistics. The partial data mining tools in statsseducation are the Analytical Synthetic Moa|i
Statistical and Mathematical Data Mining Tools.

Description of Statistical and Mathematical Dataniig Tools in Statistics Education — see
Z&Skodny,P., Hawuek,l., Budinsky,P. (2010-2011)Partial Data Mining Tools in Statistics
Education — in Greeks and Option Hedgingn: Tarabek,P., ZaSkodny,P. (2010-201Hducational
and Didactic Communication 2010, Bratislava, Slovak Republic: Didaktis, wwwiaiktis.sk).

The statistical and mathematical data mining t¢atspartial data mining tools) will be used in
the Greeks and Option Hedging as a part of thesstateducationT he survey of the Greeks (based
on the Black-Scholes M odel) will be described in this paper.

In mathematical finance, the Greeks are the quesitiepresenting the sensitivities of derivates
such as options to a change in underlying parasietewhich the value function of an instrument or
portfolio of financial instruments is dependenteTiame is used because the most common of these
sensitivities are often denoted by Greek letters.

Themain principle of paper: Data Mining in Statistics Education (Greeks andi@pHedging)
Themain goal of paper: Survey of Greeks
The procedur e of paper: Value Function

Segmdintaand Definitions of Greeks

Indicats of Greeks

Formufas Greeks

NeedRelations for Deduction of Greeks Formulas
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The results of paper:

1. Value Function as Fair Price (as Premium)
2. Greeks of First Order

3. Greeks of Second Order

4. Greeks of Third Order

5. Names of Greeks

6. Survey of Formulas for Greeks Calculation
7. Qurvey of Needful Relations

Key Words:

Data Mining, Statistics Education, Partial Data M@ Tool — Statistical Data Mining Tools and
Mathematical Data Mining Tools, Financial Optio@eeks, Option Hedging, Black-Scholes Model,
Value Function, Greeks of First, Second and ThirdeD, Names of Greeks, Formulas for Greeks,
Needful Relations for Deduction of Greeks Formulas

1. Value Function

(quoted according to Zaskodny,P., H&ekK,l., Budinsky,P. (2010-2011partial Data Mining Tools

in Statistics Education — in Greeks and option Hedg (In: Tarabek,P., Zaskodny,P. (2010-2011),
Educational and Didactic Communication 2010, Bratislava, Slovak Republic: Didaktis,
www.didaktis.sk.)

Financial options are those derivative contractsviich the underlying assets are financial
instruments such as stocks, bonds or an interést Tae options on financial instruments provide
a buyer with the right to either buy or sell thederlying financial instruments at a specified price
a specified future date. Although the buyer gegsriphts to buy or sell the underlying options réhis
no obligation to exercise this option. However, sedler of the contract is under an obligation tiy b
or sell the underlying instruments if the optiorei®rcised.

Two types of financial options exist, namely cagltions and put options. Under a call option,
the buyer of the contract gets the right to buyfithancial instrument at the specified price atiufe
date, whereas a put option gives the buyer the tigtsell the same at the specified price at the
specified future date. The price that is paid bg Huyer to the seller for exercising this level of
flexibility is called the premium (the fair pricéhe value function). The prescribed future price is
called the strike price.

The theoretical calculation of premium is connectathely with both the Black-Scholes Model
(continuous statistical model based on normal ibigtion) and the Binomial or Trinomial Model
(discrete statistical models based on binomialriooinial distribution).In this paper the priority
will be given to Black-Scholes M odel.

The Black-Scholes modd traces the evolution of the option’s key undegyiariables in
continuous-time. This is done by means of bothstl@dard normal probability densitie&l;), p(d,)
and the standard normal distribution functidid,), N(d,).

The variabled;, d, are connected with Spot pri& Strike priceX, Risk-Free Rate, Annual
Dividendd, Time to Maturityz, Volatility o, and Annual Dividend Yield.

Value Function V (as Fair Price or as Premium) can be expressed fasction of five
quantitiesvV =f (S X, r, 7, 0)

The basic formulas for Black-Scholes model (ValumdtionV — Fair Price for call option is
marked “C) ", Value Function — Fair Price for put option isnked “(P)"):
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(C)=Se™"" N(d,)-Xe""N(d,),(P)=Xe""N(-d,)- S N(-d,)

o= |ns/x+(ra:/;+0%)rld2 =dl_0\/;
V(@)= ] p(@)d (0N (d:)= [ p(d:)d(d)
1 1 %

2. Segmentation and Definitions of Greeks
2.1. Greeksof First Order

The speeds of value function change:

p=?
0S

DuaIA:a—V

0X

oV

v(vega) =—

( ga) 0o
0=-%
or
,0=6—V
or

2.2. Greeksof Individual Second Order
The accelerations of value function change & theeedg of first order greeks change:

I :ﬂ
0S?

oV

Duall" =—
X

0
Vomma= >
o

oV

Outof Use=—
or

oV

Out of Use= —
or
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2.3. Greeks of Combined Second Order

The speeds of first order greeks change:

oV
Sdo

Vanna=

Charm=

0Sor

DvegaDtime=
0oor

2.4. Grecksof Third Order

The speeds of second order greeks change:

oV
Speedc —
TS
oV
Zomma=—
0S00
Color= 62\/
0S°0r
Ultima = 63\/3
o

3. Indications of Greeks

3.1. Greeksof First Order

A= N = DvalueDspot
0S
DualA = a_v = DvalueDstrike
0X

v(Vega) = v DvalueDvo
0o

o= _a_v = —DvalueDtime
or

p= %—V = DvalueDrate
;
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3.2. Greeks of Second Order

I =— =—= = DdeltaDspot
0S
Duall” = 62\/2 - Jbual _ DdualdeltaDstrik:
oX oX
Vomma= 6_2\/2 = ov = DvegaDvol
0o 0d0
Vanna= ﬂ = %A = v = DdeltaDvok DvegaDspot
0Sdo 00 0S

= oV :a_A:@: DdeltaDtime= - the}a Dspot
0Sor Or 0S

oV _ 0(-9) _dv
000T 0o or

Charm

DvegaDtime= = [~ theth Dvot DvegaDtin

3.3. Grecksof Third Order

oV or 9°A
Speedc — =— =—— = DgammaDspot
P 9 “9s a5z 9 P
2
Zommazﬂ :a_r _a_A _& = DgammaDV0|

oV _or _ a*A _0°(-9)

5 = >— = DgammaDtim
0S°0r o0r 0Sor 0S

oV _ dvomma_ o0V

Py 3 Py = DvommabDvol
o o o

Ultima =

4. Formulas for Greeks (CO - Call Option, PO — Put Option)
4.1. Formulasfor Delta Greek A

Ao =€"N(d,)
Dpo == "N (_dl)

4.2. Formulasfor Dual Delta Greek DualA

DualA,, =-€ "N (d,)
DualA,, =€ "N (-d,)
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4.3. Formulasfor Vega Greek v

Veorpo =€ 7Sp(d,)T = Xe™ p(d, )1

4.4. Formulasfor Theta Greek ©

-dr Sp(dl)a-

O, =€ G —rXe""N(d,)

4.5. Formulasfor Rho Greek p
Peo =TXe"N(d,)

Pro = —TXe"N(~d,)

4.6. Formulafor Gamma Greek I

. p(d
rco,Po =e” gg('\/l;)

4.7. Formulafor Dual Gamma Greek Dual I

. p(d
Duall .o o =€ ng%

4.8. Formulas for Vomma Gregk Vomma

VoMM, po = Se“”,o(dl)\/?% -y 94,
' o o

4.9. Formulasfor Vanna Greek Vanna

- d v d Vv d
Vann =—e¥p(d)2=-2_"2 7| _"1
QZO,PO 10( 1)0_ SO'\/? [ p Tj
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4.10. Formulasfor Charm Greek Charm

2(r-d)r-d,oVr
20T

2(r-d)r-d,oVr
201\T

Charm, =-de™"N(d,) +e™* p(d,)

Charm,, =de™" N(-d,) +e™* p(d,)

4.11. Formulasfor DvegaDtime Greek DvegaDtime

DvegaDtime,, ., = —e‘dfsp(dl)ﬁ(d + (r-d)d, _1+ dleJ

J\/; 27
r—d)d, _1+dld2j

DvegaDtim =-y d+(
g %O,PO ( 0_\/; 21_

4.12. Formulasfor Speed Greek Speed

_ p(dl)( d 3 F( d }
Speedypo =—€ =L L+ 1=——| —L +
p qo,PO 820'\/; 0_\/; S ot

4.13. Formulasfor Zomma Greek Zomma

. pld dd, -1
Zomma., p, =€ gz%(dldz—jzr( 1; j

4.14. Formulasfor Color Greek Color

Cologg po =€ olc) (Zdr+ 1+ 2(r-d)r-d,ovr dJ

2SoTAT ot
)7 -d,oVT q J

r 2(r -d
Color, =——/| Adr+1+
CO,PO 21_{ 0_\/;
4.15. Formulas for Ultima Greek Ultima

Ultima, wo =e‘dfw(dldz(dldzﬁ— 20—1)+Jx/?(d2—d]))

Ultimag po =§(dld2(d1d NT-20-1+0V7 (d,-d)
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5. Needful Relationsfor Deduction of Greeks For mulas

5.1.Value Function

(C)=S" N(d,)-Xe""N(d,),(Py=Xe""N(-d,)-Se™ N(-d,)

In%(+(r—d+0%) In%(+(r—d—0%)r
YTk T ok
d,=d,—oT

r
’d2

5.2. Standard Normal Probability Densities

1 4 1_L22

pla)=one © ple)= e

'o(dl) = ,O(dz) e_dzgﬁe_mél p(dz) = ,O(dl) edlm/?ejgé
edlg\/? = ;e r+52/2)re_dr, e_dza'\/; et Ee_(r—ﬂz/z)redr

5.3. Standard Normal Distribution Functions

+N(-d,) =1 N(d,)+N(-d,)=1
"o 2ot

6. Conclusion

The results of paper:

- Description ofvValue Function as Fair Price

- Description of Greeks of First Order

- Description of Greeks of Second Order

- Description of Greeks of Third Order

- Names and Indications of Greeks

- Survey of Formulas for Greeks Calculation

- Survey of Needful Relations for Greeks Calculatio
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Abstract:
An imperative of data mining and a need of coopamnadf the human with today’s computers are
emphasized by D.A.Keim (Keim, 2002):

“The progress made in hardware technology allowayts computer systems to store very large
amounts of data. Researchers from the Universitarkeley estimate that every year 1 Exabyte
(= 1 Million Terabyte) of data are generated, ofchia large portion is available in digital formhi$
means that in the next three years more data eifjdnerated than in all of human history before”.

“If the data is presented textually, the amountafa which can be displayed is in range one
hundred data items, but this is like a drop indbean when dealing with data sets containing milio
of data items”.

“For data mining to be effective, it is importaat include the human in the data exploration
process and combine the flexibility, creativity,dageneral knowledge of the human with the
enormous storage capacity and the computationa¢pofitoday’s computers.”

The basic concepts about Data Mining in Statididsication — see Zaskodny,P., Tardbek.P.
(2010-2011) Data Mining Tools in Statistics Educatiorfin: Tardbek,P., ZaSkodny,P. (2010-2011),
Educational and Didactic Communication 2010, Bratislava, Slovak Republic: Didaktis,
www.didaktis.sk) The complex data mining tool in statistics ediacais the Curricular Process of
Statistics. The partial data mining tools in statgsseducation are the Analytical Synthetic Moahg]li
Statistical and Mathematical Data Mining Tools.

Description of Statistical and Mathematical Dataniig Tools in Statistics Education — see
Zaskodny,P., Haugek,l., Budinsky,P. (2010-2011)Partial Data Mining Tools in Statistics
Education — in Greeks and Option Hedgin@n: Tarabek,P., ZaSkodny,P. (2010-201Hducational
and Didactic Communication 2010, Bratislava, Slovak Republic: Didaktgyw.didaktis.sk)

Description of Greeks of First Order in StatistiEslucation — see ZasSkodny,P.,
Havlicek,l., Budinsky,P., Hrdtka,L. (2010-2011),Where will be used the partial data
mining tools in statistics education? In Greek: Tarabek,P., ZaSkodny,P. (2010-2011),
Educational and Didactic Communication 2010, Bratislava, Slovak Republic: Didaktis,
www.didaktis.sk)

The application of mathematical data mining tools i the light of a deduction of the first
order greeks Delta and Dual Delta (based on the Bt&-Scholes Model) will be described in this

paper.

The main principle of paper: Mathematical Data Mining Tools in Statistics Edimat
The main goal of paper:Deduction of Greeks of First Order
The procedure of paper:Survey of Greeks of First order

Deductiof Delta Greek

Deductiof Dual Delta Greek

ExerogiDelta Greek

ExeroigiDual Delta Greek
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The results of paper:

1. Basic Mathematical Derivation of Delta Greek

2. Mathematical Derivation of Lambda Greek

3. Basic Mathematical Derivation of Dual Delta Greek

4. Partial Mathematical Derivation of Delta Greek
5. Partial Mathematical Derivation of Dual Delta Greek

Key Words:

Data Mining, Statistics Education, Partial Data M@ Tool — Mathematical Data Mining Tools,
Black-Scholes Model, Value Function, Greeks oftRidsder, Delta Greek, Dual Delta Greek, Lambda
Greek, Derivation of Formulas for First Order GreéRelta” and “Dual Delta”

1. Survey of Greeks of First Order

The Black-Scholes modeltraces the evolution of the option’s key undedywariables in
continuous-time. This is done by means of bothstlaadard normal probability densitie&l;), p(d,)
and the standard normal distribution functidid,), N(d,).

The variabled;, d, are connected with Spot pri& Strike priceX, Risk-Free Rate, Annual
Dividend Yieldd, Time to Maturityr, and Volatilityc.

Value Function V (as Fair Price or as Premium) can be expressed fasction of five
guantitiesvV =1 (S X, r, 7, 0)

Survey of greeks of the first orderas survey of the speeds of value function change (s
Zaskodny,P., Hauek, ., Budinsky,P., Hrdéka,L. (2010-2011):

A= g—\é = DvalueDspot = Delta Greek

DualA :Z—X = DvalueDstrike = Dual Delta Gre

e= _Z_V = -DvalueDtime = Theta Greek
T

Yo, =%—V = DvalueDrate = Rho Greek
;

v(Vega) = v DvalueDvol = Vega Greek
oo
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2. Mathematical Derivation of Delta Greek (DvalueDpot)
2.1. Basic Relations

oV
A=—2V =€)V =(P)

(C)=%™" N(d,)-Xe""N(d,),(P)=Xe""N(-d,)- S N(-d,)

In%(+(r—d +U%)r
d, = 7 .d,=d,-oT
o~NT

()= a(a)a(a) N(e

[ plao(a)

N(d1)+N(_d1):1’ N(dz) (—d2)21

o’ g’

2) =
N
1 % 1 A
d)=—e 2,p(d,)=——¢e 2, p(d,)=p(d,)e* e 2
,0( 1) N :0( 2) Jon :0( 2) :0( 1)
2.2. Implementation of Basic Derivate (without Annal Dividend Yield d)

A=6—C=N(dl)+8

oN (d,) ad, v . ON(d,) ad,
0S

ad, oS ad, oS

2.3. Implementation of Partial Derivates

X1
od, _od, SX_ 1

0S 0S oJr Sovr

2.4. Adjustment of Implemented Basic Derivate (witbut Annual Dividend Yield d)

SaN (d1)%=8 (dl)L NG aN(dz)%= xe—rrp(dz) 1

ad, S SoT' od, S Sot
Sp(d,)= Xe‘r’p(dz):g—e TehoVTeT o
2
s .o (IS4 (r + 07 Jrot
=>—=e"e 2 exp ex =>F1
X ot ot
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2.5. Summary

Formulas for Delta Greek (Call Option without Anhu2ividend Yield d and with Annual
Dividend Yieldd):

Ao =N (dl)'ACO =N (dl)

Formulas for Delta Greek (Put Option without Anniividend Yield d and with Annual
Dividend Yieldd, and RelationsN (d,) + N (=d,) =1, N(d,) + N (-d,) = 1):

Dpo ==N(=d,), Ap =—€ N (~d,)

2.6. Exercising on Derivation of Delta Greek
2.6.1. Deduce Relation for Delta Greek with AnnuabDividend Yield d (Call Option)

Implementation of a basic derivate (see paragrapwh an annual dividend yield)

_ac
0S

- —drN (dl) + Se—dr oN (dl) % - Xe "’ oN (dZ) %
ad, aS ad, 0S

A
Adjustment of the basic derivate (see paragraphadthh an annual dividend yield)

1

Sor

LT IL W L (L
1 2

Sp(d,)=Xe"p(d,)= ; =g e o

: [In%aﬂex [+ )rovr | e

Xe""p(d,)

S
= _—=¢eg'e 2 ex e Ve 1
X iy ot

Result:
A=eN(d,)
2.6.2. Deduce Relation for Delta Greek without Annal Dividend Yield d (Put Option)

Implementation of the basic derivate (see paragBaphwith adjustment on a put option)

ON(=d:) oy , y-rr N(=d;) 0,

=—=-N(-d,)-S
od, 0S od, 0S

Application of the relationsN(d,)+N(-d,)=1N(d,)+N(-d,)=1 (see paragraph 2.1.),

application of the adjustments implemented in paaly 2.4. — final adjustment of implemented basic

derivative:
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NN o ) R TG
0S ad, S ad, 0S
A:O—P:_N(_dl) S@N(d)ad X . ON(d,) ad,
0S ad, 0S od, 0s
SON(d)od, _y - ON(d;)od, . _,
ad, S od, 0S
Result:
A=-N(-d,)

2.6.3. Deduce Relation for Delta Greek with AnnuabDividend Yield d (Put Option)

With capitalization of paragraphs 2.6.1., 2.612s possible gradually to write

2= o e (-g,)- s NG00 o () 0,
S ad, s ad, 0S
NP, (113 W, L IO .
S ad, s ad, aS
AP _ _d,N(_d1)+Se_d,aN(d)ad e . ON(d,) ad,
s ad, S od, 9S
Lo ON(dy) ad, _ 1 L ON(d,)ad, _ ., . 1
=S p(d)——=, Xe" =Xe"p(d,)——
od, oS Pl) i X Taq, as € Pl

$_dr,0(dl) — xe—rrp(d )3; —e rredlax/— -70? edr -

2 0-2 TONT

s In%(ax/_ (r+ /Z)TU\E _dff .

=—=e'"'e % exp e Ve'=>F1
X e ot

Result:

A=-e“"N(-d,)

2.6.4. Present Relation for Lambda Greek (Elasticyt) without/with an annual dividend
yield (call option, put option)

Lambda Greeki is defined as Delta Greeld multiplied by portion VS , Where
V =(C),V =(P). According to paragraph5. the formulas for Lambda Greek:
. . , . S oot S
a) Call option without/with an annual dividend yiet A, = N (dl)E Ao =€N(d,)= c
b) Put option without/with an annual dividend yield A,, =—N (_d1)§. doo = €N (-d,)

Tolwm

(see relationsN (d, )+ N(-d,) =1,N(d,) + N(-d,) = 1)
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3. Mathematical Derivation of Dual Delta Greek (DvédueDstrike)
3.1. Basic Relations

oV
Dual A=—,V =(C),V =(P
X (C),V=(P)

(C)=S™" N(d,)-Xe""N(d,),(P)=Xe""N(-d,)-S" N(-d,)

In%(+(r—d +U%)r
d, = 7 .d,=d,-oT
o~NT

N () = | p()a(a). N (g

2)=_Ji,0(d2)d(d2)
N(d,)+N(-d,)=1,N(d,)+N(-d,)=1
_ 1 & _ 1 & _ doNT ‘m7
p(dl)_Ee ? ,p(dz)—Ee 2, p(d,) = p(d,)e" e 72

3.2. Implementation of Basic Derivate (without Annal Dividend Yield d)

pual 2= = saN(d)ad Xe‘”M%—e‘”N(dz)
X od, oX od, 0X

3.3. Implementation of Partial Derivates

L0 24
X1

ad, _3d, _s°xz_ -1

X X ot Xovr

3.4. Adjustment of Implemented Basic Derivate (witbut Annual Dividend Yield d)

ON(d,) od, _ A e ON(d)ad, oy -l
i ad, X (dl)xgﬁ’xe ad, oxX p(dZ)xO—\/?

Sp(d,)=Xe""p(d,) = g—e”edl"f =

i [m%(af] (14073

=FE1

S_
=>—=e"e 2 ex

X ot ot
3.5. Summary

Formulas for Dual Delta Greek (Call Option with@uinual Dividend Yieldd and with Annual
Dividend Yieldd):
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Dual A, = g—f(: =-e""N(d,)

Formulas for Dual Delta Greek (Put Option withoutndial Dividend Yieldd and with Annual
Dividend Yieldd, and RelationsN (d,) + N (=d,) =1, N(d,) + N(-d,) = 1):

Dual A, :g—i =e""N(-d,)

3.6. Exercising on Derivation of Dual Delta Greek
3.6.1. Deduce Relation for Dual Delta Greek with Anual Dividend Yield d (Call Option)

Implementation of a basic derivate (with an anmirabend yieldd)

GC_e_d,SGN(d)ad et . ON(d,) ad,

Dual A=—= -e""N(d,)
0X od, 0X od, X

Implementation of the partial derivates

)= o). 2 = (e
X1

od, _od, _s°x2 _ -1

X X ovr  Xovr

Adjustment of the basic derivate (with an annuaiddind yieldd)

g dr oN (d ) ad -dr -1
>od, ad, ox - Sp(d:) Xor’
L ON(d,)ad, ., -1
X T T
o, ax el e

e Sp(d,)=Xe"p(d,)= e“”;ze rgh gt

=€ Té—e‘”e 2 exp = E
X \/_ ot '

Result:

Dual A, = g— =-e""N(d,)
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3.6.2. Deduce Relation for Dual Delta Greek withoufinnual Dividend Yield d (Put
Option)

Implementation of the basic derivate (with adjusttr@n a put option)

Dual A = a_; - gMN(d)od, oo IN(0y) % +e"'N(-d,)

ad, X ad,

Implementation of the partial derivates

ON (d,) ON(d,)
— 31 = 5(d), =p(d
ad, p(d,) ad, p(d;)
X g1
od, _ad, _s7xz_ -1

&_GX a\/; _XJ\/F

Adjustment of the basic derivate (without an anrlididend yieldd)

SON(-d)od, _ () -1

ad, ox Xt

_ ON(-d,) ad _ -1
X T _2:_X T d

© Taa, ax pld)s

Sp(d,)=Xe""p(d,) = ; =e"et Vg™ =

_w? (In%(aﬁ}ex (r+0%)m\/? .

S _ o
=—=e"e 2 ex
X e oJr

Result:

Dual A, =g—§ =e""N(-d,)

3.6.3. Deduce Relation for Dual Delta Greek with Anual Dividend Yield d (Put Option)

Implementation of the basic derivate (with an atdiadend yieldd)

pual A= 9P = —grarg N0 (cd)od, , xer MN02) (7d.)od, , e""N(-d,)
X od, oX od, 0X

Implementation of the partial derivates
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e 481t
X1

od, _od, _ s°x2 _ -1
X X oJr Xoir

Adjustment of the basic derivate (with an annueid#ind yieldd)

-dr oN (_dl) adl -dr -1
S— - _g¥rgp(d, ) ——,
) od,  oX esel l)XJ\/;
_ ON(-d,) ad _ -1
X T _2:_ T d
) od, 0X d Z)XO'\/;

e—drSp(dl) — xe—rrp(dz) — e—dr% - e—rredlm/?e—rgz -

2
_? In%(aﬁ . (r—d+UA)m«/? R

—dr — AT 2
e —=¢e"e 2 exp X
X ot ot

Result:

(=

Dual A, =g—§ =e""N(-d,)

4. Sense of Delta Greek (DvalueDspot), Dual Deltar€ek (DvalueDstrike)
(quoted according to http://en.wikipedia.org/wikig8ks_(finance))

4.1. Practical Use of Delta Greek

Even though delta will be a number between 0.0afdor a long call (and/or short put) and
0.0 and -1.0 for a long put (and/or short callesd numbers are commonly presented as a percentage
of the total number of shares represented by therogontract(s). This is convenient because the
option will (instantaneously) behave like the numbeshares indicated by the delta. For example, if
an American call option on XYZ has a delta of 0.25ill gain or lose value just like 25% of 100
shares or 25 shares of XYZ as the price changeshiall price movements.

4.2. As a Proxy for Probability

Some option traders also use the absolute valukeltd as the probability that the option will
expire in-the-money (if the market moves under Brian motion). For example, if an out-of-the-
money call option has a delta of 0.15, the tradghtrestimate that the option has appropriatel$% 1
chance of expiring in-the-money. Similarly, if atprontract has a delta of -0.25, the trader might
expect the option to have a 25% probability of grpi in-the-money. At-the-money puts and calls
have a delta of approximately 0.5 and -0.5 respelgtihowever, this approximation rapidly goes out
the window when looking at a term of just a fewrggavith the ATM call commonly having a delta
over .60 or .70), or each will have a 50% chanceexjfiring in-the-money. The correct, exact
calculation for the probability of an option finigly in the money is its Dual Delta, which is thesfi
derivative of option price with respect to strike.
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4.3. Relationship between Call and Put Delta

Given a call and put option for the same underlystgke price and time to maturity, the sum of
the absolute values of the delta of each optiohbeill.00

If the value of delta for an option is known, ora compute the value of the option of the same
strike price, underlying and maturity but opposight by subtracting 1 from the known value. For
example, if the delta of a call is .42 then one campute the delta of the corresponding put at the
same strike price by 0.42 - 1 = -0.58.

4.4 . Practical Use of Dual Delta Greek

Although Dual Delta Greek is a primary input inh@tBlack-Scholes model, the overall impact
on the value function of an option correspondingcttanges in the strike price is generally
insignificant and therefore higher-order derivatemlving the strike price are not common.

5. Conclusion

The formulas for Delta Greek and Dual Delta Greaekrenderived through the medium of
mathematical data mining tools in statistics edooat through the medium of both the differential
calculus and the fundamental theorem of integrimlubas (see ZaSkodny,P., Hasdk,l., Budinsky,P.
(2010-2011)).

Formulas for Delta Greek A

Bep =€ "N (d,)
Apy =~ N (_dl)
Formulas for Dual Delta Greek Dual A
DualA,, =-€ "N (d,)
DualA,, =€ "N (-d,)
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Abstract:
An imperative of data mining and a need of coopamnadf the human with today’s computers are
emphasized by D.A.Keim (Keim, 2002):

“The progress made in hardware technology allowayts computer systems to store very large
amounts of data. Researchers from the Universitarkeley estimate that every year 1 Exabyte
(= 1 Million Terabyte) of data are generated, ofchia large portion is available in digital formhi$
means that in the next three years more data eifjdnerated than in all of human history before”.

“If the data is presented textually, the amountafa which can be displayed is in range one
hundred data items, but this is like a drop indbean when dealing with data sets containing milio
of data items”.

“For data mining to be effective, it is importaat include the human in the data exploration
process and combine the flexibility, creativity,dageneral knowledge of the human with the
enormous storage capacity and the computationa¢pofitoday’s computers.”

The basic concepts about Data Mining in Statididsication — see Zaskodny,P., Tardbek,P.
(2010-2011) Data Mining Tools in Statistics Educatiorfin: Tardbek,P., ZaSkodny,P. (2010-2011),
Educational and Didactic Communication 2010, Bratislava, Slovak Republic: Didaktis,
www.didaktis.sk) The complex data mining tool in statistics ediacais the Curricular Process of
Statistics. The partial data mining tools in statgsseducation are the Analytical Synthetic Moahg]li
Statistical and Mathematical Data Mining Tools.

Description of Statistical and Mathematical Dataniig Tools in Statistics Education — see
Zaskodny,P., Haugek,l., Budinsky,P. (2010-2011)Partial Data Mining Tools in Statistics
Education — in Greeks and Option Hedgin@n: Tarabek,P., ZaSkodny,P. (2010-201Hducational
and Didactic Communication 2010, Bratislava, Slovak Republic: Didaktgyw.didaktis.sk)

Description of Greeks of First Order in StatistiEslucation — see ZasSkodny,P.,
Havlicek,l., Budinsky,P., Hrdtka,L. (2010-2011),Where will be used the partial data
mining tools in statistics education? In Greek: Tarabek,P., ZaSkodny,P. (2010-2011),
Educational and Didactic Communication 2010, Bratislava, Slovak Republic: Didaktis,
www.didaktis.sk)

The application of mathematical data mining tools m the light of a deduction of the first
order greeks “Theta”, “Rho”, “Vega” (based on the Black-Scholes Model) will be described in
this paper.

The main principle of paper: Mathematical Data Mining Tools in Statistics Edumat
The main goal of paper:Deduction of Greeks of First Order
The procedure of paper:Survey of Greeks of First order

Deductiof Theta Greek

Deductiof Rho Greek

Deductiof Vega Greek

ExeroigiTheta Greek

ExerogiRho Greek

ExerogiVega Greek
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The results of paper:

1. Basic Mathematical Derivation of Theta Greek
2. Basic Mathematical Derivation of Rho Greek

3. Basic Mathematical Derivation of Vega Greek
4. Partial Mathematical Derivation of Theta Greek
5. Partial Mathematical Derivation of Rho Greek
6. Partial Mathematical Derivation of Vega Greek

Key Words:

Data Mining, Statistics Education, Partial Data M Tool — Mathematical Data Mining Tools,
Black-Scholes Model, Value Function, Greeks of tFidsder, Theta Greek, Rho Greek, Vega Greek,
Derivation of Formulas for First Order Greeks “Tdiet'Rho”, “Vega”
1. Survey of Greeks of First Order

The Black-Scholes modeltraces the evolution of the option’s key undedywariables in
continuous-time. This is done by means of bothstlaadard normal probability densitie&l;), p(d,)
and the standard normal distribution functidid,), N(d,).

The variabled;, d, are connected with Spot pri& Strike priceX, Risk-Free Rate, Annual
Dividend Yieldd, Time to Maturityr, and Volatilityc.

Value Function V (as Fair Price or as Premium) can be expressed fasction of five
guantitiesvV =1 (S X, r, 7, 0)

Survey of greeks of the first orderas survey of the speeds of value function change (s
Zaskodny,P., Hauek, ., Budinsky,P., Hrdéka,L. (2010-2011):

A= g—\é = DvalueDspot = Delta Greek

DualA :Z—X = DvalueDstrike = Dual Delta Gre

e= _Z_V = -DvalueDtime = Theta Greek
T

Yo, =%—V = DvalueDrate = Rho Greek
;

v(Vega) = v DvalueDvol = Vega Greek
oo
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2. Mathematical Derivation of Theta Greek (DvalueDime)
2.1. Basic Relations

@__g_v V =(C),V =(P)

(C)=S™" N(d,)-Xe""N(d,),(P)=Xe""N(-d,)-S" N(-d,)

InS +(r—d+U2 )r
d, = ° A .d,=d, -0

edlaﬁ zée(”ﬂz/?)fe—dr
oot = S (r a?/2)r_q
X

dr

e

2.2. Implementation of Basic Derivate (without Annal Dividend Yield d)

oC _ SGN(d)ad X . ON(d,) ad,
or od, oar od, adr

O=- - Xre""N(d,)

2.3. Implementation of Partial Derivates

oN (d,) ON (d,)
= p(d,), = p(d
o, P45, mA)
9d, _9dy_ o
or or 2Jr

2.4. Adjustment of Implemented Basic Derivate (witbut Annual Dividend Yield d)

ad ad, ad o od,
-Sp(d) T2 + X p(d) 52 = -8p(d,) T+ Xe p(d) e e /ar

o2 from paragraph 2.1., it is possible to obtain

S
On the basis of relatiog™ " = M (
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ad, . i ad,
-So(d) 52+ Xe p(d,) e /aT:

od e S (r+o?/2)r _-10%/ 0d
-sp(d) T2+ xe " () o e e 8 o,

od ad, od, ad
-Sp(d L+Sp(d =Sp(d,)| —=2-—%
o )ar o )ar A 1)(ar arj
. _0dd, _ad,
On the basis of relatiorR—= =—=— from paragraph 2.3., it is possible to obtain

or or 2[

od, od,)_ Sp(d)o
Sp(dl)(g Ej_ T

2.5. Summary

Formulas for Theta Greek (Call Option without Anhiavidend Yield d and with Annual
Dividend Yieldd):

aC S,O(dl)U -7
O=- ——=——rXe''N(d
ar T XN ()
aC —dr Sp(dl)a —r7
O=-—Z=-e 221" _rxe""N(d
oy~ eN(d)

Formulas for Theta Greek (Put Option without Anniavidend Yield d and with Annual
Dividend Yieldd, and RelationsN (d,) + N (=d,) =1, N(d,) + N (-d,) = 1):

aP Sp(dl)a -7
O=- Xe""N(-d
ar 2r FrXeN(-d;)
aP —dr Sp(dl)a —r7
O=-—=-" U7 4 rxe""N(~d
or © 2T FrXeN ()

2.6. Exercising on Derivation of Theta Greek
2.6.1. Deduce Relation for Theta Greek with AnnuabDividend Yield d (Call Option)

Implementation of a basic derivate (with an anminidend yieldd)

0=_9C _ _agN(d)ad, o . ON(d;)od, e N(d,)
or ad, or od, odr

Implementation of the partial derivates

L8l 2420

o, _od,_ o

or ot 2t

73



Educational&Didactic Communication 2010
Application of Mathematical Data Mining Tools — @kes of First Order (Theta, Rho,Vega)

Adjustment of the basic derivate (with an annuaiddind yieldd)

_qodar % —IT adz — _dr % -7 dlm/— / ad
e Sp(d,) > +Xe"p(d,) =2 T Sp(d,) o +Xe""p(d,)e 5

On the basis of relatiog™®" = )S< (”” /2) -

‘e from paragraph 2.1., it is possible to obtain

—e“”Sp(dl)%+x e p(d,)e Vg 7, 04, =

or
—dr od _rr S (r+02/2)r —dr —T07 od
-eSp(d,)—+ Xe d e¥e 22
p(d) or A )X or
_ od _ od, _ _ od, od
-e"Sp(d,) = +eSp(d,)—2=e"Sp(d,)| 2 -—
A l)ar A )ar o l)(ar arj
On the basis of relatiOHa7=% 2\/_ from paragraph 2.3., it is possible to obtain
e““S,O(dl)(% ‘%j = _Spld)o e
or 0r 21
Result:
Sp(d
0=- a—C——e‘(”M—rXe‘”N(dz)
or 241

2.6.2. Deduce Relation for Theta Greek without Annal Dividend Yield d (Put Option)

Implementation of a basic derivate (without an ahniividend yieldd)
oP saN(_dl)%—Xe‘” ON(-d,) ad

0=-Z= —2+Xre""N(-d,)
or od, or od, or

N(d,)+N(-d;)=1N(d,)+N(-d,)=1

N N

0P __ON(d)od, . ON(d;)od, &N (~d,)
or od, or od, adr
Implementation of the partial derivates

oN(d,) oN(d,)

— Y =p(d),—2L = p(d

ad, pld) od, p(d:)

o, _od_ o

or or 2t

Adjustment of the basic derivate (without an anrligiidend yieldd) is identical with the procedure
implemented in paragraph 2.4.

O=-

Result:

0=-P_ S'O(Oll)o——rXe‘”N(—dz)

or yNie
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2.6.3. Deduce Relation for Theta Greek with Annuabividend Yield d (Put Option)

Implementation of a basic derivate (with an anmiridend yieldd)
oP —drSaN (_dl) % _ xe—rr oN (_d2) od

O=-—=¢ —2+Xre""N(-d,)
or od, or od, adr

N(d,)+N(-d,)=1,N(d,)+N(-d,)=1

0=-P o ugMNA)od o N(d) 2, o ry (-d,)
or od, or od, adr

Implementation of the partial derivates

N () ON(d,)

= , =p(d
od, p(d) od, o(d:)
9d, _0d, g
or or 2Jr

Adjustment of the basic derivate (with an annueid#ind yieldd) is identical with the procedure
implemented in paragraph 2.4.

Result:
aP —dr Sp(dl)a- —r7
O=—=- — =7 —rXe'"N(-d
ar € 2\/; rxe ( 2)

3. Mathematical Derivation of Rho Greek (DvalueDrag)
3.1. Basic Relations

=Y v=©.v =P
or

(Cy=S™" N(d,)-Xe""N(d,),(P)=Xe""N(-d,)- S N(-d,)

Ins/x+(r—d +0%)
T on

4
.d,=d,~or

1 2 1 2 ot ;7T y
p(d,) :Ee 2 ,,o(dz):Ee 2, p(d,)=p(d,)e*"e %
edlc“f\/? zge(HaZ/Z)r —dr
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3.2. Implementation of Basic Derivate (without Annal Dividend Yield d)
_a_C — SaN (dl) % _ Xe—rr aN (dZ) ad

———222-2 4+ X7e""N(d,)
or od, or od, or

3.3. Implementation of Partial Derivates

oN(d) _ \ ON(d)
= d , = d
o, P4 T, mA)
od, _od, _ 1

_aC od, o ., ad,
P _S'O(dl)_ar Xe ,o(dz)—ar +X7e""N(d,)
oC r _ r _
=—=5p(d,)—=—-Xe"p(d,)—=+ X7e""N(d
P=73 o( 1)0 T e"p( 2)J /_T+ re""N(d,)

On the basis of relatiop(d, ) = p(d,) edigﬁe_n% (see paragraph 3.1.), the equality

—IT

r r
Sp(d,)—==X d,)——
p( 1)0_\/; e p( 2)0_\/;
to be proved:
S,O(dl) — Xe—rrp(dl) edla\/?e—raé -
E — e—rredlax/?e'm% — e_(HJZ/Z)Tele\/;

In%(+(r+0%)r
ot

By the installmend, =

(see paragraph 3.1.), it is possible to obtainteen

equality

E — e—(r+02/2)red10\/7 _ e—(r+02/2)r§e(r+02/2)r —~1=1
X X

3.5. Summary

Formulas for Rho Greek (Call Option without Annuaividend Yield d and with Annual
Dividend Yieldd):
oC -
p:a— =rXe'"'N (dz)
r

Formulas for Rho Greek (Put Option without Annualvi@end Yield d and with Annual
Dividend Yieldd, and RelationsN (d,) + N (=d,) =1, N(d,) + N(-d,) = 1):

oP -
p=o-="TXe"'N (-d,)
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3.6. Exercising on Derivation of Rho Greek
3.6.1. Deduce Relation for Rho Greek with Annual Biidend Yield d (Call Option)
The adjustmentof basic derivate, implemented in paragraph 3akd completed by

implemented partial derivates in paragraph 3.3l lv@ supplemented by an annual dividend
yield d, i.e. to be used the relations from paragraphif3.the shape

In%( (r—d+0/)
ot

Hence it follows the procedure (see paragraph 3.4.)

(C)=S""" N(d,)-Xe""N(d

aC —T ad —r7 ad —I'7
P=5r dS,o(dl)a—rl—Xe p(d2)0—r2+Xre N(d,)
oCc T _ T _
=—=e“Sp(d,)—=-Xe"p(d,)—=+ Xre""N(d
P or € p( 1)0'\/? © ,0( 2)0'\/;-'_ re ( 2)

and again through the medium of relatipifd, ) = p(dl)edlgﬁe_n% (see paragraph 3.1.) the
equality

e'Sp(d )—\/_ = Xe_rrp(dz)a_%/;

to be proved:

—drsp(d ): xe—rrp(d ) d,oT -m% -

e S _ =gV “ ”"2/2) gfhoVr

—dré - e—(r+02/2)redlg\/; _ e—(r+02/2)re_dTEe(r+az/2)r

e =1=1
X

Result:

oC —rr
p=-= 7Xe""N(d,)

3.6.2. Deduce Relation for Rho Greek without AnnuabDividend Yield d (Put Option)

Implementation of a basic derivate (without an amiividend yieldd)

_oP__ 0N (-dy)od, , s ON (-d,) ad,

- Xre""N(-d,)
Cor od, or od, or
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Implementation of the partial derivates

ON(d,) ON (d,)
= d , = d
ad, p(d:) ad, p(d:)
od, ad, 1

Adjustment of implemented the basic derivate (withen annual dividend yield) by means of
the relationsN (d, ) + N (-d,) =1, N(d,) + N(-d,) = 1 from paragraph 3.1.

d0(1-N(d d(1-N(d
P :a_P - — ( ( 1))a_dl+ Xe—rr ( ( 2)) adz _ Xz.e—rrN (_dz)
or ad, or ad, or
or od, or od, or
—E: %— 17 %_ i —
P Sp(d,) o Xe"" p(d,) o X7e""N(-d,)
oP r r
== - Xe " — - X1e""N(-
p=o Sp(dl)aﬁ e p(dz)a\/? re""N(-d,)

Next procedure is identical with the procedure srggraph 3.4. Through the medium of
relations

S o?
e“l"ﬁe_m% . :InA+(r+ A)r
v Y1

d,)=p(d see paragraph 3.1.
,0( 2) p( 1) 0_\/; ( paragrap )
the equality

T T

S,o(dl)o_—\/;= Xe‘”,o(dz)o_—\/;

to be proved by the procedure identical with thecpdure in paragraph 3.6.1.

Result:

oP -
=5 " -rXe""N(-d,)
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3.6.3. Deduce Relation for Rho Greek with Annual Diidend Yield d (Put Option)

Implementation of a basic derivate (with an anmirabend yieldd)

p=P ugNEd)od | ()0, (-d,)
or od, or od, or

Implementation of the partial derivates

ON(d,) _ gy, ON(ds)
od, =Ald) od, =A(d)
od, _ad, _ 7

Adjustment of implemented the basic derivate (withen annual dividend yield) by means of the
relationsN (d,) + N (-d,) =1, N(d,) + N(~d,) = 1 from paragraph 3.1.

6(1— N (dz)) od

- = . W Wt Ay X ks 2_X —rTN _
P or a o T ey, o N
pza—Pze SaN(d )ad Xe‘”—aN(dz)a—%—Xre‘”N(—dz)
or ad, or ad,
_a_P: -dr ad -7 adz _ -r7 _
P Sp(d,) == o -Xe"p(d,) =2 o X7e""N(-d,)

_a_Pz -dr wis r _ -r7 _
p=o - =e S,o(d)a\/; Xe p(d)a\/; X7e""N(~d,)

Next procedure is identical with the procedureanggraph 3.6.1. By means of the relations

,O(dz)zp(dl)edl"ﬁe‘m%, In%( ( d+a/)

(see paragraph 3.1.)
the equality

e"Sp(d )T Xe" p(d, )0_—\/;

to be proved.

Result:

79



Educational&Didactic Communication 2010
Application of Mathematical Data Mining Tools — @kes of First Order (Theta, Rho,Vega)

4. Mathematical Derivation of Vega Greek (DvalueDvl)

4.1. Basic Relations

u_g—v V =(C),V =(P)

(C)=S™" N(d,)-Xe""N(d,),(P)=Xe""N(-d,)- S N(-d,)

S _ 2
d_'“/x*(f d+07)r b md ol
1_ )2_ 1_0- T

ot

d,
Jo
-d

(d2)=
N(d1)+N(-d)= (d) N (-

)

1 'le 1 - P o
p(dl):Ee 2 ,,0(d2)=—2ﬂe 2 ,p(dz)—p(d) G T g 72
edlaﬁ Ige(rmz/z) -dr
e—dzaﬁ zée‘(f‘UZ/Z)fedr

4.2. Implementation of Basic Derivate (without Annal Dividend Yield d)

_aC _SaN (d )ad Xe—rr oN (dZ)%

oo od, do od, oJdo

4.3. Implementation of Partial Derivates

ON(d,) _ ON(d,) _

ad, =p(d) ad, =p(d)
99, _0d, _

S 9S vr

4.4. Adjustment of Implemented Basic Derivate (witbut Annual Dividend Yield d)

190 _ )2 e P
V== S,o(d)ao_ Xe p(dZ)(aa \/;j

V= Sp(dl)g_il__ xe—rrp(dl) edlaﬁe—rgz/z (%_ﬁj

V= 810(011)6_0;l -xep(d) e e (% -Vt j

do
ad S(ad
v =Sp(d1)—;‘xf’(dl)§(a—;‘“)

v=So(d)S-Sp(d, )giHSp(d T
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4.5. Summary

Formulas for Vega Greek (Call Option without Annu2ividend Yield d and with Annual
Dividend Yieldd):

v=—:Sp(d1)\/7,v=g_§: 'S p(d,)NT
__C= —IT =a_C= —I'r
V== Xe™ p(d,)Vr,v 3o Xe™ p(d, )T

Formulas for Vega Greek (Put Option without AnniVidend Yield d and with Annual
Dividend Yieldd, and RelationsN (d,) + N (=d,) =1, N(d,) + N(-d,) = 1):

<
1
1

Sp(d)Vr,v :g_z =e S p(d,)Vr

4.6. Exercising on Derivation of Vega Greek
4.6.1. Deduce Relation for Vega Greek Using Variabld, (Call Option)
Takeover of the needful relations and their adjestim

—a_C: :a_C: -dr
V= Sp(d)Vr,v il Sp(d)Vr

(see paragraph 4.5.)

p(d,) = p(d) e = p(d) = p(d,)e* e
(see paragraph 4.1. and elementary adjustment)

edlm/? zée(HUZ/Z dr ~d,oT zée‘(r"az/z)redr

Fetr e
(see paragraph 4.1. and elementary adjustment)

4o 17 X A(r+0?/2)r g4 10 X
p(d)=p(d,)e* e % =p(d2)§e( Fesre2 =p(d,)=e"e

S
(association of previous adjustments)

Installment of previous adjustments into the reladifrom paragraph 4.5. for Vega Greek with
variabled;:

V=Z—E:Sp(d1)\/_:Xe‘”p(d2)\/;,
V=g—§: 'S p(d,)NT =" Xe " p(d, )T

Result(derived formulas for Vega Greek with variable- call option):

_a_C: —r7 :a_C: dr —-rr
V=" =Xe p(d,)NT,v oo ~€xe p(d,)Vr
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4.6.2. Deduce Relation for Rho Greek with Annual Didend Yield d (Call Option)

Selection of the needful basic relation from paapbr4.1.
(Cy=S""" N(d,)-Xe""N(d,)

Completion of an annual dividend yieddnto the adjustments implemented in paragraph 4.4.

0o

_ -dr ad —r7 d ot —m 2/5 (adl j
= - X 1 —
e“Sp(d, )6 e p(d,)e 3 VT

za_C: —-dr %_ -r7 %_ j
v=_"=¢ S'O(dl)aa Xe p(dz)( Jr

— oar ad o S (r d+‘72/2)7 —TJZ/Z(%_ j
e Sp(d)aa ,o(d)X e Py Jr

— 4-dr %_ —dr E %_
e S'O(dl)aa e Xp(dl)x( \/?j

0o

od

= e‘d’Sp(dl)% - e“”Sp(dl)a—Of +e"Sp(d,) Jr

Result:

oC

- = —dr
V= Sp(d)Vr

4.6.3. Deduce Relation for Vega Greek without Annuaividend Yield d (Put Option)

Selection of the needful basic relations from peaph 4.1.

(Py=Xe""N(-d,)-SN(-d,)
N(d) ( dl) (d2)+N(_d2):1

Implementation of a basic derivate (without an ahniividend yieldd)

P S0(1— N (dl))%_’_ X&' 6(1— N (dz)) od,

oo od, oo od, oo

After adjustment, the relation will be acquiredo®identical with the relation from paragraph 4.2.

_a_P_SaN (d )ad Xe—rr oN (dZ)%

oo od, do od, oo

Next derivation is identical with paragraphs 4:/3d &.4. Result:

82



Educational&Didactic Communication 2010
Application of Mathematical Data Mining Tools — @kes of First Order (Theta, Rho,Vega)

4.6.4. Deduce Relation for Vega Greek with Annual Didend Yield d (Put Option)

Selection of the needful basic relations from peaph 4.1.

(Py=Xe""N(-d,)-Se* N(-d,)
N(d,)+N(-d,)=1,N(d,)+N(-d,)=1

Implementation of a basic derivate (with an anmirabend yieldd)

_ o 01N (d:)) od,
oo ad, oo od, oo

After adjustment, the relation will be acquired

—a_P = e'dTSaN—(dl)%_ Xe ' oN (dZ) %
oo od, do od, oJdo

This relation is identical with the relation

:a_C: -dr %_ wid %_
v=_—=e S'O(dl)aa Xe p(dz)(aa ﬁ}

To be acquired in paragraph 4.6.2. — next proceduadequate to this paragraph

Result:

P
V== S p(d)Vr

5. Sense of Theta Greek, Rho Greek, Vega Greek
(quoted according to http://en.wikipedia.org/wiki@ks_(finance))

5.1. Practical Use of Theta Greek

The mathematical result of the formula for Thetaedk is expressed in value/year. By
convention, it is useful to divide the result by thumber of days per year to arrive at the amofint o
money, per share of the underlying that the odtiges in one day. Theta Greek is always negative fo
long calls and puts and positive for short (or #®n) calls and puts. The Total Theta Greek for
a portfolio of options can be determined by simjaking the sum of the thetas for each individual
position.

The value of an option is made up of two parts: Triensic value and the time value. The
intrinsic value is the amount of money you wouldngi& you exercised the option immediately, so
a call with strike $50 on a stock with price $60ulb have intrinsic value of $10, whereas the
corresponding put would have zero intrinsic valltee time value is the worth of having the option of
waiting longer when deciding to exercise. Even gptieout of the money put will be worth something
as there is some chance the stock price will falow the strike. However, as time approaches
maturity, there is less chance of this happeniaghe time value of an option is decreasing witheti
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Thus if you are long an option you are short thgtmur portfolio will lose value with the
passage of time (all other factors held constant).

5.2. Practical Use of Rho Greek

Rho is typically expressed as the amount of mopey, share, that the value of the
option will gain or lose as the rate of return ofsk-free investment rises or falls by 1.0%.

5.3. Practical Use of Vega Greek

Vega is typically expressed as the amount of mopey,underlying share the option's
value will gain or lose as volatility rises or &by 1%.

Vega can be an important Greek to monitor for atioaptrader, especially in volatile
markets since some of the value of option stratecga be particularly sensitive to changes in
volatility. The value of an option straddle, foragmple, is extremely dependent on changes to
volatility.

6. Conclusion

The formulas for Theta Greek, Rho Greek, and Vegeekwere derived through the

medium of mathematical data mining tools in statsseducation — through the medium of

both the differential calculus and the fundamentadorem of integral calculussede
Zaskodny,P., Hauek, ., Budinsky,P. (2010-2011)).

Formulas for Theta Greek ©

—dr Sp(dl) o

O.,=—¢€ —rXe""N(d
CcO 2\/; ( 2)

Formulas for Rho Greek p
Peo =TXe"N(d,)

Pro = —TXe"N(~d,)
Formulas for Vega Greekv

Veoro = _drsp(dl)\/_ = Xe_rrp(dz)\/;
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Abstract:
An imperative of data mining and a need of coopematf the human with today’s computers are
emphasized by D.A.Keim (Keim, 2002):

“The progress made in hardware technology alloway computer systems to store very large
amounts of data. Researchers from the UniversiBeokeley estimate that every year 1 Exabyte (= 1
Million Terabyte) of data are generated, of whiclagge portion is available in digital form. This
means that in the next three years more data eifjdmerated than in all of human history before”.

“If the data is presented textually, the amountafa which can be displayed is in range one
hundred data items, but this is like a drop indbean when dealing with data sets containing mslio
of data items”.

“For data mining to be effective, it is importaat include the human in the data exploration
process and combine the flexibility, creativity,dageneral knowledge of the human with the
enormous storage capacity and the computationa¢pofitoday’s computers.”

The basic concepts about Data Mining in Statididsication — see Zaskodny,P., Tardbek,P.
(2010-2011) Data Mining Tools in Statistics Educatiorfin: Tardbek,P., ZaSkodny,P. (2010-2011),
Educational and Didactic Communication 2010, Bratislava, Slovak Republic: Didaktis,
www.didaktis.sk) The complex data mining tool in statistics ediacais the Curricular Process of
Statistics. The partial data mining tools in statsseducation are the Analytical Synthetic Moa|i
Statistical and Mathematical Data Mining Tools.

Description of Statistical and Mathematical Dataniig Tools in Statistics Education — see
Z&Skodny,P., Hawuek,l., Budinsky,P. (2010-2011)Partial Data Mining Tools in Statistics
Education — in Greeks and Option Hedgin@n: Tarabek,P., ZaSkodny,P. (2010-201Hducational
and Didactic Communication 2010, Bratislava, Slovak Republic: Didaktigyw.didaktis.sk)

Description of Greeks of Individual Second Order Statistics Education — see
Zaskodny,P., Hauwek,l., Budinsky,P., Hrdbka,L. (2010-2011)Where will be used the
partial data mining tools in statistics educationd Greeks (In: Tarabek,P., Z&Skodny,P.
(2010-2011),Educational and Didactic Communication 2010, Bratislava, Slovak Republic:
Didaktis, www.didaktis.sk)

The application of mathematical data mining tools m the light of a deduction of the
individual second order greeks “Gamma”, “Dual Gammd, “Yomma” (based on the Black-
Scholes Model) will be described in this paper.

The main principle of paper: Mathematical Data Mining Tools in Statistics Edumat
The main goal of paper:Deduction of Greeks of Individual Second Order
The procedure of paper:Survey of Greeks of Individual Second Order

Deductiof Gamma Greek

Deductiof Dual Gamma Greek

Deductiof Vomma Greek

ExerogiGamma Greek

ExerogiDual Gamma Greek

ExeroigiVomma Greek
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(Gamma, Dual Gamma, Vomma)
The results of paper:

1. Basic Mathematical Derivation of Gamma Greek

2. Basic Mathematical Derivation of Dual Gamma Greek
3. Basic Mathematical Derivation of Vomma Greek

4, Partial Mathematical Derivation of Gamma Greek

5. Partial Mathematical Derivation of Dual Gamma Greek
6. Partial Mathematical Derivation of Vomma Greek

Key Words:

Data Mining, Statistics Education, Partial Data M@ Tool — Mathematical Data Mining Tools,
Black-Scholes Model, Value Function, Greeks of wdlial Second Order, Gamma Greek, Dual
Gamma Greek, Vomma Greek, Derivation of Formulas Ihdividual Second Order Greeks
“Gamma”, “Dual Gamma”, “VYomma”

1. Survey of Greeks of Individual Second Order

The Black-Scholes modelraces the evolution of the option’s key undegyiariables in
continuous-time. This is done by means of bothstl@dard normal probability densitie&l;), p(d,)
and the standard normal distribution functidifd;), N(d,).

The variabled;, d, are connected with Spot pri& Strike priceX, Risk-Free Rate, Annual
Dividend Yieldd, Time to Maturityr, and Volatilityo.

Value Function V (as Fair Price or as Premium) can be expressed fasction of five
quantitiesvV =f (S X, r, 7, 0)

Survey of greeks of the individual second ordelas survey of the accelerations of value
function change (see ZasSkodny,P., Haekil., Budinsky,P., Hrdéka,L. (2010-2011):

oV

SZ

[ =

= DdeltaDspot=  Gamma

= DdualdeltaDstrike DualGamn

Duall = oV
0

X2

Vomma=g = DvegaDvot Vomma

0.2

oV

Z.2
oV

r2

Out of Use=

Out of Use=
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2. Mathematical Derivation of Gamma Greek (DdeltaDpot)

2.1. Basic Relations

N RY
0S*’
(Cy=S™"" N(d,)-Xe""N(d,),(P)=Xe""N(-d,)- S N(-d,)

Ins/x+(r—d +0%)
b o7

(@)= ] p(a)a(@).N(e) = [ p(a)a(e)

r V =(C),V =(P)

4
,d,=d, -oT

o 1 - dy? 2
2 2 edla Jr e_ TUA

p(d)=—=e *.p(0) = e 7 p(d,)=p(d)

2.2. Implementation of Basic Derivate (without Annal Dividend Yield d)

9°C _0N(d,) _oN(d,)ad,

r=2_
o* oS ad, oS

2.3. Implementation of Partial Derivates

X1
od, _od, _gx _ 1

9S  3S oJr Sovr

2.4. Adjustment of Implemented Basic Derivate (witbut Annual Dividend Yield d)

2.5. Summary

Formulas for Gamma Greek (Both Call Option and®ption without Annual Dividend Yield
and with Annual Dividend Yieldl):

9°C _0°P _ p(d,) F20C_0P_ p(d,)
08" 08" sor'  0S? 0S? SoVr
(See also the relationd (d,) + N (-d,) =1,N(d,)+N(-d,) =1.)
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2.6. Exercising on Derivation of Gamma Greek

2.6.1. Deduce Relation for Gamma Greek with AnnuaDividend Yield d (Call Option)

Implementation of a basic derivate (see paragraplwh an annual dividend yield)

B aZC _ e_dr aN (dl) _ e_dr aN (dl)%

r=2=-
dS 9S ad, oS

Adjustment of the basic derivate (see paragraphvwdtd an annual dividend yield)

e_dr ON (dl) % — e—drp(dl) 1

ad, S Sor
Result:
2
r :a_z — e—dT Io(dl)
0S Sor

2.6.2. Deduce Relation for Gamma Greek without Annal Dividend Yield d (Put Option)

Implementation of a basic derivate (see paragraph 2

_9%P __ON(-d)) __9(1-N(d;)) _oN(d,)

r 2
0S 9S 9S 9S

Adjustment of the basic derivate (see paragraph 2.4

_ 0°P _ oN (dl) _ p(dl)

r =

0> 9S  SovJr
Result;
M= az_P = —p(dl)

0>  Sor

2.6.3. Deduce Relation for Gamma Greek with AnnuaDividend Yield d (Put Option)

With the implementation of paragraphs 2.6.1. &¥.2., it is possible gradually to write
_az_P — -dr oN (_dl) r= aZP — e—dr oN (dl)

0S? S = 0s? 9S
Result
r _ azp _ e—dl’ Io(dl)
===
0S Sor
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3. Mathematical Derivation of Dual Gamma Greek (DdaldeltaDstrike)
3.1. Basic Relations

_oV _
Dual I'=—-%,V =(C),V =(P)

(C)=Se" N(d,) - Xe""N(d,),(P)=Xe""N(-d,) - S N(-d,)

Ins/x+(r—d +0%)
d, =

T
d, =d, -ovJr
0_\/; 2 1

o’ 1 % G
p(dl):—e 2 ’p(dz):—e 2 'p(dz):p(dl)edlg ‘e /2

3.2. Implementation of Basic Derivate (without Annal Dividend Yield d)

Dual A, :g—i =-e""N(d,)

2 ON (d
Dual rCO :a_c2 =" ( 2) =——e s
X X ad, ox

3.3. Implementation of Partial Derivates

oN (d,)

=p(d
ad, p(d;)
X g1
od, _ad, _s7xz_ -1

&_GX J\/? _XU\/;

3.4. Adjustment of Implemented Basic Derivate (witbut Annual Dividend Yield d)

ON(d,) ad, _ (d,) -1
od, oX * Xar
3.5. Summary

Formulas for Dual Gamma Greek (Both Call Option &u Option without Annual Dividend
Yield d and with Annual Dividend Yield):

0°C 9°P

Dualrl -, ZW = Duall , =

- — aw —_ AT p(dZ)
6X2:> Dualr—axz—e X OJT
(See also the relationd (d, )+ N(-d,) =1,N(d,) + N(-d,) = 1)
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3.6. Exercising on Derivation of Dual Gamma Greek

3.6.1. Deduce Relation for Dual Gamma Greek with Amual Dividend Yield d
(Call Option)

The expressioe " did not play a role in paragraphs 3.1. to 3.5. fdsailt is identical
with/without an annual dividend yieldl

Result;

+ P(d,)
Xt

Dualll =e”

3.6.2. Deduce Relation for Dual Gamma Greek withoufnnual Dividend Yield d
(Put Option)

Implementation of a basic derivate (without an ahniividend yieldd)

Dual A, :g—i =e""N(-d,)

2 —_ —

X X ad, oX

Implementation of the partial derivates

ON(d,)
= o(d
ad, p(d;)
ad  ad 283
b _0d, _s~x2__ -1

&_GX J\/? _XU\/;

Adjustment of implemented the basic derivate (withemn annual dividend yield)

N(d,)+N(-d,)=1

M%:-I()(dz) -1 _,0(d2)

ad, ox XoT  Xovr
Result:
Dualll =¢™"" p(d;)
Xo~T
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3.6.3. Deduce Relation for Dual Gamma Greek with Amual Dividend Yield d
(Put Option)

The expressio® " did not play a role in paragraphs 3.1. to 3.5. fdsailt is identical
with/without an annual dividend yieldl

Result;

+ P(d,)
Xt

Dualll =e”

4. Mathematical Derivation of Vomma Greek (DvegaDvh

4.1. Basic Relations

Vomma=—V—32V2 V =(C) V =(P)
oC 0P oC oP _
=% _s5p(d = - _gurs p(d
doc do pd)Vrw do do pla )T

(C)=Se" N(d,) - Xe""N(d,),(P)=Xe""N(-d,) - S N(-d,)

InS +(r—d+02 )r
d, = A A ,d, =d, o1

ot
N(dl):_[ :fp(dz)d d
(dl) ( ) (d2)+N(—d2)=1
oa)= % ;’p(dZ):%re_é’p(dz)=p(d1)edl"ﬁe‘m%
edla‘/? == S [r+o?f2)r e i
X

oot = S (r a?/2)r_g Q7

4.2. Implementation of Basic Derivate (with/withoutAnnual Dividend Yield d and for
Call/Put Option)

_OV _ g u 0P(d) dp(d,) ad,

Vomm —
%oro =55 3d, oo
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4.3. Implementation of Partial Derivates

1 -%  9p(d
p(d;) Tt 7 an —d,p(d,)
1
S _ 2
In& (r d+UA)r ad, —In%(—(r—d)r+ﬁ
Jr do ot 2

4.4. Adjustment of Implemented Basic Derivate

d1=|n%<+(r_d+a%)r d,=d,-oJT=d _|n%<+(r—d—0%)r

0_\/; 1 Y2 1 2T \/—
—2InS
ov o 0p(d) ad, _ 4 2In Jr+o'r
VOMMeboro =50 = =S ag )aa S "p(d)Vr (- % 202\/_
1

Adjustment of the expression

—2InS/ r+0’r Ins/x+(r—d)r—0'%r
202«/_ o\t

4.5. Summary

Formulas for Vomma Greek (with/without Annual Dieitld Yieldd and for Call/Put Option):

Vommacoypoz_:—z_Se_dr ( )\/_dd %,V:(C),V=<P>.

Without an annual dividend yield, the memtsf” will be missing in the formulas for Vomma
Greek.

4.6. Exercising on Derivation of Vomma Greek

With regard to the identity of formulas for callchput option and with regard to only formal

addition or withdrawal of the member ™ in the principal relations of paragraph 4.1., aereising
on the derivation of next possible relations fomvoa Greek is faint.
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5. Sense of Gamma Greek, Dual Gamma Greek, Vomma &gk
(quoted according to http://en.wikipedia.org/wiki@ks_(finance))

5.1. Practical Use of Gamma Greek

The Gamma Greek measures the rate of change Delkee Greek with respect to changes in the
underlying price. Gamma Greek is the second deriwdtthe value function with respect to the
underlying price. Gamma Greek is important bec@usarects for the convexity of value.

When a trader seeks to establish an effective-tieltige for a portfolio, the trader may also seek
to neutralize the portfolio's gamma, as this wilkere that the hedge will be effective over a wider
range of underlying price movements.

Of course, in neutralizing the gamma of a portfolipha (the return in excess of the risk-free
rate) is reduced.

5.2. Practical Use of Dual Gamma Greek

Although Dual Delta Greek is a primary input inhe tBlack-Scholes model, the overall impact
on the value function of an option correspondingcttanges in the strike price is generally
insignificant and therefore higher-order derivatemlving the strike price are not common.

5.3. Practical Use of Vomma Greek

Vomma, Volga, Vega Convexity or Vega gamma measures second order sensitivity to
volatility. Vomma Greek is the second derivate laé bption value with respect to the volatility, or,
stated another way, Vomma Greek measures the frateaage to Vega Greek as volatility changes.
With positive Vomma Greek, a position will beconmng vega as implied volatility increases and
short vega as it decreases, which can be scalpadvisy analogous to long gamma. And an initially
vega-neutral, long-vomma position can be constduétem ratios of options at different strikes.
Vomma Greek is positive for options away from theney, and initially increases with distance from
the money (but drops off as Vega Greek drops @ecifically, Vomma Greek is positive where the
usuald; andd, terms are of the same sign, which is true wiyern 0 ord; < 0.)

6. Conclusion

The formulas for Gamma Greek, Dual Gamma GreekMamdma Greek were derived through
the medium of mathematical data mining tools iriistias education — through the medium of both
the differential calculus and the fundamental tkeorof integral calculus (see ZaSkodny,P.,
Havlicek,l., Budinsky,P. (2010-2011)).

Formula for Gamma Greek I
I— =e—dT p(dl)
CO,PO SO'\/;

Formula for Dual Gamma Greek Dual I
—r7 p(dZ)
Duall’ =e
CO,PO XO'\/;
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Formulas for Vomma Greek Vomma

Vomma, po = Se““,o(dl)\/;% -y 34,
' o o
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Abstract:
An imperative of data mining and a need of coopematf the human with today’s computers are
emphasized by D.A.Keim (Keim, 2002):

“The progress made in hardware technology alloway computer systems to store very large
amounts of data. Researchers from the Universitexkeley estimate that every year 1 Exabyte
(= 1 Million Terabyte) of data are generated, ofchia large portion is available in digital formhi$
means that in the next three years more data e/ifjdmerated than in all of human history before”.

“If the data is presented textually, the amountafa which can be displayed is in range one
hundred data items, but this is like a drop indbean when dealing with data sets containing mslio
of data items”.

“For data mining to be effective, it is importaat include the human in the data exploration
process and combine the flexibility, creativity,dageneral knowledge of the human with the
enormous storage capacity and the computationa¢pofitoday’s computers.”

The basic concepts about Data Mining in Statididsication — see Zaskodny,P., Tardbek,P.
(2010-2011) Data Mining Tools in Statistics Educatiorfin: Tardbek,P., ZaSkodny,P. (2010-2011),
Educational and Didactic Communication 2010, Bratislava, Slovak Republic: Didaktis,
www.didaktis.sk) The complex data mining tool in statistics ediacais the Curricular Process of
Statistics. The partial data mining tools in statsseducation are the Analytical Synthetic Moa|i
Statistical and Mathematical Data Mining Tools.

Description of Statistical and Mathematical Dataniig Tools in Statistics Education — see
Z&Skodny,P., Hawuek,l., Budinsky,P. (2010-2011)Partial Data Mining Tools in Statistics
Education — in Greeks and Option Hedgin@n: Tarabek,P., ZaSkodny,P. (2010-201Hducational
and Didactic Communication 2010, Bratislava, Slovak Republic: Didaktigyw.didaktis.sk)

Description of Greeks of Combined Second Order tatiSics Education — see
Zaskodny,P., Hauwek,l., Budinsky,P., Hrdbka,L. (2010-2011)Where will be used the
partial data mining tools in statistics educationd Greeks (In: Tarabek,P., Z&Skodny,P.
(2010-2011),Educational and Didactic Communication 2010, Bratislava, Slovak Republic:
Didaktis, www.didaktis.sk)

The application of mathematical data mining tools m the light of a deduction of the
combined second order greeks “Vanna”, “Charm”, “DvegaDtime” (based on the Black-Scholes
Model) will be described in this paper.

The main principle of paper: Mathematical Data Mining Tools in Statistics Edumat
The main goal of paper:Deduction of Greeks of Combined Second Order
The procedure of paper:Survey of Greeks of Combined Second Order

Deductiof Vanna Greek

Deductiof Charm Greek

Deductiof DvegaDtime Greek
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The results of paper:

1. Mathematical Derivation of Vanna Greek

2. Mathematical Derivation of Charm Greek

3. Mathematical Derivation of DvegaDtime Greek
4, Practical Use

Key Words:

Data Mining, Statistics Education, Partial Data M@ Tool — Mathematical Data Mining Tools,
Black-Scholes Model, Value Function, Greeks of Comabd Second Order, Vanna Greek, Charm
Greek, DvegaDtime Greek, Derivation of Formulas @mmbined Second Order Greeks “Vanna”,
“Charm”, “DvegaDtime”

1. Survey of Greeks of Combined Second Order

The Black-Scholes modeltraces the evolution of the option’s key undedywariables in
continuous-time. This is done by means of bothstlaadard normal probability densitie&l,), p(d,)
and the standard normal distribution functidid,), N(d,).

The variabled;, d, are connected with Spot pri& Strike priceX, Risk-Free Rate, Annual
Dividend Yieldd, Time to Maturityz, and Volatilityc.

Value Function V (as Fair Price or as Premium) can be expressed fasction of five
guantitiesvV =f (S X, r, 7, 0)

Survey of greeks of the combined second ordexs survey of the speeds of first order greek
change (see zZaskodny,P., HaeK,I., Budinsky,P., Hrdéka,L. (2010-2011):

_ oV :a_A:@: DdeltaDtime= - the}a Dspot
0Sor Or 0S

2(-©
A ( )=6—V: - theth Dvot DvegaDtin
0oor 0o or

DvegaDtime=

2. Mathematical Derivation of Vanna Greek (DdeltaDwl)

2.1. Basic Relations

Vanna=a—A=a—V=ﬂ VvV =(C) V =(P)
0o 0S 090

The formulas for Vega Greek (the call/put option, with/without an annual digrttl yieldd):

_a_V: :a_V: -dr = =
v=_2 Sp(d)Nr,v > Sp(d,)N7,V=(C).V =(P)
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ov _rr ov TN IT
V= =Xe p(d, )\/?,vzgzed Xe™ p(d,)VT,V =(C),V =(P)

Next basic relations:

oV
A_EV (C),V =(P)

(Cy=S™"" N(d,)-Xe""N(d,),(P)=Xe""N(-d,)- S N(-d,)

S _ 2
d_'”/x*(f a+07)r b md ol
l_ )2_ 1_0- T
ot

N(6) = | £(6)a(6)N(d)= | pla)(c

N(d,)+N(-d,)=1,N(d,)+N(-d,)=1

1 % o

d)=——e 2,p(d,)=——e 2, p(d,)=p(d edl"ﬁe_m%
,0( 1) N ,0( 2) Jon p( 2) p( 1)
2.2. Implementation of Basic Derivate (with AnnuaDividend Yield d)

a_V i —dr — o-dr ap(dl)
Vanna—as—as( S,o(d)ﬁ)—e r{,o(d1)+8—aS

2.3. Implementation of Partial Derivates

0p(d;) _0p(d,) od,
2S ad, S

op(d) _ 1 % (-d,) =-d,o(d,)

ad, om
e
68 o1 Sa\/_

2.4. Adjustment of Implemented Basic Derivate (withAnnual Dividend Yield d)

Vanna—a— “”«/_( (d,)-sd,p(d, )éﬁj:—e‘drp(dl)(ﬁ—ﬁj

Using the relatiord, = d, —0'\/; from paragraph 2.1., it is possible to substitljtand to obtain

- d - d,
\V/ = _pdr d e = _par d
anna=-e“ p( 1)(0_ \/7} e p( )J
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2.5. Summary

Theformulas for Vanna Greek:

o
N
| <

Vanna=-e“ p(d,)

Q |
Q

Ve
o S

A

f_\(j)

Vanna=-e¢ " p(d L
anna=-e " p(d,) 0'\/7}
3. Mathematical Derivation of Charm Greek (DdeltaDime)

3.1. Basic Relations

Charm—a—A: G_O_ﬂv (C) V =(P)
or 0S 09071

The formula for Delta Greek (the call option, witfithout an annual dividend yield):

Ao =N(d,), A =€ N(d,)

The formula for Delta Greek (the put option, wititheut an annual dividend yield):

Apo =-N (_dl) » Bpo = N ( 1)
(see also the relations (d,)+ N(-d,) =1,N(d,)+N(-d,) =1)

Next basic relations:

@——g—v V =(C),V =(P)

(C)=S" N(d,)-Xe""N(d,),(Py=Xe""N(-d,)-Se™ N(-d,)

InS +(r—d+02 )r
d, = /x /2 .d, =d,~or

ot
d)= [ o ) N(d;) = [ o(d;)d(d
N(d,)+N(-d,)=1,N(d,)+N(-d,)=1
pla) = * p(d) = e ¢ p(d,) = pla)er e
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3.2. Implementation of Basic Derivate (with AnnuaDividend Yield d)

Charm,, = aaAT" = aa,( &N (d,)) = ~de "N (d,) +& aNa(rdl)
Charm, = = & - (1 (4) =N (o) +e 2100

or

3.3. Implementation of Partial Derivates

ON(d,) _oN(d,)ad, _ od,
a - __p( 1)_
T od, dr or
ad, _ —In%( +(r -d +U%)r
or 201\T

3.4. Adjustment of Implemented Basic Derivate (withAnnual Dividend Yield d)

Charm,, = aaAT" = aar( e“"N(d,))=-de " N(d,)+e* p(d, )%drl
Charm,, = OS;O —%( T (N(d, ))) =de " N(d,)+e p(d, )%drl

—In%( (r—d+0/) (r—d)r—(—U%r)—ln%(
6r 201\t 2011
In%( (r—d U/)
ot
ad, 2(r—d)r—d20\/?
or 201\T

3.5. Summary

The formulas for Charm Greek:

Charm,, = aaAT” =-de""N(d,)+e ¥ p(d,) 2(r - 2) T\_/_dZU*/;
ot

Charm, =a§% =de" N (-d,)+e ¥ p(d,) 2(r _Czi) T\‘/_dzU\/;
oTT
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4. Mathematical Derivation of DvegaDtime / D(-thetaDvol

4.1. Basic Relations

. ov 00 oV
DvegaDtime= 22 =-92 -9V v _ oy v =(p
vegabtime=—-= -2 =37 ¥ T (& V=P

The formulas for Vega Greek(the call/put option, with/without an annual divideyieldd):

—a_V: :a_V: -7 = =
v="2 Sp(d,)Nr,v il Sp(d,)N7,V=(C),V =(P)

ov _rr ov TN IT
V= =Xe p(dz)\/?,vzgzed Xe™ p(d,)V7,V =(C),V =(P)

The formulas for Theta Greek (the call option, witithout an annual dividend yiefdl):

oC __Sp(d))o

O=-—"= -rXe""N(d
or yNie ( 2)
Sp(d
0=-C_ —e“”—p( o —rXe""N(d,)
or 21
The formulas for Theta Greek (the put option, wiitiiout an annual dividend yiefdl):
Sp(d
o= —a—P = ——p( 1)0' -rXe" N (_dz)
or yNie
Sp(d
0= o g STy
or 21

(see also relatior (d, )+ N(-d,) =1, N(d,) + N (-d,) =1).

Next basic relations:

V =(C),V =(P)
(Cy=S™" N(d,)-Xe""N(d,),(P)=Xe""N(-d,)- S N(-d,)

S _ 2
; :InA+(r d+UA)r
1 0_\/;
dl

(@)= ] pla)a(a). N(@)= | pla)a(a)

N(d,)+N(-d,)=1N(d,)+N(-d,)=1

_% 1 - dy?

d, =d, o1

e 2,p(d,)=——=e 2,p(d,)=p(d,) g2
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4.2. Implementation of Basic Derivate (with AnnuaDividend Yield d)

i a_V_i -dr =
DvegaDtime= 5 aT(e S,o(dl)\/?)

=-de"Sp(d,)Vr +e” FSp( )+e’ S\/_ ( )

4.3. Implementation of Partial Derivates

p(d) _op(d,) oa,
or od, or

op(d)_ 1 <%
= ~d,) =-d,o(d
ad, /_27Te ( 1) 1,0( 1)

1In%< 1r—d+U/ —In& (r—d+0/)

E_ 20‘[\/_ 2 oJr 20711

4.4. Adjustment of Implemented Basic Derivate (withAnnual Dividend Yield d)

op(d,) op(d
An adjustment of the expressieh'%z '0( )% using the relatiord, _dl—U\/? from
T

ad, or

paragraph 4.1.:

9p(d) _ 4 (d)_ln%”(r‘d*a%)’: '”S/x r—d)r=9t

ar P\ 201\t %) 2071

B InS/ +(r—d)r—07r—2(r—d)r_ d, 2(r-d))_

=dyo(d,) : 207«/;2 ) dlp(dl){Z_T _ZU—\EJ )
d,d, (r_d)dl

_'O(dl)( 2r oNT ]

An adjustment of the expression for DvegaDtime &m@uired in paragraph 4.2.:

. aV — _Aa-dr —dr 1 —dr alo(dl) —
DvegaDt|me=—aT =-de " Sp(d,)Vr +e PN Sp(d,)+e Sx/?—ar =
— o-dr _ 1 ( )
= S,O(dl)\/;( d +_2T 2T s j
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4.5. Summary

0'\/; 2r

After substitution Vega Greek by =€ 'S p(d, )7, itis possitib obtain
(d ,(r-d)d, _1+dld2J

DvegaDtime= % = —e_dTSp(dl)\/;{d + (r _ d) d, _1+ dldzj

DvegaDtime= ov =-v

or o1 2T

5. Sense of Vanna Greek, Charm Greek, DvegaDtime &gk
(quoted according to http://en.wikipedia.org/wikig8ks_(finance))

5.1. Practical Use of Vanna Greek

Vanna Greek, also referred to as DvegaDspot andtdDiel, is a second order derivate of the
option value, once to the underlying spot price anck to volatility. It is mathematically equivatdn
DdeltaDvol, the sensitivity of the option delta lwitespect to change in volatility; or alternatetye
partial of Vega Greek with respect to the undedyimstrument's price. Vanna Greek can be a useful
sensitivity to monitor when maintaining a delta-vaga-hedged portfolio as Vanna Greek will help
the trader to anticipate changes to the effectiseraf a delta-hedge as volatility changes or the
effectiveness of a vega-hedge against change iantherlying spot price.

5.2. Practical Use of Charm Greek

Charm Greek or delta decay, measures the instantamate of change of Delta Greek over the
passage of time. Charm Greek has also been catlettadDtime. Charm Greek can be an important
greek to measure/monitor when delta-hedging a ipasaver a weekend. Charm is a second-order
derivate of the option value, once to price andeaiactime. It is also then the (negative) deriwate
Theta Greek with respect to the underlying's price.

5.3. Practical Use of DvegaDtime Greek

DvegaDtime Greek, measures the rate of changeeiVéga Greek with respect to the
passage of time. DvegaDtime is the second dernfatke value function; once to volatility

and once to time.
It is common practice to divide the mathematicaliteof DvegaDtime by 100 times the number
of days per year to reduce the value to the pesigenthange in Vega Greek per one day.

6. Conclusion

The formulas for Vanna Greek, Charm Greek, and Bl¢igne Greek were derived through the
medium of mathematical data mining tools in stafiseducation — through the medium of both the
differential calculus and the fundamental theordnmtegral calculus (see ZaSkodny,P., Héek,l.,
Budinsky,P. (2010-2011)).
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Formulas for Vanna Greek

Vannaco,,,o=—e“”,o(dl)d --r 9 :K(l— d, j

Formulas for Charm Greek

Charn?:o — _de—drN (dl) +e—drp(dl) 2(r _2) T\_/Elza-\/;
gr~\NT

Charrn;,o - de—drN (_dl) +e—drp(d1) 2(r _Czi) T\_/_dzo-\/;
Or~\NT

Formulas for DvegaDtime Greek

DvegaDtime,, ., = —e‘dfsp(dl)ﬁ(d + (r _d) d, _1+ dldz]

U\/? 27
. (r-d)d, 1+dd
DvegaDtim =-v|d+ - 172
g €o.ro ( J\/? or

References

- Keim,D.A. (2002)
Information Visualization and Visual Data Mining.
IEEE Transactions on Visualization and Computemp®Bies. Vol.7, No.1, January-March 2002

- Z&Skodny,P., Tarabek,P. (2010-201Data Mining Tools in Statistics Education

In: Tarabek,P., Zaskodny,P. (2010-201Bjlucational and Didactic Communication 2010, Bratislava, Slovak
Republic: Didaktiswww.didaktis.sk

ISBN 978-80-89160-78-5

- Zaskodny,P., Haulek,l., Budinsky,P. (2010-2011partial Data Mining Tools in Statistics Education
Greeks and Option Hedging

In: Tardbek,P., ZaSkodny,P. (2010-201Bjlucational and Didactic Communication 2010, Bratislava, Slovak
Republic: Didaktiswww.didaktis.sk

ISBN 978-80-89160-78-5

- Zaskodny,P., HauEk,l., Budinsky,P., Hrdtka,L. (2010-2011)Where will be used the partial data mining
tools in statistics education? In Greeks

In: Tarabek,P., Zaskodny,P. (2010-201Bjlucational and Didactic Communication 2010, Bratislava, Slovak
Republic: Didaktiswww.didaktis.sk

ISBN 978-80-89160-78-5

- http://fen.wikipedia.org/wiki/Greeks_(finance)

104



Educational&Didactic Communication 2010
Application of Mathematical Data Mining Tools — @kes of Third Order
(Speed, Tomka, Color, Ultima)

Application of Mathematical Data Mining Tools —
Greeks of Third Order (Speed, Zomma, Color, Ultima)

(With the support of IGA VSFS 7737

Authors: Premysl Zaskodny, Ivan Havlicek
University of South Bohemia, Czech &Rd
University of Finance and Administoatj Czech Republic
pzaskodny@gmail.conmavlicekivan@seznam.cz
http://sites.google.com/site/csrggroup/

Abstract:

An imperative of data mining and a need of coopematf the human with today’s computers are
emphasized by D.A.Keim (Keim, 2002):

“The progress made in hardware technology alloway computer systems to store very large
amounts of data. Researchers from the Universitarkeley estimate that every year 1 Exabyte
(= 1 Million Terabyte) of data are generated, ofchia large portion is available in digital formhi$
means that in the next three years more data e/ifjdmerated than in all of human history before”.

“If the data is presented textually, the amountafa which can be displayed is in range one
hundred data items, but this is like a drop indbean when dealing with data sets containing mslio
of data items”.

“For data mining to be effective, it is importaat include the human in the data exploration
process and combine the flexibility, creativity,dageneral knowledge of the human with the
enormous storage capacity and the computationa¢pofitoday’s computers.”

The basic concepts about Data Mining in Statididsication — see Zaskodny,P., Tardbek,P.
(2010-2011),Data Mining Tools in Statistics Educatiorfin: Tardbek,P., ZaSkodny,P. (2010-2011),
Educational and Didactic Communication 2010, Bratislava, Slovak Republic: Didaktis,
www.didaktis.sk) The complex data mining tool in statistics ediacais the Curricular Process of
Statistics. The partial data mining tools in statsseducation are the Analytical Synthetic Moa|i
Statistical and Mathematical Data Mining Tools.

Description of Statistical and Mathematical Datanig Tools in Statistics Education — see
Zaskodny,P., Haugek,l., Budinsky,P. (2010-2011)Partial Data Mining Tools in Statistics
Education — in Greeks and Option Hedgin@n: Tarabek,P., ZaSkodny,P. (2010-201Hducational
and Didactic Communication 2010, Bratislava, Slovak Republic: Didaktigyw.didaktis.sk)

Description of Greeks of Third Order in Statistieducation — see Zaskodny,P., Ha&k,I.,
Budinsky,P., Hrdlika,L. (2010-2011)Where will be used the partial data mining tools #tatistics
education? In Greeks(In: Tardbek,P., ZaSkodny,P. (2010-201Bducational and Didactic
Communication 2010, Bratislava, Slovak Republic: Didaktisyw.didaktis.sk)

The application of mathematical data mining tools i the light of a deduction of the third
order greeks “Speed”, “Zomma”, “Color”, “Ultima” (b ased on the Black-Scholes Model) will be
described in this paper.

The main principle of paper: Mathematical Data Mining Tools in Statistics Edimat
The main goal of paper:Deduction of Greeks of Third Order
The procedure of paper:Survey of Greeks of Third Order

Deductiof Speed Greek

Deductiof Zomma Greek

Deductiof Color Greek

Deductiof Ultima Greek
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The results of paper:

1. Mathematical Derivation of Speed Greek
2. Mathematical Derivation of Zomma Greek
3. Mathematical Derivation of Color Greek
4, Mathematical Derivation of Ultima Greek
5. Practical Use

Key Words:

Data Mining, Statistics Education, Partial Data M@ Tool — Mathematical Data Mining Tools,
Black-Scholes Model, Value Function, Greeks of @hrder, Speed Greek, Zomma Greek, Color
Greek, Ultima Greek, Derivation of Formulas for fthOrder Greeks “Speed”, “Zomma”, “Color”,
“Ultima”

1. Survey of Greeks of Third Order

The Black-Scholes modeltraces the evolution of the option’s key undedyiariables in
continuous-time. This is done by means of bothstl@dard normal probability densitie&l;), p(d,)
and the standard normal distribution functidid,), N(d,).

The variabledd;, d, are connected with Spot pri&: Strike priceX, Risk-Free Rate, Annual
Dividend Yieldd, Time to Maturityz, and Volatilityc.

Value Function V (as Fair Price or as Premium) can be expressed fasction of five
guantitiesvV =1 (S X, r, 7, 0)

Survey of greeks of the third orderas survey of the speeds of second order greek el{arg
Z&Skodny,P., Hauek, ., Budinsky,P., Hrdéka,L. (2010-2011):

o or 9°A
Speedc——=—-= = DgammaDspot
P 0} 0S 0%? g P

_ oV _or _ 3*A _0*(-9)
Color=——=—= = 5
0S°0r 0r 0Sor 0S

= DgammabDtim:

oV _ dvomma _ R,
g’ 00 00?

Ultima =

= DvommabDvol
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2. Mathematical Derivation of Speed Greek (Dgammallpmot)

2.1. Basic Relations

Spee d=g; ZSSV V=)V =(P)
d_InS/ (r—d+J )
' ot

|
,o(dl):Ee2

2.2. Implementation of Basic Derivate (with AnnuaDividend Yield d)

wfca90(d) 1 p(d)(_ 1
Speed=e (S 35 oir aﬁ( SZD

2.3. Implementation of Partial Derivates

9p(d,) _9p(d,) ad,
dS ad, 0S

op(d,)

SRR = _dp(d

o, ,p(d,)
X1

od _gx_ 1

S a\/— SU\/_

2.4. Adjustment of Implemented Basic Derivate (withAnnual Dividend Yield d)

o d, p(d) _1 p(d,)
Sheed=e ( Sor SoNt S Sor J

2.5. Summary

The formula for Speed Greek (the call/put optioithvan annual dividend yield):

— gl p(dl)( d, 3:_£( d, }
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3. Mathematical Derivation of Zomma Greek (DgammabDuwl)

3.1. Basic Relations

or oV
Zomma= =—V=(C)V =(P
do 0S% < (P
I— =r _e—dl' p(dl) r =r - p(dl)
co PO SU-\/; CcO PO SO'\/;
S _
; In&+(r d+9 Z)T
1 0_\/;
S —dq-0?
; In/x+(r d 2)r
2 0_\/;
1 -

3.2. Implementation of Basic Derivate (with AnnuaDividend Yield d)

_ [ 0P(d) 1 +,0(d1) 1
Zomma=e ( 30 Soir S«/?( UZ)]

3.3. Implementation of Partial Derivates

op(d,) _9p(d,) ad,
0o od, odo

op(d,)
P = —d,p(d
od, ! ( 1)

o, _ ¥yt _(r-d)Vr

doc or 2 o?

3.4. Adjustment of Implemented Basic Derivate (withAnnual Dividend Yield d)

9p(d) _ —dlp(dl)(-lj{'“ P (=) J%TJ Ald) g,

0o o)l oJr ot ot g
Zomma=¢e ¥ 'O(dl) (_dldz _lj
Sa\/? g g
3.5. Summary

The formula for Zomma Greek (the call/put optiothvan annual dividend yield):
dd, _1j —g p(dl) (dld2 _1)
o Sor

Zommay, o, = I‘(
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4. Mathematical Derivation of Color Greek (DgammaDime)

4.1. Basic Relations

or oV
Color=—-= V=(C)V=(P
or 0S%0r (< Py
d d
rCO :rPO :e_dT '0( 1) ’rCO :rPO = '0( 1)
Sor Sor
S —d+0°
; :InA+(r d+ A)r
1 0_\/;
S _ _ 2
; :In&+(r d UA)T
? ot
1 &

,o(dl):Ee ?

4.2. Implementation of Basic Derivate (with AnnuaDividend Yield d)

Color = e ( d) ga(ij/_) e apa(rd ) SJ]'\/; +e—df,0(d1)(_ 280]';%}

4.3. Implementation of Partial Derivates

dp(d,) _ap(d,)ad,

or  od, or
op(d,)

=-d,p(d
o, ,p(d,)

1 = |nS ( -d+0 ) )( j (r—d+U )
( A / 2017 ) oNT /
4.4. Adjustment of Implemented Basic Derivate (withAnnual Dividend Yield d)

:(In%( ( d+0/) )( 20_[\/_} U\/_(r—d+ /):
In%( (r—d+U/) In%(_ d, In%(

—+
2 07 2rr

In %(
2r ordr

109



Educational&Didactic Communication 2010
Application of Mathematical Data Mining Tools — @k of Third Order
(Speed, Tomka, Color, Ultima)
An adjustment of the middle member from implemeriiasic derivate in paragraph 4.2.:

"

g _Pd) [ S/x} d, {dz 2d, '”/x}
ZSarx/_ ZSOT\/_ ot

20l8) s :em%(-dlpwl»[zr o

A substitution of the middle member from implemehbasic derivate in paragraph 4.2 by the
adjusted middle member:

d,oT -2In S5
2So7T

Color=-e™ _pld) 207 + 1+ d{
ot

An adjustment of the expression in last bar byhdle of an attestation of equality

dla-\/?_2|ns/x _2(r-d)r-d,oNT
ot B ot

2(r-d)7-d,oV7 =2(r -d) ('“%( (r_d U/))

—2 r— In%( r—d r+U/ In%(+(r—d+UA)T—ZIn%(:
=dlax/7—2InA(

By this way, the attestation of equality is implerresl.

4.5. Summary
The formulas for Color Greek (the call/put optianth an annual dividend yield):

o pd) (zu e (r—d)r—dza\/?dlj

Color, =-e
CO,PO ZSOT\/_ 0_\/?

2(r-d)r—-d
Colorcoypoz—er{ZdHH (r Z‘i/? Zaﬁle
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5. Mathematical Derivation of Ultima Greek (DvommabDvol)

5.1. Basic Relations

_dvomma_ 9%V

Ultima = .V =(C),V =(P
do oo® (< Py
v N dd, dd
Vommag, o =5 =52 = (AT =2 =v =
ov

Veo,ro :£ = _drSp(dl)\/?

In%(+(r—d +0%)r
d =

ot
2
; =In%(+(r—d—0'4)r
2 0_\/;
1
d)=———e 2
,0( 1) me

5.2. Implementation of Basic Derivate (with AnnuaDividend Yield d)

. _dr dp(d,)dd od, d ad,d d
Viima = 52T (%#w(dl)a—;ﬁ+p(d1>a—;;1-p<dl) (ﬁﬂ

=S T (1+2+ 3+ 4

5.3. Implementation of Partial Derivates

op(d,) _9p(d,) ad,
oo od, do

op(d,)
) - p(d
o, ,o(d,)

S _ 2
a, Sl M/Z)T(‘i} or _ 4,
oo oNT o) odr o

S _ _ 2
adz:Inﬁ(+(r d JA)T(_EJ_ oT :_ﬁ_\/;
oo ot o) odr o
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5.4. Adjustment of Implemented Basic Derivate (withAnnual Dividend Yield d)

Ultima = Se““\/?(M%w(dl)%&+p(d1)%d—1-p(d1) g 2}

0o o 0o o 0o o o’
1T + 2 + 3+ 9
— d1d2 ’
1= p(d,)Vr -
2210((11)(_i+\/;ji
o o
3=p(dl)(-$—ﬁjﬁ
o o
1+ 2+ 3+ 4=
dd,\’ dd d
= (AT 4 | - p(a) 2+ p(a) 7 S
dd d dd
_p(dl)jz_p(dl)ﬁ;l_ (dl) 0122=
dd,( Vrdd 1 r
:p(dl)(%{ 01 Z_Z_EJ +?(d2_d1):
dd, (Vrdd,-20-1)+0v7 (d,~d,)
=p(d,) 2
o
5.5. Summary

The formulas for Ultima Greek (the call/put optievith an annual dividend yield):

—dr
Ultimag, o _Sep(d)Vr dd,(Vrdd,-20-1+0v7 (d,-d
) 0.2

Ultima, po =§(dld2(\/7d1d2— 20-1) +aﬁ(d2—d1))
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6. Sense of Speed Greek, Zomma Greek, Color Gredltima Greek
(quoted according to http://en.wikipedia.org/wikig8ks _(finance))

6.1. Practical Use of Speed Greek

Speed Greek measures the rate of change in Gameek @rth respect to changes in the
underlying price. This is also sometimes referre@d the gamma of the gamma or DgammaDspot.
Speed Greek is the third derivate of the valuetfanawith respect to the underlying spot price. 8&pe
can be important to monitor when delta-hedgingaonga-hedging a portfolio.

6.2. Practical Use of Zomma Greek

Zomma Greek measures the rate of change of GamreakGwith respect to changes in
volatility. Zomma Greek has also been referredst®gammabDvol. Zomma Greek is the third derivate
of the value function, twice to underlying assdat@rand once to volatility. Zomma Greek can be a
useful sensitivity to monitor when maintaining argaa-hedged portfolio as Zomma Greek will help
the trader to anticipate changes to the effectiseié the hedge as volatility changes.

6.3. Practical Use of Color Greek

Color Greek, Gamma Decay or DgammaDtime measueesate of change of gamma
over the passage of time. Color Greek is a thidkoderivate of the value function, twice to
underlying asset price and once to time. Color Gre@n be an important sensitivity to
monitor when maintaining a gamma-hedged portfddiat @an help the trader to anticipate the
effectiveness of the hedge as time passes.

The mathematical result of the formula for Coloe&k is expressed in gammalyear. It is often
useful to divide this by the number of days pemryearrive at the change in Gamma Greek per day.
This use is fairly accurate when the number of daysaining until option expiration is large. When
an option nears expiration, Color Greek itself naémange quickly, rendering full day estimates of
Gamma Greek change inaccurate.

6.4. Practical Use of Ultima Greek
Ultima Greek measures the sensitivity of the opttmmma Greek with respect to change in

volatility. Ultima Greek has also been referredako DvommaDvol. Ultima Greek is a third-order
derivate of the value function to volatility.

7. Conclusion
The formulas for Speed Greek, Zomma Greek, Colaetgrand Ultima Greek were derived
through the medium of mathematical data mininggaolstatistics education — through the medium of

both the differential calculus and the fundamenltaorem of integral calculus (see Zaskodny,P.,
Havlicek,l., Budinsky,P. (2010-2011)).

Formulas for Speed Greek

} p(dl)( d 3 F( d }
Spee =—-e dr AL 1 + 1=——— 14
Peedo o Stor\or S\ o1
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(Speed, Tomka, Color, Ultima)
Formulas for Zomma Greek

. p(d dd, -1
Zomma,, o =€ —é.;(z\l/);(dldz— 3= F(—lé j

Formulas for Color Greek

Color, = — =
CO,PO ZSUT\/; 0_\/;

2(r-d)r-d,oVr d
ot '

o o(d) (2dr+1+2(r—d)r—d2m/?d]

Color, po = —%( 207+ 1+

Formulas for Ultima Greek

Ultimag p = e‘drw(dldz(dldzﬁ— 2a—1)+aﬁ(d2—d1))

Ultima, mg :é(dldz(dld Nr-20-1+0Vr(d,- dl))
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Abstract:

The work presented here shows the importance girhjected curriculum as an integral part of theotly
curriculum. Its contents create the typical parthef projected curriculum in the field of dosimefty an inter-
disciplinary subject. Important parts are the acgiation of experimental data, their analysis anal@ation.
This contribution attempts to show that not onlp@eptual and intended curriculums are very impaotan also
the elements of projected curriculum are of imparéato show complete features of theory of curdoul
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1. Introduction

The contribution presented here is a furtt@entinuation of the work ,Curricular Process in
Dosimetry” (Singer 2009) published in preceding yEdtional and Didactic Communication 2009“,
aimed at deepening knowledge in the field of pembdosimetry. The Data Mining way (Zaskodny
2009, z&skodny, Novak 2009) and analytical-synthetays to the accumulation of data in the
analysis and evaluation of characteristics of pggbdosemeters were employed. In most casessthis i
an internal representation, since the findingsirdésidual in their nature. The difference from mgan
disciplines in the use of experimental data, whick analyzed, and the evaluation of a certain
dosemeter is used for the synthesis. In the winodat process, i.e.:

measur ements—r esults—evaluation—expert report—teaching text—mind of the student—application by the student

the present article deals with the first three stephich demonstrate the creativity of an expert
participant and assistance of further staff memlzerse.g. employees dealing with irradiation of
dosemeters, etc. In further chapters, the three@edsgwill be shown by way of example of an
electronic personal dosemeter, which was examingtleaDepartment of Laboratory Methods and
Medical Technology of University of South Bohemia(ieské Budjovice (Singer 2010).

2. M easur ements

The sensitivity and linearity of the DMC G XB dosemeter response was verified3Cs
gamma-ray beams in accordance with the recommema®eédures as described in ISO publications
(ISO 1996, ISO 1997). During the verification, tthesemeter was situated on the PMMA phantom,
which was a block of tissue-equivalent material@Del5 cri. The uncertainty was max. 2%. For the
assessment of the dose dependence, the dosemetersradiated at a distanoé1.5m (perhaps even
0.5, 1, 2m), in dependence over time by dose m@ftds6 mSv/h to 2.2 Sv/h. A Water phantom was
used for comparison witl{'Cs.

Energy dependences of the DMC 2000 XB were furtbeemmeasured at the Czech
Metrological Institute - Inspectorate for loniziRgadiation in a similar way, in beams of X-rays (fro
Seifert 160 kV) of N20 to N300 quality (ISO 19960 1997), (with uncertainty max. 3%) at
a distance of 0.5m and at dose rates of 7.5mSv/h.
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3. Results

Figs. 1 and 2 indicate a non-linear depeodavithin a range of 10 to 50 mSv. The Persons¢do
equivalentH,(10) or reference Ambient dose equivaléfif(10)) in percent is not constant but it
steeply increases in the cased€s from 5 or 9% to about 20%. This effect is olsioif the dose
rate exhibits changes in this region, accordingthe nuclear characteristics published by the
manufacturer (x 10% or 25%) (MGP 2006). There ¢®@atinuous increase between 10 and 100 mSy,
which does not exhibit a step response as usuavé@h00 mSv (but also in the region from 10 to 100
mSyv in case of a constant dose rate), the devidi@wonstant within the range of the measurement
uncertainty. This fact was verified in a numberrgpeated measurements. The measurements were
also performed in the region from 10 to 100 mSveowater phantom. The response for gamma
photons from™'Cs does not differ from the measurement on a PMMAntom by more than the
standard deviation calculated for measurementsgivea phantom (Fig. 1).

In this region of doses (about monthly investigatievel ofH,(10) = 0.5 mSv) the energy
dependence (see Table), i.e. difference betweemetfieeence and dose equivalent measured in an
energy interval of 16 to 1332 keV, ranges betweemusn10.9% and plus 37.5% and for doses
exceeding 20 mSv up to about 51%. This “asymmeteictrgy dependence (see Table) indicates
a possibility of the dosemeter use within the whelergy range after a mathematical correction
provided in such a way that the energy dependen¢symmetrical” and smaller than + 25%. The
correction in this dose region will be of k = 0.8&)ich will present the actual dose between 0.4B an
1.22 (including the standard error of about +1%gewlhsing the formula

-l *
Dactual— k Dmeasured

For higher doses, where the energy dependencesdmnghter values, “k” should be more reduced, for
example to a value of 0.83, to avoid the possybilitat the deviation exceeds + 25% of the dose
equivalent calculated value from the actual value.

The directional dependence is also not symmetriadlich is obvious in terms of the
asymmetry of detectors and correction filters ie thosemeter. In this case, it is not suitable to
introduce the correction, since the directional etefence is likely to be different for different
energies. For softer photons, there will be a noamesiderable dependence and thus, in practice, the
most suitable approach is including the directiaegendence into the measurement error. Due to the
fact that in practice, the dosemeter is not irri@dian one direction for the whole irradiation joek;
the error will be considerably smaller comparecwliitat resulting from Fig. 3.
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Table Energy dependence
Reference dosR = H(10) within range of 0.21 to 1 mSv
(9 to 14 dosemeters on PMMA for each Energy) (Sieshdeviation + 0.8 to 1.4%)

MeasuredD) /
E[keV] ReferenceR)
16 0.897
25 1.180
33 1.375
48 1.074
65 1.083
83 1.018
100 0.917
118 0.891
164 0.897
207 0.980
250 0.990
“'Cs 1.091
*Co 0.948

delta (%)

deviation

25

—— H*(10) different
dose rate

20 ——8— Hp(10) different
dose rate

g H*(10) constant

15~ dose rate

ey Hp(10) constant
dose rate

10 A

ey Hp(10) constant
dose rate, water
phant.

— = =lower limit of
standard deviation

- - - =uper limit of
0 w \ ‘ ‘ ‘ standard deviation

0 20 40 60 80 100 120

Reference dose (mSv)

Fig. 1 Dose dependence f8fCs gamma ray-energy within range where it is neslin
(4 to 12 dosemeters for each Dose and each curve)
(R— reference dosé,— deviation of measured dose) (standard deviafiod to 2.7 % )
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35

0O H*(10) different dose rate 1 and 2 m
B Hp(10) different dose rate 1 and 2 m
H*(10) different dose rate 0.5 and 1 m
O Hp(10) different dose rate 0.5 and 1 m

Deviation delta (%)

5
Reference dose (mSv)
Fig 2 Dose dependence f6fCs gamma-ray energy within non-linear range
(4 dosemeters for each Dose and each dependence)
(R - reference dosé,— deviation of measured dose, from table 4 f))
(standard deviation +0.3t0 2.7 %)
120 + 0
102.9 % 108.8 % 104.3 %

100 - . > . —
_ 82 % 97.5%
S 80 -
(]
>
< 60
>
8
q) -
2 40

20

0 T L) L) L) Ll
left side 90°  left side 45° Eront right side 45° right side

Fig. 3 Directional dependence (from left sid& @&0right side 9¢) for *'Cs within range of doses 0.1
to 0.5 mSy, (dose rate 1.6 mSv/h) i.e. between hitpnecording and investigation levels. Value
100% (in front direction) i$1,(10) - reference
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4. Evaluation

The aim of this work is the assesdmefnthe behaviour of a personal dosemeter in
applications where the dose rate varies, as fampkain a nuclear plant or in a hospital. The PMMA
phantom was used like a close tissue-equivalenenmahtdespite the difference of some parts of its
energy dependence from e.g. the use of a watetghan

Results of measuring personal doses by any dosemetsent problems, which are not
simple. Any dosemeter, and thus also the electrpeisonal dosemeter, has its special features,
particularly if it consists of multiple componerif$). The dose dependence is not linear and energy
and directional dependences are not symmetricas fidnlinearity does not exceed the limits given
by tubular curves (IAEA 2007) and after a correctan energy dependence, the dosemeter can be
effectively used in practice. It is not possibleréad more accurately the value of the personat dos
equivalent direct from a dosemeter. For a higheu@zy it is necessary to use LDM 220 reader and
to access the dose history and the dose rateyhmtoa computer. In practice, this is possibleiglér
doses (for example over limit) only, that are feagons of the radiation protection subject to furth
analysis.

5. Conclusion

The purpose of this contribution was to considenethod of “the curricular process of an
interdisciplinary branch” the ionizing radiation silmetry being undoubtedly such a type of branch.
Former authors studied the didactic communicatiomphysics and its curricular process, which is
rather complex in an interdisciplinary branch imthg mathematics, physics, chemistry, biology
(medicine), electronics and use of transformatidfisto T5. Some of these transformations can be
actually missing, particularly if technical toolss( e.g. in electronics, etc.) are used instead of
a scientific system. Thus, as | believe, it isahli¢ to use a linear order model (see Singer 2008)
access information and branch outputs.

The work deeply analyzes individual parts of tmedir order model (Singer 2009) by way of
a specific example taken from research dosimetractiwe. Experimental data were analyzed and
evaluated in first three steps of the model mesetibn

Measurement 1— — 1

2— —

3——  Reault: Table — 1

4— —  Reault: Fig. 1 — Evaluation
— — Result: Fig. 2 — .

— — Result: Fig. 3 — 4

n—— 4

It is obvious that in the example used (but alsgéaneral) the linear system is narrowed from thst fi
step to the third one i.e. it continues from adangmber of measurements (1 to n) to the finalonmif
evaluation.

The research of further steps, i.e. “compilatiortezfching texts” to “the use by the student”
will be implemented in further parts of the CurtauProcess in Dosimetry.
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Abstract:

Urgency of the proposed project consists in anrefd a detailed theoretical and empirical
examination of the prosocial behaviour problemsictvieven though considered as one of the noblest
displays of human personality as such, has bede goideservedly neglected in the tradition of the
Czech research up to the present. The main obgectithe project lies in the theoretical and encpiri
research of the personality aspects of prosocibhVieur problems in adolescents and its relevant
correlators (altruism, empathy, value orientatiosial and personal norms) in the context of the
gender problems, voluntarism, and the family syspmrception. Especial emphasis is put in the
project on possibilities of effective developmehteficient prosocial behaviour in adolescents.

In the light of curricular process (see P.TarabekZaskodny (2009-2010), Educational &
Didactic Communication 2009, ISBN 978-80-89160-993k presented project can be taken as a part
of conceptual curriculum (communicable scientiffstem of relevant scientific branch).

Keywords:
Prosocial behaviour, human personality, relevamtetators, altruism, empathy, value orientations,
social norms, personal norms,

1. Outline of the present state of the analysed problem

Urgency of the proposed project consists in anrefd a detailed theoretical and empirical
examination of the prosocial behaviour problemsictvieven though considered as one of the noblest
displays of human personality as such, has bede gudeservedly neglected in the tradition of the
Czech research up to the present. The main obgectithe project lies in the theoretical and encpiri
research of the personality aspects of prosocibhVieur problems in adolescents and its relevant
correlators (altruism, empathy, value orientatiosgial and personal norms) in the context of the
gender problems, voluntarism, and the family syspmrception. Especial emphasis is put in the
project on possibilities of effective developmehtleficient prosocial behaviour in adolescents.

Within the scope of the conceptual analysis itdsisable to distinguish prosocial behaviour
from other related terms, which arelping and altruism. H. Bierhoff (2006) considers the concept of
helping the most general one, which is superordit@atoth the terms and which covers all forms of
mutual human support. He defines prosocial behawasubeing aimed at improving the situation of
another person, while the help provider is not gduli to render help on the grounds of his/her
profession and the help receiver is neither anroegéion nor an institution, but it is an individubl.
Bierhoff perceives altruism as an independent fofmrosocial behaviour motivated by the benefit for
another person and inner rewards for the help geovi

Up to the present, no unified theory of prosocehdwviour has been formulated yet. Prosocial
behaviour is currently explained by means of apgiea based on the problems of norms and values
internalization, costs and profits analysis, emigadltruistic motivation and the process of problem
solving.
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2. The conceptions of prosocial behaviour

1) In the conception of prosocial behaviour aseault of social horms internalization, the
process of helping is influenced by cultural nor@gae of the significant norms stimulating prosocial
behaviour is the norm of social reciprocity, i.@e tprinciple help those who already helped us
themselves, and not to harm the one who helpeaiaseb(Staub, 1978). This norm operates both on
individual as well as group level and it is part&ly implemented among family members, friends,
colleagues or community members (for more detaks e.g. Van Vugt, Van Lange et al., 2006).
A broader framework for the understanding of praadoehaviour is offered by the exchange theory
(Vyrost, Slamdnik et al., 2008), nowadays already regarded dassic theory on the basis of which
other modifications and constructs originated laseich as the belief in a just world or the norm of
justice and equality (see e.g. Lerner, 1980; Walté¢alter, Berscheid, 1978). Prosocial behaviour is
often motivated by the norm of social responsigilithich orders to care for people who are not able
to manage their own (for more details see e.g. HKewes Stroebe, 2006). According to
S. H. Schwartze (1977), prosocial behaviour canniivated by the personality norms, i.e.
convictions and values that in the course of sizeiaibn had created internalized inner behavioural
standards. S. H. Schwartz and J.A. Howardovou Q1 9&orporated all these prerequisites into
a multi-step model of a decision making processn®mergency situation.

2) In the conception of the prosocial behaviouraasesult of costs and profits analysis it is
presumed that people practically always weigh peiscosts and profits related to the implementation
of certain activity carried out with regard to séting the needs of others. If the costs are Ihw, t
need for a reward is not particularly big. The sdst helping are usually associated with the perso
providing the help, his/her time, effort, money,tqraial threats etc. As the costs increase, the
willingness of this person to help declines. Theaipersonal conflict of the potentially helping $am
is characterized by weighing expected benefits ftier one in need and for the one providing help
himself) and expected costs. In their initial reflens and the model of helping, I. M. Piliavin and
J. Piliavin (1972) included not only the profit andsts of helping, but also the profit and costs of
declining help. According to this model, a helgigected if the benefits from helping are largdf or
the costs of declining help are large.

3) Prosocial behaviour is explained also aseault of the empathic-altruistic motive.

C. D. Batson (1991) based his hypothesis of aticuieelp motivated only by the benefit of the perso
in need, not by self-benefits, by an emotionallgrutive response of an individual observing another
person in a situation of adversity, i.e. on empatthy perceives empathy as a care in terms of taking
the one’s in need emotional and cognitive perspecBy means of the key elements, C. D. Batson
constituted three different ways leading the obesefrom the moment of noticing another person’s
need to the behavioural reply, i.e. diversely difechelp. It concerns two ways motivated by edoist
incentives, i.e. reward-seeking, and the reduabibaxcitement, and the way stimulated by altruistic
motives on the basis of invoked empathy — empaditiiesioked.

4) In contemporary psychology, prosocial behavimualso understood asrasult of the
decison-making process. The models of intervention by J. M. Darley and lEatané (1968);

J. A. Piliavin, J. F. Dovidio, S. L. Gaertner and R Clark (1982), and the normative model of
intervention by S. H. Schwartz and J. Howard (1382)the best-known.

Two mutually independent socially cognitive pro@ssare generally recognized as crucial for
the development of prosocial behaviour. It concenosal reasoning (for more details see Kohlberg,
1976; Colby, Kohlberg, 1987), amthpathy (for more details see Hoffman, 1976, 1977, 198D02.
Broadly accepted model of socialization of prosidoghaviour is Cialdini’'s model (Cialdini, Kenrick,
1976; Cialdini, Kenrick, Baumann, 1982). R.B. Cialdand his collaborators claims (Cialdini et al.
1982) claim that in the course of maturing childrexperience three stages related to helping.
Originally external norms, which used to motivatdping, have been internalized, motivation to help
has been shifted from external to internal space.

One of the prosocial behaviour formsal$ruism. The majority of present-day psychologists
employing the term altruism take the opinion ofug@nsal egoism, i.e. that the entire human behayiour
including the help we offer others, is a productisgy egoistic motives. According to C. D. Batsin,
is possible to distinguish three types of pseudusatic approaches, i.e. 1) the conception olan
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as a helping behaviour disregarding motivation (sep Dawkins, 1976; Hamilton, 1964, 1971;
Trivers, 1971; Wilson, 1975; Rushton, 1980), 2) tlemception of altruism as an act of helping to
obtain an internal rather than external reward ésgeBar-Tal et al., 1982; Schwartz, 1977; Schayart
Howard, 1982; Cialdini, Baumann, Kenrick, 1981ial@ini, Darby, Vincent, 1973; Cialdini, Kenrick,
1976), and 3) the conception of altruism as arfhelping motivated by the effort to reduce negati
inner state evoked by observing afflictions of othésee e.g. Piliavin, Piliavin, 1973; Piliavin,
Dovidio, Geartnerem, Clarck, 1981). D. Batson (98elieves that none of these three viewpoints
describes what is traditionally meant by altruisecduse every example is primarily focused on one’s
own benefits of some form.

Prosocial behaviour is closely related to the motd ofempathy. In the course of its history,
the term empathy has undergone a long and comgdioatnceptual development and even though
having a crucial psychological relevance, stilrépresents rather contradicting and inconsistently
approached construct (see Vispé, 1987; Verduc@pR0C. Duan and C. E. Hill (1996) point out
certain problems in the conception of empathy tochesed by the fact that in the psychological
literature, with regard to the generally used badassification of the psychological phenomena,
empathy is understood as 1) personality trait ésge Davis, 1983, 1996 and others), 2) situation-
specific psychological state (see e.g. Rogers 1868&s 3) multistage experiential process (see e.g.
Barret-Lennard, 1981).

In contemporary psychology, it is commonly distirglied between emotional (affective)
empathy and cognitive empathy although still relyi little perspicuous knowledge about the
relation between both the types of empathy existscontemporary psychology, a dimension-like
nature of emotional as well as cognitive empathgy@d also through empirical observation (see e.g.
Brehmsova, 1989), is presumed. Some authors pittxeeemotional empathy state to be a mediator of
the helping behaviour (see e.g. Eisenberg, Mill887), while the cognitive empathic state altees th
process of attribution of other's behaviour (seg &ould, Sigall, 1977). Other authors believe that
cognitive empathy is a prerequisite for the develept of emotional empathy (see. e.g. Staub, 1987),
yet others assume complicated interactive relatiwngsng them (see e.g. Hoffman, 1987).

With regard to the understanding of the basic pshagfical quality of empathy, it is possible to
differentiate between several empathy conceptiohigtwprimarily emphasize its emotional nature;
conceptions which perceive empathy predominantly esgnitive construct, conceptions stressing the
emotionally cognitive trait of this expression, ceptions of empathy which principally emphasize its
multistage character and 5) conceptions of empsttiegsing its multidimensional structure.

3. The conceptions of empathy

1) Emotional conceptions of empathy primarily emphasize its affective aspects, andsthu
historically draw on theorists having publisheditheeatises on the problems of sympathy. In these
conceptions, empathy is in essence understood @&snational reaction of an observer to another
person’s observed emotions (see e.g. Eisenbemye®tr1987). In these conceptions, the mechanism
of getting into the spirit of others is particuladmphasized.

2) Cognitive conceptions of empathy define this phenomenon by means of cognitive d@spec
and at the same time emphasize the mechanism ffcpng oneself into the mind of others, i.e.
taking the role which is based on symbolic or imagi projection of an individual to another’s
position, taking his/her roles and attitudes. les#éh conceptions, empathy is in essence conceived as
a perceptive quality, the ability of social insight even as a communicative process. It is quteEno
that empathy in these conceptions is describedsgaaym for the concept of intellectual role-takin
or the concept of an observer perspective-takieg ésg. Carkhuff, Truax, 1969; Hogan, 1969).

3) In emotionally cognitive conceptions, predominantly a narrow interconnection of emotional
and cognitive processes is emphasized, where oagypitocesses play a mediating role in the rise of
emotional reactions. In the course of an emphaticgss, an individual observes another person and
based on the cognitive interpretation of meaniagsemotional reaction, resulting in his perspective
taking, arises (see e.g. Rogers, 1975; Straye,)198

4) Multistage conceptions percelve empathy as a process concurrently encompassing
cognitive as well as emotional aspects and whighossible to divide into mutually connected, yet

123



Educational&Didactic Communication 2010
Research of Personality Aspects of Prosocial Belav

clearly distinguished phases or stages. These ptians of empathy were developed in the sphere of
psychotherapy, in which empathy generally reprasaritey term. The biggest attention was devoted
to G. T. Barrett-Lennarda’s cyclical model of enfya(1981).

5) Multidimensional conceptions of empathy define empathy as a phenomenon which apart
from affective and cognitive items encompasses alfter dimensions or components. It is
particularly M. H. Davis’ conceptions (1980, 1983996) which can be ranked among the
multidimensional conceptions of empathy. In conterapy psychology, the above Davis’ conceptions
are considered the most elaborate. According ahihor, empathy consists of four mutually related
yet separate basic components or tendencies) iperédpective taking, which reflects the tendemcy t
take others’ viewpoint which is based on non-egtreerthinking and a tendency to adjust the
psychological opinion of others in everyday lif¢,enpathic concern, which incorporates the feelings
of sympathy, warmth, compassion, concern aboutrailies of others that can be revealed in altreiisti
behaviour,fantasy, which concerns the tendency to employ imagindtkee ways to transform
oneself into the feelings and behaviour of imagirfation, play, or movie characters, and 4) peedon
distress, which reflects the level of self-orientiablings of anxiety and unease in intensive
interpersonal situations and to experience otleedings of discomfort.

In an effort to arrange semantically varied, or thee contrary, semantically overlapping
constructs which in a rather simplified fashionthe specialized literature used to be termed as
empathy, and which had resulted in a numerous d¢ieat ambiguities as well as contradictory
research results, M. H. Davis (1996), one of thetnomtstanding present-day theorists in this field,
created what is called amnganizational model of empathy.

According to M. H. Davis’organizational model, it is possible to distinguish between
emotional and cognitive outcomes of empathy. Cognibutcomes can be differentiated into parallel
and reactive outcomes. A parallel emotional outcoare only be considered under the condition that
the observer’'s emotional experience corresponds tt least is drawn nearer to the feelings of the
one observed. Contrary to the parallel outcomerehetive outcome is a state in which the obsesver’
emotional experience is not a mere reflection ayuagh reproduction of feelings of the one observed,
but it also includes further observer's emotiomaponses to the reaction of the observed persah. Wi
relation to the reactive outcome, a significanemtipbn is drawn particularly to the construct - dae
its nature ranking among reactive responses — wisidhe feeling of compassion with others, in
literature either termed as sympathy, empathyngraghic concern. At the same time, it is possible t
observe a growth of interest in another construttich can be regarded as self-oriented reactive
outcome, i.e. personal distress. This construath@racterized by anxiety or unease, felt for the
observed people in situation of considerable stiimergency or distress. According to M. H. Davis’
organizational model, affective outcomes of empgaghocesses result from the interaction of personal
and situational factors, but also from empathiccpsses which differ in the level of cognitive
influences. For instance, M. L. Hoffman (1984a, 498distinguishes 6 methods of shaping the
observer’s reaction. These methods differ in thell®f the cognitive development. It concerns 1)
motor commands of facial expressions, 2) primaglicgl reaction, 3) classical conditioning, 4) dire
association, 5) language-mediated association,6nele taking. Specific affective outcomes are
dependent on the level of one’s cognitive develaptmeredominantly on the level of his cognitive
appreciation of others. Cognitive outcomes of ertiplrocesses may be defined as certain forms of
judgments, opinions, evaluation and convictionatesl to others. Earlier research had often perdeive
empathy as an accuracy of perception of otherasa non-verbal sensitivity; later on, empathy was
also examined e.g. in relation to attributive jucgns.

4. The prosocial personality

The research project is closely related to thecketr prosocial personality traits or what is
called theprosocial personality. According to L. A. Pennera et al (2005) the resleanto prosocial
personality traits in essence proceeds in thrderdiit directions. It concerns the research ofh#) t
personality traits, 2) the style of relations, )tives and values. Prosocial personality traitsasgnt
the permanent aspects of one’s nature, which aealked in one’s opinions, feelings and behaviour.
Although one’s behaviour is also influenced by 8imational context, a considerable degree of
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consistency in people’s thoughts, feelings and Wiebais caused by the personality traits. Situzlo
variables, as described in numerous models of prasbehaviour, constitute a very important cause
of social behaviour. As soon as one is in a pdercsituation or with certain people, his/her bebaw

will be influenced by the characteristics of theeg situation and by the behaviour of others in the
given situation involved; nevertheless, traits atlder personality variables also play their rolee(s
Rushton, 1984, Penner, 2004; Snyder, 1992). In exion with the five-factor model (Costa,
McCrae, 1994; Goldberg, 1993; Ashton, Paunonenmig] Douglas, 1998), the traits of amiability
and conscientiousness are directly related to theogial personality. Amiability is connected with
trust, reliability and idealism. A higher degreeamfiability is typical of those with a greater axtef
cooperation-like concentration on others, thosep whovide voluntary help to others more often
(Carlo, Okun, Knight, De Guzman, 2005). A highergme of conscientiousness is positively
connected with competence and reliability. Anotapproach to the search of prosocial personality
traits consists in the identification of a set lobde personality attributes that mutually corretaiea
high level, and all are related to prosocial thasgfeelings, and behaviour. A prosocial personadit
possible to describe e.g. by means of higher leizempathy, willingness to accept responsibility fo
his/her behaviour and for the welfare of otherggbi responsibility and capability to worry about
others and to feel attached to them, higher levetli-control and self-efficacy.

Prosocial personality attributes are closely reldtethevalue orientation. According to S. H.
Schwartz (1992), values are ideas of what is fa desirable. Values govern the codes of conduct,
appraisal of others, and explanation of events.bsic content aspect differentiating the valugbas
type of motivation objectives expressing the valudee typology of different contents of individual
values includes, in the form of conscious objeatjthree universal conditions of human existenge: 1
the needs of individuals as biological organismg;tt®e requirements for co-ordinated social
interaction; and 3) the needs for survival and eugrbenefit. With reference to S. H. Schwartz’s
classification of values, it is particularly theiversality (justice) and benevolence (kindness)clwhi
cohere with prosocial behaviour.

5. Next prosocial behaviour attributes

It can be presumed that the problems of prosoaalbiour are significantly related to the
quality of theelemental family environment perception of adolescents, which in the Czech research
has not been systematically studied yet. It isipts$o suppose the tendency of adolescents’ @sfici
prosocial behaviour and its significant correlatéos be strongly influenced by less favourable
cognitive-emotional situation of the elemental fgneinvironment. Valid psychometric assessment of
the level and quality of the family environment epgs to be rather complicated theoretical as veell a
methodological problem concerning particularly tiedinition of the principal quantifiable dimensions
of family systems (see e.g. Nevolova 1991; Koval&d996). In order to research and implement
a diagnostic screening of a family environmentsitappropriate to create and use also suitable
multidimensional questionnaire-employed method wapg particularly socially perceptive aspects of
its members. For this purpose, it is necessary gerationalize the knowledge resulting from
a numerous inspiring models of foreign as well aselstic provenance, such as the models of family
functioning by W. R. Beavers, D. H. Olson, J.Kiis, R. H. Moos, D. Kantor and W. Lehr,
S. Minuchina, McMaster model, local, e.g. |. iRlea’s model of coexistence, or family model by
J. Dunovsky (see Dunovsky, 1986; ilaa, 2000; Simon, Stierlin, 1995; &4k, 2000; Sobotkova,
2001). In order to diagnose family environment pptions, it is possible to employ R. H. Moos’
family model ((Moos, Moos 1981). This model was lempented into items of the standardized
Family Environment Scale (FES — R) created by RMios, P. M. Insel and B. Mumprey (1974, it
is also at disposal in its Slovak modification sl rodinného prostredia (SPR) [The scale of famil
environment] by M. HargaSova a T. Kollarik (1980).

Prosocial behaviour is substantially influencedhry problems ofiender. At present, this term
is used to define social and cultural differencethie behaviour and experiences of men and women.
According to R. K. Unger (2001) it is a reflectiaf social understanding of the phenomena of
masculinity and femininity, which on individual lefcan be understood as an internalized complex of
characteristic features constituting the gendemtitieof a man and woman personality. On this level
gender can also be expressed as a system of gemaléctions. Gender convictions are related to
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a group membership, i.e. men and women'’s identifinawith their own group members of the same
sex, or with their formal membership in broaderiglogroups. Gender convictions are closely related
to the different status of men and women in sogiegiuding the remaining superiority of one sex
over the other, but also to another characterietitures of men and women which include the age,
membership in ethnical or racial groups, certaigiadoclass integration, religious and political
orientation or geographic aspects (for more detabs e.g. Bem, 1993; Wyrobkova, 2005; JanoSova,
2007).

According to A. H. Eagly and M. Crowly (1986) feraagender role of women includes norms
which activate certain forms of helping. Women expected to care for personal and emotional needs
of others. Such care is expected to be void ofptfrsonal service routine and facilitate others’lgoa
reaching. The requirement to serve others is pdatily strong inside a family and predominantly
concerns intimate relations, such as friendshig fdsearch proves women, due to their helpfulness,
kind-heartedness, compassion and willingness tofisacthemselves, to have been appraised more
favourably than men. These qualities seemed maieadide to women rather than men. In woman’s
friendships more expressions of kindness, emotiamal information support was noticed than in
cases of man’s friendships. On the contrary, maladgr role, especially its traditional forms, résul
in different forms of helping. One of the formshisroic behaviour, i.e. altruistic behaviour protegt
others from damage, performed at the expense df aven risk. Heroic behaviour is much more
appreciated by men than women; generally, maledserather than female-heroine are considered.
The research into gender stereotypes provides lonied support for relating the masculinity and
heroism. Men rather than women are ascribed suelitigs as the willingness to risk, adventurous
character, cool self-control in predicaments, gbilo be pressure-resistant, and often these salit
are mentioned as men-required. These attributedisp@se men to act as heroes, particularly in
extreme, unusual conditions. The heroic form ofpimg) presumes men to be willing to help in
different situations than woman.

Prosocial tendencies are strongly implementedolanntarism which above all constitutes one
of the cornerstones of a society, helps to mainaaich strengthen such human values as sociability,
concern about others, and service rendered tosothke most common form of voluntarism is carried
out by people who, free of charge, devote theietand effort to a charity, religious or other seevi
providing organization (Wilson, 2000). A. Omoto aMl Snyder (1995) specify the differences
between spontaneous and planned long-term helgimpiout the short-term help to be provided
optionally. The majority of cases include certaimplicit or explicit feeling on the side of potertia
help providers that a help should be offered to gbtential beneficiary as a result of a normative
expectation. These feelings of an obligation carriggered by verbal or non-verbal behaviour of an
unknown person in adversity, personal relationgtdfween the help provider and the beneficiary, or
friendly and family relations (see e. g Dovidicaét 2006).

By means of thein research, L. A. Penner and MFiAkelstein (1998) and others try to find
some explanation of circumstances initiating theeption of voluntary activities and their
perseverance despite substantial costs and effeestied in the longer-time period. Reasons are
usually sought in the personality and demograpbatures in interpersonal relations and situational
factors. As regards the demographic features, thaeables are often examined: a) education, b)
income, c) sex (see e.g. Penner and others., 20&on, 2000). It is, however, the personality tsai
and motivation which play decisive role in the dami-making. Many volunteers consider their
activities significant also from the viewpoint oélsfulfilment, self-confidence boosting, and the
feeling of being useful to others. Voluntarism deps new skills, abilities needed to provide a help
Having new experience, contacts, but also friersdself-rewarding. Last but not least, voluntary
activities are a meaningful way of spending onegg ftime. An important role in the decision-making
process of whether or not to become a voluntegispiartain set of personality dispositions, such as
also empathy. L. Penner and his colleagues (PeR@62; Penner, Fritzsche, Craiger, Freifeld, 1995;
Penner, Midili, Kegelmeyer, 1997) for instance mdwolunteers to possess greater amount of the
prosocial personality traits, i.e. empathy, altruisnoral reasoning. Two significant theoretical misd
attempted to identify factors supporting voluntamyrk resumption after a longer time-period: Omoto
and Snyder (1995, 2002) developed the Volunteecd®oModel, J. A. Piliavian and her colleagues
(Piliavin, Grube, 2000; Piliavin, Callero and GryB002) created the Role Identity Model.

126



Educational&Didactic Communication 2010
Research of Personality Aspects of Prosocial Belav

References

Ashton, M. C., Paunonen, S. V., Helmes, E., JackBoi.: Kin altruism, reciprocal altruism
and the Big Five personality factors. Eximin and Human Behavior, 1998, 19, pp. 243-255.

Barett-Lennard, G.: The empathy cycle: Refineméiat muclear concept. Journal of Counseling
Psychology, 28, 1981, pp. 91 — 100.

Bar-Tal, D., Raviv, A.: Cognitive — learning modx#lhelping behavior development: Possible
implications and applications. In: N. Eiberg (Ed.), The development of prosocial behavior.
New York, Academic Press 1982, pp. 1998.2

Batson, C. D.: The altruism question: Toward aapsiychological answer. New York, Erbaum 1991.

Bem, S. L.: The lenses of gender: Transformingdiéfleate on sexual inequality. Yale, Yale University
Press 1993.

Bierhoff, H. W.: Prosocialni chovani. In: Hewstoh, Stroebe, W. (Eds.): Socialni psychologie.
Praha, Portal 2006.

Carlo, G., Okun, M. A., Knight, G. P., De Guzman, ® T.: The interplay of traits and motives
on volunteering: Agreebleness, extraversiod prosocial value motivation. Personality
and Individual Differences, 2005, 38, pp93 — 1305.

Cialdini, R. B., Darby, B. K., Vincent, J. E.: Tiggression and altruism: A case for hedonism. Jburna
of Experimental Social Psychology, 1973®. 502 — 516.

Cialdini, R. B., Kenrick, D. T.: Altruism as hedeni: A social development perspective
on the relationship of negative mood staté helping. Journal of Personality and SociatRslpgy, 1976,

34, pp. 907 — 914.

Cialdini, R. B., Kenrick, D. T., Baumann D. J.: &fts of mood on prosocial behavior in children and
adults: In Eisenberg, N. (Ed.), The depetent of prosocial behavior. New York, Academic
Press 1982, pp. 339 — 359).

Colby, A., Kohlberg, L.: The measurement of motalgment: Theoretical foundations and research
validation. Cambridge, Cambridge Univer&itess 1987.

Costa P. T., Jr., McCrae R. R.: Stability and cleaimgpersonality from adolescence through adulthémdC. F.
Halverson, G. A. Kohnstamm, R.P. Martin (Ed3.he developing structure of temperament and peligpna
from infancy to adulthood\New York, Erlbaum 1994, pp. 139 — 150.

Darley, J. M., Latané, B.: Bystander interventinremergencies: Diffusion of responsibility. Journal

of Personality Social Psychology, 1968)@®&,377 — 383.

Davis, M. H.: Measuring individual differences impathy: Evidence for multidimensional aproach.
Journal of Personality and Social psychpld 983, ré. 44, pp. 115 — 126.

Davis, M. H.: Empathy: A social psychological apgech. Boulder, Westview Press 1996.

Dawkins, R.: The selfish gene. Oxford, Oxford Unsity Press 1976.

Dovidio, J. F., Piliavin, J. A., Schroeder, D. Regnner, L. A.: The Social Psychology of Prosocial
Behavior. New Jersey, Erlbaum 2006.

Duan, C., Hill, C., E.: The current state of enmyatesearch. Journal of Counseling Psychology, 43,
1996, 3, pp. 261 — 274.

Dunovsky, J.: Rodina a jeji poruchy ve vztahu ktdiPraha, MPSV 1986.

Eagly, A. H., Crowly, M.: Gender and helping beltaviA metaanalysis review of the social
psychological literature. PsychologicallBtin, ro¢. 100, 1986¢. 3, pp. 282 —208.

Eisenberg, N., Miller, P. A.: The relation of emipato prosocial behavior and related behavior.
Psychological Bulletin, 0101, 1987, pp. 91 — 119.

Eisenberg, N., Strayer, J. Critical issues in tne\sof empathy. In: N. Eisenberg, J. Strayer (Eds.
Empathy and its development. Cambridgeni@age University Press, 1987, pp. 3 — 13.

Goldberg, L. R.: The structure of phenotypic pegdityi traits. American Psychologist, 48, 1993,
pp. 26 — 34.

Gould, R., Sigall, H.: The effect of empathy andcome on atribution: An examination
of the divergent-perspectives hypothelisirnal of Counseling Psychology, 21, 1977,

pp. 480 — 491.
Hamilton, W. D.: The genetical evolution of sodighavior, I, Il. Journal of Theoretical Biology, 7064, pp. 1
- 52.

Hargasova, M., Kollarik, Skala rodinného prostre@iaychodiagnostické a didaktické testy,
Bratislava 1980.
Hewstone, M., Stroebe, W.: Socialni psychologr@hB, Portal 2006.
Hoffman, M. L.: Empathy, role-taking, guild, andvd$opment of altruistic motives. In: T. Lickona
(Ed.): Moral development and behavior: diye research, and social issues. New York, HoitheRart,
Winston, 1976, pp. 124-143.

127



Educational&Didactic Communication 2010
Research of Personality Aspects of Prosocial Belav

Hoffman, M. L.: Empathy its development and proabahplications. In H. E. Hove, C. B. Keasey ~
(Eds.): Nebraska symposium on motivationcoln, University of Nebraska Press, 1977,
pp. 169 — 218.

Hoffman, M. L.: The contribution of empathy justiaad moral judgment. In: N. Eisenberg, J. Strayer
(Eds.): Empathy and its development. Caaigier Cambridge University Press, 1984a,
pp. 47 — 80.

Hoffman, M. L.: Interaction of affect and cognitiomempathy. In: C. E. Izard, R. B. Kagan,

R. B. Zajonc (Eds.): Emotions, cognitiand behavior. Cambridge, Cambridge University
Press, 1984b, pp. 103 — 131.

Hoffman, M. L.: The contribution of empathy to jiegt and moral judgment. In: N. Eisenberg,

J. Strayer (Ed.).: Empathy and its develept. New York: Cambridge University Press 1987,
pp. 47 - 80.

Hoffman, M. L.: Empathy and moral development: livations for caring and justice. New York,
Cambridge University Press 2000.

Hogan, R.: Development of empathy scale. Journ&larfsulting and Clinical Psychology, 33, 1969,
pp. 307 — 316.

JanoSova, P. : DéVa chlapecka identita. Vyvoj a Gskali. Praha, @r&dblishing 2008.

Kohlberg, L.: Moral stages and moralization: Thegmitive-developmental approach. In: T. Lickona
(Ed.): Moral development and behavior: diiyeresearch and social issues. New York: Holt,
Rinehart, Winston, 1976, pp. 31 — 53.

Kovalikova, V.: How do we approach the psycholobstady of family. Studia Psychologica, 38,
1996, pp. 121 — 130.

Lerner, M. J.: The belief in a just world: A fundantal delusion. New York, Plenum Press 1980.

MI¢ak, Z.: Primary Family Environment Rating of SeééetProblematic Adolescent Group. In:
Paulik, K. (Ed.): Improvements to the firag of Graduetes in Applied Social Sciences.
Ostrava, Philosofical Faculty 2000.

Moos, R. H., Insel, P. M., Humphrey, B.: Prelimipdanul for Family Environment Scale, Work
Environmental Scale, group Enviroment 8cBhalo Alto, Consulting Psychologist Press 1974

Moos R. H., Moos, B. S.: Family environment scaknoml. Palo Alto, Consulting Psychologist Press
1981.

Nevolova, D. 1991: Zdravy vyvoj die z hlediska saiasnych vyzkuri rodinného prosedi.
Ceskoslovenska psychologie, 35, , 1991, pp. 2433- 2

Oliner, S. P, Oliner, P. M.: The altruistic perstityaRescuers of Jews in Nazi Europe. New York,
Free Press 1988.

Omoto, A., Snyder, M.: Sustained helping withouligdtion. Journal of Personality and Social
Psychology,1995, ¢068, pp. 671— 686.

Penner, L., Dovidio, J., Piliavin, J., Schroeder, Brosocial behavior: Multilevel perspectives. Aah
Review of Psychology. 056 , 2005, pp. 365-392.

Penner, L. A., Finkelstein, M. A.: Dispositionalda8tructural Determinants of Volunteerism. Journal
of Personality and Social Psychology, 1968 74, 2, pp. 525 — 537.

Penner, L. A., Fritzsche, B. A. Craiger, J. P.jfetd, T. S.: Measuring The Prosocial Personality.
Tampa, University of South Florida 1995.

Penner, L. A.: Volunteerism and social problemskivig things better or worse? Journal of Social
Issues, 60, 2004, pp. 645 — 666.

Penner, L. A., Midili, A. R., Kegelmeyer, J.: Beybjob attitudes: A personality and social
psychology perspective on the causesgdrorational citizenship behavior. Human
Performance, 1997, 10, pp. 111 —-131.

Piliavin, J. A., Piliavin, I. M.: The effects oftibd on reactions to a victim. Journal of Persoyalit
and Social Psychology, 1972, 23, pp. 228 %

Piliavin, J. A., Callero, P. L., Grube, J. E. : Rals resource for action in public service. Journal
of Social Issues, 2002, 58, pp. 469 —. 486

Piliavin, J. A., Dovidio, J. F., Gaertner, S. Llatk, R. D. lll.;: Responsive bystanders: The preces
of intervention. In: V. J. Derlega, J. €ak (Eds.): Cooperation and helping behavior: Tieso
and research. New York, Academic Presd218p. 279 — 304.

Plaiava: 1. 2000: Manzelstvi a rodiny. Struktura, dyilkeankomunikace. Brno, Dop#i 2000.

Rogers, C. R.: The necessary and sufficient canditdf therapeutic change. Journal of Counseling
Psychology, 21, 1957, pp. 95— 103.

Rogers, C. R.: A client-centered/person centepgucach to therapy. In: H. Kirschenbaum,

V. L. Henderson (Eds.): The carl Rogeexler. London, Contsable, 1986, pp. 135 — 152.

Rushton, J. P.: Altruism, socialization, and sqociéngelwood Cliffs, New York, Prentice-Hall 1980.

128



Educational&Didactic Communication 2010
Research of Personality Aspects of Prosocial Belav

Rushton, J. P.: The altruistic personality: Evidefrom laboratory, naturalistic and self-report
perspectives. In: E. Staub, D. Bar-TaKarylowsky, J. Reykowsky (Eds.): Development
and maintenance of prosocial behaviow Nerk: Plenum, 1984, pp. 271 — 290.

Schwartz, S. H.: Normative influences on altruisml. Berkowitz (Ed.). Advances in experimental
social psychology, 1977, 10, New York, 8emic Press 1977, pp. 221 — 279.

Schwartz, S. H., Howard, J. A.: ,Helping and Coapien: A Self-Based Maotivational Model”
in Cooperation and Helping Behaviour: Tie®and Research, Derlege, V. J., Grzelack, J.
(Eds.): Prosocial behavior. NewYork, Acanite Press 1982.

Schwartz, S. H.: Universals in the content andcstine of values: Theoretical advances and empirical
tests in 20 countries. In: P. M. Zanna.JEAdvances in experimental social psychology.
Orlando, Academic Press 1992, pp. 1 — 65.

Simon, F. B., Stierlin, H.: Slovnik rodinné terapgiraha, Konfrontace 1995.

Sobotkova, I.;: Psychologie rodiny. Praha, Port&120

Snyder, M.: Of persons and situations, of persgnalid social psychology. Psychological Inquiry,
1992, 3, pp. 94 — 98.

Staub, E.: Commnetary on Part I. In: N. Eisenbér&trayer (Eds.): Empathy and its development.
Cambridge, Cambridge University Press 19p7 103 — 115.

Staub, E.: Positive social behavior and moraligci&l and personal influences. New York, Academic
Press 1978.

Strayer, J.: Affective and cognitive perspectivasmpathy. In: N. Eisenberg, J. Strayer (Eds.):
Empathy and its development. Cambridgeni@&lge University Press, 1987, pp. 218 — 244,

Trivers, R. L.: The evolution of reciprocal altroisQuarterly Review of Biology, 1971, 6, pp. 35%5

Van Vugt, M., Van Lange, BRsychological adaptations for prosocial behavi@0f6.

In: M. Schaller, D. Kenrick, J. Simpsondiution and Social Psychology. New York,
Psychology Press 2006, pp. 237 — 261.

Truax, C. B. Carkhuff, R. R.: Toward effective ceeting and psychotherapy: Training and practice.
Chicago, Aldine 1967.

Unger, R. K.: Psychology of women and gender. NexskyYWilley and Sons 2001.

Verducci, S.: A conceptual history of empathy andsjion it raises for moral education. Educational
Theory, 50, 2006, 1, pp. 63 — 80.

Vyrost, J.,Slarénik, |.: Socialni psychologie. Praha, Grada 2008.

Walter, E., Walter, G. W., Berscheid, E.: Equitytebry and research. Boston, Allyn & Bacon, 1978.

Wilson, E. O.: Sociobiology: the new synthesisnBadge, Harvard University Press 1975.

Wilson J.: Volunteering. Annual Review of Socioyp@000, 26, pp. 215 — 240.

Wispé, L. (Ed.): Altruism, sympathy, and helpinggewYork: Academic Press 1978.

Wispé, L.: History of the concept of empathy. In:Bsenberg, J. Strayer (Eds.): Empathy and its
development. New York:, Cambridge Univer§iress, 1987, pp. 17 — 37.

Wyrobkova, A.: Femininita a maskulinita v socigpsychologickych teoriich a vyzkumu.
Ceskoslovenska psychologie, 49, 2005, 6, pp. 5333

129



Eduactional&Didactic Communication 2010
Conclusion of Monograph EDC 2010: Survey of Data Mining Tools in Education

Conclusion of Monograph “Eduactional & Didactic
Communication 2010":
Survey of Data Mining Tools in Education

Authors: Pavol Tarabek, Premys| Zaskodny
University of South Bohemia, CzedatpRblic
University of Finance and Adminisiva, Czech Republic
Didaktis, Slovak Republic
pzaskodny@agmail.condidaktis@t-zones.sk

1. Complex Data Mining Tool

Complex Data Mining Tool — Curricular Process
Structure of Curricular Process:

Conceptual Curriculum (Communicable Scientific 8ystof Relevant Scientific Branch)
Intended Curriculum (Educational System)

Projected Curriculum (Instructional System, e.gxtibeok)

Implemented Curriculum 1 (Preparedness of Edudatdnstruction, Education)
Implemented Curriculum 2 (Results of InstructioduEation)

Attained Curriculum (Applicable Results of Instriget, Education)

2. Partial Data Mining Tools

Partial Data Mining Tool 1 — Analytical Syntheticddeling
Partial Data Mining Tool 2 — Triangular Modeling @bncepts
Partial Data Mining Tool 3 — Matrix Modeling

Partial Data Mining Tool 4 — Statistical Data Migifiools
Partial Data mining Tool 5 — Mathematical Data MupiTools
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Mohamed Salem Soudani, an education expert in English teaching in Morocco.
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