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Abstract: The defining of the learning objectives is an impot stage in
the overall planning, conducting and result evadumatof the education. To
operationalize and prioritizing goals and objedivef training are different
taxonomies that allow versatile planning activitiasthe learning process and
determination of measurement tools adequate toséteof targets. The paper
presents some criteria and indicators for diagnokite forming of algorithmic
thinking in computer science.
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1. Introduction

In the transition towards information society, wiitlthe conditions of constant
interaction with the computer systems, the algarith style of thinking is a
necessary basis for the actions of every modern. riide problem solving is
inherent for every scientific field and academisciflline. Moreover, each scientific
field is defined by the specifics of the problemsaddresses, as well as by the
methodology it uses for their solving.

As a result of the conducted research [9], obsimvaand study of the
scientific literature on methodology [3, 4, 8, 1@, 16] and psychology [15], we can
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come to the following conclusions: the programmisca specific type of human
activity, the successful realization of which ragsinot only practical application of
the knowledge and skills acquired during the leagnbut it also requires a specific
type of thinking; the new and fast changing contehthe informatics teaching,
requires the developments of methods, which canrensot only the reproduction
of a large volume of knowledge, but most of all fbeming and development of
competences in the students, which would allow themactively master this
knowledge, and also the building of skills for ipdedent acquisition of new
knowledge and its critical rationalization.

One of the major problems of both the theory anakctice of the didactic
testing is the determination of the objectives tasks of the educational work, the
achievement of which is diagnosed with tests [3je Tefining of the objectives is
an important stage of the overall planning, conidigcand result evaluation of the
education. The concretization of the objectivesalledoperationalizationwhich is
achieved through the respective approaches andodeettr by using the existing
taxonomies.

2. Structuring the lear ning objectivesin computer science

The task of constructing a scheme for structurimg @ducational objectives
was undertaken for the first time in the USA. Irb&@Benjamin Bloom published
taxonomy of the educational objectives for cogeitactivities, which proved to be
extremely valuable for the diagnostics of the rssfibom the educational work [1].
This theory bears the idea that the objectivesthacdutcomes of education are not
the same. For example, the memorizing of the gfierfacts, regardless of their
importance, is at a lower level than the skills foeir analyzing and evaluation.
Bloom offers six levels: knowledge, comprehensapplication, analysis, synthesis,
evaluation. Many cognitive psychologists work oa ttevelopment of more precise
and adequate taxonomy for the basic cognitive qutraes and level of thinking.

The educational taxonomies, especially the Bloortdasonomy for the
cognitive activity has a significant effect on tlievelopment of educational
programs in the last 50 years. Their applicatiot ase, however, creates a number
of difficulties. The classification of the learnimmutcomes and the tests outcomes
depends on their context. A task, which makesdiiffithe application of analysis
and synthesis by a beginner in the field of edocati becomes a routine in the
application of knowledge by more advanced traingdg. In the same way, a
student, who is trained how to solve problems, wtdce extremely similar to the
given tests, will demonstrate skills, which areaalower level in the hierarchical
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taxonomy, than those demonstrated by a student, haelsobeen solving problems
based on principles.

These problems are general for all fields of edapatbut a number of
educators [6] note that in teaching computer sesnthere also appear specific
difficulties. They have established that the clesstaxonomy is not suitable for
evaluation of practical skills and determining te&evant difficulty of the cognitive
tasks in the field of the computer sciences. A ificant number of researchers
believe that it is easier to apply the knowledgesfulving simple problems, than to
describe this knowledge. Moreover, they have eistaddl that the computer sciences
lecturers do not find the terms “synthesis” anddleation” as the most important in
describing the learning outcomes and the evaluatidhe tasks in the programming
courses, especially at the basic level of educatimsiead, they see the application
of knowledge as the highest skill, which the tramehould develop.

In 2001 Anderson and Krathwohl [1] specify and elep the taxonomy
suggested by Bloom, emphasizing more on dreative paradigm, in which the
intellectual development is studied as a changehef thinking pattern of the
trainees. The new taxonomy makes distinction between knovdedg what
“contains the cognitive activity” and knowledge loow, i.e. the procedures used for
solving the problemsThe skill to combine elements in order to obtsimething
new suggests creative activity with creation of reskhemes and structures. In the
words of one of the creators of the extended tagndYou may be able to think
critically — to support your position, to draw cdugions etc, without having creative
skills, but the creative activity — to prove oraej ideas, to create new ideas, often
requires critical thinking” [11].

Although the taxonomy of Anderson and Krathwohhi the only possible
way to classify the levels of thinking, it has aeal structure, facilitates the
organization process of the intellectual developmexfucation, starting with the
initial stage of mastering techniques for thinkigtivity, transition towards
intellectual operations at a higher level and aihgphabits for highly organized
thinking. The cognitive objectives of the extendagonomy have universal nature
and could be applied in programming teaching.

3. Criteriaand indicatorsfor diagnosis of the forming of algorithmic
thinking in computer science

According to the adopted by the European Qualificat-ramework (EQF)
definition, the learning outcome is defined as adidators of what the trainee
knows, understands and is able to do on compleaifothe learning process [3].
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Therefore, the emphasis is on the learning resultéch are specified in three
categories — knowledge, skills and competence. iwithe context of EQF,
competence means the proven ability to use knowleskjlls and personal, social
and/or methodological abilities, in work or studiuations and in professional and
personal development.

The initial teaching of informatics and informatitethnologies must form not
only the basic concepts, skills and habits to weitk computer, but also to provide
development of certain style of thinking.

Thinking development in the learning processans the forming and the
perfecting of all types, forms and operations d@fiking, development of skills and
habits of applying the laws of thought in the cdigei and learning activities, as
well as habits to transfer the intellectual acyivinethods from one area of
knowledge to another [2]. Most generally, the scatienand the intellectual
development of the student may be described andrstwbd through the categories
of the knowledge — thinking — ability and the mation of the mental self-
development [14]. The volume of the knowledge definthe horizon, the
parameters, and the limits, on which the thoughts the fantasies of man spread.
The knowledge is a necessary condition for theembrand sufficient thinking
processes — comparison, analysis and synthesisrajzation and concretization.
The correct management of these processes comsibfdr perfecting and
enrichment of the knowledge [13]. Therefore, thaeking may develop when there
is a certain amount of acquired knowledge.

After a research and analysis of the literary sesiran psychology, didactics
and methodology, as well as observations and axgeti with students, we have
determined the content of the concept of algoriththinking (AT) and formulated
its main components [17]. We can define the alfarit thinking as a way of
thinking, which provides a solution for a specifiesk through a succession of
elementary actions. AT consists of a wide rangahilities and is affected by many
other cognitive factors. The initial course on imfiatics must introduce the students
to the technology of design, developing and appbtcaof a computer program, to
create habits, which may be applied and develoggt wearning other informatics
disciplines. At the same time, the introductory rs@s must present the students to
the basic intellectual aspects of the computemseid8]. The algorithmic thinking
components are: analyzing — determining the ingtiaddition, target, hypothesis and
limitations; decomposition — dividing the problemdub-problems and determining
the basic solution operations; formalization in erdto create a model —
reformulating the problem with computer sciencentgrcreating an algorithm and
defining the relation between the subtasks; congsion and applying formal
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ways for recording the algorithms; execution ofeat&@in algorithm through formal

and precise execution of the main activities; atbor analysis in order to determine
the optimal solution; modification of the known atghms for their application in

new situations; creation of a new (unknown) aldnit

For the obtaining of objective information regaglithe accessibility of the
suggested educational content and the efficiencythef developed educational
methodology, aimed at the development of algorithifiinking, are necessary
criteria and indicators for evaluation of the léagh outcomes. The traditional
structure of conducting pedagogical experimentsludes three stages [5]:
preliminary (ascertaining) experiment, procedurerr(fing) experiment and
concluding experiment. The objective is to folloke tdevelopment of the results
from applying the constructed methodology. Since #Huggested methodology
includes the content of the course on “Basics & @omputer Science” and
“Programming”, it is very difficult to create crifa and indicators for preliminary
evaluation of the trainees, which could be usedbath experiments — the
ascertaining and the control experiment. The reasdhe fact that in the last two
stages of the experiment are observed conceptsalgadithms, which cannot be
known to the trainees preliminary and the degreetheir mastery cannot be
followed at the ascertaining stage. That is why tnedghe indicators used for the
evaluation of the outcomes are with changed fortimnidfor the preliminary and the
concluding experiment (Table 1). For the operatiaaton of the objectives is used
the extended Bloom’s taxonomy.

The main questions, which must be answered, awmgectlto whether the
objectives re achieved, what is the efficiency loé tearning work, how good is
developed the educational environment and techgaddteaching, etc.

The result of the survey of the teachers in Comp&eience at Plovdiv
University regarding the degree of significancetted named skills and objectives
for the basic training of the students in the méjoformatics” is shown in Fig. 1.
The five-level Likert scale was used: 5 = Stronglyree, 4 = Agree, 3 = Neither
agree nor disagree, 2 = Disagree, 1 = Stronglygdésa The received results show
that as most important are considered the skiligpfoblem analysis and algorithm
analysis, followed in significance by the skillsr flormalization, abstracting from
the specific input data and proceeding to the smiutf the task in general aspect, as
well as the using of general algorithm for solvigpecific problem. The lecturers
consider the creation of a new (unknown for theletts) algorithm as difficult and
less significant activity in the teaching of comguscience and accentuate on the
analyzing and formalizing skills.
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The developed criteria and indicators for diagnasithe outcomes form the
pedagogical experiment are consistent with the mx@ealuation of the computer

science teachers.

Table 1. Criteria and indicatorsfor diagnosis of results

S = NOTES EXPERIMENT SUBSEQUENT EXPERIMENTS
3 (INTERMEDIATE AND FINAL)
Criterion |: Knowledge and skills related to problem solving
1. | Ability to analyze problems andAbility to analyze, define problems and
formulate key objectives. identify appropriate data types.

2. | Ability to divide a problem intg Ability to decompose problem intp
simpler components. subtasks which decision can be

differentiated into subroutines.

3. | Ability to define and use standafdAbility to define and use abstract dgta
data types. structures (arrays, structures, strings, ...

4. | Ability to implement linear and Ability to implement basic algorithms on
branched algorithm using standdrébstract data structures.
data structures.

Criterion 11: Knowledge and skillsrelated to understanding and implementing the

algorithm

5. | Understand and  monitor theUnderstand and monitor the
implementation of the elementaryimplementation of a program.
steps of the algorithm.

6. | Understands and explains the resultdnderstands and modifies the algorithm
of simple programs involving in context.
fundamental structures.

7. | Ability to implement the algorithm Ability to define an appropriate data
(program) with a specified input. structure and  algorithm  performs

(execute).

8. | Ability to detect and correct syntaxAbility to test and adjust a program and
errors. correct the errors in the algorithm.

Criterion 111: Knowledge and skillsrelated to analysis of algorithms

9. | Analyze the correctness of basidnalyze the correctness of the algorithm
algorithmic structures. (first or otherwise).

10. | Compares various simple dat&Evaluates the effectiveness of the
structures and basic algorithmlicalgorithm (time and memory use).
structures.

11. | Compares and analyzes differen€ompares and analyzes different solutions
solutions to a problem. to a problem.

12. - Ability to experiment, analyze the
Ab|I|ty_ fo conduct a compute obtained results and correct input data if
experiment and analyze results.

necessary.
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The suggested criteria for evaluation of the ATnfation are approbaite
during the lectures with fir-year students in the major “Informatics” at the tHgc
of Mathematics and Informatics at the Plovdiv Unsigy for the period 200-
2011. The teachin methodology used on the experimental group hédeeed
significant results. The main indicator for thistige statistical significance of tl
interaction effect between the factors of measurgnstéage and belonging to
control or experimental grou

&.00
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4,00 -
.00 -
200 -
1,00 -
o,on

4,85 485

levelsof importance

programming sidlls

Figure 1. Results of a survey of teachersin Computer Science
4. Conclusions

The main educational activities, related to theriog of skills for problen
analyzing, algorithm comprehension and executisnwall as algorithm analyzir
are at higher cognitive level. They are exclusivprocedural and metacognitiy
type of knowledgeand the levels of the cognitive process are &lsm a highel
level —analysis, synthesis, evaluation. Therefore spexffalits are needed for ti
forming and the perfecting of these skills. In opinion the introductory cours on
informatics must:

e introduce the students to the basic conceptiotiseofomputer scienct

e contribute for the development of the cognitive misd of thes¢

conceptions

e encourage the development of the students’ skiles;essary for th

application of conceptual knowlec.
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KPUTEPUU U TIOKA3ATEJIA 3A TUAT'HOCTUKA HA
®OPMUPAHETO HA AJITOPUTMHUYHO MUCJIEHE B
OBYYEHHUETO 10 THPOPMATHUKA

Tonopka Tep3ueBa

Pe3tome. OmnpenensHeTo Ha IeIMTe Ha OOYYEHHETO € BaXXCH eTam OT
IUIOCTHOTO TUIAaHUpaHe, IPOBEKJAHE W OIICHKAa Ha pe3yiTaTHTe OT 00ydeHHeTo. 3a
Ja ce OIepaIlioHaIU3UpaT M CTEIEHYBaT IEJINTe M 33Ja4iTe Ha OOYYCHHETO ce
M3IIOJI3BAT Pa3iNuyHU TAKCOHOMHH, KOMTO MO3BOJISIBAT PA3HOCTPAHHO IUIaHHUpaHE Ha
JNICHHOCTUTE B Tpolieca Ha OOyYCHHE WM ONPEHACIsIHE HA OLUCHBYHH HHCTPYMCHTH,
aJIeKBaTHU Ha IIOCTABSHUTE IIeNM. B m3cieaBaHeTo ce MpencTaBAT HAKOM KPUTEPUU
W TIOKa3aTeNW 3a JUAarHOCTHKAa Ha (POPMHPAHETO HA AITOPUTMUYHO MUCIICHE B
00y4YeHHETO MO HHPOPMATHKA.
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