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Introduction

Teachers at both primary and secondary schools afsem, that they are trying to
develop logical thinking with their pupils which Hlaand Hartlova (2010) describe as ‘a
higher form of thinking than the activity-dependente, i.e. the correct reasoning following
the laws of formal logic, where the two basic apgites are distinguished: the derivation
from the general to the speific, i.e. the deductand the derivation from the specific towards
the general, i.e. the induction. Having got acqted as a teacher with the instruction at
primary and secondary level over the period of sdvgears, | have found out that some
teachers develop rather mathematical thinking,neéefiby Dunlap (2010) as ‘a cognitive
approach to a problem, which is of both logical amthematical character.'

By analysing the instruction of mathematics in ¢tesses observed | have come to the
conlusion that the instruction is often focused roastering a particular algorithm, only
suitable for solving the model tasks. This way ufion led to a situation where the pupils
were able to solve a task, but could not justifg grocedure. When working with altered
assignment, the pupils often did not know how teesthe task, unable to react to the change.
Such instruction surely does not develop logicaikimg. Having interviewed both primary
and secondary teachers | assume, that they do istibgdish between the two types of
thinking, and usually do not consistently develogi¢al thinking with their pupils.

The logic can be approached in two ways. Withinftiet (psychological) approach,
the logic deals with thinking processes leadingiradividual to particular conclusions. It
admits that the person makes use of common langwagé the concequences are also
inferred on the basis of one’s own experience. Thegdisjunction can be understood in the
sense of elimination, the implication is based @ttdal meaning of statements etc.
Commonly the method of blind attempts is employetich should not have place in the
world of logic (Peregrin, 2004).

The second concept considers the logic as a fostiahce, studying the ways of
drawing conclusions from pre-defined premises. &ragd other thinkers, the founders of
formal logic, arrived at the conclusion that evkea structure of language and our reasoning
should be isolated and ‘mathematicised’, so thay thould be analysed through already
verified means of mathematics. This brings pargglementation to the matter (Peters, 1998).

With regard to the fact that authors do not agre¢he definition of logical thinking, |
have suggested my own concept, which considerssengal the ability of abstraction and

reasoning.



Amongst the authors who deal with the issues ofratison and reasoning are also
Graham, Cuoco and Zimmerman (2010). They descnibghéir work the individual's
considerations employed in mastering algebra, dk asethe best way to proceed towards
algebraic notation. One chapter of their book @u®d on using symbols, i.e. the abstraction
lift in the transition from a constant to a variabl

In this work | have focused not only on the relasbip between ontogenesis and
phylogenesis in the field of logic, but mainly dretquantitative research combined with the
gualitative one.

One of the targets of the work is to carry outthie form of pedagogical research, the
analysis of the present level of logical thinkinghapupils of primary and secondary schools.
We can presuppose that similarly to the intelligeatan individual, the logical thinking will
show relative stability, though some researchestiorerthe possibility of positive influence
on the ability of abstraction and logical reasonibge, 1990). Another aim is then the answer
to the question whether a positive shift is possilol the fields focused on the ability of
abstraction and the ability of reasoning throughubke of mathematical and logical games.

The Characteristics of Logical Thinking
Logical thinking

When exploring the term of logical thinking, we dot find an unequivocal definition.
Dr. Karl Albrecht (1984) claims that the base dfital thinking is sequential thinking. This
process involves the acceptance of important ideass and conclusions which are part of
problems, and ranges them into a progressive dhaincarries the importance of its own.
Thus, it is only possible to think logically withthe steps that do not contradict one another.
Contrary to this, Labouvie (1992) maintains thathwiogical thinking the important fact is
the complex solution to a problem, requiring nat jthe survey of systematic logical thinking
through the characteristics of formal operationsg, dlso the choice and the interpretation of
the particular area from which the logical thinkiagses. There exist more such definitions
described in the work, and | find it difficult tansply adopt one of them. | have thus decided

to specify my own definition of the notion of logiadhinking.

The Author’s Concept of Logical Thinking

On the basis of the individual approaches publidheshclude, that it is not possible
to exactly define and consequently “‘measure” lbgitaking as a whole, but it is necessary

to narrow the issue and establish the most sigmifiattributes of logical thinking.



| suggest thalogical thinking is a proces in which the individua looks back from
the content of particular statements, and consistaly employs particular inferences, so
that he arrives at a correct conclusion. The indisptable partial steps of the process
create a link between the assumptions and the comslion through a chain of these

inferences.

| also suppose that logical thinking is part of thmathematical one, while the
mathematical thinking presupposes extra knowledfyegasticular mathematical factors,

formulas, algorithms etc.

With the construction of the test for measuringlthes| of logical thinking, | focus on
the ability of abstraction and correct inferencee@ that the pupils face abstraction not only
within mathematics, but also geometry, | have ipooated in the test the items that aim at
seeking numerical or geometrical regularities. Mstt(supplement 1), though called simply
“the test of logical thinking”, focuses namely de &bility of abstraction and the ability of

correct reasoning.

The Method of Research

The research issues, aims and hypotheses

The research described in this doctoral thesissiegmamely on two research issues, the first
being the description of the present level of lagtbinking with pupils of different ages, and
the factors that influence this level. The secosslié of the research is the survey in the
possibility to influence positively the level of dwal thinking through medium-term

application of suitably chosen mathematical ordaggames.

For solving the research issues it is first neags&afind the method of the logical
thinking level’s detection, then, to define the gibke external factors which influence it, and
last but not least, to select suitable mathematcdbgical games and describe the way to
measure an individual’s capacity to play them. Thathy | have established for the purposes
of this work the following targets:

1. Selecting on the basis of suitable criteria the gmithat develop logical thinking with
pupils, and specifying the benefits of their imp&ration to the instruction of
mathematics.

2. Finding and describing the factors influencing #féectiveness of logical games’



incorporation in teaching mathematics (namely thdividual 1Q, the school’s
evaluation and the type of school).

3. Drawing up a test assessing the level of logicakihg of pupils.

4. Finding out what factors have impact on pupilsidagthinking.

5. Finding out whether positive shifts in logical tking of pupils are monitored after

medium-term application of logical games in teagmmathematics.

One of the factors that may affect the level ofidafthinking is the age of an
idividual. Had | chosen more values for the variable of agg (¥ to 18), the extent of the
selective set would not have been proportional wétipard to the interaction with the other
factors. For that reason | have limited the chante two categories, i.e. the younger pupils
(primary school pupils) and the older pupils (setaoy school pupils), and have introduced
the variable of school type.

For the complexity of the structure of the wholse&rch | present the following chart,

with the help of which the basic hypotheses haenlestablished.

The level
of logical

thinking

The capacity of an
individual to play
mathematical games
(Mastermind, NIM,
Sudoku)

External factors
(intelligence, type of
school, school
evaluation)

Chart characterising the dependences observed

Apart from the dependeces between the particulanadtts of the chart, possible
dependences have also been searched within theuparidomains themselves, as suggested
in the following hypotheses:

Hi: Amongst the external factors (intelligence, type school, school evaluation), the
predominant part is taken by the intelligence ofratvidual.

H.: The level of logical thinking of an individual depds on external facto(stelligence,
type of school, school evaluation).

Hs: The capacity of an individual to play mathematigames (Mastermind, NIM, Sudoku)
depends on external factors (intelligence, typscbibol, school evaluation).



These basic hypotheses are further divided into subsdgbgpotheses, e.g. the
hypothesis Hfalls into nine partial hypotheses etc. With regirdhe last research target, |
shall define yet another basic hypothesis:

H4: Through medium-ternmfluence on pupils by means of the applicationmathematical
and logical games, it is possible to reach positiv@nges in their logical thinking.

For the verification of this last hypothesis, thewdl of logical thinking must be

measured in two time periods (pre-test and pos)-tes

The Research Project Description

A range of research methods and techniques havedmployed in the work. Apart
from the content analysis of basic pedagogical d@mis, teaching experiments have been
used focusing on logical games, the method of ¢ureste for collecting mass data, and the
technique of directed individual interviews. Théenviews were carried out within each part
of the research, where it was not evident fromginestionaire which considerations the pupil
engaged, or when it was necessray to answer gasgtiat could not be incorporated in the
guestionaire. Case studies were carried out s@ asdess the shift in the level of pupils”

logical thinking and logical expression.

The selection of respondents

The respondents were chosen by multilevel randdettsen. From the basic category
(all primary or secondary pupils over the age @veh), twenty schools were drawn in the
region of Usti nad Labem, which were then addressedl asked for cooperation. That
differed in compliance with the character of reshakWhen it was not necessary to stay in the
school longer than a few hours (assigning the ¢oésntelligence and the test of logical
thinking), there were more pupils assembled thahencase where 10-12 hours of presence at
school were required (selection of the responddatsthe experiment assessing the
effectiveness of the application of games in taaghi With the latter it was not only
necessary to address the pupils in the experirbahglso those in the the control groups. The
following table shows the numbers of cooperatirgpomdents. It presents the pupils who did
not play games in the experiment as 'the othersbsg only passed the tests of intelligence

and logical thinking.



Primary schoo| Secondary schoq Total
Experimental group 60 48 108
Control group 59 47 106
The other pupils 88 127 2156
All respondents 207 222 429

Numbers of respondents

Tests of intelligence
Testing intelligence is basically possible in tways.

The first way makes use of complex testsntelligence, which test different abilities
(the test Army alfa and Army beta, Wechsler's tdsis test of the intelligence structure, the
analytical test, Snijders-Oomen’s test, tests MIURS, KAI etc.). These tests are dealt with
by specialised advisory centers and clinics. Anviddial examination takes approximately
60-90 minutes, and it is necessary for it to beiedrout by a professional psychologist. Such
tests are realised with regard to sorting particpl@blems of a client, e.g. the selection of
school, job etc. Similar results would undoubtdaitya contribution to my work, though, it is
not possible to carry out this testing with ove048spondents.

The second way employs partial tests of intelligefacused on general intelligence,
namely the Spearman’s G-factor. Amongst the megqufntly used tests belong primarily the
test of progressive matrices (J.C.Rawen), the CEFL2, CF 3 tests (Cattell), the Domino
test, Kohs” cubes etc. Considering the charactethefwork and time possibilities, the
Rawen’s test of progressive matrix has been emgayieich allows testing within a teaching

unit.
The questionaire research and its statistic procesgy

The footing for evaluating the level of logical nking was obtained through printed
guetionaires. It was not possible to make use efettisting questionaires or tests of logical
thinking, as those do not reflect the level of éagithinking in the way | had adopted for the
purposes of this work. A new original test of lagi¢hinking was thus drawn up (see the

supplement) in two versions; once as a pre-tesh, #% a post-test.

Each logical test included 12 main items, some loictv were further segmented. On
the whole, each respondent was solving 22 itemsghadould be divided into three domains:
» Search for Numeral Regularities (ability of absti@t) — NR

» Search for Geometrical Regularities (ability of tadstion) — GR



» Ability to draw Correct Conclusions — ACC

Each of these domains contains the same numbetewfsi The answers to the
guestions with the individual items have been eatald alternatively:
* 0 - the pupil answered incorrectly,

» 1 —the pupil answered correctly.

If the pupildid not respond to a question, an empty sign wad t@ the coding. Such
way of coding allows this interpretation of resuttgee arithmetic mean of the values measured
is the suitable point estimation of theparameter of the alternative distribution, whishthe

probability that a randomly chosen pupil will ans\iee related question correctly.

This way allows to evaluatibe level of logical thinking of an individual byeans of
the evaluating vector in the form (NR, GR, AC@)a pupil has the evaluating vector of
(0.73; 0.20; 0.50), then the first component of\ketor reports on the fact that the pupil can
for example respond correctly to a question frore field of searching for numeral
regularities with the probability of 73%. In my easch | have made use of this particular type
of logical thinking evaluation, as it allows nosjuhe assessment of the progress or decline as
such, but also the evaluation of the individuatgar which the change has occured.

For the examination of the dependences of the aissmith the individual items in the

guestionaire the Spearman’s correlation coeffiaéwrdinal correlation has been employed.

Reliability of testing

The evaluation of the reliability of the test ofjical thinking has been carried out on
the basis of the Split-half reliability test, whetiee test items are divided into two
approximately equal parts. In this case | haveda@i@ieach of the researched domains into two
parts, as illustrated in the following table:

Split-half reliability First Part Second Part

Examined domains NR GR ACC NR’ GR’ ACC’

Items of the given| 1A, 3, BA, 7C, 7B, | 1B, 1C,| 2B, 4, 7D, 7A, 8,
domain 5B, 6C,2A 11, 12 S5A 6B, 9 10B, 10A

Division into items of the logical thinking testth the Split — half reliability

For this division | have counted out the evaluatusgtor, separately for the first and the

second part with each respondent. The accorddrtbese two partial evaluating vectors has



been considered according to the mutual correlatibnhe individual items which have
reached the value of 0.59 for NR, 0.54 for GR ar&8@or ACC. The disadvantage of the
subsantial lowereing the correlation coefficienthahe Split—half reliability test is corrected
by using the Spearman-Brown formulahich sets the reliability for the whole of the ttes
unshortened. The formula has generally the follgwarm:

- mir’,
1+ (m-D)0

wherem s the ratio of the number of the original tesfigstions to the number of questions
in the shortened test; hare= 2. For example, with the domain of seeking nwaher
regularities we can thus count out:

MU s g _ 2[059

Famng = = = 074.
NENE 1 (M=) 0 e 1+10D59

The values of the other parts are 0.70 for GR afi@® @r ACC. On the basis of Klin's
principle, which considers a test reliable on ctodithat the levels are at least 0.70, the
testing method can be considered reliable enougtesaible at: http://cs.wikipedia.org/wiki
/Reliabilita). With regard to the fact that our dien of the responses into the items of the test
of logical thinking is of dichotomic characterjstpossible to make use of yet another method
of reliability assessment. This procedure empldys Kuder — Richardson formula. The
authors introduced more formulas, while |1 have oaded the formula no. 21 (accessible
at:http://www.e-metodologia.fedu.uniba.sk/index fidapitoly/ziskanie-hodnotnych-
dat/zistovanie-reliability.php?id=i9p3), whose gextdorm is as follows:

K - APK — AP)
K -1 K [B? ’

KR,

where K represents the number of items within the examidechain (e.g. K=6 with
searching the numeral regularitied)P is the arithmetic mean of the individual values
obtained in the particular domain, aStlis the variance of the given sampl&Vhen, for
example, incorporated into the formula for searghggometrical regularities, we gain the

following:

7 AT79(7 - 479)
KR,, = 1-
Ror 7—1[E 708°

|- o051

The values of the other parts are 0.53 for NR a®d@ @or ACC.Though these values are
lower than those obtained with the first method,cana consider the results between 0.5 and

0.6 as satisfactory.



To define the relationships between tlividual items of the evaluating vector, | have
made use of Spearman’s Correlation Coefficient eafaf Correlation, as illustrated in the
following table.

Examined Domainy NR GR ACC
NR 1.00000| 0.58436 | 0.540258
GR 0.584362 1.00000 | 0.529890
ACC 0.540258 0.529890/ 1.00000

Values of correlation coefficients with the exandrdependences

It is highly positive and important for this workhat all the constituents of the
evaluating vector show substantial mutual corretatiThe strong correlation between the
components evaluating the search for dependenaast isurprising, but the confirmed link
between the domain focused on the abilitydtaw correct conclusion, and the other two

domains.

The Statistic Methods Employed

In the research, the following methods have beed dsr obtaining data and their
further processing. During the testing | have gadimata of different character. It was
necessary to differntiate between dependent arepemtent selections, nominal, ordinal and
metric random quantities, with the metric quargitie evaluate their normality and according
to that, to opt for parametric or non-parametriatistic methods. The following statistic
methods and techniques have been used in coutise dsearch:

» testing normality (Shapiro Wilcoxon normality tektS Lilliefors test for normality),

* non-parametric testing of hypotheses (Mann-Whitesy, Wilcoxon paired test),

* non-parametric analysis of variance (Kruskall-\W\alést),

« correlation analysis (Spearman’s rank correlataefficient),

* methods of measuring dependences between quaniteatd qualitative variables,

* independence tests (contingence tables),

* cluster analysis,

 methods of reliability assessment (split-half dellity, Kuder-Richardson formula
no. 21).



Teaching experiments with logical games

When searching for suitable games | consideredrakebasic features for such games
to carry:

- the use of abstraction and correct conclusion argus essential when playing
the game,

- the game is not demanding material-wise,

- the game in its form is applicable in teaching,

- the game does not involve complicated rules.

The individual criteria and the choice of the garaes futher described in this work;
for the experimnent they were the games of Sudilastermind and NIM.

It was also important for the selection of the garhew exacting conclusions were
employed in their course. With the game of Sudokly imple conclusions are required,
based on the characteristics of conjunction, dijon and implication. With the game
Mastermind more complex inferences are involvedd aramely their sequencing for
preserving the consistence of the individual mowsile with the games of Sudoku and
Mastermind the knowledge of the prepositional dalsus required, the first-order logic
(work with quantifiers) is only employed with thamge of NIM, namely when defining the
win and lose positions.

The incorporation of the games in the school clas&es carried out in the following
combinations (this approach was chosen for timears, as it was not possible to introduce
all the games to the entire number of classes):

- NIM and Mastermind,
- Sudoku and Mastermind,
- Sudoku and NIM.

After the presentation of rules, the frontal dematndn of the game followed, and
guestions upon the rules were answered. Conseguémtl answer sheets were distributed
among the pupils, including the assignment and gpaces for inserting the responses
reflecting the progress of the game. When timesmeag was necessary, a stopwatch was
displayed on the interactive board. The individahllities to play the chosen games have
been assessed differently. The particular answesse vencoded by nominal or ordinal
quantities, while the individual’s ability to pladlye games was evaluated alternatively by the
codes of 0 or 1. The actual coding is as folows:



» with the game of Sudoku it was observed whetherwhele table was filled in

correctly,

* with the game Mastermind it was evaluated whethermupil had made use of all the

information from the previous moves,

» with the game NIM it was assessethetherthe pupil had discovered the winning
strategy or not.
So as to make it possible to keep record of thividdal's abilities to play the games, it was
necessary to create a record sheet for each gansmambple of the sheet is included in
supplement 2. The whole experiment was accompabyedterviews with pupils, which
clarified their steps and ways of searching stiategOn the basis of these interviews |
observed the relationship between the language ofdividual and his abilities of reasoning

(namely when working with quantifiers).

The Obtained Results

In this part we shall focus namely on the following

» the description of the external factors (IQ, type sehool, school evaluation in

mathematics) and their mutual relationships,
» the influence of the external factors on the lefdbgical thinking,
» the description of the experiment group and thdérobgroup and their comparability,
» the assessment of the level of game playing,
« the influence of the external factors on the aptfit play the selected games,

» progress in the level of logical thinking.

The External Factors (1Q, type of scool, the scho@valuation in mathematics)

| describe in my thesis the research in the depeadebetween the external factors
which | consider significant as for the influence the level of logical thinking. It is not
surprising that the dependence between the sclvatlaion and the type of school has not
been proved, similarly to the expected fact thatltQ of secondary school students is higher
than that of the primary school pupils. With bolte tprimary and secondary schools, the

dependence has been proved between the schoochgealand the intelligence of the pupils.



The impact of the external factors on the level dbgical thinking

The matter of influence of the external factorstbe level of logical thinking is
discussed with regard to the levels obtained inittr@ductory test of logical thinking. We
can say that the level of influence on the levelaopupil’s logical thinking grows in
accordance with the level of his 1Q itsélhe influence of the school evaluation on the level
of logical thinking has been confirmed with botlnpeiry and secondary grammar schools. It
has been proved that the levels of logical thinkwith the pupils of primary schools and
those of ‘the other secondary schools' do not digidensively from one another, whereas the
higher IQ level of the secondary grammar schooilpuphows a statistically significant shift
in the level of logical thinking, when compared hvithe pupils of the other two types of
schools.

The Experiment Group and the Control Group and ther Comparability

Considering the orientation of the experimentat pathis work, both the control and
experiment group at the two types of school hawenlmmmpared namely in the domain of the
level of logical thinking. The following table shewthe numbers of pupils whose level of

logical thinking has been examined.

Primary School Secondary Schoc
Experiment grouq 60 48
Control group 59 a7

Numbers of respondents in course of the experiment

The numbers of the pupils in the experiment ancttmdrol group are roughly comparable.

The control group with the primary school pupil$ d#e considered as suitable, as its
pupils reach approximately the same values in tieetgst of logical thinking as with the
pupils of the experiment group.

We did not manage, though, to ensure for the exygari and the control group within
secondary schools to be comparable in that seii$® group where the experiment with
logical games was carried out belonged to the oayegf ‘other secondary schools’, while the
intended control group recruted from the grammadrosts. The control group is thus
unsuitable for comparisoAs a consequencd,is not possible to compare the results of both
the two groups using the statistical methods foosdary schools.



The assessment of the game playing level

During the researcfocused on the ability of primary and secondaryostipupils to
play the chosen games, | have arrived at severiipeonclusions related to the interest of
pupils in these games. With the game of Sudoku,sethmiles are commonly known by
general public, no substatial difference has beemveau in the interest of primary and
secondary pupils, nor in the ability to play thenga With the game NIM, the interest varied
from one phase of the exeriment to another. Thamany school pupils showed more interest
in the game where that involved manipulation withjeats, while the secondary students
seemed more interested when the game, aimed atvdigtg the winning strategies, made
use of abstraction and graphs. The game Masterprioeed more attractive with secondary

school pupils.

The impact of external factors on individual’s abiity to play the selected games

In this chapter | focus on the ways the observetiofa influence the ability of an
individual to play the games, when these are irm@fed in lessons. Based on the data
obtained in the experiment group the following éabs been assembled, describing what
dependences have been proved between the partiaatars and abilities at the significance

level of 5 %.

Types of games/individual factor e €6 !ndlv!dual S SChOQI
school intelligence evaluation
Individual’s ability to play Sudoku No Yes No
Individual’s abl|.lty to play Yes Yes No
Mastermind
Individual’s ability to play NIM Yes No No

Numbers of respondents in course of the experiment

Only with the game of Sudoku the dependency orythe of school has not become
evident. This is not surprising, given that theligbto play this game is namely defined by
the frequency of playing, as it has been menticdsal/e. What is surprising is the fact that
the dependency which has been proved betweendhédnal s intelligence and the ability to
play the games of Sudoku and Mastermind has nainbecvident with the game of NIM.
Nor is it particularly unexpected that the depemgyemas not been proved between the ability

to play the games and the school evaluation.



Progress in the level of pupils” logical thinking

As it has been stated, | have focused in my workeig on the development of an
individual’s logical thinking with the help of matmatical or logical games. For the purposes
of the final testing it was necessary to createeadh test of logical thinking, that would be
analogous to the entry test of logical thinkingeTllowing table provides the numbers of
respondents in both the experiment and the cogbmip for primary and secondary level.
Only those respondents are included, who havesasthe pre-test and the post-test of logical

thinking.

Primary schoo| Secondary schog
Experiment grouq 41 31
Control group 65 38

Numbers of respondents in the course of the exgatim

This part of research is related to the hypothesisning that through the influence on pupils
by means of medium-termpplication of mathematical and logical gamessipossible to
reach positive changes in their logical thinkifi@pe verification of this hypothesis has been

carried out sepatately with primary and secondelnpal pupils.
Primary school

The hypothesis has been proved wilibe primary school experiment group in all the
examined domains. To confirm the fact that the tpesichanges in the level of logical
thinking occured right on the basis of the incoragtidon of the selected games in lessons, |
carried out analogous testing with a primary schamwitrol group. Here, the hypothesis has

not been proved in any of the examined domains.
Secondary school

The hypothesis has been proved with secondary school experiment group in all the
examined domains. As it is problematic to make afsa control group (see above), these
results can only be considered as approximate. fifeless, | state that with the control

group the hypothesis has not been proved in attyeoéxamined domains.

It is remarkable that though the games were playiddthe pupils in only ten lessons,
there was a statistically significant improvemebtse@rvable in all the examined domains
(with the exception of searching for numerical degties with primary school pupils). It is

thus possible to confirm the hypothesig Hhat through medium-termfluence by means of



the application of mathematical and logical gaméh pupils, it is possible to reach positive

changes in their logical thinking.

Conclusions

My pedagogical research, including all the prelianinphases dealing with mapping
the environment and the popularity of the games oaried out at nine schools, where the
total number of 678 respondents were addressedst&@ulal part of the research was a
teaching experiment aimed at the incorporationashegs in lessons; there | met 108 pupils in
thirteen sessions. Collecting the experiment dates wealised through the method of
guestionaire, with the help of entry and end te$tisgical thinking, the intelligence test and
several answer sheets. Specific areas of the ddseare accompanied by individual directed
interviews with chosen respondents. On the basikesfe interviews | came to the conclusion
that an important condition for drawing correctit@y conclusions is using suitable language.

Through the observations in class and the intersietth teachers and pupils, | have
found out that there is a generally accepted hehett logical thinking of pupils is developed
rather automatically, i.e. by learning Mathemattsslf. My own research has led me to the
conclusion that this is only partially so, and thadre attention to the development of logical
thinking should be paid. While the Framework Edimatfrogramme (henceforth the FEP)
for secondary schools mentions the basic topic®gits explicitely as part of the chapter
Argumentation and verification, there is hardly apace given to the topics of logics in the
FEP for primary education (accessible at:
http://www.msmt.cz/vzdelavani/skolskareforma/rameaeezdelavaci-programy).

Another interesting finding obtained from the tdaghexperiment is the fact that
while with the primary school pupils the rankingge#fmes from the least to the most popular
one is the Mastermind, the Sudoku, the NIM, wita secondary school students the order is
reversed. As a possible explanation | suggest whidt primary pupils the possibility of
manipulation with objects involved played a postiole, whereas with secondary pupils this
aspect was perceived rather as an obstacle. Sothe ptipils also played the selected games
as their leisure time activity.

Throughout the experiment it was constantly heeedreate positive educational
environment. Helmke (2007) presents ten basis festtessential for running the educational
process, including namely the pupil’s motivatiom activation, the structure and clarity of
the instruction, individualization, cohesivenesgus on the pupil, both teacher’s and pupil’s
feedback, utilization of mistakes in the pupil’guoiive processes etc. When playing games,



the pupil is motivated and activated in a naturaywech playing one’s own part while having
one’s competitor (except for Sudoku), while gettilgg immediate feedback on one’s
performance, naturally making mistakes and elinmigathem on one’s own immediately etc.
The teaching environmnent created in the experirttaug supported the self-fulfilment of
the pupils, their individual work, and it respectibeir individual pace. It can also be stated
that when playing these games, the pupil goes gfrall the stages of the cognitive process.

With the pupils of the experiment group at primachool level | have found, when
comparing the pre-test and the post-test, thesstaily significant difference in the level of
their logical thinking in the domains of searchiieg numerical regularities and the ability of
drawing right conclusions at the level of significea of 5 %, and with the geometrical
regularity at the significance level of 1 %. Withetpupils of the control group for primary
schools, no statistically significant differencestieeen found in any of the examined domains.

With the pupils of the experiment group at secopdsrhool level, a statistically
significant difference has been found in the legkltheir logical thinking within all the
examined domains at the significance level of ll84he group of secondary school pupils
where the experiment was not carried out (it is pudsible to take it as a standard ‘control
group’ for the reasons mentioned above), | havdamatd a statistically significant difference
in the level of logical thinking between the prettand the post-test in any of the examined
domains. It can thus be stated that the hypothésisas been proved.thus infer that it is
possible to positively influence the level of logfichinking (abstraction and reasoning) of an
individual.

These conclusions of mine correspond with thearebecarried out by Lee (1990). He
describes abstraction as integral part of individuiaatelligence, and claims that it is possible
to influence it positively. Lee further deals witie researh in the ability of human abstraction
with regard to one’s age, and he arrives at thelgsion that along with the age it slightly
decreases. He also mentions that the relationgtipeen an individual's intelligence and the
ability of one’s abstraction is invariable throughone’s life. The strong dependence of an
individual’s ability of abstraction on one’s intgince has also been confirmed in this
doctoral thesis.

On the basis of my research, | have become conyitiw the use of similar methods
would also bring its benefit at universities, naynielr the students who prepare for the career
of a teacher.



Zavéry

Muj pedagogicky vyzkum, detrg vSech pedvyzkunii se zamfenim na zmapovani
prostedi a oblibu her, prahl na deviti Skolach, kde bylo osloveno celkem é&$ponderit.
Podstatnou sasti vyzkumu byl didakticky experiment zé&mny na zapojeni her do
vyucovani, kde jsem se setkal se 108 zaky celk@madtkrat. SBr experimentalnich dat byl
proveden dotaznikovou metodou pomoci vstupniho siupyniho testu logického mysleni,
testu inteligence aékolika zaznamovych ardéh Specifické oblasti vyzkumu byly dogmy
fizenymi individualnimirozhovory s vybranymi respondenty. Na z&klagchto rozhovol
jsem také doSel k zénu, Ze pouzivani vhodného jazyka jdeZitou podminkou pro spravnée
logické usuzovani.

Na zaklad pozorovani v hodinach a rozhoua Witeli a Zaky jsem zjistil, Zze je Siroce
rozSten nazor, Ze k rozvoji logického mysleni éaochazi vicemeénautomaticky tim, Ze se
uci matematice. Z vlastnich geni jsem doSel k zéxu, Ze je tomu tak jepasténe, a Zze ve
vyuce matematiky jeféba rozvoji logického mysleniémovat \&tSi prostor. Zatimco
Ramcovy vzdlavaci program (déle jen RVP) praesini Skoly explicité zminuje zakladni
logické wivo, v ¢éasti Argumentace a ¢fovani, RVP pro zakladni vZvani ne¥nuje
logickému wivu témet Zadny prostor (dostupné z http://www.msmt.cz/vadehi/skolska
reforma/ramcove-vzdelavaci-programy).

Zajimavym poznatkem z didaktického experimentu kgjléteni, Zze zatimco u Z#ék
zakladni Skoly je p@di od nejmé#x po nejvice oblibenou hru Mastermind, Sudoku, NIM,
u Zzaki ze stedni Skoly je toto p@di obracené. Toto vy&tji tim, Ze u zak zakladni Skoly
hrala pozitivni roli moznost doprovazet hrani honkrétnimanipulaci s fednety, kdezto u
Zaka strednich Skol byl tento fakt spiSéepazkou. Nktefi z Zaki se vybranym hrameénovali
i ve svém volnéndase.

V experimentu bylo tkledré dbano na vytvieni @iznivého vyukového prosdi.
Helmke (2007) uvadi deset zakladnich charakteriktdré jsou podstatné pro vedeni vyuky.
Pati mezi r® zejména motivace Zaka a jeho aktivizace, strukamost a jasnost vyuky,
individualizace, soudrznost, orientace na Zak&tr#pvazba &itele i Zaka, vyuziti chyby
v Zakow¥ poznavacim procesu apodi Rrani her je Zzak motivovan a aktivizovafirpzenou
cestou, kazdy hraje sam za sebe a z#&@roné sveho soupe (vyjma hry Sudoku), ziskava
ihned z@tnou vazbu o svém vykonuiippzere se dopousti chyb, které vzdipsam odstnsuje

atd. V experimentu vytwené vyukové progtdi tak podporovalo seberealizaci &alejich



samostatnou praci a respektovalo jejich vlastnptende také mozné konstatovat, Zehpani
téchto her zak prochazi vSemi stupni poznavacihogstoc

U Zaki experimentélni skupiny z&kladni Skoly jseiin grovnani pretestu a posttestu
shledal statisticky vyznamny rozdil v arovni jejitbgického mysleni v oblastech hledani
¢iselnych zakonitosti a schopnosti spravného usmdkgtiprocentni hladit vyznamnosti a
v piipadt geometrické zakonitosti na jednoprocentni hladigznamnosti. U zak kontrolni
skupiny pro zakladni Skoly nebyl shledan statigtiokyznamny rozdil ani vjedné ze
zkoumanych oblasti.

U zaka experimentalni skupinyigdni Skoly byl shledan statisticky vyznamny rozdil
v arovni jejich logického mysSleni ve vSech zkoumeamyblastech na hladinvyznamnosti
jednoho procenta. Ve skugirzaki stredni Skoly, kde experiment neprobihal (nelze ji
korektre povazovat za kontrolni zZidodi vySe uvedenych) jsem neshledal statisticky
vyznamny rozdil v arovni jejich logického mysSlenipketestu a posttestu v zadné ze
zkoumanych oblasti. Lze tedy konstatovat, Zze hyaok§ se potvrdila. Domnivam se tedy, Ze
je mozné pozitivé ovlivnit arovei logického mysleni (abstrakce a usuzovani) jedince.

Tyto meé zavry se shoduji s vyzkumem, ktery provedl Lee (199yn popisuje
abstrakci jako nedilnou séaést inteligence jedince a konstatuje, Ze je mozrgpzitivné
ovlivnit. Lee se nadaleénuje zkoumani schopnosti abstraktevéka vzhledem k jehodku
a dochazi k z&ru, Ze spolené s wkem schopnost abstrakce néirklesa. Zmiuje také, ze
vztah inteligence jedince a schopnost jeho abstrgkaensnny po cely Zivot. Silna zavislost
schopnosti abstrakce jedince na jeho inteligentals@ potvrdila v této disertai praci.

Na zéklad svého vyzkumu dochazim kgswdéeni, Ze uziti podobnych metod by
mohlo byt prospSné také na vysokych Skolach, zejména pak pro stydeitelskych
studijnich obaot.
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Supplements
Supplement 1. The Entry Test of Logical Thinking

Name and SUrname ........cooeeeeeieiieiieaaaaaann,
ClasSs ...
SChoOl ..o

Mark in Mathematics .........ccovvevveinin..n.

1) Complete the numeric series by at least three mamgbers.
Q) 1, 2, 3,5, 8, 13, 2. it
C) 1, 3, 2, 4, 5, 7, B, Bttt e e

2) Draw the continuation of the following picturesddat least three more moves.

NVAVAVNY
v

3) The answer to number 52363 is 36325; what is tsevanto number 462517 Circle.

A) 25641
B) 26451
C) 12654
D) 51462
E) 15264

4) Which of the pictures completes best the seriesieCi

[ Il [l [ I o
1L [ L LI

T | T
A) K B) Ll ¢ D) k2wl




5) Substitute the question marks in the tables by rmumborresponding to the numbers
already present.

1 9 ? 13 1 4 9 ? 25 36 ?
2 10 6 14
? ? 7 15
4 12 8 ?
6) Find the regularity and fill in all the empty fiald

o C 00O 0 C e
0000 0e 00 e

1 2 3 4 2 3 4 1

h

O ®
O
@
O

b) In the last square, paint in the grey and tlaelbfields.

7) Logical links
a) The natural numbers are 1, 2, 3, 4 etc.
Write down the first five natural numbers divisilidg three and four at a time.

b) Write down the first five natural numbers divisilidg three or four.

c) Is the following statement true? If a number idgible by six, it is even. ANO - NE

d) Is the statement reversed to the previous one true? ANO - NE

8) Write down the numbers that are even, and fall thi interval between three and

sixteen, included.



9) Choose which picture belongs to the field with goestion mark (circle).

21 =
0 =
=N RV 4

A B c D E

N\ | &

10)Answer to the following statements. Base your e=pbn the expressions used in these
satements.
a) If you know that each mammal drinks milk and a tiatpis a mammal, what

conclusion do you draw from that? ..........ccccccceeiiieeiiee e

b) Let’s take this statemenEach child has at least one frien&lhen is this

statement not right?

11)We keep three dogs in the flat, and each dog kasin bed. Alik lies in Bertik’s bed

and Rex is not in his own. In which bed is Bertik?

12) If 1 do the homework and the training is cancelledill go to see my friend. What
does the fact mean that | did not go to see mwdifeAnswer in full sentences. In your

reply make use namely of the expressions usecdtiaghignment.



Supplement 2. The Sudoku Answer Sheet

Name, surname....................... Do you know the rules of @w® ...........ccccceeennnen.

Mark in Mathematics........................
How to play Sudoku?
a) On each line a particular number only occurs once.
b) In each column a particular number only occurs once
c) In each square of nine fields a particular numisdy occurs once.

7| |3 2| |85 7| [3]]:12] |8]|5 71 13 2] 1815
9 715|2 9 17]5]2 9 75|z 1
1 7 1 1 [6 7 2111 & T
LI - 8|2 | % gla 4 :_
I4I Illslel IEI 4 ]__flg 2 4 1698“.__
z| 1471 IR 2| 471
3 6 3 T 6 3] | 6|2
6l2[8 4 AHE 4 |6[2[8 ‘
45 |6 7| |8 4|5 7| |8 45|26 7,118
Show how you manage to fill in all the fields
Easy Easy
2 6 7 1 1 489 6
6 8 7 9 73 4
19 4|5 . 1[2/95
82 1 4 7112 6
416, 219 | > 73 8
5 3 2 8 6] 9 5|7
9|3 74 914|6
4 5 36 2 _ 37
7 3 18 8 512 4
Medium difficulty Diffult
2 6 8 6 4
58 917 7 3|6
4 91 8
37 5
6 4 5 138 3
8 13 3 6 45
2 4 2 6
9(8 3 6 9 3
36/ 9 2 1

In what order and time did you fill in the individufields?



216 |7 ¥ i

6 |8 7 9 h
119 41 5 g
8|2 1 4 f
416 219 e
5 3] |[2|8] d
913 7 4 c
4 5 3/ 9 b
7 3 8 a

A B CDEFGHI

During the game, complete into this table the ondekvhich you were inserting the

numbers (for example Ai and likewise).

1. 10. 19. 28. 37.
2. 11. 20. 29. 38.
3. 12. 21. 30. 39.
4, 13. 22. 31. 40.
5. 14. 23. 32. 41.
6. 15. 14. 33. 42.
7. 16. 25. 34. 43.
8. 17. 26. 35. 44,
9. 18. 27. 36. 45.

Describe how you uncovered the first three fieldsclv you completed. Do not guess, but

explain why you wrote down the actual number yall di



