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Welcome

Our first English-language issue in 2022 will be published as part of a newer electronic version of the
Open Journal System (0JS). Of course, the first ideas formulated in 2014 are still valid today: "... the
existence and hoped-for development of our online digital periodical Opus et Education will be
appreciated by the numbers and writings in the future," but the quality of services is becoming
increasingly important in today's online world, reliability. To this end, we want Opus to meet the
requirements required at the international level in the spirit of a conscious strategy. We hope that the
new electronic interface, which provides more complex electronic services, will increasingly meet the
expectations of our authors and readers. With new support for the editorial workflow, our authors can
submit their article submissions to the Editorial Board in a more transparent and quality-friendly form.

Opus's structure has remained unchanged, and the thematic spectrum, in line with changes in the
interconnected worlds of work and Education, is multidisciplinary, according to our original intentions.
Like last year, we plan to publish two issues in English and two in Hungarian in 2022. Because of the
increase in the number of authors, we would like to increase the number of scientifically qualified
domestic and foreign colleagues who can be involved in proofreading articles, so in the coming weeks,
we will seek to strengthen our proofreading background by recruiting professionals. | would also like
to talk about the content features of this issue in this short introduction.

Although this issue is not thematic, the five communications in the Studies section address strategic
issues. The paper of Péter Téth and Kinga Horvath deals with the developmental issues of the ionic
thinking of teachers in the 21st century. Tamas Kersanszky analyzes the STEM problem darkness in terms
of integrated Education. Geoffrey Vaughan's study on Metacognition and Self-Regulated Learning is also
a strategic thought. Katalin Kanczné Nagy's In the intersection of Art-Pedagogy-Psychology is also an
important area, in which Agdtha Csehova and Anita Toth-Bakos's Art and Intercultural Education with
Signs of Tolerance, Acceptance from the Perspective of Future Teachers is related. Rendta Marosi-
Lengyel Language Learning with English Audio-visual Media Among the University Students of English
Language and Literature at J. Selye University concludes the articles in the Studies section.

Our authors undertook to present new research results in our Awareness section. Judit Verecki's and
Andras Benedek's review of the development of Institutional Leadership in the Hungarian Education
System reviews the specific public education leadership training system that has developed in recent
decades. Helena Manojlovic undertakes to analyze the application of a new and popular method in her
work Escape room as a teaching method, illustrating international innovation efforts. Also, a complex
analysis of an exciting topic was undertaken by Henrietta Muzsalyiné Molnar et al. Current trends and
developments in the application of digital tools and implementation of environmental awareness and
sustainability in PBL-based STEM education: a dual systematic literature review. Gives Insight into the
Technological World of Far Eastern Universities | Wayan Eka Dian Rahmanu Study of Spherical Video-
Based Virtual Reality (SVVR).

Thanks to Katarina Szarka, our readers can also get acquainted with a new project that reflects the
aspirations of two countries: Exploring science, mathematics, and computer science education in high
schools in selected regions of South Slovakia and Hungary. Finally, a review of a critical newly published
note concludes the chapter, presenting to Teoddra Békefi the new volume of Didactics published by
the University of Selyei, authored by Kinga Horvath and Péter Téth.

Budapest, June 2022.

We wish our readers a pleasant summer and good reading

Andras Benedek
editor-in-chief of Opus et Education
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Péter TOTH, Kinga HORVATH

The development level of pedagogical students’ inductive thinking
in the 21st century

Introduction

Owing to the requirements of a knowledge-based economy, the role of higher education has been
appreciated during the latest decades. Therefore, third and fourth-generation universities have
become committed to developing those competencies of their students that make them able to meet
the dynamically changing requirements of modern societies and work positions (Kozma & Pusztai,
2018; Gordon, 2003; Lukovics & Zuti, 2014). Moreover, competence development has been at the core
of higher grade training besides teaching vocational knowledge.

According to several types of research, the labor market is expressing a solid demand so that career-
starters should, in addition to their vocational knowledge, possess developed communication,
organization, and problem-solving skills as well as analog and logical thinking, creativity, interpersonal
skills, emotional intelligence and should be assertive and apt to be motivated. Professional literature
calls these labor market key competencies (soft skills). However, the researchers also point to the fact
that it is precisely these competencies in terms which career starter employees are unprepared when
arriving from higher education to the labor market (Engler, 2019); companies often consider these
competencies more critical than vocational preparedness (Veroszta & Nyisti, 2015) and call the
trainers to develop these skills (Kautz et al., 2014). According to a study by the Manpower Group
(2015), 16 percent of the positions have remained unfilled owing to the lack of soft skills in Europe.
The opinions about what competencies belong to soft skills are very diverse. Career-starters show the
most deficiencies in intra- and interpersonal and some cognitive competencies and attitudes. Several
studies refer to serious shortages in the so-called higher-level reasoning, including problem-solving,
critical thinking, judging, and decision-making ability. At the same time, in the world of labor, these
appear as demands in their organic relation system (Balcar, 2014; Carnevale, 2013; Eger & Grossmann,
2004; Cornalli, 2018).

In higher education, pedagogical and teacher training plays a unique and outstanding role in many
respects. The training does not only aim to develop the students' specific labor market competencies
but to make them ready and able to develop the labor market competencies of their students, as well.
So in training programs, the competence requirements teacher students meet must also include the
methodology of developing these competencies.

Higher education can fulfill this requirement in case educators working in teacher training (1) are aware
of what the key competencies of the pedagogic profession are, (2) know the development level of the
competencies of the future pedagogic professionals, (3) are aware of the competing demands of the
schools, and (4) know how the competencies presented in point (1) can be diversely developed so that
by the end of the training the difference between the expected and the current competence levels can
be as trim as possible.

According to another point of view, these soft skills are vital competencies, and their attainment
influences the quality of teaching in public education. Furthermore, this is a decisive factor in
promoting effective learning (Tang, 2013). At the same time, teaching is also a complex activity that
needs a comprehensive set of knowledge and skills, including hard and soft skills, so that the teacher
can handle classroom needs and problems successfully (Tang et al., 2015b; Flores & Day, 2006).

Consequently, teacher trainers face the challenge of how future teachers can be prepared to meet the
labor market requirements; the school, in this case, takes the students' age characteristics and
personal endowments into consideration.
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It cannot be postponed any longer — developing soft skills must be given more significant stress in
teacher training and in-service training programs, primarily in the methodologies.

In order to be able to meet the presented requirements, the trainers must be able to assess the
development level of pedagogical students' competencies. Hence, not being reliable and valid
measuring tools for each soft skill. Logical reasoning and its components, rule induction, and analog
and diagrammatic reasoning do not belong to this group.

Thus, this research can be considered a kind of a "situation analysis" as it was aimed to get to know
what development level the education students entering higher education are at in terms of logical
thinking, which is one of the labor market's key competencies (soft skills), i.e., what is the initial
competence level in this field.

Conceptual background
Concept of Soft Skills

As presented above, in addition to professional successes, or instead as their preconditions, the so-
called soft skills are getting increasingly important and play a significant role in employability and
achieving wealth and personal objectives.

Some authors identify soft skills with other characteristics; for example, Verma (2013) draws a parallel
between soft skills and emotional intelligence, saying that a person more developed than the average
can positively manage other people's behavior and positively impact them. Others think that soft skills
are synonyms for employability (Prasad & Nagendra 2017), which indicates that to improve the
chances of getting employed, one must have, in addition to his/her technical competencies, these skills
and competencies throughout his/her life. Carneiro et al. (2007) stress the social utilization of soft
skills. Besides this, by putting the aspects of using info-communication tools into the foreground,
Meacham et al. (2014) distinguish between old and new soft skills. Communication skills, the ability to
react, and teamwork appear in the new category, as well but already in the context of application in
the online space.

It has been proved that the critical competencies demanded by employers are of fundamental
importance in successfully implementing work activities (Pachauri & Yadav, 2012; Orlando & Altomari,
2019). These include employee engagement, interpersonal competencies, practical communication
skills, emotional self-control, and problem-solving (Carnochan et al.,, 2014). These inter-and
intrapersonal competencies refer to personality, attitudes, and behavior (Moss & Tilly, 2001) as well
as aims, motifs, and personal preferences (Heckman & Kautz, 2012). This personality-specific
competency determines one's strengths as a leader, facilitator, or mediator (Robles, 2012; Pisorova,
2017). Cognitive and metacognitive skills represent the dynamic combination of intellectual and
practical competencies (Haselberger et al., 2012, Cinque, 2016) that keep developing throughout one's
life (Knight & Page, 2007) and are inevitable in community existence and workplace successes
(Kechagias, 2011).

Teachers' Soft Skills

Soft skills can be developed the most effective during education, so teachers play a decisive role in this
process.

It is important to emphasize that the teachers do not only have to adapt to the requirements of the
pupils and their parents (Brewster & Railsback, 2001) and must provide the effectiveness of the
teaching-learning process (Pellerey, 2017) but also have to meet social and labor market expectancies
(Bauman, 2011). Therefore, the development of transversal competencies (Svecnik, 2008; Tang et al.
2015a; Orlando & Altomari, 2019), known as teacher competencies, is a prime target. The comparative
research that was implemented in 2011 and 2018 with the involvement of first-grade teacher students
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and that examined the attitudes toward teacher competencies, abilities, and skills as well as to other
knowledge and forms of behavior found that some capabilities (professional behavior, the ability to
perform high-quality work, the ability to defend and protect, health consciousness, environmental
consciousness, and moral competence) were judged significantly more critical by correspondence
students than by full-time students.

According to Hattie (2003), teachers with developed soft skills exert direct influence on their pupils'
interest, engagement, and the evolution of their future capacities (Salleh et al., 2010), and their role is
vital in improving self-evaluation, self-knowledge, and other personal characteristics (Tang et al.
2015a; Csehiova & Kanczné, 2019; Csehiova, Kanczné Nagy & Téth-Bakos, 2020; Baka, L. P., 2021).

Soft skills play an outstandingly important role in interpreting and understanding complex situations;
therefore, they must be paid attention to when compiling the teacher training program. Many studies
dealing with the soft skills needed for effective and successful teaching (Tang, 2018; Rashidi et al.,
2018; Orlando & Altomari, 2019) distinguish between five components: communication, leadership
and direction, teamwork, life-long learning, and problem-solving. Other authors mention specific
moral characteristics, professional knowledge, and entrepreneurial competence (Pachauri & Yadav,
2012; Tang, et al., 2015b). Tang et al. (2015c) found that the five soft skills (teamwork, communication,
leadership skills, critical thinking, and problem-solving) are significantly connected to the restfulness
of teaching.

Using developed problem-solving skills, teachers' thinking may become critical, creative, innovative,
and analyzing, which is of outstanding importance since, by way of these, they can offer their students
new ideas and alternative solution possibilities (Orlando & Altomari, 2019). In cognitive pedagogy and
psychology, the development of cognitive competencies has long been one of the essential education
objectives (Resnick, 1987), as they include the ability to reason and explain, abstract notions, apply
rules and draw conclusions (Holmes, 2002) as well as to gain and utilize new knowledge or use existing
knowledge during the solution of new problems (Molnar et al. 2013).

Thinking is the base for all cognitive activities or processes characterizing humankind (Wu, 2011) and
is the highest level of acquiring knowledge. The changes in individual thinking that appear in various
contexts originate from the actual mutual effect of the cognitive system and the available
environmental structure (Plumert, 2008). The personal ability to think in a disciplined way or to build
one's thoughts on facts and proofs is known as the skill of logical Thinking (Wu, 2011). The ability to
think logically means that logic is built into the thinking process when a problem is analyzed to find a
solution. Logical thinking means that one sets reasonable goals, implements adequate operations
according to the goals and hypotheses, and, considering the available proofs, comes to conclusions
that prove or confuse one's hypotheses (Stanovich et al., 2008). The capability of analytic and logical
thinking makes it possible to comprehend complex interrelations, transplant the gained information
into a new structure quickly, and interpret it to solve the new problem.

Role of Inductive Reasoning in Problem Solving

Carroll (1993) mentioned inductive and deductive cognition as the "sub-skills" of the capacity of logical
cognition. Inductive thinking is needed primarily when observations and experiences can be used in
totally new (problem-solving of productive nature) or partly new, similar situations (problem-solving
of reproductive nature). The new knowledge gained during such a process always bears the possibility
of uncertainty and mistake. The main aim of inductive reasoning is to recognize regularities and
generalizations (Mousa, 2017). According to Klauer (1999), the process of comparing is one of the
essential characteristics of inductive reasoning. During this process, it is defined in the first step as the
characteristics of the elements of reality and the relations between the specific elements, then
similarities and differences are observed using which rules are recognized. Finally, generalizations and
predictions can be formulated based on the rules identified while analyzing the observed cases; in this
phase, inductive conclusions can be drawn.
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Inductive thinking or reasoning plays an outstanding role in the cognition processes; it is understood
as a general cognition capability (Pellegrino & Glaser, 1984; Molnar et al., 2013) that is connected to
almost each higher-level cognition skill (Csapd, 1997; Molnar et al., 2013; Schubert et al., 2012; Alrawili
et al., 2020), like for example, general intelligence (Klauer & Phye, 2008), the skills of gaining and
applying knowledge (Hamers et al., 2000), abstract thinking (Goswami, 1991) or problem-solving.

Inductive reasoning is also referred to as the means of gaining new knowledge and the indicator of the
learning potential and is also assigned an essential role in the transferability of knowledge (Resing,
1993). Research aimed at the exploration of general intelligence keeps count of it as one of the decisive
factors in the effectiveness of the various operational processes of cognition (Carroll, 1993; Demetriou
et al., 2011). The empiric research conducted with students starting their university studies and
focused on inductive reasoning made it clear (Pasztor, 2019) that a quarter of the students were likely
to face learning difficulties during their university years.

Research Aim and Research Questions

As presented above, inductive thinking is vital in teacher training as a soft skill. It is an essential key
competence of the training, which must be developed — for two reasons. First, it plays an essential role
in gaining knowledge, and so successful learning, for each teacher-student, and on the other hand, if
highly developed, it will allow future teachers to improve their pupils' inductive thinking effectively.

In order that teacher training can fulfill its tasks effectively, educators must know and be able to
examine the teacher candidates' key competencies, particularly their inductive thinking. This double
aim makes this research especially timely.

Taking all this into consideration, the aim of this research was to
e describe the development level of first-grade teacher students' inductive reasoning,
e analyze the time spent on solving the tasks and task items,
e explore the relationship between the time consumed and the performance achieved in the
inductive test.

Methodology of Research
General Background

From the time used for task solution, the speed of thinking can be concluded, allowing the
determination of specific performance.

Specific performance indicates restfulness and can be described as the fraction of the consumed time
and the achieved score.

According to Carroll (1993), those possessing more developed thinking skills can solve mathematical
problems faster than people with weaker capacities, so there is a correlation between the
development level and the pace of cognition (cited by: Sternberg & Ben-Zeev, 1996). Some query this
standpoint (Winch, 1990). According to Sternberg and Pellegrino (cited by: Sternberg, 1985), the time
used to choose a correct answer can predict the performance more precisely than the skill level itself.

Other researches were aimed at whether it was possible to conclude the item's difficulty level from
the solution time. For example, Jacobs and Vandeventer (1968) said that the difficulty level of the items
did have a correlation with the number of characteristics to be compared or remembered
simultaneously; i.e., those achieving better results were able to keep several issues in mind at one
time, but this could also mean that they dedicated more time to solve the given item (Georgiev, 2008).
On the other hand, Vodegel Matzen et al. (1994) refer to Home and Habon's work which found that
no conclusion can be drawn concerning the difficulty level of the items based on time consumption.
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In this research, the tests developed by Psychometric Success Wikilob Ltd. (UK, London) were applied,
paying particular attention to labor market demands (Newton & Bristol, n.s.). When developing the
test, the experts based their measurement tools on one- and multifactor intelligence tests (Sternberg,
1985). The sample tasks of the test are available here: https://psychometric-success.com/.

According to Spearman (1927), the persons achieving good results in specific skill tests achieve good
results in other performance tests, like mathematical tests or a worksheet measuring spatial skills;
similarly, those producing weaker results in the given skill test will perform more weakly. Therefore,
he thought one or more common factors concerning solving all intellectual tasks were the clues to
success (Mackintosh, 1998).

Spearman (1927) divided the g-factor into two parts: (1) implicative logical (eductive) skills and (2)
reproductive skills connecting to the storage and recall of information. For example, the Raven or the
test applied in this research (Newton, Bristol, n.s.) belongs to the former.

Eductive competencies refer to logical operations based on a conclusion through which new
knowledge is created from the perceived information through recognizing and comprehending
interconnections and considering the contextual content.

A holistic approach is needed to understand the whole of the problem, while its solution demands the
ability to recognize the relations and interdependences between the parts. Understanding the problem
is more than comprehensive pattern recognition (Gestalt); highlighting the essence and neglecting
unimportant elements is also necessary. In most cases, these cannot be verbalized; therefore, the
measuring tools mainly consist of geometrical figures (squares, polygons, circles, etc.). The perception
of these geometrical forms, the recognition of their typical characteristics, and the comprehension of
the relations between them are dependent on the existing knowledge on the one hand and specific
cultural effects on the other (Kane & Brand, 2003). The previous one is in harmony with the inductive
operations (Klauer & Phye, 2008). As for the latter, one of the main advantages of the test must be
stressed: it is, to a certain extent, culture-independent.

Instrument

To examine cognition based on inductive implications, Newton and Bristol (n.a.) elaborated on the skill
structure presented in Figure 1.

Figure 1.: The task system examining inductive cognition
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In this research, an inductive reasoning test made of 30 items was applied, which consisted of the
following task types:

e Taskl: Continuation of one-dimension series (6 items);

e Task2: Recognition of the (' odd-one-out) elements not fitting in the one-dimension series (6 items);

e Task3: Recognizing an analog (6 items);

e Task4: Recognizing regularity — unknown operation (diagrammatic cognition) (6 items);

e Task5: Recognizing regularity — known operation (diagrammatic cognition) (6 items).

Online tests were applied during the research, which allowed to measure the time used for specific
items. This was necessary for research objectives 2 and 3.

Data Analysis

First, the outcomes of the online measurement were examined by descriptive statistical analysis. The
characteristics and structure of the components of inductive reasoning were determined by the
univariate analysis. The mean and the standard deviation of the certain variables and the quartile
values were also given first by tasks, then according to the components of inductive reasoning
(abstract, diagrammatic and analog reasoning) for the whole sample, and finally, in terms of the certain
background variables (type of training, specialization, gender, place of stay during the studies), too.
The variables' values also define the confidence interval by 95% probability. Since most of the variables
were not of normal distribution, the Mann-Whitney test was applied to compare certain sub-samples
to see whether they were significant differences.

Tasks also made a statistical analysis of time consumption in order to be able to observe the inner correlations
of their difficulties. Online measurement also allowed for analysis of the sound and wrong answers.

To examine the relationship between time consumption and inductive reasoning, the concept of
specific performance was introduced, using which the performance of the students with the best
results was compared. In the inductive test, specific performance was understood as the time
necessary to achieve a unit of the score, which was defined as the ratio of consumed time and the
score achieved by items: Timex/scores, where Timex indicated the time spent on solving task x (6
items) by seconds, while scores represented the score reached during this time.

Regression analysis was used to define the relationship between the score achieved in the test and
time consumption and to determine how many percent of the variance the model accounted for.

Based on time consumption and the achieved scores, homogenous groups were created by cluster
analysis of the whole sample, and then, by using the background variables, we specified their
characteristics. Finally, reliability was checked by the K-means test.

Participants

The research, implemented in 2019 at the Faculty of Education at J. Selye University, Komarno,
Slovakia, involved 204 first-grade teacher students. The demographical data of the participants are
summarized below:

e Sex: 17.6% (N=36) male, 82.4% (N=168) female;

e Age: M=25.10 years, Modus: 20 years, SD=8.267 years, 76 persons (37.2%) between 19 and 20,
while 49 persons (24.0%) between 21 and 22;

e Father's highest education level: primary school 9 persons (4.4%), trade school with no
graduation exam 85 persons (41.7%), vocational secondary school 72 persons (35.3%), grammar
school 18 persons (8.8%), higher education 20 persons (9.8%);

e Mother's highest education level: primary school 17 persons (8.3%), trade school with no
graduation exam 47 persons (23.0%), vocational secondary school 85 persons (41.7%), grammar
school 24 persons (11.8%), higher education 31 persons (18.2%);
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e Place of living: city 92 persons (45.1%), other settlement 112 (54.9%); Country of secondary
school graduation exam: Slovakia 120 persons (58.8%), Hungary 83 persons (40.7%);

e Type of the school of secondary school graduation: four-grade grammar school 70 persons
(34.3%), eight-grade grammar school 9 persons (4.4%), vocational secondary school 113 persons
(55.4%) and adult education 12 persons (5.9%). Rate of those having taken their secondary
school graduation exams at Hungarian speaking vocational secondary schools in Slovakia: 60%,
while this number is only 48.8% with those having taken their graduation exams in Hungary;

e lLanguage of teaching at secondary school: Hungarian 182 persons (89.2%), Slovakian 12 persons
(5.9%), bilingual 10 persons (4.9%);

e Specialization: teacher training 57 persons (27.9%), pre-school teacher education 127 persons
(62.3%), pedagogy and public education 19 persons (9.3%);

e Training: full-time 145 persons (71.1%), correspondence 59 persons (28.9%);

e Place of stay during the studies: live at home 127 persons (62.3%), at dormitory 71 persons
(34.8%), in lodgings 6 persons (2.9%);

e Family conditions: live with their families 160 persons (78.4%), with a life-partner or spouse 31
persons (15.2%), alone 7 persons (3.4%), with a friend 6 persons (2.9%).

According to the data presented above, most of the students had their secondary school leaving exams
in Hungarian at vocational secondary schools, and the rate of those having applied for the full-time
pre-school teacher training was high. A high proportion of the students took their exams in Hungary.
It is important to remark that the J. Selye University is close to the Slovakian- Hungarian border, so
students in Hungary can reach it easily. As for the parent's education level, the rate of those with
vocational secondary education was high.

Results of Research
The development level of inductive cognition

The descriptive statistical indicators of the whole sample are summarized in Table 1. The best results
were born in recognition of the analog (Task3) and the odd-one-out (Task2), while the weakest ones
in the task required the recognition of regularities containing known operations (Task5). Concerning
the latter, the difficulty was probably caused by the high level of memory burden since the results of
certain operations had to be stored in the short-term memory and then to be modified with new
operations and choose the correct final result from the available list; sensual — perceptual shifts must
have caused trouble to the students. On the other hand, the students did not have enough time left
for the last task because they consumed plenty of time for solving the first task, so they mapped out
their time improperly, and the novel nature of the last task-induced difficulties as well.

Table 1.: Descriptive statistical indicators by tasks

Descriptive statistical indicators Task1 Task2 Taskt3 Task4 Task5
N 186 184 179 179 179
M 2.39 2.73 2.97 1.96 0.98
SD 1.344 1.311 1.607 1.546 1.030
95% Conf. int. Lower 2.20 2.53 2.73 1.73 0.83
° Upper 2.59 2.92 3.20 2.18 1.14
Tgl Percentiles 25% 1 2 2 1 0
Lé 50% 2 3 3 2 1
s 75% 3 4 4 3 2
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male M 2.59 2.13 2.61 1.43 0.83
(27 pers) SD 1.526 1.361 1.644 1.805 0.937
female M 2.36 2.82 3.02 2.03 1.01
§ (159 pers) SD 1.313 1.283 1.600 1.496 1.044
full-time M 2.35 2,54 2.80 1.82 1.05
(127 pers) SD 1.847 1.334 1.618 1.460 1.078
%0 correspondence |M 2.49 3.14 3.32 2.25 0.84
;(_E (59 pers) SD 1.318 1.167 1.539 1.698 0.910

Figure 2: Average results of the certain tasks in terms of the two examined specializations
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The students' results were compared by the various sub-samples, as well.

Except for the first one, females achieved better results, and as for the odd-one-out (Task2: Mann-
Whitney U= 1348.500; p<0.05) and the recognition of regularities containing unknown operations
(Task4: Mann-Whitney U= 1265.000; p<0.05), they reached significantly better results than men.

Correspondence students achieved better results for each task, except for the last one, in recognition
of the odd-one-out elements (Task2: Mann Whitney U= 2542.500; p<0.05) and the analog (Task3:
Mann Whitney U= 2795.000; p<0.05), they achieved significantly better results than full-time students.

Regarding the parents' educational level, the type of settlement where they lived, and the type of
secondary school (grammar or vocational), any significant differences were not found in the averages
of specific tasks. The same applies to the student's specialization and the country of the secondary
school leaving exam (Hungary, Slovakia). However, it must also be remarked that the pre-school
teacher students achieved better results (Figure 2) than their would-be-teacher peers, and so did those
having taken their exams in Hungary as compared to those finishing their secondary school studies in
Slovakia. However, these results cannot be generalized.

The results of the inductive reasoning test were summarized according to Figure 1: abstract reasoning,
analog thinking, and diagrammatic thinking. The descriptive statistical indicators of these have been
summed up in Table 2. Concerning abstract reasoning and considering the background variables,
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significant differences were found in terms of the student's specialization (Mann-Whitney U= 2598.500;
p<0.05) and their place of stay during their studies (Mann-Whitney U= 2614.000; p<0.05).
Correspondence students and those studying at home reached better results in each cognition component.
In summary, it can be stated that the development level of the abstract and analog reasoning of these first-
grade students was medium, while that of their diagrammatic thinking was weaker.

Table 2: Descriptive statistical indicators of inductive thinking and its components

Descriptive statistical indicators Abstract Diagrammati | Analogue |Inductive
cognition ¢ cognition cognition | cognition
(12 items) (12 items) (6 items) (30 items)

N 180 179 179 179
M 5.17 2.94 2.97 11,08
SD 2.065 1.917 1.607 3.862
95% Conf. int. Lower 4.86 2.66 2.73 10.51

° Upper 5.47 3.22 3.20 11.65

2 Percentiles 25% 4 2 2 8

©

o 50% 5 3 3 11

g

= 75% 7 4 4 13
full-time M 4.90 2.87 2.80 10.59
124
(124 pers) sD 2.097 1.864 1.618 3.944

%D correspondence M 5.75 3.09 3.32 12.16

'© (56 pers)

= SD 1.881 2.039 1.539 3.468

> at home M 5.44 2.95 3.07 11.46

% 2| (116

.- (116 pers) sD 1.979 2.012 1.548 5.282

o +

. e dormitory M 4.72 2.79 2.63 10.16

8 £|(s8

& 5| (58pers) sD 2.118 1.612 1.676 3.877
would-be-teacher |M 4.82 3.03 2.92 10.76

S (38 pers)

= SD 2.437 2.354 1.583 4.727

N

© pre-school teacher | M 5.32 3.00 3.02 11.35

@ |(124 pers)

& SD 1.957 1.808 1.585 3.658

Pre-school teachers achieved better results than would-be teachers in each cognition component;
however, these differences are insignificant.

The results of the 10 percent of students (17 persons) who had achieved the best (more than 16 points)
were also evaluated in the inductive test separately. The cumulate diagram of the relative values of
the part components is presented in Figure 3. The relative values of each of the three components fall
between 0 and 1, thus cumulating them; the values between 0 and 3 are shown on the vertical axle.
Only three students (H60, H114, and H162) have diagrammatic thinking at least as developed as the
other two components. On the other hand, 6 students achieved the maximum result in the analog
reasoning test, and their weaker result in the diagrammatic test debased their total performance (H61,
H27, H175, H129, H3, H12).
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Figure 3.: Rates of the components of inductive cognition at the students with the best results
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Relying on the analysis of the students' background variables with the best results, the following
statements can be made. In this group of students, the proportion of
e those with a mother (29.4% vs. 15.2%) and father (23.5% vs. 9.8%) with a degree;
women (94.1% vs. 82.4%);
those living in a city (53.0% vs. 45.1%);
having taken their school-leaving exams at grammar schools (47.1% vs. 38.7%) and
taking their school-leaving exams in Hungary (52.9% vs. 40.7%) was higher.

However, no significant differences in specialization were found, the type of training, the place of stay
during the studies, and the distance of the place of living from the university.

Time used for task solution
The second objective of this research was to analyze the time spent on solving the tasks and task items.

The students were given 1500 seconds to solve the tasks. Online measuring allowed to register the
time spent on task solutions by items; thus, it became possible to analyze and compare them with the
achieved results.

The first-grade would-be-teachers consumed the most time for solving the series continuation (Task1)
and used the least time for the diagrammatic task containing unknown operations (Task4) (Figure 4).
If these are compared to the data presented in Table 1, it can be stated that there is a correlation
between the average results of certain task types and time consumption. However, high deviation
rates imply considerable personal differences.
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Figure 4.: Average and deviation of time spent on solving the certain task types

Task 1 (181 persons) Task 2 (179 persons) Task 3 (174 persons) Task 4 (168 persons) Task 5 (153 persons)

Remark: The left-hand vertical axle indicates the averages while the right one shows deviation.

If we focus on the first items, very diverse phenomena analyze the last task type, and the time
consumption will also be found.

The items of the series continuation task (Task1) differed. However, the students understood the task
relatively quickly, so time consumption reflects the difficulty level of the given item (Figure 5). It is also
apparent that the more complex an item was (e.g., Task 1.4), the more significant personal differences
could be observed, which is proved by high deviation values.

Figure 5: Average and deviation of the time spent on the series continuation items
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Remark: The left-hand vertical axle indicates the averages, while the right one shows deviation

Another phenomenon can be noticed regarding the diagrammatic items using general operations
(Task5). According to Figure 4, the average time consumption of this task type almost agrees with that
of the analog task (Task3). However, it can be seen that the first item meant a real challenge for the
students (Figure 6), i.e., at first, they faced problems with understanding. Later this decreased
gradually. Personal differences were less typical here, reflected by much more common deviation
values; thus, it was equally difficult to solve the items for everyone in this case. As a result, students
tended to rely on guessing rather than thinking thoroughly.

Figure 6: Average and deviation of the time used to solve the diagrammatic items containing known

operation
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Remark: The left-hand vertical axle indicates the averages, and the right one shows deviation.
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Returning to Figure 5, the online framework system allowed the analysis of the students' solutions to
specific items. Three kinds of solutions were found for the series continuation task type (Figure 7). Task
1.1 was easy, and many of the students were able to solve it. Those choosing the correct answer (C)
found the solution fast. The few who chose a lousy answer had spent a long time thinking about the
solution. The solution of Task 1.3 shows more considerable divergence. The false solution B was chosen
by many students, after a short time of thinking and with low personal differences (the good solution
was C). Taskl.4 proved to be rather tricky. Many chose false answers (B, C, D), with high time
consumption and significant personal differences. The ones choosing the correct answer (A) used the
most time for thinking, with considerable differences. The students giving the correct answer were
also analyzed separately. 25 percent of the 27 students consumed less than 25 seconds to choose the
correct answer, while 25 percent used more than 89 seconds. That someone solved this difficult task
did not necessarily mean that he/she succeeded with the easier ones. There was only one student who
managed to solve each of the 6 items without any mistakes. Most of them had 3 reasonable solutions
for this task type. The descriptive statistical indicators of these students are significantly better than
those presented in Table 1 (M= 3.44; SD= 1.155).

Time consumption in Task2 and Task3 was similar to that in Figure 5, while Task4 resembled Figure 6.

Concerning the background variables, significant differences were found in terms of gender and the
type of training. Women spent significantly more time on solving Task2 (females: M= 169.85; SD=
101.801; males: M= 164.07; SD= 105.657; Mann-Whitney U=1348.500; p<0.05) and Task4 (females:
M= 135.51; SD= 97.742; males: M= 101.53; SD= 79.097; Mann-Whitney U= 1265.000; p<0.05) than
men. Correspondence student spent significantly more time on solving Task2 (correspondence
students: M= 212.44; SD= 112.63; full-time students: M= 150.95; SD= 91.453; Mann-Whitney U=
2542.500; p<0.05) and Task3 (correspondence students: M= 194.49; SD= 70.356; full-time students:
M= 137.90; SD=90.079; Mann-Whitney U= 2795.000; p<0.05) than full-time students.

113



Opus et Educatio Volume 9. Number 2.

Figure 7.: Frequency of the series continuation items and mean and standard deviation of time
consumption by items
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Relation between the time used for task solution and inductive cognition

To explore the relationship between the amount of time used for task solutions and inductive
reasoning, it was first based on the results of the best 27 students.

The students with the highest scores were ranked based on specific performance (Figure 8). 300
sec/point as the high specific performance was considered, which means that the students achieved a
high number of points using little time. The values between 300 and 450 sec/point were assessed as
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specific performance of medium level, while the values above were considered low specific

performance, i.e., a high amount of time was used to reach one unit of points.

Figure 8 shows that in almost all cases (except for, e.g., H60, H11, or H176), the last task requiring

diagrammatic thinking debased specific performance. However, there were also students who spent

4-5 minutes on this task, but they could solve any items from correctly (i.e. H37, H114, H4).

27 students were ranked according to the total scores gained in the five task types (Figure 9). It can be

seen that the students, in most cases, utilized the whole time available; however, in each score
category,