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SUBJECT AND STUCTURE OF THE DISSERTATION 

 

In the 21
st
 century the significance of competencies is increasing in our everyday life and 

in the labour market as well (Kozma, 2009). Such complex competencies like creativity, 

learning to learn, cooperation or ICT literacy (Binkley, Erstad, Herman, Raizen, Martin, 

Miller-Ricci & Rumble, 2012) were identified and described for example in the ACT21s 

project (Assessment & Teaching of 21st Century Skills). However, a sufficient level of 

general thinking skills is necessary in order to operate and develop these competencies. Both 

international (PISA, TIMMS, PIRLS) and national assessments showed that there are many 

problems with the quality of knowledge of Hungarian pupils (Csapó, 1998a; 2004a; 2012; 

Csapó, Fejes, Kinyó, & Tóth, 2014). Students have to deal with increasing amount of subject 

material but the acquired knowledge is often fragmented, the level of understanding is low, 

therefore the application and transfer of this knowledge in wider context is fairly limited. 

Researches showed this phenomenon in many domains such as in the development of 

scientific concepts (Korom, 1998), in understanding of mathematics (Dobi, 1998) or in the 

application of scientific knowledge (B. Németh, 1998). This line of thought also highlights 

the significant role of thinking skills as one of the reasons behind these phenomena could be 

the insufficient level of general cognitive abilities. However, research data shows that 

teaching in schools hardly effects the development of thinking skills (Csapó, 2004b).  

Many educational experts are arguing for the increasing need of measuring and developing 

thinking skills in everyday school context (Adey, Csapó, Demetriou, Hautamaki, & Shayer, 

2007; Resnick, 1987). Especially in early school years since the low level of cognitive 

abilities may lead to difficulties in understanding of subject materials, therefore efficient early 

interventions could significantly return in later school years (Nagy, 2008). However, without 

the lack of knowledge about the nature, structure, development and modifiability of different 

abilities and without the lack of easy to use instruments available for everyday application in 

educational practice to assess and foster thinking skills, the design and implementation of 

efficient interventions are hard to realize.    

One of the major difficulties in classroom teaching comes from the large variance of 

students in terms of their abilities. Thus, applying methods which can efficiently handle these 

individual differences is challenging. In order to address this challenge there are many 

problems to be solved. From the assessment perspective frequent diagnostic assessment is 

necessary to obtain a detailed picture of students’ skills, to monitor their development and to 

evaluate the efficiency of interventions on empirical basis. In addition, we need training 

programs which can handle the individual differences, interventions where the training effects 

are fitting the actual needs of students’ cognitive level.  

Technology-based assessment and development may provide feasible solutions to address 

the above mentioned problems and challenges. One of the main aims of the dissertation is to 

demonstrate the potential of technology-based assessment and technology-based development 

in classroom context. We also provide empirical basis for further implementations of efficient 

online assessment and development of thinking skills in general, more specifically for 

inductive reasoning. Our research also contributes to gain a more detailed picture of the 

targeted construct, namely inductive reasoning. In order to fulfil these aims we carried out 

online assessments of inductive reasoning in kindergarten and among first and fourth grade 

students. Besides the measurements we also carried out a digital game-based developmental 

training program to foster third and fourth grade students’ inductive reasoning.  

In the theoretical chapters we discussed the philosophical aspects of induction, described 

inductive reasoning with respect to different psychological paradigms, we showed the role of 

inductive reasoning in various cognitive processes and we also presented its measurement and 

its development in relation with background variables in educational context (Chapter 1). 

Next we explored different approaches of fostering thinking skills in general. Our 
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developmental program is based on Karl Josef Klauer researches so we described his view on 

inductive reasoning and his work on enhancing the skill in more detail (Chapter 2). We also 

explored the possibilities and limitations of technology-based assessment in general and more 

specifically with respect to inductive reasoning in educational settings (Chapter 3). After 

assessment perspective we shifted our focus to the developmental aspects: we discussed the 

possibilities, limitations and challenges of digital game-based learning (DGBL) in school 

context (Chapter 4). Further chapters described our empirical researches. After presenting the 

aims, research questions (Chapter 5), we described our methods and reported our results 

(Chapter 6), followed by the methods and results of our training program (Chapter 7). The 

dissertation has ended with a general discussion on the results of the assessments and of the 

training program (Chapter 8).   

 

 

THEORETICAL BACKGROUND 

 

Based on observed phenomena and our current knowledge induction makes us able to 

inference to the unobserved, formulating novel conclusions about the unknown and generate 

new knowledge (Hempel, 1998; Sloman & Lagnado, 2005). We argued that it is difficult to 

provide a unified view of induction. We can understand its nature and processes with respect 

to different philosophical or psychological traditions such as psychometrics, Piaget’s school 

and cognitive psychology. What is common in the different approaches is that all of them 

state that induction is one of our fundamental thinking processes and it plays a central role in 

human cognition, knowledge acquisition and in the transfer of knowledge. Therefore the 

educational relevance of the skill is well grounded. From educational perspective we 

considered Klauer’s and his colleagues view of inductive reasoning as one of the well-

structured and detailed theory and system (Klauer, 1989, 1990; 1996; 1997; Klauer & Phye, 

1994; Klauer, Willmes, & Phye, 2002). Our developmental training is based on this approach 

and our assessment items also can be understood in this framework. According to Klauer 

“inductive reasoning consists of detecting regularities and irregularities by finding out 

 

A: {a1: similarity; a2: difference; a3: similarity and difference} 

of 

B: {b1: attributes; b2: relations} 

with 

C: {c1: verbal; c2: pictorial; c3: geometrical; c4: numerical; c5: other} 

material” (Klauer & Phye, 2008, p. 87). 

 

With the combination of the facets one can formulate 30 cases (3x2x5). The central part of 

the definition is the facets of A and B. The Cartesian product of these two sets leads to six 

process of inductive reasoning (Table 1). Furthermore, the model also describes the 

relationships among these processes (Figure 1). The precise definition and its structure of 

Klauer’s view on inductive reason makes it as a solid basis for assessments and 

developmental purposes as well in educational settings.  

Recognizing its important numerous domestic researches focused on inductive reasoning 

including its assessment, its structure and its relation to other constructs and background 

variables in educational context (Csapó, 1994; 1997; 1998b; 2001a; 2003a; 2003b; Csapó & 

Molnár, 2012; Csapó & Molnár, 2013; Csapó, Molnár, & Kinyó, 2009; Molnár, 2008a; 

Molnár & Csapó, 2011; Nagy L.-né, 2006; 2013; Tóth, Csapó, & Székely, 2010). The results 

confirmed the significance of inductive reasoning in human cognition. Measurements on 

different samples showed the fast development of the skill in the early years of schooling, 

thus, interventions should be implemented in this period. Findings also underpin the 
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phenomenon that the different forms of inductive reasoning are strongly connected and the 

most significant component was the analogical reasoning. The strongest correlations were 

found between tests measuring application of knowledge in science, mathematical 

understanding and foreign language. Medium correlations were found with grades but these 

connections showed weakening tendency by the end of public education. The relationship 

between inductive reasoning and subject attitudes were weak, there were considerable 

correlations only with the subjects of mathematics, history and Hungarian grammar. There 

were no significant differences between genders but achievements are strongly influenced by 

parents’ education and pupils’ socioeconomic background in general. Studies also revealed  

large differences between schools and classes.   
 

Table 1 

Types of inductive reasoning problems (Klauer & Phye, 2008, p. 88). 

Process 
Facet 

identification 
Cognitive operation required Item formats 

Generalisation a1b1 Similarity of attributes 

Class formation 

 Class expansion 

Finding common attributes 

Discrimination a2b2 
Discrimination of attributes (concept 

differentiation) 
Identifying disturbing items 

Cross classification a3b1 
Similarity and difference in 

attributes 

4-fold scheme 

6-fold scheme 

9-fold scheme 

Recognizing 

relationships 
a1b2 Similarity of relationships 

Series completion 

Ordered series 

Analogy 

Differentiating 

relationships 
a2b2 Differences in relationships Disturbed series 

System construction a3b2 
Similarity and difference in 

relationships 
Matrices 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 

Strategy of inductive reasoning 

Fig. 1 Genealogy of tasks in inductive reasoning (Klauer & Phye, 2008, p. 89.). 
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Regarding fostering thinking skills we discussed the attributes of teaching thinking directly 

and with content based methods integrating school curricula in the developmental activities 

(“infusion” or “embedding approaches”) (Csapó, 1999). We argued that both approaches have 

its own advantages and in order to maximize the learning effects one should apply both 

attributes in the design and implantation of interventions. We described Klauer’s 

developmental programs and the findings of the experiments in more detail. The effectiveness 

of these trainings has been demonstrated in numerous studies in different contexts such as in 

various cultures, ages, in different target groups (students with special need, average or gifted 

students), or in different settings (training individually, in pairs or in class) (Barkl, Porter, & 

Ginns, 2012; de Koning & Hamers, 1999; de Koning, Hamers, Sijtsma, & Vermeer, 2002; 

Hamers, de Koning, & Sijtsma, 1998; Klauer, 1996; Klauer & Phye, 2008; Klauer, Willmes, 

& Phye 2002; Tomic, 1995; Tomic & Kingma, 1998; Tomic & Klauer, 1996).   

In the chapter dealing with technology-based assessment we argued that it has many 

advantages from data collection and management to evaluation and application of test results 

compare to traditional paper-based or face-to-face assessments methods (Csapó, Molnár, Pap-

Szigeti, & R. Tóth, 2009; Csapó, Molnár, & R. Tóth, 2008; Molnár, 2010; 2011; Pásztor‐
Kovács, Magyar, Hülber, Pásztor, & Tongori, 2013). Delivering tests with technology can 
significantly reduce the time and costs of the testing process. Applying automatic scoring and 

evaluation we can provide immediate feedback which contributes to the improvement of the 

effectiveness of feedback mechanism in all level of public education. With the advantages of 

technology-based assessment the quality of the data can be increased, we can execute 

individual testing (e.g. adaptive testing) and it opens the ways of designing innovative items 

in order to assess constructs which could not be possible with traditional methods (Magyar, 

Pásztor, Pásztor‐Kovács, Pluhár, & Molnár 2015). All of these features contributing to the 

implementation of more efficiently large scale assessment and the possibility of testing young 

students (e.g. pre-recorded instructions, interactive items). As a result we can provide easy to 

use assessment instruments for teachers and with these easy to use tools they can improve the 

quality of their teaching (e.g. fitting their teaching methods for the actual level of students’ 

knowledge and skills). In spite of the limitations of technology-based assessment (e.g. high 

costs of the development of a system in the initial period, technical conditions in schools, 

media effects) educational experts are arguing that technology-based assessment will replace 

the traditional assessment methods (Csapó et al., 2008, 2009; Kozma, 2009; Molnár, 2011). 

Regarding technology-based development we discussed the challenges and possibilities of 

digital game-based learning. Applying digital games in education is a rapidly developing 

research field, however there are many questions still unanswered and there are still a lot of 

potential unexploited (Pásztor, 2013). Many of the advantages are in parallel with the 

possibilities of technology-based assessment such as automatic scoring, immediate feedback 

and innovative item design. One of the closest relations can be identified through the term of 

formative assessment (Csapó, Lőrincz, & Molnár, 2012). One of the promising fields of 

digital game-based learning is the development of thinking skills (Pásztor, 2014). Learning 

tasks with interaction and manipulation, providing optimal challenge for students (see 

Vygotsky’s concept of zone of proximal development), possibilities for different learning 

tracks and playful learning environments for increasing motivation are all such features which 

can be considered in the design of digital teaching games. However, meta analyses are 

showed that applying efficiently of these attributes in a digital game is not an easy endeavour 

(Young, Slota, Cutter, Jalette, Mullin, Lai, Simeoni, Tran, & Yukhymenko, 2012; Wouters, 

van Nimwegen, van Oostendorp, & van der Spek, 2013; Wouters & Van Oostendorp, 2013). 

Numerous recent researches on the field focus on the specific conditions of how to develop 

efficient learning games in terms of motivation and learning, for instance to find the optimal 

balance of game elements and learning material. In spite of the growing international interest 
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there are lack of researches addressing these issues (see  Csapó et al., 2012; Debreczeni, 2014; 

Molnár, 2011a, 2011b; Pásztor, 2013; 2014). 

 
RELEVANCE AND AIMS OF THE RESARCH 

 

In order to efficiently foster inductive reasoning in classroom context and to monitor 

students’ development reliable and valid easy to use assessment instruments are have to be 

available for the teachers. In Hungarian context Csapó’s test (1994) is suitable for this aim if 

our target group is between grade three and eleven (10 to 17 years). The test comprises 

number series and analogies and word analogies. Therefore to complete this test basic 

numerical and reading skills are necessary so it cannot be applied in earlier ages. Molnár 

(2006, 2008a, 2011a) developed a test using figurative items for first and second grade 

students but this test cannot be administered in upper grades due to the ceiling effect.  

Test development in our research is basically a continuation of the above mentioned test 

developmental processes. The research gap here is that there are no tests available which are 

using figurative items and can cover the whole range of early years of schooling. The other 

research line is the application of the advantages of technology-based assessment. In the 

theoretical chapters we argued that with manipulative items and with pre-recorded 

instructions the validity and objectivity of the tests can be increased especially in younger 

ages. In addition, with computerized data collection, automatic scoring and with immediate 

feedback the tests become easy to use for teachers in classroom context. Therefore our aim 

was to develop new easy to use online tests which are using figurative itemes and suitable for 

assessing inductive reasoning in the early years of schooling.  

Above test development we also aimed to explore the possibilities of digital game based 

learning. In order to fulfil this goal we developed a playful online training program fostering 

third and fourth grade students’ inductive reasoning. This research is based on Klauer’s 

(1990) program and Molnár’s (2006, 2008b, 2011a, 2011b) experiments adopting Klauer 

training concept and also strongly related to our common researches with Molnár (Molnár & 

Pásztor, 2012, Molnár et al, 2012; Pásztor & Molnár, 2012; Pásztor & Rausch, 2013). In 

contrast to previous researches in our training program instead of general content we used 

mathematical material. In this regard we are shifted in the direction of content based methods. 

Our experiment could be considered as a first step in a long research process. The primary 

aim was to examine the effectiveness of our online learning tasks using immediate feedback 

supplemented with instructional support.  

The developmental experiment was conducted before our large scale assessments so we 

used a different but also own developed test to measure the training effects. In fact, this test 

development could be viewed as the first step of the item development for the large scale 

assessments. Based on this test we developed the fourth grade test followed by the tests for 

the first grade and kindergarten students. In Table 2 we summarized the timeline of our 

research connected to the dissertation. 

 
Table 2  

The timeline of our research 

Timeline Research activities 

September 2013 Pilot test for the developmental experiment 

November – December 2013 Carrying out the developmental experiment 

March – June 2014  Pilot test for the fourth grade test 

November 2014 Large scale assessment in grade four 

May and September 2015 Pilot test for the first grade test 

October 2015 Large scale assessment in grade one 

November 2015 Pilot test for the kindergarten test 

February – April 2016 Assessment in the kindergartens 
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RESEARCH QUESTIONS, HYPOTHESES 

 

Research questions and hypotheses can be divided in accordance with the two major parts 

of our research: the assessments and the developmental experiments.  

 

I. Research questions in relation to the psychometric properties of the tests and the 

structure of inductive reasoning (H1-H4): Are the psychometric properties of the tests 

acceptable? Could be the sub-constructs distinguished on empirical basis (construct 

validity)? How are the sub-constructs related to each other? What is playing a more 

significant role in the mechanism of inductive reasoning: content (e.g. numerical or 

figural) or operations (e.g. series or analogies)? 

Hypotheses: 

H1: The psychometric properties of the tests are acceptable  

H2: We expected medium correlations between the sub-constructs. 

H3: Based on previous research data we hypothesized that both content and operations play 

significant role in the mechanism of inductive reasoning. 

H4: Construct validity could be examined with confirmatory factor analyses (CFA). On the 

basis of previous studies we expect the best model fits for models where every sub-tests 

represent one sub-constructs.  

II. Research questions in relation to the development of inductive reasoning and its relation 

to background variables (H5-H14): Is there significant differences in the achievements 

within the age cohorts? How to develop inductive reasoning between the age cohorts? Do 

the skills how to use the computer mouse effect the achievements of inductive reasoning 

in the first grade and kindergarten children? What are the relations of the achievements 

with background variables?      

Hypotheses: 

H5: We hypothesized significant achievement differences in first grade and kindergarten 

students within the samples.  

H6: We hypothesized no significant achievement differences within the fourth grade 

sample.   

H7: We expected that inductive reasoning develops to a great extent from kindergarten to 

fourth grade.  

H8: We hypothesized that computer mouse use skills have no effects on the achievements 

of inductive reasoning. Children have the necessary mouse usage skills to complete the 

tests.  

H9: On the basis of previous research data we hypothesized that strong selection 

mechanism can be identified between kindergarten and first grade.  

H10: We also expect large achievement differences between schools and classes. 

H11: In accordance with previous findings we expect no significant differences between 

genders.  

H12: In line with previous researches we hypothesized that parents’ level of education 

significantly effects the achievements.  

H13: On the basis of prior findings we expect medium correlations between inductive 

reasoning achievements and grades.   

H14: Based on the literature we expect weak correlations between inductive reasoning and 

attitudes toward subject and students’ statements about the importance of being good at 

the subjects. 

III. Research questions in relation to the possibilities of fostering inductive reasoning (H15-

H16): Could be the development of inductive reasoning enhanced with the application of 

the advantages of digital game-based learning in three and fourth grade students? Can the 
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Klauer training concept be adopted to online environment using mathematical content in 

the learning tasks?  

Hypotheses: 

H15: As a result of the training the experimental group significantly outperform the control 

group in terms of the inductive reasoning achievements.  

H16: Students have positive attitudes toward the training program.   
 

 

ONLINE ASSESSMENT OF INDUCTIVE REASONING IN KINDERGARTEN, 

AMONG FIRST AND FOURTH GRADE STUDENTS - METHODS  

 

Samples 

Samples of the first and the fourth grade students were samples of the Hungarian 

Educational Longitudinal Program (Sample V. and VI.) (Csapó, 2014, p. 147). The fourth 

grade sample consisted of 5017 students, age mean was 10.26 years (SD=.49). All together 

143 schools and 253 classes participated in the study. There were 6013 students in the first 

grade sample, age mean was 7.08 years (SD=.48), with the participation of 178 schools and 

292 classes. The kindergarten research was carried out in Szeged. Kindergartens could 

voluntarily join to the assessments. The sample consisted of 278 children form 16 institutes, 

age mean was 5.56 years (SD=.69).      

 

Development of assessment instruments, background variables  

In the fourth grade test besides figurative series and analogies we also used number series 

and analogies in order to have the possibility to develop (as a further research) a common 

scale based on the results of our and Csapó’s test (1994). The inductive tests for kindergarten 

and first grade children were part of a larger test battery for assessing different dimensions of 

school readiness. The battery consisted of the following constructs: computer mouse usage 

skills, early literacy and numeracy, students’ capacity to follow teacher instructions and 

musical abilities. From these constructs we only used the results of the computer mouse usage 

skills test in order to examine the possible media effects on the achievements of inductive 

reasoning. For these age cohorts we developed a new item type besides figurative series and 

analogies using also figurative elements: classification.  

In the process of test development four pilot experiments were carried out for the fourth 

grade test, two pilot assessment were executed for the first grade test and one pilot study was 

conducted in kindergarten. Figure 2 present the relations of the tests to each other and the 

final test system as results of the pilot studies. It can be seen that the number of the anchor 

items are high enough to conduct IRT analyses on the data.  

 

 
 

Number of 

items 

Kindergarten 3 4 10 19  
      

36 

First grade 
  

10 19 1 4 
     

34 

Fourth grade 
 

4 
 

19  4 30 57 

Fig. 2 Relations of the tests to each other and final test system as results of the pilot studies. 
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In case of the fourth grade sample we collected data for several background variables as 

well: gender, school, classes, parents’ education, grades, attitudes toward subjects and 

students’ statements about the importance of being good at the subjects. With regard to the 

first grade and the kindergarten sample we only had data for gender, institutes and classes. 

Before the inductive reasoning test - but within the same data session - children also 

completed a computer mouse usage skill test in order to let them practice basic mouse 

operations (e.g. clicking and drag and drop). With this design we could also examine the 

possible media effects. In first grade the reliability of the 10 items test was Cronbach-α=.62 

(N=5996). We assumed that the few items and the celling effect (M=91.1%, SD=13.4%) are 

responsible for the low reliability. In addition, in previous studies we found that learning 

effect could occur during the test completion which also could have a negative effect on test 

coherency (Molnár & Pásztor, 2015). In kindergarten students completed the test on tablets. 

The 13 items test reliability was Cronbach-α=.72 (N=275). The achievement mean was high 

too: 89.2% (SD=14.3%). 

 

Procedure, data analyses 

In all age cohort data collection was carried out through the eDia (Electronic Diagnostic 

Assessment) system (Molnár, 2015; Molnár & Csapó, 2013). In case of the fourth and first 

grade the tests administered in schools’ ICT rooms. Kindergarten assessments were conducted 

with trained test administrators in small groups using tablets. Kindergarten and first grade 

children could listen to the instructions via headphones. In all age cohorts instant feedback 

was given after test completion. After the data collection the schools could view and 

download the results from the eDia platform. Besides classical statistic procedures IRT (item 

response theory) and CFA (confirmatory factor analyses) analyses were also applied.      

 

ONLINE ASSESSMENT OF INDUCTIVE REASONING IN KINDERGARTEN, 

AMONG FIRST AND FOURTH GRADE STUDENTS – RESULTS AND 

DISCUSSION 

 

Regarding the test development we concluded that all assessment tools had good or 

acceptable psychometric properties; thus our tests are suitable measurement tools for 

assessing inductive reasoning from kindergarten to fourth grade students. Table 3 shows the 

reliabilities and basic statistics of the final test versions.   

 
Table 3  

Cronbach’s alpha indices and basic statistics for the inductive reasoning tests. 

Age cohort 
Number 

of items 
Cronbach-α 

Mean (SD) 

% 
N 

Kindergarten 34 0,87 25,6 (17,2) 278 

First grade 32 0,89 41,2 (22,2) 6013 

Fourth grade 56 0,93 64,2(18,9) 5017 

 

In all age cohort medium or high correlations were found between subtests. Empirical 

evidence for construct validity was provided with CFA analyses: the model fits were the best 

when all subtests represented different factors. In accordance with the literature (see Csapó, 

1994, 1998b, 1997, 2003a; Pellegrino & Glaser, 1982; Sternberg & Gardner, 1983) our data 

underpin that series, analogies and classifications are all important factors of inductive 

reasoning. Analogies seem to be the most dominant component (Csapó, 1994, 1998b, 2003a). 

Regarding the content versus operation research question we found that both played a 

significant role in determining test achievements in respect to numbers and figures and in 
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respect to series and analogies. In general we can conclude that our hypotheses in relation to 

the psychometric properties of the tests and the structure of inductive reasoning were 

confirmed. 

We used the phrase “in general” intentionally because the psychometric analyses also 

showed the limitations of the usability of the tests. These limitations determine the major line 

of further researches as well. On the basis of means, standard deviations, distributions and 

IRT analyses the fourth grade test has week differential power in high skill levels. The 

tendency is the opposite among first grade students and kindergarten. The data indicate that 

the current version of the fourth grade test supposedly fits the best to third grade students and 

the first grade test fits the best to second grade students. One of our aims for further research 

is to carrying out assessment among these age cohorts as well. In addition we also need 

further items in kindergarten, grade one and four to cover all skill levels. However, on the 

basis of testing time data this possibility is fairly limited. In order to solve this problem 

adaptive testing (see Magyar, 2012, 2014) should be applied: the range of skill levels within 

one age cohort is too wide to assess with one fix test precisely. Our current data serves a good 

basis for this further research line. 

Regarding the development of inductive reasoning we found that it develops to a great 

extent from kindergarten to fourth grade, our hypothesis was confirmed (H7).  However, 

standard deviations indicated the large individual differences within age cohorts. Our 

hypotheses regarding achievement differences within the age cohorts partially confirmed (H5, 

H6). There were significant differences in kindergarten but not in the first grade and we found 

weak but opposite and significant correlations between achievements and age in the fourth 

grade. As a possible reason we assumed that schools are having difficulties in helping 

students with low achievements. But this is only a hypothesis and should be tested as further 

research.   

The results of mouse usage skills test showed that children had no difficulties with the 

completion of the inductive reasoning test. As we assumed on a sample level mouse usage 

skills did not distort the results and our conclusions with respect to inductive reasoning (H8). 

However, deeper analyses revealed that there were some cases where the lack of mouse usage 

skills could be a problem. This finding supports the idea that technology-based assessments 

could be efficiently executed even among young children but also draw the attention to the 

necessity of the of the mouse usage skills test.   

The most important result in connection with school and class differences was the 

demonstration of the strong selection effects between kindergarten and elementary schools, 

our hypothesis was confirmed (H9). However, it has to be noted that only kindergartens from 

Szeged were participating in the study therefore further researches should be carried out to 

generalize this finding. In accordance with previous researches we also found large 

differences between schools and classes in first and fourth grade as well (H10) (Csapó, 2002b, 

2003b; Molnár, 2008a; Molnár & Csapó, 2011; Tóth et al, 2010). Also in accordance with 

previous studies no differences were found between genders (H11) (e.g. Csapó, 2003a). The 

lack of differences also indicates that there were no media effects between genders 

straightening the validity of our measurements on inductive reasoning. Our hypotheses in 

connection with the effects of parents’ education were confirmed, too: there are large 

differences between students with different parents’ education (H12). Our data provided 

further empirical evidence that reducing the differences between children with different 

socioeconomic background is still a problem to be solved (Csapó, 2001, 2003a). Results on 

grades and subjects’ attitudes and statements were also fitting to the previous tendencies 

(Csapó, 1997, 1998b, 2003a). Medium correlations were found between grades and inductive 

reasoning (H13). The strongest relation could be observed with mathematics supposedly due to 

the nature of our items. We viewed this level of relations as a realistic picture considering the 

nature of the measured thinking skill and the grading practice in schools. There were no 
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connections between subject attitudes and students’ statement about the importance of being 

good at a subject (H14), therefore our hypotheses was confirmed. We argued that these 

findings are not indicators of problems since this means that regardless of the skill level 

students like the subjects and they think it is important to being good at them. 

With the application of the advantages of technology-based assessment we demonstrated 

that online large scale assessments could be efficiently implemented even in young ages. 

Manipulative items and pre-recorded instructions assumedly improved the validity and 

objectivity of our assessments. Our data indicate that with online assessments we can provide 

immediate feedback about students’ inductive reasoning for the teachers. With these easy to 

use online tests teachers are able to plan personalized teaching methods taking into account 

the individual differences on an empirical basis. In this context online assessments are 

contributing to the improvement of the quality of teaching. Technology-based assessments 

have a large impact on research practice as well since even data from large scale assessments 

could be easily the subject of statistical investigations. In addition, log files analyses could 

extend the scope of the research questions for instance we can obtain a detailed picture of the 

targeted construct.  

 

 

EXAMINE THE EFFECTIVNESS OF AN ONLINE INDUCTIVE REASONING 

TRAINING PROGRAM - METHOTDS 

Sample 

All together 314 students were involved in the study with the participation of 147 third and 

167 fourth grade pupils (age mean=9.72, SD=.67). The experimental group consisted of 88 

students while the others constituted the control group (N=226). 

 

Description of the training 

The training program was based on Klauer’s model of inductive reasoning and on his 

concept of Cognitive training for children (Klauer, 1989). The instrument consisted of 120 

computerized learning tasks, separated into 20 tasks for each operation. Instead of general 

content we embedded the tasks with various mathematical contents (e.g. recognizing and 

discriminating relations or attributes through mathematical operations, number series or units 

of measurements). Attributes of digital games-based learning were applied in order to enhance 

the learning effects. Students could manipulate within the items: answers had to be given by 

clicking and drag and drop functions. Pupils received immediate feedback after every learning 

task and in case of failure, instructional support was provided in order to guide the learning 

process. In groups of 20, students participated in a 5 weeks long training taking place in the 

school’s ICT room during the afternoons after regular teaching. Pupils logged in to the system 

and played alone. Only two coordinators were in the ICT room in order to handle technical 

problems and carrying out the administration of the training.   

As we mentioned before we did not have the test yet which was used in the large scale 

assessments. We developed an inductive reasoning test based on Klauer’s operations in order 

to measure the effectiveness of the training. The test comprised 43 figural, non-verbal items 

and had good reliability indices (pretest: Cronbach α=.83, posttest: Cronbach α=.86). Besides 

the test we administered a short questionnaire about the attitudes of the students toward the 

training program as well (e.g. Did you like the game?). Both the training and the assessments 

were carried out through the eDia platform (Electronic Diagnostic Assessment System). 
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EXAMINE THE EFFECTIVNESS OF AN ONLINE INDUCTIVE REASONING 

TRAINING PROGRAM – RESULTS AND DISCUSSION 

 

Our aim was to investigate the effectiveness of an online playful training program which 

develops inductive reasoning strategies through tasks embedded into mathematical content. 

There was no significant difference on the pre-test scores between the two groups, while on 

the post-test the experimental group significantly outperformed the control group. There was 

no significant group difference with regards to gender and grade. The effect size of the 

training program was d= .33. Children reported that they enjoyed playing the game and had 

positive attitudes towards it. Our findings demonstrated an example of how to integrate 

mathematical content and reasoning strategies into a digital game-based learning 

environment. Our hypotheses regarding the training program were confirmed (H15 and H16).  

 However, further analyses of the data revealed that not every child improved during the 

training and that two of the inductive strategies did not develop significantly at the group 

level. In addition, our effect size was not as high compare to the effect sizes in the literature 

(Klauer & Phye, 2008; Molnár, 2006). We can conclude that further corrections are necessary 

in order to improve the effectiveness of the training program. Nevertheless, considering that 

our research was a first step of a longer research series the current findings are promising. We 

have already started the implementation of the corrections with regard to both the test and the 

training program. It can be assumed that we may have reached higher effect size but our 

measurement tool was not sufficient enough to indicate it. This assumption is supported by 

the finding that the reliabilities of the subscales of the test were not as high. We have also 

reconsidered the training program.  Due to the inherent assessment techniques in the program 

incorrectly functioning learning tasks can be identified empirically. Reconsidering 

instructional support has to be carried out as well. Further game elements such as background 

story, new graphical solutions, personalization could be added in order to improve motivation. 

Straightening the connection between learning material and the game characteristics is also an 

important aspect for further development. 

Besides effectiveness methodological questions also has to be addressed in order to 

increase the generalizability of our findings. For instance, based on our results we cannot say 

anything about how effective our training could be compare to other programs. In addition, 

we could extend our design with the examination of placebo effects as well. The sampling of 

future studies should also be improved for example with randomized within subject research 

design. Investigation of further transfer effects (e.g. mathematical or science knowledge, other 

skills) also has to be carried out.  

 

 

GENERAL DISCUSSION 

 

Based on the experiences of the assessments and the experiment further fruitful research 

aims and developmental areas can be identified. Among these the most promising is the 

possible unification of technology-based assessment and digital game-based learning (Csapó 

et al, 2012; Pásztor, 2015b). Common attributes of the two fields such as immediate feedback, 

importance of optimal challenge, motivational environment, possibilities for interaction 

within the tasks, adaptive testing serve the theoretical basis for this endeavour. According to a 

basic model after completion of a test the system could offer digital teaching games (as a 

hyperlink) for the students to further improve their skills. After the training session pupils 

could return to the assessment part so they (and the teacher as well) could monitor the effects 

of the intervention. According to a more complex approach both the assessment and the 

training part could apply the advantages of adaptive testing methods. As result both the 

assessment and the training could be personalized, students could receive tasks which fit the 
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most to their skills. It is important to note that this process could not be restricted only for 

inductive reasoning but it could be generalized and apply for any skills or knowledge 

domains. 

This concept is one of the general aims of the eDia system developed by the Szeged Center 

for Research on Learning and Instruction. Besides the direct positive effects of such a system 

many indirect positive effects may occur. For instance during the implementation of our 

studies we provided documents for the schools about our researches such as assessment 

guides with the description of the constructs and feedbacks on the results. Thus, teachers 

could learn about current educational theories throughout the results of their pupils. It has to 

be noted that in online assessment teachers don’t have to wait for the results compare to 

traditional assessment methods: everything could be at hand on one platform. Another 

significant difference is that technology based training could be carried out in large scale as 

well. Thereby the theory and practice could meet efficiently and teachers immediately could 

use the new knowledge in classroom teaching. In this context the eDia system could be 

considered as a platform for transferring knowledge between teachers and educational 

researchers. For instances it can happen that teachers never heard about the Klauer concept for 

training inductive reasoning. With experiments such as ours teachers can see the theory and 

the practice at the same time. This is important since the psychological concepts of Klauer’s 

theory could easily be applied in everyday classroom teaching as well in any school subject: 

finding similarities and differences in relations and attributes is a general thinking process. 

Klauer and his colleagues also highlight the importance of the above mentioned aspects of 

their training program (Klauer, 1996; Klauer & Phye, 2008). In general, online assessments 

and developments of thinking skills could contribute to the improved efficiency of teaching 

processes and take us one step closer to the implementation of the thinking curriculum, too 

(about thinking curriculum see Adams, 1989; Nisbet, 1993; Resnick & Klopfer, 1989).   
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