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Abstract

The purpose of this study was to investigate the effects of instructional practices
based on intelligence games on the non-routine problem-solving skills of fourth-
grade elementary school students. The study employed a nested design, one of the
mixed-methods research designs. The primary data in the study were obtained from
the experimental process (single-group pretest/post-test). The study sample included
22 fourth-grade students (12 girls, 10 boys) attending an elementary school in Rize
in Turkey. The students were selected via convenience sampling, one of the purposive
sampling methods. The intervention plan, which included intelligence games, was
implemented over 40 sessions spanning 10 weeks. It was found that the non-routine
problem-solving skills of elementary school students improved after the teaching
intervention, based on the post-test scores. Additionally, the students reported that
activities based on brain games contributed to their problem-solving skills, their
ability to develop alternative solutions, and their strategy-development skills. Based
on these results, it is suggested that future studies could be designed to test the role of
such activities in developing students’ various skills.
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Introduction

The rapid changes and transformations of everyday lives in today’s world have led to
an increase of problems people are faced with (Yavuz et al., 2017). These changes also

necessitate the development and transformation of the learning processes (Tian et al.,
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2022). In this context, problem-solving skills must be made an indispensable part of
the school curriculum (Péhner & Hennecke, 2018). Many countries have recognised
the importance of teaching them in schools (Kaitera & Harmoinen, 2022). However,
it has been emphasized that students’ problem-solving skills are below the minimum
proficiency level (Suseelan et al., 2023), that students need support in developing these
skills (Omeroglu et al., 2009), and that educating individuals in this regard is extremely
necessary (Gelbal, 1991). It is emphasized that activity-based teaching practices can
be incorporated into the education and training process to develop problem-solving
skills (Omeroglu et al., 2009; Suseelan et al., 2023). Such activity-based teaching
practices have a significant impact on the development of students’ problem-solving
skills (Kaitera & Harmoinen, 2022). The instruction based on games, where students’
active participation is high, can be more efficient in developing problem-solving skills
than traditional methods (Supriatna et al., 2019). According to this perspective, more
effective teaching processes can be designed in order for students to gain problem-
solving skills (Tambychik & Meerah, 2010).

Possessing higher-order thinking skills is essential to effectively cope with challenges
encountered in everyday life (Ngang et al., 2014). In this regard, individuals must develop
problem-solving skills in order to addres a plan to solve the problem, implementing
the developed plan, and checking its implementation (Polya, 1997).

Problems are divided into routine and non-routine problems. Routine problems are
exercise problems that can be solved by using processing skills. Four processing skills
are sufficient to solve these types of problems. Non-routine problems, on the other
hand, are problems that can be solved by using higher-level thinking skills beyond
procedural skills when there is no ready-made solution plan for the problem. These
problems resemble problems encountered in daily life (Altun, 2018). In solving non-
routine problems, individuals use their prior knowledge to reach a solution (Weswood,
2011). Students should solve non-routine problems via higher-order thinking skills
such as analysis, synthesis, and evaluation (Suseelan et al., 2023).

Difficulties may be encountered in developing problem-solving skills in the learning
environments where active participation is limited (Tambychik & Meerah, 2010).
Learning environments and activities that encourage students’ active participation can
be organized during the process of developing this skill (Schoenfeld, 2017). In such
learning activities, students are given the opportunity to find solutions to problems on
their own (Gelbal, 1991; Polya, 1997). Intervention plans can be designed accordingly
to support the development of students” problem-solving skills (Suseelan et al., 2023).

Games can significantly contribute to students’ mental development by ensuring
their active participation in the learning process. Enriching the learning process with
games that students are interested in can make learning more effective and enjoyable
(Chou, 2016). The idea of using games in instruction has come to the fore in recent
times (Kafai, 2006), and there is consensus that such interventions should be an
integral part of curricula (Freitas & Oliver, 2006). Using educational brain games in
the learning process has been emphasized (Erwin, 2003). Such game-based teaching,
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which has become an important component of the curriculum, has a strong potential
in making learning more engaging and enjoyable (Charlier & Fraire, 2013).

Educational games can be used to contribute to the effective and meaningful learning
processes of students. The teaching based on brain games can be used at different
stages of education and training processes, ensuring students’ active participation and
increased learning motivation (Mubaslat, 2012; Norte & Lobo, 2008). In intelligence
games applications, individuals develop their own unique solutions (Devecioglu &
Karadag, 2014), gain different perspectives (Marangoz & Demirtas, 2017), and thus
improve their reasoning skills (Bottino et al., 2014). Additionally, research findings
indicate that intelligence games significantly contribute to the development of students’
cognitive, affective, and psychomotor skills (Hsieh & Chen, 2019). Intelligence games,
which make significant contributions to the development of students’ mental capacities,
present gamified versions of all kinds of problems (Ministry of National Education
[MoNE], 2013). Students try to find solutions to these problems by developing different
approaches to overcome them (Sanlidag & Aykac, 2021).

There are few studies on the implementation of educational designs based on
intelligence games, and the majority of these studies have aimed to examine the effect
of such games on different variables (Ozdevecioglu & Hark-Soylemez, 2021). However,
with the addition of intelligence games to the curriculum as an elective course at the
secondary school level by the Turkish Ministry of National Education, the importance
given to such practices has increased (MoNE, 2013). As the importance of intelligence
games in education has been recognized, the number of conducted studies has also risen.

The current research is significant because it shows the positive influence of using
intelligence games in the teaching process on developing non-routine problem-solving
skills in fourth-grade elementary school students. While there are studies in the
literature indicating that intelligence games improve students’ problem-solving skills
(Esentas, 2021; Kurbal, 2015; Sanlidag & Aykag, 2021), it is evident that the number
of studies examining the effect of such applications on non-routine problem-solving
skills is quite limited. The present study is important in terms of determining the
effectiveness of intervention plans that include such teaching based on brain games
in developing problem-solving skills, which are among important skills emphasized
in primary school curricula. The intervention plan that includes teaching practices
based on intelligence games developed within the scope of the current research will
contribute to the literature in terms of providing an alternative practice that facilitates
the development of students’ non-routine problem-solving skills.

The present study aimed to examine the effect of teaching based on intelligence
games on the non-routine problem-solving skills of fourth-grade elementary school
students. To this end, the following questions were addressed:

1 Is there a significant difference between the pretest and post-test scores of 4th grade

elementary school students on the non-routine problem-solving achievement test?

2 What are the opinions of 4th grade elementary school students regarding the

teaching practices based on intelligence games?
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Methodology

A mixed-methods study was conducted to determine the supportive role of
instructional practices based on intelligence games in the development of elementary
school students’ non-routine problem-solving skills.

In the study, it was deemed appropriate to use a nested design, in which qualitative
data are used to explain and support the quantitative data. In the nested design, a weak
experimental design (single-group pretest/post-test) was used to collect the primary
(quantitative) data. The extent to which post-test scores differ from pretest scores is
determined (Biiyiikoztiirk et al., 2013), and the role of the intervention is identified
in the outcomes (Creswell, 2020).

An experimental design was developed in this study to obtain primary data on the
role of instruction based on intelligence games in the development of non-routine
problem-solving skills. Secondary data were used to support the data obtained from
the primary source. Qualitative data obtained from interviews conducted with students
after the experimental process were used as a secondary data source to support and
explain the data derived from the experimental outcomes. This approach enabled
a better understanding of the research question by leveraging the strengths of both
quantitative and qualitative data.

Research group

In this study, fourth-grade students attending a public elementary school in the
province of Rize in Turkey were included in the research sample. The pilot study was
conducted with 20 students from the same class, including 10 female and 10 male
students. The principal intervention was carried out with 22 students from a different
class of the same school, consisting of 12 female and 10 male students. An intervention
program consisting of intelligence games was implemented for 10 weeks with the
group participating in the main study. Additionally, a post-intervention focus group
discussion was held with the students to determine their views on the teaching processes
based on intelligence games.

Data collection process

In the present study, the Non-Routine Mathematical Problem Solving Test-1
(multiple choice) and the Non-Routine Mathematical Problem Solving Test-2 (open-
ended)—both developed by the researchers as part of a doctoral dissertation—were
used as pretests and post-tests to collect quantitative data. Pretests and post-tests
were administered ten weeks apart. To collect qualitative data within the scope of the
study, a semi-structured interview form developed by the researchers was used. After
administering the non-routine achievement tests developed within the scope of the
study as pre-tests prior to the intervention, the researchers administered them again as
post-tests upon its completion. Additionally, following the intervention, focus group
interviews were conducted with the students using the semi-structured interview
form developed by the researchers.
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Figure 1. The Process of Developing a Test for Non-Routine Mathematical Problem-Solving Skills

- The purpose for which the test will be used has been clarified.

« Once the purpose of the test was determined, the scope of the subject
matter was defined to serve that purpose.

« The type and number of sample questions that make up the test
items have been determined.

- During the process of developing the draft problems, non-routine
mathematical problems and intelligence problems found in various
sources were reviewed (Altun, 2018; Baykul, 2021; Polya, 1997).

« Experts reviewed the pilot test questions to determine whether they
contained linguistic, scientific, or technical flaws, as well as to assess
their clarity, appropriateness for the target level, and difficulty levels.

- Taking problem-solving strategies into account, a total of
45 multiple-choice questions were developed, with five questions
each for nine different problem-solving domains.

- Based on the feedback received from expert reviews, the researcher
has made the necessary revisions. As a result of all these reviews,
the number of draft problems has been reduced to 33.

- A pilot implementation of the trial test containing draft questions has
been conducted.

- Following the pilot study, certain statistical analyses—such as item difficulty

and discriminative power—were conducted on the test items.

- The difficulty (pj) and discriminative power (rj) of the items included
in the test, as well as the average difficulty (p) and reliability coefficient
(KR-20) of the developed test, were calculated.

Data collection tools

Quantitative data collection tools
Multiple-Choice Non-Routine Mathematical Problem-Solving Skills test
(NRMPSAT 1)

An achievement test containing multiple-choice questions was developed to
determine the level of students’ non-routine mathematical problem-solving skills.
The developed achievement test was administered to students as a pretest and post-
test after undergoing validity and reliability studies. The test development process
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followed the steps used by Tekin (2010), Baykul (2000) and Giiler (2018) in their test
development processes. This process is shown in Figure 1.

A total of 112 fourth-grade students attending three different elementary schools
were recruited for the administration of the pilot test (consisting of a total of 33 items
identified following expert review). The administration process was completed over
two days, and data were collected. Item analyses were conducted based on the obtained
test results. As a result of all these analyses, it was determined that 22 questions met
the desired levels of item difficulty and discriminative power. The item difficulty and
discriminative power indices for the problems included in the test are shown in Table 1.

Table 1
Difficulty and Discriminative Power of the Test ltems

Article

Article No Item Difficulty Discrimination Article  Item Difficulty o Artigle
Index Index No Index Discrimination Index

+1 0.47 0.55 +18 0.56 0.61
+2 0.55 0.77 +19 0.35 0.32
+3 0.37 0.55 -20 0.18 0.23
-4 0.39 0.19 -21 0.82 0.29
+5 0.50 0.74 +22 0.40 0.48
+6 0.68 0.58 +23 0.50 0.61
+7 0.73 0.48 -24 0.18 0.23
+8 0.74 0.45 -25 0.31 0.23
-9 0.24 0.03 +26 0.42 0.52
-10 0.03 0.06 +27 0.42 0.52
+11 0.44 0.68 +28 0.29 0.45
+12 0.45 0.52 +29 0.42 0.52
+13 0.27 0.35 -30 0.44 0.16
+14 0.35 0.45 -31 0.16 0.06
+15 0.24 0.35 +32 0.53 0.48
-16 0.06 0.13 -33 0.23 0.13
+17 0.53 0.68

+Items included in the test, - ltems excluded

Based on the data in Table 1, problems with a discrimination index below 0.3
(11 problems) were removed from the test as a result of item analysis. The three
problems with a discrimination index between 0.30 and 0.39 were included in the
test without any corrections because they had a fairly good discrimination index.
Therefore, it was determined that the item discrimination indices of the problems
included in the NRMPSAT test were at a sufficient level. Regarding the difficulty of
the questions included in the test, it is seen that the difficulty index of nine problems
is greater than 0.5, while the difficulty index of 13 problems is less than 0.5. The item
analysis results of the problems in the NRMPSAT are shown in Table 2.
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Table 2
Results of the ltem Analysis of the NRMPSAT

Problem . pj:Value rj:Value

No N Ranges Result rj Ranges Result P KR-20
1 112 047 20<pj<80 '\Q%jfl:ftt; 055 .40<rj  Verygood item
2 112 055 .20<pj<80 “é‘%jf;ftt; 077 40<rj  Verygood item
3 112 037 .20< pj<80 '\é‘;gfl:ftt; 055 .40<rj Verygood item
4 112 05 .20<pj<80 '\g%jfl:ftt; 074 40<rj  Verygood item
5 112 068 .20<pj<80 '\(’j'l‘;gfl:ftt; 058 .40<rj  Verygood item
6 112 073 .20<pj<80 '\é'i"fgz:ftt; 048 40<rj  Verygood item
7 112 074 .20<pj<80 hﬁ:;ﬁf&?t? 045 40<r  Verygood item
8 112 044 .20< pj<80 '\é‘%jfl:ftf 068 .40<rj Verygood item
9 112 045 .20<pj<80 '\gl‘zgcel:ftt; 052 .40<rj Verygood item

10 112 0.27 .20<pj<80 Difficult  0.35 .30<rj<.39 Quite good item

46<.50 It can be said that the test is difficult for students.
.70<.82<.90 The test developed for this purpose is highly reliable.

. Moderate - .
11 112 035 .20<pj<80 difficulty 045 40<7yj Very good item
12 112 024 .20<pj<80 Difficult  0.35 .30<rj<.39 Quite good item
. Moderate . .
13 112 0.53 .20<pj<80 difficulty 0.68 .40<rj Very good item
14 112 056 20<pj<go Moderate 41 4o<r  Very good item
’ R difficulty ’ T
. Moderate . . .
15 112 035 .20<pj<80 difficulty 0.32 .30<rj<.39 Quite good item
. Moderate . .
16 112 04 .20<pj<80 difficulty 048 .40<ryj Very good item
17 112 05 20<pj<go Moderate i 40<k  Very good item
oo difficulty ™ U
. Moderate . :
18 112 042 .20<pj<80 difficulty 0.52 .40<rj  Verygood item
. Moderate . .
19 112 042 .20<pj<80 difficulty 0.52 40<yj Very good item
20 112 029 .20<pj<80 Difficult 045 .40<rj  Verygooditem
. Moderate . .
21 112 042 .20<pj<80 difficulty 0.52  40<yj Very good item
. Moderate . .
22 112 053 .20<pj<80 difficulty 048 .40<rj  Verygooditem

Table 2 shows the item discrimination index (rj) and item difficulty (pj) values
of the NRMPSAT, the average difficulty of the test (P), and the Kuder Richardson
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20 (KR-20) reliability coefficient results. When examining the item difficulty levels
of the problems included in the test, three problems were found to be difficult, while
the remaining 19 problems were found to be of medium difficulty. In addition, it was
determined that the item discrimination index of the 19 problems included in the test
was .40<rj, and that the discrimination index of these problems was very good. The
discrimination indices of the three problems in the test were found to be in the range
of .30<rj<.39, and the discrimination levels of these problems were determined to be
quite good (Giiler, 2018; Tekin, 2010; Turgut & Baykul, 2011). The average difficulty
of the test was calculated as 46, and it was found that the test had an average level
of difficulty (Tekin, 2010). The KR-20 reliability value of the NRMPSAT was .82,
indicating that the test had a high level of reliability. In addition to item analyses, the
necessary procedures were carried out in accordance with the steps outlined by Giiler
(2018) to determine the validity and reliability of the NRMPSAT.

A) Scope validity

These are studies conducted to determine the degree to which the measurement tool
can represent the subject area. Researchers attempt to determine the level at which
the problems prepared within the scope of the test represent the subject area using
indicator tables (Biiytikoztiirk et al., 2013; Giiler, 2018; Tekin, 2010). In this context,
the level to which the problems in the test prepared in the current study represented
the purpose and strategies used in the problem-solving process has been evaluated
within the framework of the problem-solving strategies of Polya (1997), Altun (2005)
and Baykul (2021).

b) Face validity

The fact that the test appears to measure the trait it is intended to measure, that it
contains information about the subject area, and that the items in the test provide
information about the subject area at first glance (Biiyiikoztiirk et al., 2013) relates
to the test’s face validity. The fact that the test developed within the scope of this
study was designed according to mathematical problem-solving strategies, that the
instructions were prepared accordingly, and that the test’s overall appearance reflected
the subject area demonstrates that the test possesses face validity. Sample questions
related to the developed multiple-choice non-routine problem-solving achievement
test are presented in Figure 2.

A frog at the bottom of a 12-meter deep well is
trying to get out. With each jump, it climbs up
3 meters, but because the walls are slippery,
it slides down 1 meter after every jump. On
which jump will the frog be able to get out of
the well?
A)5 B)4 )6 D)7

Figure 2. Sample Question for the Multiple-Choice Achievement Test
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Open-Ended Non-Routine Mathematical Problem-Solving Ability test
(NRMPSAT 2)

An open-ended test was designed to assess the effectiveness of teaching based on
intelligence games in developing students’ non-routine problem-solving skills. The
questions included in the test require higher-order thinking skills, which can be
effective in measuring students’ non-routine problem-solving skills. The questions
included in the test were developed using different sources in line with the problem-
solving strategies developed by Polya (1997), Altun (2018) and Baykul (2021). Based
on all this, 11 open-ended problems were generated to identify students’ non-routine
problem-solving skills. The researcher presented these draft problems to the experts
in the field of primary education for their opinion. In addition, the researcher applied
these open-ended problems to fourth-grade elementary school students and obtained
the necessary feedback. After all these applications, two problems were removed from
the open-ended achievement test because they were above the students’ level. In line
with the opinions of field experts, an open-ended test consisting of nine questions
was created, with one question for each problem-solving strategy. The second pilot
application of the prepared test was conducted with 78 students to determine whether
the problems were appropriate for the students’ level and understood. The answer
sheets of 30 randomly selected students were reviewed by two different evaluators, and
inter-rater consistency values were calculated. To minimize inconsistencies among the
reviewers before scoring (Turgut & Baykul, 2011), a detailed scoring key was created,
thereby significantly ensuring the validity and reliability of the test (Atilgan et al.,
2017). In the analysis of the responses obtained from the open-ended achievement test
developed by the researcher, the graded scoring key developed by Baki (2015) was used.
The evaluation criteria developed to identify problem-solving stages were used. The
inter-rater reliability coefficient was calculated using the answer key. In this context,
the levels used in the analysis of the open-ended NRMPSAT are presented in Table 3.

In analysing the problems in the open-ended test, the responses were evaluated by
two different experts using the scoring key above. The evaluators graded each student’s
responses using a scoring key (rubric). As a result of the evaluation, a maximum of
four points could be awarded for each question, yielding a total of 36 points. Sample
questions related to the developed open-ended, non-routine problem-solving
achievement test are provided in Figure 3.

The consistency coefficient among evaluators was calculated to determine the reliability
of the developed open-ended achievement test. The closeness of the scores between
evaluators, that is, the similarity of the scores given by the evaluators, indicates that
the reliability of the measurement tool is high (Biiyiikoztiirk et al., 2013). The Cohen
Kappa (k) method was used to calculate the consistency between scorers. Based on
this, the consistency value between the scores given by two different evaluators for
the same question was examined. This value, normally in range from -1.00 to +1.00,
was found to be close to +1.00, which indicates good inter-rater reliability and shows
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Table 3
Levels Used to Analyse Responses to the Open-Ended Section of the NRMPSAT and Explanatory Descriptions for These Levels
Comprehension  Definition of the  Understanding PIIann'mg Implementing uati
Level Level the Problem (Selecting a the Plan Evaluation
Strategy)
0-ldon't Thereis no The failure to The inability Theinabilityto  Not knowing
understand answer, almost  make any effort  to selectany reach a solution how the result
no correct tounderstand  strategy will be verified
answer, or no the problem
answer at all
1-Specific Answers Failure to Choosing an Implementing  Partial validation
misconception  containing understand the inappropriate  an inappropriate of the results
illogical or problem strategy or incorrect
inaccurate solution
information
2-Partial The answer Understanding  Selecting a Part of the Logical
understanding  containsboth  part of the componentof  solution validation of the
accompanied  correct and problem the strategy that results
by a specific incorrect will help achieve
misconception  statements the solution
3-Partial Since the Identifying the  Adopting a The solution Testing the
understanding  answer contains key variables systematic steps were findings within
mostly correct  of the problem  approach to generally the context of
information, itis andanalyzing  manage the implemented the problem and
partially the prerequisites peace process  correctly, though verifying the
correct but necessary forits and establishing minor deviations consistency of
insufficient solution alogical were observed at the solution to a
framework the operational  limited extent
level
4-Full The answer Full Selecting a Reaching an Solving the
understanding  is completely understanding of strategy that appropriate and  problem and the
correct and the problem willleadtoan  correct solution new problem
comprehensive appropriate derived from it
solution

The letters outside the diagram indicate the first letters visible when viewed from that dire-
ction. As shown in the example below, fill in the blank diagram below by using each of the
letters given in the upper-left corner of the diagram exactly once in the rows and columns.

‘Example: Blank Diagram:

A AB C A A|B|C nec)[ TBJAJC
A _E A A B|(C|EC C
A £l |Ala B|C c A
C B B C AlB|B B ¢

C B

B A B|B C AR

B C A A B C A|lA A B

Figure 3. Sample Question for an Open-Ended Achievement Test

(ABC)
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no disagreement between evaluators ($encan, 2005). Within the scope of the current
research, it was determined that the inter-rater reliability values of the open-ended
achievement test developed to determine non-routine problem-solving skills ranged
between .712 and .953. These values indicate that the inter-rater reliability of the
questions included in the open-ended achievement test was high.

Qualitative data collection tools
Interview form

In the current study, a focus group interview was conducted with students after
the teaching interventions based on intelligence games to obtain their views on the
process. The researchers developed a semi-structured interview form for this purpose.
To ensure the validity of the qualitative data, the opinion of a field expert was sought to
determine the suitability of the interview form prepared for this purpose. In addition,
the research process was reported in detail to ensure its validity. To ensure the reliability
of the research, the students’ thoughts on the implementation process were expressed
with codes. Furthermore, the data obtained from the interviews were coded by two
independent coders to examine the inter-coder agreement. The agreement index
between was 85%. Consensus was reached on 44 of the 52 created codes. Following
the implementation process, focus group interviews were conducted with fourth-grade
elementary school students in two separate sessions, with 11 students in each group.

Data analysis

Multiple-choice and open-ended achievement tests developed by the researcher were
administered to the study group as a pretest. Following this process, the intervention
plan—which included 10 weeks of instruction based on intelligence games—was
implemented. After the intervention, the tests administered as pretests were re-
administered as post-tests. Given that the small sample size would not ensure a normal
distribution of the data (Drew et al., 1996), it was decided to use the non-parametric
Wilcoxon Signed-Rank Test (Can, 2017) to determine the mean differences between
the two measurements. Therefore, for the analysis of data obtained from the pre and
post-test applications of the non-routine mathematical problem-solving achievement
tests, the arithmetic mean (X) and Wilcoxon Signed-Rank Test were used. The necessary
analyses were conducted using the SPSS 20.0 software package.

Content analysis was used to analyse the data obtained from the focus group
interviews conducted with students following the implementation. The focus group
interviews, which were conducted in two sessions, were recorded using a voice
recorder. The collected data were transcribed into text on a computer and analysed
using the MAXQDA software. The content analysis method, in which similar data
points are grouped and organized into themes, was employed in the data analysis. The
qualitative data obtained within the scope of the study are presented in diagrams, and
the codes with the highest frequency are supported by direct quotes, where students
are coded as 1, 2, 3, etc.

569



Terzi and Altun: The Role of Intelligence-Based Teaching Methods in Developing Non-Routine Problem-Solving ...

The implementation process

The teaching plan based on intelligence games was conducted for a total of ten
weeks, entailing two sessions of two hours per week (four hours per week—160
minutes. A researcher with a degree in intelligence games was responsible for the
implementation. A sample implementation plan for the teaching activities based on
intelligence games developed within the scope of this research is presented in Table 4.

Table 4

Sample Implementation Plan

Participants

Fourth-grade elementary school students

Time 2 lessons (40'+40’) + 2 lessons (40'+40')
Beginner Level
¢ These are games in which progress is made by evaluating the given clues direct-
ly or in different orders.
Intermediate Level
¢ These are games involving short trials where incorrect options are eliminated
through trial and error.
Purpose . . .
* These are games where game-specific basic strategies are employed.
Advanced Level
* These are games that require extensive trial and error to reach a solution.
* These are games in which players develop and employ their own strategies spe-
cific to the game.
Skill Non-routine mathematical problem-solving skills
Location Intelligence games class
Material Intelligence games materials, worksheets, pencil, A4 paper, computer, PowerPoint

Preparation

Process

570

1 A PowerPoint presentation about the games has been prepared.

2 Game materials for the activities have been prepared.

3 Worksheets for the activities have been prepared.

4 Since some game materials were not available in sufficient quantities,
the researcher created a version of the game adapted for A4 paper.

Lesson 1

* Puzzle games were taught to students using a PowerPoint presentation.

¢ Logic games: Information were provided about Sudoku, regional Sudoku,

and shaped and colored Sudoku games.

o |t was explained that Sudoku is a game that develops thinking and
reasoning skills. Additionally, students were informed that it is a
game that enhances concentration, fosters creativity, improves hand-eye
coordination, and relaxes the mind.

¢ Explanations were provided regarding the fact that Sudoku is a single-
player game and that there were Sudoku grids with 4x4, 6x6, 9x9, 12x12,
16x16, and 20x20 square layouts.

- It was explained that they did not need a friend or an opponent to play;
instead, they could compete against themselves by timing themselves or
increasing the difficulty level.

- After the instructions were given, a worksheet consisting of easy-level
Sudoku puzzles (Sudoku Activity 1) was distributed to the students to solve.
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e [t was explained that Sudoku is a game that develops thinking and reasoning
skills. Additionally, students were informed that it is a game that enhances
concentration, fosters creativity, improves hand-eye coordination, and
relaxes the mind.

* Explanations were provided regarding the fact that Sudoku is a single-player
game and that there were Sudoku grids with 4x4, 6x6, 9x9, 12x12, 16x16, and
20x20 square layouts.

¢ It was explained that they did not need a friend or an opponent to play;
instead, they could compete against themselves by timing themselves or
increasing the difficulty level.

« After the instructions were given, a worksheet consisting of easy-level Sudoku
puzzles (Sudoku Activity 1) was distributed to the students to solve.

¢ Additionally, the necessary explanations regarding regional Sudoku were
provided to the students. It was noted that all the rules of classic Sudoku
applied.

e However, it was emphasized that the regions were not divided in a regular
pattern as in classic Sudoku. It was explained that the key point to note was
that each number had to be used exactly once in every region divided by
thick lines.

Lesson 2
Geometric puzzle games: It was said that tangram, Katamino/Pinomino, and pattern
Process games would be taught.
¢ Information about tangram was provided.
e |t was explained that tangram is a puzzle game based on assembling seven
geometric pieces to create various shapes.
e Students were asked a few questions. These included:
1 What is the relationship between the tangram pieces?
2 Which pieces do you use to make a square and a rectangle?
3 Which pieces have sides of equal length?

Lesson 3
The necessary information about the Katamino game was provided. Students were
informed about the rules of the game.
e |t was stated that there were 12 pentaminos (pieces).
e |t was stated that there were 5 small red pieces and 3 small brown pieces.
e [t was noted that when two people played, the divider stick should be placed
in the space between 6 and 7.
e Students were given the necessary time to play the game. Additionally, the
instructor checked whether the difficulty levels had been completed and
whether the correct piece had been selected during the game.

Lesson 4
The necessary information about the pattern game was provided.
e It was described as a highly enjoyable matching game designed to find
stones with the same pattern among stones featuring different patterns.

1. Although students initially found it a bit challenging since they encountered
many of the games for the first time, they were able to overcome the problems
presented in the games as time went on.

2. Some games required advanced computational skills. In this context, some stu-

Results dents struggled because they lacked the necessary prior knowledge.

3. Some students struggled during the process because the games involved prob-
lems outside their usual routine.

4. Since the problem scenarios presented in the game required advanced skills,
some initial difficulties were encountered.
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Results

This section of the study presents findings regarding the role of teaching practices
based on intelligence games in the non-routine problem-solving skills of fourth-grade
elementary school students.

Table 5
Descriptive Statistics Regarding Pretest and Post-test Scores on the Tests of Non-Routine Mathematical Problem-Solving Skills
Pretest Post-test
n X Median Ss n X Median Ss
NRMPSAT (Multiple 2 959 850 461 22 1590 1600 381
Choice Test)
NRMPSAT

(Open-ended test) 22 15,00 15,00 6,85 22 29,50 29,50 2,24

Table 5 shows that the mean pretest score on the Multiple-Choice Test of Non-
Routine Mathematical Problem-Solving Skills was X = 9.59, while the mean post-test
score was X = 15.90. For the open-ended achievement test, the mean pretest score was
X =15.00, while the mean post-test score was X = 29.50. Upon examining the table, it is
observed that the mean post-test scores were higher than the mean pre-test scores for
both tests. This indicates that the implemented intervention plan improved students’
ability to solve non-routine problems.

Table 6

Results of the Wilcoxon Signed-Rank Test Analysis of Pretest and Post-test Scores on the Multiple-Choice Achievement Test
Pretest/Post-test n Averagerank  Sum of the sequence z p  rvalue
Negative sequence 0 0,00 0,00
Positive sequence 20 10,50 210,00 -3,926 ,00 0,83
Equal 2

According to the data in Table 6, there is a significant difference in favour of the post-
test scores compared to pretest scores (multiple-choice) of fourth-grade elementary
school students (z = -3.926, p < 0.05). Effect size is one of the measures indicating
the significance of the difference between the groups. According to Cohen (1988),
an r value of 0.5 or higher indicates that a study has a large effect. In the current
study, the effect size was calculated as 0.83, which indicates a moderate effect. It can
therefore be interpreted that the intervention plan incorporating teaching practices
based on intelligence games supported the development of students’ non-routine
problem-solving skills.

According to the data in Table 7, there is a significant difference in favour of the
post-test scores compared to pretest scores (open-ended) of fourth-grade elementary
school students (z = -4.110, p < 0.05), and the effect of this significance is found to
be moderate (r = 0.87). This finding suggests that teaching methods that incorporate
intelligence games supported the development of students’ non-routine problem-
solving skills.
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IT?;Z?LIJZZ of the Wilcoxon Signed-Rank Test Analysis of Pretest and Post-test Scores on the Open-Ended Achievement Test
Pretest/Post-test n Average rank S:;r;\u(;fntchee z p rvalue
Negative sequence 0 0,00 0,00
Positive sequence 22 11,50 253,00 -4,110  ,00 0,87
Equal 0

Student opinions on teaching based on intelligence games

The data obtained from interviews with students are presented in the form of figures.
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Figure 5. Opinions of Fourth-Grade Elementary School Students Regarding Intelligence Games Applications

The statements regarding elementary school students’ views on teaching based on
intelligence games have been grouped into three categories: evaluation of the process,
benefits, and recommendations.

On this topic, student 8 said: “The process was generally good. These types of activities
have helped us solve problems more easily. The board games were especially good. For
example, the pyramid game was easier and more enjoyable than the others.”
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Strategic development

Figure 6. Fourth-grade elementary school students' views on the skills they
acquired through teaching based on intelligence games

573



Terzi and Altun: The Role of Intelligence-Based Teaching Methods in Developing Non-Routine Problem-Solving ...

It is visible from Figure 6 that fourth-grade elementary school students expressed
the benefits from learning through intelligence games as developing different solution
paths (f:15), problem solving (f:12), and strategy development (f:10). On this issue,
student 5 stated: “I saw that I developed different approaches in the games. I realized how
to use these approaches when solving problems.”

()
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problems by developing
different solutions in game
applications. (2)

Figure 7. Fourth-grade elementary school students’ views on the contribution
of teaching via intelligence games to their problem-solving skills

An examination of Figure 7 reveals that most students indicated that teaching
methods based on the implemented intelligence games were effective in developing
problem-solving skills. On this topic, student 8 said: “We encountered problems outside
the ones we are used to, and I noticed that I got faster at solving these problems. It improved
my problem-solving skills. I started solving problems more easily.”
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Figure 8. Fourth-grade elementary school students’ views on the contribution of teaching
via intelligence games to their ability to develop different solution paths

As shown in Figure 8, the majority of students indicated that such applications were
effective in developing different solution strategies. On this topic, student 10 mentioned:
“While playing intelligence games, I realized that there was more than one solution. For
example, in Target 5, I tried to trap my opponent and won the game this way.”
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Discussion

In this study, a significant difference was found between the pretest and post-test
scores obtained by elementary school students on an achievement test designed to
assess their non-routine mathematical problem-solving skills, with the post-test
scores being significantly higher. This finding may indicate that the intervention plan,
which incorporated teaching practices based on intelligence games, contributed to
the development of students’ non-routine problem-solving skills. This finding may
stem from the fact that, during the instructional process based on intelligence games,
students developed solution strategies by employing diverse problem-solving processes
in the games presented to them. This serves as evidence that instructional practices
based on intelligence games provide significant contributions to the development of
non-routine problem-solving skills among elementary school students. This result of
the study aligns with the findings of Devecioglu and Karadag (2014), who reported
that the use of intelligence games enhanced students’ problem-solving skills and that
students overcame the problems they encountered by employing various solution
strategies in such activities. The finding that the use of intelligence game applications
may be effective in the process of developing problem-solving skills has also been
observed in studies in the literature (Demirel, 2015; Erdogan et al., 2017; Marangoz
& Demirtag, 2017). However, contrary to the widespread belief cited in the literature,
there are also studies that found no effect of game-based intervention plans on students’
cognitive development. In this regard, Simons et al. (2016) noted in their study that
there is no comprehensive evidence to suggest that game-based intervention plans
improve students’ cognitive performance.

The present study concluded that an intervention plan incorporating teaching
practices based on intelligence games contributed to the development of students’
non-routine problem-solving skills. This may stem from the fact that students utilized
problem-solving processes to overcome various problem situations while playing
intelligence games. In such teaching practices, students may encounter problems that
require multiple solution paths beyond ordinary (routine) problems. By developing
different solution paths to tackle such non-routine problems and attempting to find
solutions to the problems they encounter, students can develop their non-routine
problem-solving skills. The findings obtained in this study align with the results of
research in the literature. For example, the results of Demirel’s (2015) study showed
that intelligence games made significant contributions to students’ problem-solving
skills and academic achievement, and they are in line with the results of the current
study. Similarly, in a study conducted with second-grade elementary students,
Marangoz (2018) emphasized that such games contributed to students’ cognitive skills
and imparted important skills to them. However, the findings of Sala et al. (2018),
who investigated the effects of computer-based games on students’ cognitive abilities,
contradict the current research findings, as they concluded that there was no causal
relationship found between playing such games and cognitive abilities. There are studies
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in the literature that support the current research finding that intelligence games make
significant contributions to problem-solving skills. For example, the findings of Akbas
and Baki (2015), indicating that such applications contributed to the development of
problem-solving, reasoning, and inquiry skills, and those of Romero et al. (2015), who
suggested that intelligence games supported the development of 21st-century skills,
align with the results of the current study. In this context, the findings of this study
and the research in the literature indicate that applying intelligence games makes
significant contributions to the development of problem-solving, develops different
perspectives, reasoning, and critical thinking skills.

Another finding obtained from the interviews conducted with students as part of
this study is that the implementation of intelligence games significantly influenced the
development of students” problem-solving skills and their ability to develop different
perspectives. This situation serves as a strong indicator that, during instructional
applications of intelligence games, students encounter certain problem situations and
utilize problem-solving processes to overcome them. It also suggests that students
develop alternative solutions to problems by devising different approaches while playing
intelligence games. Along the same lines, Kurbal (2015) found that students taking an
intelligence games course improved their problem-solving and reasoning skills. Esentas
(2021) also demonstrated in his research that students indicated such games could be
used as educational tools. Bottino et al. (2013) reached a similar conclusion in their
study. This finding indicates a strong positive correlation between elementary students’
ability to play intelligence games and their academic achievement. In interviews with
classroom teachers, Kula (2021) found that teachers believed such applications made
significant contributions to learning processes. Ekici et al. (2017) noted a consensus
on intelligence games being fun and, as such, having the potential of use in teaching
and learning processes. The finding from this study that including intelligence games
in teaching contributed to the development of students’ non-routine problem-solving
skills aligns with the findings of studies in the literature. All these results suggest that
teaching and learning practices based on intelligence games can be utilized in the
process of developing non-routine problem-solving skills.

Conclusion and recommendations

In the present study, it was concluded that instructional practices based on intelligence
games serve as an effective teaching tool that contributes to the development of non-
routine problem-solving skills in elementary school students.

The recommendations developed based on the research findings are as follows:

o Long-term longitudinal studies can be designed to examine the impact of
implementing intelligence games-based activities on students’ non-routine
problem-solving skills.

o Research can be conducted on the effects of intervention plans incorporating
intelligence-games teaching practices on various skills.

 Experimental studies can be conducted on the contribution of intelligence games
to verbal subjects.
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o Care must be taken to ensure there is sufficient number of intelligence games
provided during implementation. To prevent the instructor from encountering
classroom management issues, enough intelligence games must be prepared to
accommodate all students.

o For process-based intelligence games—a type of intelligence game—students’
prior knowledge must be adequately developed before implementation.

o Based on the knowledge and skills students gain from educational intervention
plans that incorporate intelligence games, a curriculum incorporating intelligence
games can be developed for the elementary school level, and a course can be added.
Moreover, intelligence games courses can be organized as exercise workshops.

o Extended longitudinal studies with larger sample groups could be conducted
to investigate the development of non-routine problem-solving skills among
elementary school students through activities based on intelligence games.

Limitations of the study

1 The experimental study did not include a control group. Therefore, the study only
involved the experimental group students who participated in the intervention
process.

2 The education provided under the designed intelligence game-based activity
plans was limited to a ten-week intervention plan.

3 The study’s sample was limited to 22 fourth-grade elementary school students.

4 The study’s data collection tools are limited to achievement tests and an interview
form created by the researchers.
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Uloga metoda poucavanja
temeljenih na inteligenciji u
razvoju vjestina rjesavanja
nerutinskih problema ucenika
osnovne skole

Sazetak

Svrha ove studije jest istraZiti ucinke nastavnih praksi temeljenih na inteligencijskim
igrama na vjestine nerutinskoga rjesavanja problema ucenika cetvrtoga razreda
osnovne Skole. Studija je koristila ugnijezdeni dizajn, jedan od istrazivackih dizajna
mjesovite metode. Primarni izvor podataka za studiju ¢ine podatci dobiveni iz
eksperimentalnoga procesa (pred-posttest s jednom skupinom). Uzorak istrazivanja
sastojao se od 22 ucenika Cetvrtoga razreda (12 djevojcica i 10 djecaka) osnovne skole
u Rizeu u Turskoj, odabranih primjenom metodickoga uzorkovanja po prakticnosti,
jedne od ciljnih metoda uzorkovanja. Intervencijski plan, koji je ukljucivao igre za
razvoj inteligencije, proveden je u 40 sesija tijekom 10 tjedana. Na temelju nalaza
istrazivanja, zakljuceno je da su se vjestine ucenika osnovne skole za rjesavanje
nerutinskih problema poboljsale u korist rezultata posttestiranja unutar ispitivane
skupine tijekom razdoblja intervencije. Dodatno, ucenici su izvijestili da su takve
aktivnosti doprinijele njihovim vjestinama rjesavanja problema, njihovoj sposobnosti
razvijanja alternativnih rjesenja i njihovim vjestinama razvijanja strategija. Na
temelju ovih rezultata, predlaze se da bi buduca istraZivanja mogla biti osmisljena
kako bi se testirala uloga takvih aktivnosti u razvijanju razlicitih vjestina ucenika.

Kljucne rijeci: logicke igre; rjesavanje problema; ucenici osnovne skole

Uvod

Brze promjene i transformacije koje se danas dogadaju dovele su do povecanja
problema s kojima se ljudi suocavaju (Yavuz i sur., 2017). Te promjene i transformacije
takoder zahtijevaju razvoj i transformaciju procesa ucenja (Tian i sur., 2022). U tome
kontekstu, vjestine rje$avanja problema moraju postati neizostavan dio $kolskoga kurikula
(Pohner i Hennecke, 2018). Mnoge zemlje navode da je ta vjestina vazna vjestina koju
bi trebalo poucavati u skolama (Kaitera i Harmoinen, 2022). Medutim, naglaseno je
da su vjetine rje$avanja problema udenika ispod minimalne razine osposobljenosti
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(Suseelan i sur., 2023), da uenici trebaju podrsku u razvoju tih vjestina (Omeroglu
idr., 2009) i da je obrazovanje pojedinaca iznimno nuzno (Gelbal, 1991). Naglasava
se da se prakse poucavanja temeljene na aktivnostima mogu ukljuciti u obrazovni i
odgojni proces kako bi se razvile vjestine rjeSavanja problema (Omeroglu i sur., 2009;
Suseelan i sur., 2023). Takve prakse poucavanja temeljene na aktivnostima imaju
znacajan utjecaj na razvoj ucenikovih vjestina rjesavanja (Kaitera i Harmoinen, 2022).
U nastavnim primjenama temeljenim na igrama, pri ¢emu je sudjelovanje ucenka
aktivno, poucavanje ove vjestine moze biti u¢inkovitije od tradicionalnih metoda
(Supriatna i sur., 2019). S toga gledista mogu se osmisliti u¢inkovitiji nastavni procesi
za stjecanje ove vjestine (Tambychik i Meerah, 2010).

Posjedovanje vjestina viSega reda razmisljanja nuzno je za uc¢inkovito suoc¢avanje s
izazovima s kojima se susre¢emo u svakodnevnom zivotu (Ngang i sur., 2014). U tom
pogledu, pojedinci moraju razviti vjestine rjeSavanja problema kako bi se pozabavili i
prevladali razne probleme s kojima se suocavaju (Riyadi-Syarifah i Nikmaturrohmah,
2021). S obzirom na sve to, razvijanje ove vjestine ukljuceno je u obrazovne ciljeve
mnogih zemalja (Arkan-Sezgin, 2019). Razvijanje vjestina rjeSavanja problema u
matematici je vrlo vazno (Asman i Markovits, 2009). Vjestine rjeSavanja problema
nisu samo tema o kojoj se raspravlja i koja se naglasava u matematici. To je vazna
vjestina koju koristimo u svakom podruéju nasega svakodnevnog zivota (Posamentier
i Krulik, 2016). Problemi i neizvjesnosti na koje nailazimo u svakodnevnome Zivotu
maifestiraju se kao situacije koje zahtijevaju rjeSavanje (Gelbal, 1991), dok se proces
uklanjanja te neizvjesnosti i uspostavljanje reda naziva rjeSavanjem problema (Altun,
2018). Sposobnost rjesavanja problema, slozen proces koji uklju¢uje odredene korake
(Wardani i sur., 2018), sastoji se od cetiriju faza (Polya, 1997). To su sljedece faze:
razumijevanje problema, razvijanje plana za rjesavanje problema, provedba razvijenoga
plana rjeSenja i provjera provedenoga plana rjesenja (Polya, 1997).

Problemi se dijele na rutinske i nerutinske probleme. Rutinski problemi su zadatci
koje je moguce rijesiti primjenom obradnih vjestina. Cetiri obradne vjestine dovoljne
su za rjeSavanje ovih vrsta problema. Nerutinski problemi, s druge strane, su problemi
koje je moguce rijesiti primjenom visih misaonih vjestina koje nadilaze proceduralne
vjestine kada za problem ne postoji gotov plan rjeSavanja. Ove vrste problema slicne
su problemima s kojima se susre¢emo u svakodnevnome zivotu (Altun, 2018). Pri
rjesavanju nerutinskih problema pojedinci koriste svoje prethodno znanje kako bi
dosli do rjesenja (Weswood, 2011). Ucenicima bi trebalo zadavati nerutinske probleme
¢ime im se omogucuje razvoj i primjena visih misaonih vjestina kao $to su analiza,
sinteza i evaluacija (Suseelan i sur., 2023).

Mogu se pojaviti poteskoce u razvoju vjestina rjeSavanja problema u okruzjima
za ucenje u kojim je aktivno sudjelovanje ogranic¢eno (Tambychik i Meerah, 2010).
Okruzja za ucenje i aktivnosti koje poticu aktivno sudjelovanje ucenika mogu se
organizirati tijekom procesa razvoja ove vjestine (Schoenfeld, 2017). U takvim se
nastavnim aktivnostima uc¢enicima pruza prilika da sami pronadu rjeSenja za probleme
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(Gelbal, 1991; Polya, 1997). Na temelju toga mogu se osmisliti planovi intervencije
za podrsku razvoju studentskih vjestina rjeSavanja problema (Suseelan i sur., 2023).

Igre mogu znacajno doprinijeti mentalnome razvoju ucenika osiguravajudi
njihovo aktivno sudjelovanje u procesu ucenja. Uklju¢ivanje ucenika u proces ucenja
primjenom raznolikih vrsta igrivih aktivnosti moze pridonijeti ve¢oj u¢inkovitosti i
ugodnosti u¢enja. (Chou, 2016). Ideja koristenja igara u procesima ucenja dosla je u
prvi plan u posljednje vrijeme (Kafai, 2006) i postoji konsenzus da bi se takve primjene
trebale uvrstiti u kurikul (Freitas i Oliver, 2006). Na temelju toga naglaseno je da se
igre inteligencije, koje su jedna od vrsta edukativnih igara, mogu koristiti u procesu
ucenja (Erwin, 2003). Takve primjene nastave temeljene na igrama, koje su postale
vazna komponenta nastavnoga programa, imaju snazan potencijal da ucenje ucine

Edukativne igre mogu se koristiti za doprinos ucinkovitim i smislenim procesima
ucenja ucenika. Ove vrste aplikacija za poucavanje temeljenih na igrama mogu se koristiti
u razli¢itim fazama obrazovnih i procesa osposobljavanja. Ove vrste procesa ucenja,
koje osiguravaju aktivno sudjelovanje u¢enika, mogu povecati njihovu motivaciju za
ucenjem (Mubaslat, 2012; Norte i Lobo, 2008). U aplikacijama igara inteligencije, koje
su jedna od vrsta igara, pojedinci razvijaju vlastita jedinstvena rjeSenja (Devecioglu
i Karadag, 2014), stjecu razli¢ite perspektive (Marangoz i Demirtas, 2017) i time
poboljsavaju svoje vjestine rasudivanja (Bottino i sur., 2014). Dodatno, istrazivanja
pokazuju da igre inteligencije znac¢ajno doprinose razvoju kognitivnih, afektivnih i
psihomotornih vjestina ucenika (Hsieh i Chen, 2019). Igre inteligencije, koje znacajno
doprinose razvoju mentalnih sposobnosti u¢enika, predstavljaju gamificirane inacice
svih vrsta problema (Ministarstvo nacionalnog obrazovanja [MoNE], 2013). Uéenici
pokusavaju pronadi rje$enja za te probleme razvijajudi razlidite pristupe kako bi ih
prevladali (Sanlidag i Aykag, 2021).

Broj studija u kojima su razvijeni dizajni s aplikacijama aktivnosti temeljenim na
igrama inteligencije vrlo je mali. Velika vecina ograni¢enoga broja provedenih studija
imala je za cilj ispitati u¢inak takvih igara na razlicite varijable (Ozdevecioglu i Hark-
Soéylemez, 2021). Medutim, vaznost takvih praksi porasla je nakon $to je Tursko
ministarstvo nacionalnoga obrazovanja uvelo igare inteligencije u kurikul kao izborni
predmet u srednjoskolski kurikul (MoNE, 2013). Kako je vaznost igara inteligencije u
obrazovanju prepoznata, broj provedenih studija takoder je poceo rasti.

Trenutac¢no istrazivanje znacajno je jer pokazuje da aplikacije za poucavanje
temeljene na igrama inteligencije mogu proces poucavanja za razvoj vjestina rje$avanja
nerutinskih problema ucenika ¢etvrtoga razreda osnovne $kole uciniti u¢inkovitijim
i ugodnijim. Tako postoje studije u literaturi koje ukazuju na to da igre inteligencije
poboljsavaju vjestine rjeSavanja problema ucenika (Esentas, 2021; Kurbal, 2015;
Sanhdag i Aykag, 2021), ocito je da je broj studija koje ispituju uc¢inak takvih aplikacija
na vjestine rjesavanja nerutinskih problema prili¢no ogranicen. Ova je studija vazna za
utvrdivanje u¢inkovitosti planova intervencije koji uklju¢uju takve nastavne primjene
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temeljene na igrama inteligencije u razvoju vjestina rjesavanja problema, koje su
medu vaznim vjestinama naglasenima u kurikulu osnovne $kole. Plan intervencije
koji ukljucuje nastavne prakse temeljene na igrama inteligencije, razvijen u sklopu
ovoga istrazivanja, doprinijet ce literaturi kao alternativna praksa za razvijanje vjestina
ucenika za rjeSavanje nerutinskih problema.

Svrha je ove studije ispitati u¢inak nastavnih aplikacija temeljenih na igrama
inteligencije na vjestine rjesavanja nerutinskih problema ucenika cetvrtoga razreda
osnovne Skole. U tu su svrhu postavljena sljedeca pitanja:

1. Postoji li znacajna razlika izmedu rezultata predtestiranja i posttestiranja ucenika
Cetvrtog razreda osnovne $kole na testu postignuca u nerutinskom rjeSavanju
problema?

2. Koja su misljenja ucenika cetvrtoga razreda osnovne $kole o nastavnim praksama
temeljenim na i igrama inteligencije?

Metodologija

Provedena je studija kombiniranih metoda kako bi se utvrdila potporna uloga
nastavnih praksi temeljenih na igrama inteligencije u razvoju vjestina ucenika osnovne
$kole za rjeSavanje nerutinskih problema.

U studiji je smatrano prikladnim koristiti ugnijezdeni dizajn, u kojem se kvalitativni
podatci koriste za objasnjenje i potporu kvantitativnim podatcima. U ugnijezdenom
dizajnu koristen je slab eksperimentalni dizajn (jedna skupina, predtest-posttest) za
prikupljanje primarnih (kvantitativnih) podataka. U ovome se dizajnu utvrduje u
kojoj se mjeri rezultati posttesta razlikuju od rezultata predtesta (Biiyiikoztiirk i sur.,
2013) te se identificira uloga intervencije u ishodima (Creswell, 2020).

U ovoj je studiji razvijen eksperimentalni dizajn kako bi se utvrdila uloga nastave
temeljene na igrama inteligencije kao primarnoga izvora podataka o vjeStinama
rjeSavanja nerutinskih problema. U tom se dizajnu sekundarni podatci koriste za
potporu podatcima dobivenima iz primarnoga izvora. Kvantitativni podatci dobiveni
iz intervjua provedenih s u¢enicima nakon eksperimentalnoga procesa koristeni
su kao sekundarni izvor podataka za potporu i objasnjenje podataka izvedenih iz
eksperimentalnih ishoda. Ovaj je pristup omogucio bolje razumijevanje istrazivackoga
pitanja iskoristavanjem prednosti kvantitativnih i kvalitativnih podataka.

Istrazivacka skupina

U ovome istrazivanju ucenici ¢etvrtoga razreda javne osnovne Skole u pokrajini Rize
u Turskoj ukljuceni su kao odgovarajuca istrazivacka skupina. Pokusno istrazivanje
provedeno je s 20 uéenika iz istoga razreda, od kojih je 10 bilo udenica i 10 ucenika.
Glavna primjena provedena je s 22 ucenika iz drugoga odjela iste skole, od kojih
je 12 bilo ucenica i 10 ucenika. Intervencijski program koji se sastojao od igara za
poticanje inteligencije provodio se 10 tjedana s grupom koja je sudjelovala u glavnoj
studiji. Dodatno je s u¢enicima odrzana diskusija u fokus grupi nakon intervencije
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kako bi se utvrdila njihova misljenja o nastavnim primjenama temeljenim na igrama
za poticanje inteligencije.

Proces prikupljanja podataka

U ovoj studiji koristeni su Test rjeSavanja nerutinskih matematickih problema-1
(viSestruki izbor) i Test rjeSavanja nerutinskih matematickih problema-2 (otvorena
pitanja) — oba su razvili istrazivaci u sklopu doktorske disertacije — kao predtesti prije
intervencije i kao posttesti nakon intervencije radi prikupljanja kvantitativnih podataka.

Izmedu predtestova i posttestova protekao je desetotjedni intervencijski period.
Za prikupljanje kvalitativnih podataka u okviru studije koristen je polustrukturirani
upitnik koji su razvili istrazivaci. Nakon $to su nerutinski testovi postignuca razvijeni u
okviru studije primijenjeni kao predtestovi prije intervencije, istrazivaci su ih ponovno
proveli kao posttestove po zavrsetku intervencije. Dodatno, nakon intervencije, s
ucenicima su provedeni intervjui u fokus grupama koriste¢i polustrukturirani upitnik
koji su razvili istrazivaci.

Alati za prikupljanje kvantitativnih podataka
Test vjestina rjeSavanja nerutinskih matematickih problema s visestrukim
izborom (NRMPSAT -1-).

Razvijen je test postignuca koji sadrzi pitanja s viSestrukim izborom kako bi se
utvrdila razina razvijenosti vjestina ucenika za rje$avanje nerutinskih matematickih
problema. Razvijeni test postignuca primijenjen je na ucenicima kao predtest i posttest
nakon provedenih studija valjanosti i pouzdanosti. Proces razvoja testa slijedio je
korake koje su koristili Tekin (2010), Baykul (2000) i Giiler (2018) u svojim procesima
razvoja testa. Taj je proces prikazan na Slici 1.

Slika 1

Ukupno je 112 ucenika Cetvrtoga razreda iz triju razli¢itih osnovnih $kola uklju¢eno
u provedbu pokusnoga testa (koji se sastojao od ukupno 33 stavke identificirane
nakon struéne revizije). Proces provedbe zavrsen je u dva dana, a prikupljeni su
podatci. Analize stavki provedene su na temelju dobivenih rezultata testa. Kao rezultat
svih tih analiza utvrdeno je da je 22 pitanja zadovoljilo Zeljene razine tezine stavke
i diskriminacijske mo¢i. Indeksi teZine stavke i diskriminacijske mo¢i za zadatke
ukljucene u test prikazani su u Tablici 1.

Tablica 1

Na temelju podataka u Tablici 1, problemi s indeksom diskriminacije ispod
0,3 (11 problema) uklonjeni su iz testa kao rezultat analize stavki. Tri problema s
indeksom diskriminacije izmedu 0,30 i 0,39 ukljucena su u test bez ikakvih korekcija
jer su imali prili¢no dobar indeks diskriminacije. Na temelju toga utvrdeno je da su
indeksi diskriminacije stavki problema uklju¢enih u NRMPSAT test na dovoljnoj
razini. Gledaju¢i indekse teZine pitanja ukljucenih u test, vidi se da je indeks teZine
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u 9 problema veci od 0,5, dok je u 13 problema manji od 0,5. Rezultati analize stavki
problema u NRMPSAT-u prikazani su u Tablici 2.

Tablica 2

Tablica 2 prikazuje vrijednosti indeksa diskriminacije stavke (rj) i tezine stavke (pj)
za NRMPSAT, prosjecnu tezinu testa (P) i rezultate koeficijenta pouzdanosti Kuder-
Richardson 20 (KR-20). Prilikom ispitivanja razina tezine stavki problema ukljuc¢enih
u test utvrdeno je da su tri problema bila teska, dok je preostalih devetnaest problema
ocijenjeno kao srednje teska. Osim toga, utvrdeno je da je indeks diskriminacije
stavki devetnaest problema ukljucenih u test bio 20,40 i da je indeks diskriminacije
tih problema bio vrlo dobar. Indeksi diskriminacije triju problema u testu bili su u
rasponu od > 0,30 do < 0,39, a razine diskriminacije tih problema ocijenjene su kao
prili¢no dobre (Gtiler, 2018; Tekin, 2010; Turgut i Baykul, 2011). Prosje¢na tezina testa
izraCunata je na 46 te je utvrdeno da test ima prosje¢nu razinu tezine (Tekin, 2010).
KR-20 vrijednost pouzdanosti NRMPSAT-a iznosila je 0,82, $to ukazuje na visoku
razinu pouzdanosti testa. Osim analize stavki, provedene su potrebne procedure u
skladu s koracima koje je naveo Giiler (2018) kako bi se utvrdila valjanost i pouzdanost
NRMPSAT-a.

a) Valjanost pokrivenosti

To su studije koje se provode kako bi se utvrdila mjera u kojoj mjerni alat moze
predstavljati podrudje predmeta. Istrazivadi pokusavaju utvrditi razinu na kojoj problemi
pripremljeni u sklopu testa predstavljaju podrucje predmeta koristeci tablice indikatora
(Bliytikoztiirk i sur., 2013; Giiler, 2018; Tekin, 2010). U tome kontekstu, razina na kojoj
zadatci u testu pripremljenom u ovoj studiji predstavljaju svrhu i strategije koristene
u procesu rje$avanja problema procijenjena je u okviru strategija rjeSavanja problema
Polyje (1997), Altuna (2005) i Baykula (2021).

b) Sadrzajna valjanost

Cinjenica da se ¢&ini kako test mjeri osobinu koju je zamisljeno mjeriti, da sadrzi
informacije o podrucju predmeta te da stavke u testu pruzaju informacije o tome
podrudju na prvi pogled (Biiyiikoztiirk i sur., 2013) odnosi se na sadrzajnu valjanost
testa. Cinjenica da je test razvijen u sklopu ove studije osmisljen u skladu sa strategijama
rjeSavanja matematickih problema, da su upute pripremljene u skladu s tim te da
cjelokupni izgled testa odrazava podruéje predmeta dokazuje da test posjeduje
nominalnu valjanost. Primjeri pitanja iz razvijenoga testa postignuca za rjeSavanje
nerutinskih problema s vi§estrukim izborom prikazani su na Slici 2.

Slika 2

Test sposobnosti rjeSavanja nerutinskih matematickih problema
otvorenoga tipa (NRMPSAT-2-)

Razvijen je test otvorenoga tipa za procjenu ucinkovitosti nastavnih primjena temeljenih
na igrama inteligencije na vjestine ucenika za rje$avanje nerutinskih problema. Pitanja
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ukljucena u test su takvoga tipa da zahtijevaju viSe razine misljenja, $to moze biti
ucinkovito u mjerenju vjestina ucenika za rjeSavanje nerutinskih problema. Pitanja
ukljucena u test razvijena su koristenjem razlicitih izvora u skladu sa strategijama
rje$avanja problema koje su razvili Polya (1997), Altun (2018) i Baykul (2021). Na
temelju svega toga generirano je 11 otvorenih zadataka za utvrdivanje ucenikovih
vjeStina rjeSavanja nerutinskih problema. Istrazivac je te nacrte zadataka predstavio
stru¢njacima iz podrucja osnovnoga obrazovanja kako bi dobio njihovo stru¢no
misljenje. Osim toga, istrazivac je primijenio te otvorene zadatke na ucenike Cetvrtoag
razreda osnovne Skole i dobio potrebne povratne informacije. Nakon svih tih primjena,
dva su zadatka uklonjena iz testa postignuca otvorenoga tipa s obrazlozenjem da su
bila iznad razine ucenika. U skladu s mi$ljenjima stru¢njaka iz prakse, izraden je test
otvorenoga tipa koji se sastojao od 9 pitanja, s po jednim pitanjem za svaku strategiju
rje$avanja problema. Druga pokusna primjena pripremljenoga testa provedena je sa
78 ucenika kako bi se utvrdilo jesu li zadatci bili primjereni razini ucenika i jesu li
ih razumjeli. Odgovorne listove 30 nasumi¢no odabranih ucenika pregledala su dva
razlicita ocjenjivaca te su izracunate vrijednosti interocjenjivacke konzistentnosti.
Kako bi se smanjile nesuglasice medu ocjenjiva¢ima prije bodovanja (Turgut i Baykul,
2011), izraden je detaljan klju¢ za bodovanje, ¢ime se znacajno osigurava valjanost i
pouzdanost testa (Atilgan i sur., 2017). U analizi odgovora dobivenih iz otvorenoga
testa postignuca koji je razvio istrazivac koristen je ocjenjivacki klju¢ koji je razvio Baki
(2015.). Koristeni su kriteriji za ocjenjivanje razvijeni za identifikaciju faza rjeSavanja
problema. Koeficijent pouzdanosti meduocjenjivaca izracunat je pomocu kljuca za
ocjenjivanje. U tome kontekstu, razine koriStene u analizi otvorenoga NRMPSAT-a
prikazane su u Tablici 3.

Tablica 3

Pri analizi problema u otvorenome testu odgovore su ocijenila dva razli¢ita stru¢njaka
koristeci gore navedeni klju¢ za bodovanje. Ocjenjivaci su odgovore svakog ucenika
ocijenili pomo¢u rangirane ljestvice (rubrike). Kao rezultat evaluacije, za svako pitanje
moglo se dodijeliti najviSe 4 boda, $to ukupno iznosi 36 bodova. Primjeri pitanja
vezanih uz razvijeni test postignuca za rje$avanje otvorenih, nerutinskih problema
prikazani su na Slici 3.

Slika 3

Koeficijent konzistentnosti medu ocjenjivacima izracunat je kako bi se utvrdila
pouzdanost generiranoga testa postignuca otvorenoga tipa. Bliskost ocjena medu
ocjenjivacima, odnosno drugim rije¢ima, sli¢nost ocjena koje su dali ocjenjivadi,
ukazuje na to da je pouzdanost mjernoga alata visoka (Biiytikoztiirk i sur., 2013). Za
izra¢un dosljednosti izmedu ocjenjivaca koristena je Cohenova Kappa (k) metoda.
Na temelju toga ispitana je vrijednost dosljednosti izmedu bodova koje su dodijelila
dva razli¢ita ocjenjivaca za isto pitanje. Ova vrijednost, koja se moze kretati od -1,00
do +1,00, ako je bliska +1,00, ukazuje na dobru meduosjenjivacku pouzdanost. Ova
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vrijednost je snazan pokazatelj da ne postoji neslaganje izmedu ocjenjivaca (Sencan,
2005). U okviru ovoga istrazivanja utvrdeno je da su vrijednosti pouzdanosti medu
ocjenjiva¢ima otvorenoga testa postignuca razvijenoga za utvrdivanje vjestina rjeSavanja
nerutinskih problema bile u rasponu od ,712 do ,953. Ove vrijednosti ukazuju na to da
je pouzdanost medu ocjenjiva¢ima pitanja ukljucena u otvoreni test postignuca visoka.

Alati za prikupljanje kvalitativnih podataka
Obrazac za intervju

U ovoj studiji proveden je intervju s fokusnom grupom s uc¢enicima nakon nastavnih
primjena temeljenih na igri inteligencije kako bi se dobila njihova misljenja o procesu.
U tome su kontekstu istrazivaci razvili polustrukturirani obrazac za intervju. Kako
bi se osigurala valjanost podataka dobivenih iz kvalitativnih podataka, zatrazeno je
misljenje stru¢njaka iz prakse kako bi se utvrdila prikladnost pripremljenoga obrasca za
intervju. Osim toga, istrazivacki je proces detaljno dokumentiran kako bi se osigurala
valjanost istrazivanja. Kako bi se osigurala pouzdanost istrazivanja, misljenja ucenika
o procesu provedbe izrazena su kodovima. Nadalje, podatci dobiveni iz intervjua
kodirala su dva neovisna procjenjivaca kako bi se ispitala suglasnost medu njima.
Indeks suglasnosti izmedu dvaju razli¢ita procjenjivaca iznosio je 85 %. Postignut
je konsenzus o 44 od 52 stvorena koda. Nakon procesa implementacije provedeni
su intervjui s fokus grupama s ucenicima Cetvrtoga razreda osnovne $kole u dvjema
odvojenim sesijama, s po 11 u¢enika u svakoj grupi.

Analiza podataka

Testovi postignuca s visestrukim izborom i otvorenim pitanjima, koje je razvio
istrazivac, provedeni su na istrazivackoj skupini kao predtest. Nakon toga je proveden
plan intervencije, koji je ukljucivao 10 tjedana nastave temeljene na igrama za razvoj
inteligencije. Nakon intervencije, testovi koji su provedeni kao predtest ponovno
su provedeni kao posttest. S obzirom na to da mali broj ispitanika ne bi osigurao
normalnu raspodjelu podataka (Drew i sur., 1996), odluceno je koristiti neparametarski
Wilcoxonov test ranga sa znakom (Can, 2017) za utvrdivanje razlika izmedu dvaju
mjerenja. Stoga su za analizu podataka dobivenih iz pred- i posttestova nerutinskih
testova postignuca u rje$avanju matematickih problema koristeni aritmeticka sredina
(X) i Wilcoxonov test ranga sa znakom. Potrebne analize provedene su pomocu
softverskoga paketa SPSS 20.0.

Koristena je analiza sadrZaja za analizu podataka dobivenih iz intervjua s fokus
grupama provedenih s uc¢enicima nakon provedbe. Intervjui s fokus grupama, koji
su odrzani u dvije sesije, snimljeni su diktafonom. Prikupljeni podatci transkribirani
su u tekst na ra¢unalu i analizirani pomocu softvera MAXQDA. U analizi podataka
primijenjena je metoda analize sadrzaja, pri ¢emu su sli¢ne tocke podataka grupirane
i organizirane u teme. Kvantitativni podatci dobiveni u sklopu studije prikazani su
dijagramima, a kodovi s najviSom frekvencijom potkrijepljeni su izravnim citatima.
Prilikom predstavljanja izravnih citata, ucenici su kodirani kao “1, 2, 3, ...%.
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Proces provedbe

Nastavni plan temeljen na igrama inteligencije proveden je u ukupnom trajanju
od deset tjedana, a sastojao se od dva dvosatna termina tjedno (4 sata tjedno -
160 minuta). Provedbu je izvr$io jedan od istrazivaca, koji je zavrsio studij iz podru¢ja
igara inteligencije. Primjer plana provedbe za aktivnosti ucenja temeljene na igrama
inteligencije, razvijen unutar okvira ovoga istrazivanja, prikazan je u Tablici 4.

Tablica 4

Rezultati

U ovome dijelu studije prikazuju se nalazi o ulozi nastavnih praksi temeljenih na
igrama inteligencije u vjestinama rje$avanja nerutinskih problema ucenika cetvrtoga
razreda osnovne §kole.

Tablica 5

Tablica 5 pokazuje da je prosje¢na ocjena na predtestiranju testa s viSestrukim izborom
za vjeStine rjeSavanja nerutinskih matematickih problema iznosila (X = 9,59), dok je
prosjecna ocjena na posttestiranju iznosila (X = 15,90). Za test postignuca s otvorenim
pitanjima, prosje¢na ocjena na predtestiranju iznosila je (X = 15,00), dok je prosje¢na
ocjena na posttestiranju iznosila (X = 29,50). Promatrajuci tablicu, uocava se da su
prosjecne ocjene na posttestiranju za obaju testova bile vi$e od prosje¢nih ocjena na
predtestiranju. To ukazuje da je provedeni plan intervencije poboljsao sposobnost
ucenika za rjesavanje nerutinskih problema.

Tablica 6

Prema podatcima u Tablici 6 postoji znacajna razlika u korist rezultata posttesta u
usporedbi s rezultatima predtestiranja (viSestruki izbor) ucenika Cetvrtoga razreda
osnovne $kole (z = -3,926, p < 0,05). Veli¢ina u¢inka jedna je od mjera koja ukazuje na
znacajnost razlike izmedu skupina. Prema Cohenu (1988), vrijednost r od 0,5 ili vise
ukazuje na to da studija ima velik u¢inak. U ovoj studiji veli¢ina u¢inka izracunata je
na 0,83. To ukazuje na to da studija ima umjeren ucinak. U tom se kontekstu moze
protumaciti da plan intervencije koji uklju¢uje nastavne prakse temeljene na igrama
inteligencije podrzava razvoj ucenika u rjeSavanju nerutinskih problema.

Tablica 7

Prema podtacima u Tablici 7, postoji znacajna razlika u korist rezultata posttesta u
usporedbi s predtestom (otvorena pitanja) ucenika cetvrtoga razreda osnovne skole
(z =-4,110, p < 0,05), a ucinak te znacajnosti pokazuje umjerenu veli¢inu (r = 0,87).
Ovaj nalaz moze se protumaciti tako da intervencijski plan, koji uklju¢uje metode
poucavanja temeljene na igrama inteligencije, doprinosi razvoju vjestina ucenika u
rjesavanju nerutinskih problema.
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Misljenja ucenika o primjeni poucavanja temeljenoga na igrama
inteligencije
Podatci dobiveni iz intervjua s u¢enicima prikazani su u obliku grafikona.

Slika 5

Izjave ucenika osnovne $kole o stavovima prema aplikacijama za poucavanje
temeljenim na igrama inteligencije grupirane su u tri kategorije: ,,Procjena procesa’,
»Prednosti” i ,,Preporuke”

O ovoj temi ucenik 8 je rekao: ,,Proces je opéenito bio dobar. Ove vrste aktivnosti
pomogle su nam da lakse rjeavamo probleme. Drustvene igre bile su posebno dobre.
Na primjer, igra piramide bila je laksa i zabavnija od ostalih.”

Slika 6

Analizom Slike 6 utvrdeno je da su ucenici Cetvrtoga razreda osnovne $kole postignuca
(vjestine) koja su stekli u primjenama igara inteligencije izrazili kao razvijanje razli¢itih
putanja rjesavanja (£:15), rjesavanje problema (f:12) i razvoj strategije (f:10). O toj temi
ucenik 5 izjavio je: ,,Primijetio sam da sam u igrama razvio razliite pristupe. Shvatio
sam kako te pristupe koristiti pri rjeSavanju problema.”

Slika 7

Pregled slike 7 otkriva da je ve¢ina studenata navela da su metode poucavanja
temeljene na takvim igrama inteligencije uc¢inkovite u razvoju vjestina rjeSavanja
problema. O toj temi ucenik 8 je rekao sljedece: ,,Nasli smo se suoceni s problemima
izvan onih na koje smo bili navikli, i primijetio sam da sam postao brzi u rje$avanju
tih problema. To je pobolj$alo moje vjestine rjeSavanja problema. Poceo sam rjesavati

X . »

probleme lakse!
Slika 8

Kao $to je prikazano na Slici 8, ve¢ina ucenika navela je da su takve primjene
ucinkovite u razvoju razlic¢itih strategija rjeSavanja. O ovoj temi ucenik 10 je spomenuo:
»Dok sam igrao igre inteligencije, shvatio sam da postoji viSe od jednoga rjesenja. Na
primjer, u Cilu 5 poku$ao sam uhvatiti protivnika u zamku i tako pobijedio u igri”

Diskusija

U ovoj je studiji utvrdena znacajna razlika izmedu rezultata predtesta i posttesta
koje su ucenici osnovne Skole postigli na testu postignuca osmisljenom za procjenu
njihovih vjestina rjeSavanja nerutinskih matematickih problema, pri ¢emu su rezultati
posttesta bili znatno visi.

Ovaj nalaz moze ukazivati na to da je plan intervencije, koji je ukljuc¢ivao nastavne
prakse temeljene na igrama inteligencije, pridonio razvoju vjestina uenika u rjesavanju

nerutinskih problema. Ovaj nalaz moze proizadi iz ¢injenice da su tijekom nastavnoga
procesa temeljenoga na igrama inteligencije ucenici razvili strategije rjesavanja primjenom
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raznolikih procesa rjesavanja problema u igrama koje su im bile predstavljene. Ovo sluzi
kao dokaz da nastavne prakse temeljene na igrama inteligencije znac¢ajno doprinose
razvoju vjestina nerutinskoga rjesavanja problema ucenika osnovne $kole. Ovaj nalaz
istrazivanja uskladen je s nalazima Devecioglu i Karadag (2014) koji su izvijestili da
primjena igara inteligencije pobolj$ava vjestine rjesavanja problema ucenika te da ucenici,
sudjelujudi u takvim aktivnostima, probleme na koje nailaze prevladavaju primjenom
razli¢itih strategija rjeSavanja. Zaklju¢ak da uporaba aplikacija igara inteligencije moze
biti u¢inkovita u procesu razvoja vjestina rjeSavanja problema takoder je zabiljezen u
studijama iz literature (Demirel, 2015; Erdogan i sur., 2017; Marangoz i Demirtas, 2017).
Medutim, suprotno rasirenom misljenju u literaturi, postoje i studije koje ukazuju na
to da planske intervencije temeljene na igrama nemaju utjecaja na kognitivni razvoj
ucenika. U tome pogledu Simons i sur. (2016) u svojoj su studiji primijetili da ne
postoje sveobuhvatni dokazi koji bi upucivali na to da planovi intervencije temeljeni
na igrama poboljdavaju kognitivne performanse ucenika.

Studijom je zakljuc¢eno da intervencijski plan koji uklju¢uje nastavne prakse temeljene
na igrama inteligencije doprinosi razvoju vjestina ucenika u rjeSavanju nerutinskih
problema. To moze proizlaziti iz ¢injenice da su ucenici koristili procese rjeSavanja
problema kako bi prevladali razli¢ite problemske situacije tijekom igranja igara
inteligencije. U takvim nastavnim praksama ucenici mogu nai¢i na probleme koji
zahtijevaju vi$e puteva rjesavanja, a ne samo obicne (rutinske) probleme. Razvijanjem
razlicitih putova rjesavanja takvih nerutinskih problema i pokusajima pronalazenja
rje$enja za probleme na koje naidu, ucenici mogu razviti svoje vjestine nerutinskoga
rjeSavanja problema. Nalazi dobiveni u ovoj studiji uskladeni su s rezultatima istrazivanja
iz literature. Na primjer, nalaz iz studije Demirela (2015) da igre domisljatosti znacajno
doprinose vjestinama rjesavanja problema i akademskome uspjehu uéenika uskladen
je s rezultatima ove studije. Slicno tome, u studiji provedenoj s ucenicima drugoga
razreda osnovne $kole, Marangoz (2018) je naglasio da takve igre doprinose kognitivnim
vjestinama ucenika i prenose im vazne vjestine. Medutim, nalazi Sale i sur. (2018), koji
su istrazivali uc¢inke ra¢unalnih igara na kognitivne sposobnosti ucenika, proturjece
nalazima ovoga istrazivanja jer su zakljucili da ne postoji uzrocno-posljedicna veza
izmedu igranja takvih igara i kognitivnih sposobnosti. U literaturi postoje studije koje
podupiru trenutacni istrazivacki nalaz da igre inteligencije znacajno doprinose vjestinama
rjesavanja problema. Na primjer, nalazi Akbas i Bakija (2015), koji ukazuju da takve
primjene doprinose razvoju vjestina rjeSavanja problema, rasudivanja i istrazivanja
te nalazi Romera i sur. (2015), koje sugeriraju da igre inteligencije podrzavaju razvoj
vjestina 21. stoljeca, uskladene su s rezultatima ove studije. U tom kontekstu, nalazi ove
studije i istrazivanja u literaturi ukazuju na to da primjene igara inteligencije znacajno
doprinose razvoju vjestina rjeSavanja problema, razvijanju razli¢itih perspektiva,
rasudivanja i kritickoga razmisljanja.

Jos$ jedno otkrice iz intervjua provedenih s uéenicima u sklopu ove studije jest da
aplikacije inteligentnih igara znacajno doprinose razvoju ucenikovih vjestina rjesavanja

592



Croatian Journal of Education, Vol.28; No.2/2026, pages: 559-594

problema i sposobnosti razvijanja razli¢itih perspektiva. Ova situacija sluzi kao snazan
pokazatelj da se tijekom nastavnih aplikacija temeljenih na igrama inteligencije ucenici
susrecu s odredenim problemati¢nim situacijama i koriste procese rjesavanja problema
kako bi ih prevladali. Takoder sugerira da udenici razvijaju alternativna rjesenja za
probleme smisljajudi razlicite pristupe tijekom igranja inteligentnih igara. Podrzavajuci
ovaj nalaz istrazivanja, Kurbal (2015) je utvrdio da su ucenici koji su pohadali tecaj
o inteligentnim igrama poboljsali svoje vjestine rjesavanja problema i zaklju¢ivanja.
Esentas (2021) je takoder u svojem istrazivanju pokazao da su ucenici naveli kako se
takve igre mogu koristiti kao obrazovni alati. Bottino i sur. (2013) dosli su do sli¢noga
zakljucka u svojem istrazivanju. Ovaj nalaz ukazuje na snaznu pozitivnu korelaciju
izmedu sposobnosti u¢enika osnovnih $kola za igranje igara inteligencije i njihovoga
akademskog uspjeha. Kula (2021), u intervjuima s razrednim nastavnicima, otkrio je
da nastavnici vjeruju da takve aplikacije znacajno doprinose procesima ucenja. Ekici i
sur. (2017) primijetili su da postoji konsenzus da su igre inteligencije medu zabavnim
aplikacijama za ucenje koje se mogu koristiti u procesima poucavanja i u¢enja. Nalaz
iz ove studije da aplikacije inteligentnih igara doprinose razvoju ucenikovih vjestina
rjeSavanja nerutinskih problema uskladen je s nalazima iz literature. Svi ovi rezultati
upucuju na to da se nastavne aplikacije temeljene na inteligentnim igrama mogu
koristiti u procesu razvijanja vjestina rjeSavanja nerutinskih problema.

Zakljucak i preporuke

U ovoj studiji zakljuceno je da nastavne prakse temeljene na igrama inteligencije
sluze kao u¢inkovit nastavni alat koji doprinosi razvoju vjestina rjeSavanja nerutinskih
problema ucenika osnovne skole.

Preporuke razvijene na temelju rezultata istrazivanja su sljedece:

o Dugoro¢ne longitudinalne studije mogu se osmisliti kako bi se ispitalo utjecanje
implementacija aktivnosti temeljenih na igrama inteligencije na vjestine uc¢enika
za rje$avanje nerutinskih problema.

o Istrazivanja se mogu provesti o u¢incima planova intervencije koji ukljucuju
nastavne prakse temeljene na igrama inteligencije na razlicite vjestine.

e Mogu se provoditi eksperimentalne studije o doprinosu igara inteligencije
verbalnim predmetima.

o Potrebno je paziti da tijekom provedbe bude dovoljno igara inteligencije. Kako bi
se sprijecili problemi s upravljanjem ucionicom, treba pripremiti dovoljno igara
inteligencije za sve ucenike.

e Za procesno orijentirane igre inteligencije — vrstu igara inteligencije — prije
provedbe potrebno je adekvatno razviti predznanje ucenika.

o Na temelju znanja i vjestina koje ucenici stjecu putem planove intervencije koji
uklju¢uju nastavne prakse temeljene na igrama inteligencije, moze se razviti
kurikul koji ukljucuje igre inteligencije za razinu osnovne Skole i dodati predmet.
Dodatno, predmeti s igrama inteligencije mogu se organizirati pod nazivom
radionica vjezbi.
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o Mogle bi se provoditi dugorocne, longitudinalne studije koje ukljucuju vece skupine
ispitanika kako bi se istrazio razvoj vjestina rjeSavanja nerutinskih problema
ucenika osnovne $kole primjenom aktivnosti temeljene na igrama inteligencije.

Ogranicenja studije

1. Eksperimentalna studija nije uklju¢ivala kontrolnu skupinu, stoga je studija
ogranicena na ucenike eksperimentalne skupine koji su sudjelovali u procesu
intervencije.

2. Obrazovanje provedeno u okviru osmisljenih aktivnosti temeljenih na igri
inteligencije ograniceno je na 10-tjedni interventni plan.

3. Uzorak istrazivanja bio je ogranic¢en na 22 ucenika Cetvrtoga razreda osnovne
skole.

4. Alati za prikupljanje podataka u istrazivanju ograniceni su na testove postignuca
i upitnik koji su izradili istrazivaci.

Napomena

Odobrenje istrazivacke etike dobiveno je od Institucionalnog etickoga odbora
[od Odbora za znanstvena istrazivanja i publicisticku etiku Fakulteta drustvenih i
humanistickih znanosti Sveucilista Trabzon, od 28.03.2023. i broj E-81614018-000-
2300019108].

Autori izjavljuju da nemaju potencijalnih sukoba interesa u vezi s istrazivanjem i
autorstvom koji se odnose na ovaj ¢lanak.

Ova studija proizlazi iz doktorske disertacije pod naslovom ,,Utjecaj aplikacija
temeljenih na igrama inteligencije na razvoj nerutinskih vjestina rjesavanja problema
uéenika osnovne Skole“ koju je pripremio Ali TERZI (2024).
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