
  [image: Imagen]
[image: Image]

DOI:  https://doi.org/10.34069/AI/2024.78.06.19 

How to Cite:

Tarasiuk, N., Osipchuk, N., Prykhodko, I., Maslova, A., & Goncharova, O. (2024). Mind games' potential to increase learning: worth investigating further. Amazonia Investiga, 13(78), 231-241. https://doi.org/10.34069/AI/2024.78.06.19

 

Mind games' potential to increase learning: worth investigating further

 

Потенціал інтелектуальних ігор для покращення навчання: варто подальшого дослідження

 

Received: April 11, 2024                      Accepted: June 26, 2024

 

Written by:

Nataliia Tarasiuk

https://orcid.org/0000-0003-4514-6911 

WoS Researcher ID: HOH-9811-2023

Ph.D (Education), Associate Professor of the Foreign Languages Department, National university of Water and Environmental Engineering, Ukraine.  

Nataliia Osipchuk

https://orcid.org/0000-0002-3186-6806 

WoS Researcher ID: KYP-6226-2024

Ph.D (Education), Associate Professor of the Foreign Languages Department, National university of Water and Environmental Engineering, Ukraine.  

Ilona Prykhodko

https://orcid.org/0000-0001-5106-2218 

WoS Researcher ID: V-7718-2017

Ph.D (Philological sciences), Associate Professor of the Department of  Methodology of Teaching Germanic Languages, Bogdan Khmelnitsky Melitopol State Pedagogical University, Ukraine.  

Alina Maslova

https://orcid.org/0000-0002-1993-4837 

WoS Researcher ID: KYQ-6654-2024

Ph.D (Education), Associate Professor of the Department of Methodology of Teaching Germanic Languages, Bogdan Khmelnitsky Melitopol State Pedagogical University, Ukraine.  

Olga Goncharova

https://orcid.org/0000-0002-1084-7112 

WoS Researcher ID: KYQ-6776-2024

Ph.D (Education), Associate Professor of the Department of Methodology of Teaching Germanic Languages, Bogdan Khmelnitsky Melitopol State Pedagogical University, Ukraine.

 

Abstract

 

Gamification has been used to address educational challenges on a constant basis, but a gap remains in the effects of mind games on executive functions such as memorization, creativity, and cognitive flexibility. The current study outlines the influence of mind games for exploratory behavior and exploitatory behavior on memorization, creativity, and cognitive flexibility. These games were analyzed from the viewpoint of exploration-exploitation types’ characteristics. For quantitative data analysis, the paired t-test was carried out to compare pre-and post-experiemntal results, whereas the independent sample t-test was used for determining which set of mind games exerted more effect. Results demonstrated the prevalence of mind games for exploratory behavior on students’ memorization, creativity, and cognitive flexibility.
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Анотація

 

Гейміфікація постійно використовується для вирішення освітніх проблем, але залишається прогалина у вивченні впливу інтелектуальних ігор на запам'ятовування, творчість та когнітивну гнучкість виконавчих функцій. У цьому дослідженні описано вплив інтелектуальних ігор на дослідницьку та експлуататорську поведінку на запам'ятовування, креативність та когнітивну гнучкість. Ці ігри були проаналізовані з точки зору характеристик типів "дослідництво-експлуатація". Для кількісного аналізу даних було проведено парний t-тест для порівняння результатів до і після експерименту, тоді як незалежний вибірковий t-тест використовувався для визначення того, який набір інтелектуальних ігор мав більший ефект.Результати продемонстрували переважання інтелектуальних ігор для дослідницької поведінки на запам'ятовування, креативність та когнітивну гнучкість студентів.
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Introduction

 

In the continually expanding field of education, the development of innovative techniques to improve learning outcomes remains a vital priority. Among the different ways examined, the employment of mind games—also referred to as cognitive training games—has attracted substantial interest. These games are deliberately created to challenge and stimulate diverse cognitive functions, hence holding potential to greatly alter learning processes and outcomes. Despite their growing popularity among educators and learners, the empirical validation of their effectiveness continues to be a contested issue within the academic community.

 

Mind games are hypothesized to augment cognitive abilities such as memory, creativity, and cognitive flexibility, all of which are integral to effective learning. Preliminary empirical studies have reported promising results, indicating that regular engagement with these games can lead to quantifiable improvements in cognitive function and academic achievement. Reseachers addressed the issues of their effect in the domains of education of philosophy and logic, general knowledge, and skill level (Duman et al., 2023; Güneri & Korkmaz, 2023). An intriguing area in the field of mind games are comprehensive advantages for effective use of leisure time and their effects on memory and cognitive skills (Melike, 2021). However, the existing research is characterized by a heterogeneous mix of methodologies and varying degrees of methodological rigor in the multidimensional development of students, resulting in a body of evidence at different grade levels.

 

Furthermore, another important research issue correlated with mind games is exploratory and exploitatory behavior in learning. The significant performance implications of exploratory learning and exploitative learning have come to the fore in studies about their contingent value in active learning (Lyu et al., 2023). Despite the growth of learning literature about the exploration-exploitation spectrum, there is a research gap in the effect of some specific types of mind games with exploratory and exploitatory behavior on creativity, memorization, and cognitive flexibility. No one, to the best of our knowledge, has delineated this issue before to provide more definitive guidance regarding their application in educational contexts together with the advancement of mind games’ effect on memory, creativity, and cognitive flexibility.

 

Given the potential of mind games to transform educational practices within the exploration-exploitation spectrum, there exists a pressing need for more sophisticated and methodologically rigorous research. This paper endeavors to reveal if playing mind games that encourage exploratory or exploitative behavior affects memory, creativity, and cognitive flexibility.

 

We address the following research questions:

 


	
		Does playing mind games that encourage exploratory or exploitative behavior affects memory, creativity and cognitive flexibility?

		Which mind games lead to larger gains in memorization, creativity and cognitive flexibility?



 

The rest of the paper is organized as follows: The introduction presents and discusses findings about mind games and exploratory and exploitatory behavior. The literature review highlights the influence of mind games on creativity, memory, brain plasticity, and the exploration-exploitation spectrum within them.

 

Methodology includes information about participants and research instruments. Results and Discussion present and discuss the outcomes of the experiment, and it is defined if mind games with exploratory or exploitatory behavior are better. Conclusion and limitations present summaries of the research paper.

 

Literature review

 

The number of research papers sheds new light on the mind games as effective guides in the framework of education programs (Esentaş, 2021; Anunpattana et al., 2021). In a study by Turkoglu, it is determined that "game-based cognitive development programs" have a crucial impact on children (Turkoglu, 2019). With this in mind, the impact of learning activities based on mind games on creative abilities has been inverted (Mustafa, 2023). The creative problem-solving scale was administered to students in the control and experimental groups and revealed the positive effect of mind games on divergent thinking, convergent creativity, general knowledge, and skills subdimensions of creativity together with academic success. Paralellism between the results obtained compared with literature and the results of research related to creativity was determined in reviewed research papers (Vidal, 2010).

 

Following these results, there has been a cluster of recent studies on expanding memory through scientifically designed games (Heiman, 2014). They focus on assessment of paricipants’ neuropsychological status (Hesselberth & Schuster, 2008). The research gap is revealed in the lack of evidence about the influence of brain boosters on memory as the results of memory tests.

 

There is an emerging paradigm of game-based learning predicated on theories of situated cognition and overall efficiency of cognitive skills (Pitic & Pitic, 2022) but there is a lack of studies about the influence of mind games on cognitive flexibility.

 

The reviewed research paper by Franciosi S., suggests that simulation games can induce learners to generate multiple connections between new vocabulary and episodic, emotive, motor-sensory, and linguistic memory networks (Franciosi et al., 2016) The main point is that specifically vocabulary and memory games have been investigated. Within this scope, the studies have been subject to the number of merits due to them. Research on mind-game films has tended to focus profoundly on crossmemory practices by enlarging the possible manipulations of inconsistent memory related to mind games (Hesselberth & Schuster, 2008).

 

We initiated research to highlight the possibility of memorization, creativity, and cognitive flexibility improvements due to mind games without exposure to vocabulary content, so-called mind games or brain boosters for exploratory and exploitatory behavior. There remains a paucity of evidence if the previously mentioned executive functions that enable individuals to plan, focus attention, remember instructions, and juggle multiple tasks successfully are changed after playing mind games.

 

Exploratory behavior and exploration in active learning have received scholarly attention in recent years (Han & Fan, 2021; Liquin & Gopnik, 2022; Hera et al., 2022; Kuang et al., 2023; Lyu, 2022). The most striking results of research are conditions that induce exploratory behavior tasks with complex and dynamic decision-making characteristics (Hardy et al., 2014), error-framing instructions on exploration (Hardy ety al., 2014), specific stimulus information (what), spatial location (where), contextual information (which), observational recency and time of day (when) (Johnson et al., 2012).

 

The combined version of exploratory-exploitative learning balance has been investigated profoundly in salesperson’s self-regulated learning (Han & Fan, 2021). The exploration-exploitation spectrum is differentiated by the state of mind openness dimension. N. Herz outlines findings about openness as a dynamic state that variates from the ability to rely on existing knowledge (Herz et al., 2020) and perform the actions that you know are already awarding (exploitation) to the ability to learn something new, explore the environment, to do search, risk-taking, discovery and use flexibility (Millar et al., 2017). Exploratory behavior in learning is characterized by encoding information in a more meaningful way in the following types of exploration: guided, random, directed and enactive. (Bell & Kozlowski, 2008; Liquin & Gopnik, 2022).

 

Mind games for exploratory and exploitatory behavior have been analyzed from the viewpoint of exploration-exploitation types’ characteristics. These games are open for access only after prior and free of charge registration.

 

Table 1. 

Mind games for exploratory behaviour

 

[image: Image]Designed as compiled by the authors

 

This table highlights types of mind games for exploratory behavior in correlation with guided, random, directed, and enactive exploration types’ characteristics. Students mostly demonstrate enactive exploration, which includes elements of self-guided exploration and error management with no guidance. While active exploration characteristics are inherent to chosen task-switching and planning mind games and can hence be seen as fostering inductive learning, which includes inquiry and just-in-time learning, guided exploration with tutorials is appropriate to inhibition mind games. Relevant exploration types’ characteristics also operate as a mediator between learners' active participation in self-regulatory tasks and their disclosure of exploratory behavior in regard to the strategic maneuvers and psychological tactics employed by participants to get high scores.

 

Table 2. 

Mind games for exploitatory behaviour
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The table 2 highlights types of mind games for exploitatory behavior in correlation with such exploitation types’ characteristics as limited options and relying on existing knowledge.  These chosen mind games provide all conditions for exploitatory behavior. Their robustness is observed across predicative nature of these mind games and students’ ability to make inferences based on their prior knowledge and beliefs.

 

Our study contributes to the literature in several ways. We leverage these mind games to investigate which group of mind games (exploratory or exploitatory behavior) effects creativity, memorization, and cognitive flexibility better. We illustrate the potential of positive effects of mind games on correlated constructs that share a common cognitive basis in high-level cognitive processes and develop a reliable and valid scale for measuring the effect of mind games on creativity, memorization, and cognitive flexibility.

 

To achieve this goal, specific theories have been created. We predict that mind games will be more successful in encouraging exploratory behavior for three reasons. So the first hypothesis is that the effects of mind games for exploitatory behavior on creativity, memorization and cognitive flexibility are lower than the effects of mind games for exploratory behavior.

 

Firstly, with the adaptive transfer performance of exploratory behavior to new task-switching situations to examine the world, articulation of the cognitive process pathways will be more effective. Second, exploratory learning in active learning approaches shapes the cognitive learning processes that support self-regulated learning and metacognitive activity. Researchers have developed a number of discrete learning interventions, including guided and enactive exploration, to align them with trainees’ cognitive self-regulatory behavior (Bell & Kozlowski, 2008). Third, inquiry-based learning processes are best facilitated by exploration, which is appropriate for learning forward models in the reinforcement learning paradigm. (Kuang et al., 2023). Inquiry-based learning promotes the general effectiveness of the educational process by enhancing cognitive flexibility, creativity, and memorization.

 

In contrast, mind games for exploitatory behavior are limited with fewer options and adhere to proven existing skill sets that utilize known knowledge and capabilities to enhance performance.

 

The second hypothesis is that the effects of either mind games for exploratory behavior or mind games for exploitatory behavior on creativity, memorization and cognitive flexibility are the same.

 

Our current study aims to elucidate the observed performance differences in the groups of participants due to the influence of mind games for exploratory and exploitatory behavior on the mentioned correlated constructs.

 

Methodology

 

The participants of the experiment were two cohorts of 2nd year students (totaling 60)   enrolled in the course "General English " at National University of Water and Environmental Engineering. The intervention with the mind games lasted two weeks. 

 

Participants were assigned to two groups. One experimental group (30 students) was given the set of games of exploratory behavior. They played such mind games as task-switching games (Multi Task Switching Game, 2023, July 29), inhibition brain games (CogniFit. Brain Training. Whack-a-mole, 2023, July 29), and planning mind games (CogniFit. Brain Training. Blockout, 2023, July 29).

 

Another control group (30 students) played mind games for exploitative behavior. They played the following prediction mind games (The Epoch Times, 2023, July 29), (MentalUP, 2023, July 29), (Making Predictions, 2023, July 29).

 

Participants were voluntarily recruited through announcement to receive course-credit in the discipline "General English " for participation. The students were aged 19-20 years old and were asked to play mind games and pass tests during class time. They gave informed consent to take part in the study. There was a single-blind study because the study was conducted with no knowledge of the group to which they were allocated.

 

The independent variables of the experiment were: 1) the number of participants in the experimental training; 2) duration of the experimental training. The dependent variables were results of pre-and post-experimental tests on creativity, memorization and cognitive flexibility.

 

Tests were given before and after playing mind games to gauge students' capacity for creativity, memorization, and cognitive flexibility. The test questions align with the theoretical foundations of the above-mentioned cognitive functions and effectively represent the constructs measured. The mean scores of the creative, memorization, and cognitive flexibility scores (in the context of the experimental and control groups) were calculated in total through the statistical program JASP.

 

The short-term visual memory test for images was used to match test questions to participants' memorizing abilities. “Testing” is also called “active recall” or “retrieval practice.” In the study about retrieval-based concept mapping by Blunt J., the method the students used to test their recall as “recalling as much of the information as they could on a free recall test” has been elaborated (Blunt & Karpicke, 2014). Such tests are supposed to be an efficient measurement of the ability to be engaged in the process of active recalling. The effectiveness of such kinds of short-term memory tests was verified by Jennifer M. Verive’s research paper (Verive & McDaniel, 1996). With this simple test, they were capable of testing their short-term memory for images. Students had to memorize as many of the 16 pictures as possible within 20 seconds and choose among 32 different pictures on the result entry page.

 

Creativity was checked via the creative ability test, based on Frank Williams' theory of creative thinking (Williams, 1979). This test measures creative ability by means of a self-rating questionnaire. Such kinds of tests belong to the measurement of creative thinking in the general domain. Research findings show that creativity tests can be used as an objective measure of creative abilities (Althuizen et al., 2010).

 

This creativity assessment was in percentage score and included a general creativity scale on the four dimensions: curiosity, complexity, imagination, and risk-taking.

 

As for the cognitive flexibility test, students had to read each statement and respond by selecting how much they agreed or disagreed with each of them. The results of research validate the use of cognitive flexibility tests as an impartial gauge of cognitive flexibility (Johnco et al., 2014). The statements dealt with their beliefs and feelings about their own behavior. Points were awarded for the cognitive flexibility scale feedback, which was compared to the students' average score of 55 points.

 

Table 3. 

Tests identification

[image: Image]Designed as compiled by the authors.

 

Learners’ results were examined at one data collection time to compare test results before and after playing mind games. In order to ensure reliability, tests were piloted and marked consistently. The horizontal nature of the experiment allowed to test the which set of mind games (exploratory or exploitatory) is more effective.

 

The research data were analyzed in stages. These stages are as follows:

 


1) The data from the pretest and post-test were transferred to the statistics program.

2) The mean scores of the creative, memorization and cognitive flexibility scores (in the context of the experimental and control groups) were calculated in total through the statistical program JASP.

3) The obtained data were examined for normal distribution and other normality assumptions. The values vary between -1.5 and +1.5, indicating that the data set has a normal distribution and parametric tests can be used (Harlow, 2002)

4) The study used parametric tests (t-tests for related and unrelated samples) once the data as standard.

5) The research findings were presented in the context of the data obtained.



 

Considering the mean scores of pre-experimental and post-experimental tests, in this study we employed robust t-tests to check up if test results changed after playing mind games.

 

First, a paired t-test was used to compare the results of pre-experimental test and post-experimental test data. Two hypotheses were accepted. The null hypothesis is that pre-experimental test and post-experimental test data are the same. The alternative hypothesis specifies that pre-experimental test data is less than post-experimental test data.

 

Table 4. 

Exploratory behavior descriptives
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Designed as compiled by the authors

 

Degrees of Freedom, p-value, mean difference, standard error of the difference have been indicated within JASP analysis of research data. The analysis reveals a statistically significant difference between pretest and post test results in creativity, memorization and cognitive flexibility tests. The result is highly significant (p < 0.001), and the provided standard errors indicate reasonably precise estimates of both the mean difference and the effect size. The arithmetic mean of the scores of the students in the experimental (mind games for exploratory behaviour) and control groups (mind games for exploitatory behaviour) from the pretest before the applications were found to be quite close to each other.

 

Assumption Checks by test of normality (Shapiro-Wilk) demonstrate a deviation from normality and indicate that the null hypothesis (pretest and post test data are the same) can be rejected.

 

Table 5.

Exploitative behavior descriptives
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Designed as compiled by the authors

 

Degrees of Freedom, p-value, mean difference, standard error of the difference, standard error of Cohen's d have been indicated within JASP analysis of research data. The analysis reveals a statistically significant difference between pretest and post test results in creativity, memorization and cognitive flexibility tests. The p value demonstrates the difference between the two measures is not statistically significant at conventional alpha levels. Assumption Checks by test of normality (Shapiro-Wilk) demonstrate a deviation from normality and indicate that null hypothesis (pretest and post test data are the same) can be rejected.

 

If the normality assumption is met and we have a sample (n > 25), then we are permitted to use such ‘parametric’ t-test as Independent Sample t test. This test has been designed to determine and verify if the results of tests on creativity, memorization and cognitive flexibility by students who played mind games for exploitatory behavior are worse than the ones by students who played mind games for exploratory behavior.

 

In general, students demonstrate the biggest improvement in cognitive flexibility tests and the smallest improvement in memorization after playing both mind games for exploratory and exploitatory behavior. Moreover, the results of the paired t-Test validate the bigger effects of mind games for exploratory behavior.

 

Table 6. 

Results of Independent Sample T test (memorization)
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Designed as compiled by the authors

 

Significant results suggest a deviation from normality. Test of Normality (Shapiro-Wilk). Exploi W=0.934, p=0.063. Explor W=0.938, p=0.082. Both test scores for the exploitative and explorative behavior mind games have p-values greater than 0.05, indicating that there is no significant deviation from normality for either dataset. This suggests that the assumption of normality is not violated for these scores.  Specifically, the independent sample T test verifies that results of tests on memorization by students who played mind games for exploitatory behavior are worse than the ones by students who played mind games for exploratory behavior. 

 

Table 7. 

Results of Independent Sample T test (creativity)

 

[image: Image]

Designed as compiled by the authors

 

Both test scores for the exploitative and explorative behavior mind games have p-values greater than 0.05, indicating that there is no significant deviation from normality for either dataset. The Independent sample T test verifies that results of tests on creativity by students who played mind games for exploitatory behavior are worse than the ones by students who played mind games for exploratory behavior.

 

Table 8. 

Results of Independent Sample T test (cognitive flexiblity)
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Designed as compiled by the authors

 

According to the test of Normality (Shapiro-Wilk). Significant results suggest a deviation from normality. Exploi W=0.732 p < .001 ExplorW=0.555 p < .001. The Independent sample T test verifies that results of tests on creativity by students who played mind games for exploitatory behavior are worse than the ones by students who played mind games for exploratory behavior.

 

Results and Discussion

 

The research found that mind games were significantly effective in memorization, creativity and cognitive flexibility. The statistical evidence points towards a minor but reliable difference between the two measures in mind games for explorative behaviour. It validates the hypothesis that the effects of mind games for exploitatory behavior are lower than the effects of mind games for exploratory behavior on creativity, memorization and cognitive flexibility. The arithmetic mean of the scores of the students in the experimental and control groups from the pre-experimental tests before the applications were found to be quite close to each other. When the post-test scores of the students in the experimental and control groups were compared, it was discovered that the difference between both creativity, memorization and cognitive flexibility subdimensions was significantly different in favor of the experimental group (exploratory behaviour). In other words, mind games lead to larger gains in memorization, creativity and cognitive flexibility. Particularly, mind games that foster exploratory behavior have a crucial impact on enhancing students' creativity, memorization and cognitive flexibility abilities.

 

Table 9. 

Average indicators of (pre-experimental test/ post-experimental test)
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Designed as compiled by the authors.

 

The finding corroborates the outcome to the effect that two groups were almost equivalent in pretest results but better yielded results were demonstrated after playing mind games for exploratory behavior.

 

Students used the tutorial as the learning intervention before the mind game on inhibition. External direction on learning and development opportunity progress enhanced the adaptability process. The tutorial serves as proof-of-concept for specifically designed instruction to optimize learners’ cognitive resources. It correlates with the variation of self-direction as an inquiry-based activity in inquiry-based learning to direct learners towards an area by giving possible connections and providing evidence (Lameras et al., 2014). Unlike games with adaptive difficulties and complex test stimuli, the adaptive transfer performance was easy because, as it had been investigated by Baniqued et al., the available students’ resources were sufficient, resulting in a perceived low load (Baniqued et al., 2015). Even without a tutorial in another mind game, students’ executive functions boosted in comparison with baseline cognitive performance. The study by Tian Luo et al., confirms that students are in favour of inquiry-based activity to perceive the ability of their cognitive performance (Luo et al., 2022).

 

In contrast to a more complex cognitive task-switching game called Pen Em Ap, which had been elaborated by researchers of Illinios University, where participants of the experiment did not improve in tests of complex working memory span (Baniqued et al., 2015), the members of the current experiment yielded better results of memory tests after playing mind games than before. This is due to the relative ease of the mind game and simplicity of the memory test, which confirmed their baseline cognitive performance in memorization of objects.

 

The results of the current finding somehow align with the Effort Monitoring and Regulation Framework bridge-building approach (Seufert, 2020) when depending on the load demands of a task, learners can adjust their self-regulatory activities, and thus cognitive load can cause or affect self-regulation. Despite the fact that mind games were easy tasks for which learners had sufficient resources and might not activate intensive self-regulatory activities, they had to monitor their efforts and regulate the exploration of more informative options, adapt exploratory behavior to new task-switching circumstances, adjust such executive functions as cognitive flexibility and memorization to understanding and rememorating the tutorial.

 

The current study included a limited chosen range of mind games within the experiment. Future research can extend inquiry into other mind games that align with other executive functions. Future work can focus more on cognitive resources, as these are presumably associated with the learner’s cognitive load while playing specific types of mind games. Finally, the current approach can be extended by including additional epistemic fluency specific features related to activities for students with ADHD.  

 

Conclusion

 

Our findings suggest that students' creativity, memory, and cognitive flexibility are greatly improved by mind games that encourage explorative behaviour. Therefore, the task of the lecturer in increased learning is to confront students with exploratory behavior activities, including mind games and at the same time to strengthen appropriate facilitating factors for successful study. Analyzes of epistemic fluency and learners’ cognitive load may provide further insights into which exploratory activities are efficient for students and why.
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