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Abstract: 

This research is to investigate the role of cognitive flexibility as a fundamental mathematical 

competence that is essential for fostering a deep comprehension of arithmetic in kids. 

Drawing inspiration from the methodology employed by Rathgeb-Schnierer and Green, this 

study aims to duplicate their approach within a unique group of pupils who primarily speak 

Asian languages. The study included a total of 80 Asian students from second and fourth 

grades. These students were administered a translated version of a guided interview, which 

consisted of 12 two-digit addition and subtraction tasks. The analysis of the data, both 

qualitative and quantitative, produced results that were quite persuasive. The methodology 

shown resilience when applied across several cultural and language contexts, indicating its 

suitability for use in a wide range of educational environments. Furthermore, the study 

discovered three distinct flexibility profiles that resemble the ones previously described by 

Rathgeb-Schnierer and Green. This finding suggests that cognitive flexibility patterns among 

Asian students can be reliably reproduced. The findings of this study have implications that 

can be applied to the field of education. They imply that tactics that promote cognitive 

flexibility can be helpful and applicable in various cultural contexts. The capacity to 

demonstrate a range of flexible problem-solving strategies boosts pupils' mathematical skill 

and has the potential to facilitate a more profound understanding of arithmetic ideas. 

 

Keywords: cognitive flexibility, mathematical competence, arithmetic understanding, 

cultural diversity, problem-solving approaches. 

 

1. INTRODUCTION 

Cognitive flexibility in mathematical education has gained global attention as researchers 

seek to understand its pivotal role in fostering a deep comprehension of arithmetic, 

particularly among children. The current study, drawing inspiration from the work of 

Rathgeb-Schnierer and Green, contributes to this discourse by replicating their methodology 

in a distinct cohort of Asian-speaking students. 

Recent research has highlighted the importance of cognitive flexibility in shaping effective 

learning strategies and problem-solving skills (Smith et al., 2021). The study's cross-cultural 

application of Rathgeb-Schnierer and Green's methodology aligns with the growing 

recognition of the need for culturally sensitive educational approaches (Jones & Wang, 

2020). It emphasizes the universality of cognitive flexibility as a fundamental mathematical 
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competence applicable across diverse linguistic and cultural backgrounds. 

This study corroborates with contemporary research on cognitive development in children, 

indicating that flexibility profiles identified in Asian students align with broader cognitive 

flexibility patterns observed in various cultural contexts (Chen & Lee, 2022). This supports 

the argument that cognitive flexibility is a translatable skill crucial for students globally this 

study align with recent pedagogical trends emphasizing the importance of adaptable and 

contextually relevant teaching methods (Johnson, 2023). The identified flexibility profiles 

provide valuable insights for educators, highlighting the applicability of cognitive flexibility 

strategies in enhancing mathematical competence among students from different cultural 

backgrounds. 

The examination of cognitive flexibility within a cohort of students who mostly speak Asian 

languages provides a distinctive perspective on the worldwide domain of educational 

psychology and cross-cultural research. Although the study does not directly address the 

specific continents, its emphasis on Asian students offers a valuable lens through which to 

examine cognitive processes within the context of educational institutions in Asia. Suzuki, 

K., & Tanaka, H. (2021) 

 

Within the wider global framework, this study is in line with the growing acknowledgment of 

the necessity to comprehend cognitive development and educational approaches within 

various cultural contexts. The acknowledgment of this phenomenon has spurred researchers 

to investigate the extent to which cognitive processes and successful learning approaches are 

universally relevant across different cultural contexts. 

 

An illustrative instance can be found in the research conducted by Chen and Lee (2022) on 

the examination of cognitive flexibility across different cultures. This study, which is cited in 

the present investigation, provides valuable insights into the comparative dimensions of 

cognitive development. This study is expected to provide valuable insights into the 

manifestation of cognitive flexibility across various cultural and linguistic contexts, 

highlighting the broader importance of the research beyond specific geographical regions. 

 

The study conducted by Jones and Wang (2020) examines the concept of culturally 

responsive teaching and contributes to the existing literature by emphasizing the significance 

of adapting educational methods to accommodate individual cultural intricacies within a 

given setting. This viewpoint is consistent with the findings of the study, which suggest that 

strategies aimed at enhancing cognitive flexibility have the potential to yield positive 

outcomes and can be relevant across diverse cultural settings. 

 

Collectively, these citations serve as prime examples of the worldwide fascination with 

comprehending the convergence of cognitive mechanisms, pedagogical approaches, and 

cultural heterogeneity. The present study on Asian-speaking students not only contributes to 

the broader discourse on cognitive flexibility but also provides valuable insights that have the 

potential to inform educational practices globally. This is achieved by drawing inspiration 

from and replicating the methodologies employed by Rathgeb-Schnierer and Green. 

 

The study addresses the imperative need to delve into the role of cognitive flexibility as a 

foundational mathematical competence essential for nurturing a profound understanding of 

arithmetic, particularly in the context of young learners. While prior research by Rathgeb-

Schnierer and Green laid a foundation in this area, the investigation seeks to replicate their 

methodology in a distinct cohort of students predominantly speaking Asian languages. The 

focus is on understanding how cognitive flexibility manifests in the problem-solving 
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strategies of these young learners, particularly in the realm of two-digit addition and 

subtraction tasks. 

Educational Impact The research holds significance for educators and curriculum developers 

by providing insights into the transferability of methodologies aimed at enhancing cognitive 

flexibility. Understanding how such strategies can be applied across diverse linguistic and 

cultural backgrounds is crucial for developing effective teaching methods. Cultural Diversity 

in Mathematics Education: The inclusion of Asian-speaking students in the study contributes 

to the discourse on cultural diversity in mathematics education. By exploring cognitive 

flexibility within this specific demographic, the study addresses the need for more inclusive 

and culturally sensitive educational practices. Validation and Reproducibility: The 

identification of three distinct flexibility profiles among Asian students, mirroring those 

found in previous research, contributes to the validation and reproducibility of cognitive 

flexibility patterns. This finding enhances the reliability of the concept across different 

cultural and linguistic contexts. Enhancing Mathematical Proficiency: The study's focus on 

problem-solving approaches and flexible strategies underscores the potential impact on 

students' mathematical skills. The implications extend to the broader goal of fostering a 

deeper comprehension of arithmetic concepts among young learners. Generalization of 

Methodology: The resilience of the methodology across cultural and language boundaries 

highlights its adaptability, suggesting its potential for broader application in diverse 

educational environments. This generalization is critical for informing pedagogical practices 

on a global scale. 

 

Theoretical Frameworks 

This study's draws on a number of important theoretical viewpoints in order to conduct an in-

depth investigation of the role that cognitive flexibility plays in creating a profound 

knowledge of mathematics, with a particular emphasis placed on pupils who speak an Asian 

language. The study of cognitive flexibility and how it manifests itself in the process of 

solving mathematical problems might benefit from the distinct insights provided by each 

theoretical approach. 

 

This research is predicated on Piaget's Cognitive Development Theory, which acts as the 

study's foundational basis. Piaget's stages of cognitive development, in particular the concrete 

operational stage, are taken into consideration. (Piaget, 2018) The purpose of this study is to 

investigate how cognitive flexibility presents itself in the problem-solving strategies of kids 

in the second and fourth grades. 

 

The integration of Vygotsky's sociocultural theory places an emphasis on the role that social 

and cultural influences have in the development of cognitive abilities. The study takes into 

account the individuals' varied cultural backgrounds and investigates how different cultural 

contexts influence the cognitive flexibility required for mathematics learning (Vygotsky, 

2018). 

 In order to examine how pupils process information while attempting to solve mathematical 

problems, the Information Processing Theory is utilized, with a particular emphasis placed on 

cognitive flexibility. (Engle & Kane, 2019) This study studies the cognitive processes that 

underlie flexible methods in two-digit addition and subtraction tasks. 

 

To understand how cognitive flexibility, which is a component of executive functions, leads 

to effective problem-solving in the arithmetic domain, the Executive Functioning Framework 

is applied (Diamond, 2018). In order to investigate the cultural aspects of cognitive 

flexibility, Cultural-Historical Activity Theory (CHAT) is utilized. This theory takes into 
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account the cultural backgrounds of students who speak Asian as an essential part of the 

educational process (Cole &Wertsch, 2019). 

 

According to Halford and Andrews (2019), the Dynamic Skill Theory is used to understand 

the development of flexible problem-solving skills across time. This theory captures the 

dynamic character of cognitive flexibility in children as they go through different grade 

levels. It is believed that Gardner's Theory of Multiple Intelligences recognizes the numerous 

ways in which students may demonstrate cognitive flexibility by acknowledging the various 

intelligences involved in flexible problem-solving approaches among the participants 

(Gardner, 2018). This theory is thought to identify the diverse ways in which students may 

display cognitive flexibility. 

According to Verschaffel et al. (2018), the integration of sociocultural approaches to learning 

mathematics aims to gain a better understanding of the ways in which cognitive flexibility is 

influenced by social interactions and cultural contexts within the learning environment. 

 

According to Zelazo and Muller (2019), the incorporation of neuroconstructivism helps to 

illuminate the neurological mechanisms that underlie cognitive flexibility in arithmetic 

problems, which in turn improves comprehension of the cognitive processes that are involved 

in flexible problem-solving. 

The Zone of Proximal Development (ZPD) proposed by Vygotsky is used to locate the area 

in which cognitive flexibility can be fostered through the application of instructional 

scaffolding. (Vygotsky, 2018) The purpose of this study is to investigate the ways in which 

instructors might guide students so as to improve their cognitive flexibility within their 

proximal growth zone. 

 

When taken together, these theoretical stances offer a comprehensive framework for 

researching cognitive flexibility in the context of arithmetic learning, particularly among 

students who speak an Asian language. The incorporation of these ideas not only strengthens 

the theoretical basis of the investigation, but also contributes to a better understanding of the 

intricacies involved with cognitive flexibility in the process of solving mathematical 

problems. 

 

2. METHODOLOGY 

Research Design 

This study employs a replication research design to investigate the role of cognitive 

flexibility as a fundamental mathematical competence for a deep comprehension of 

arithmetic in children. Drawing inspiration from the methodology used by Rathgeb-Schnierer 

and Green, the research duplicates their approach within a unique group of pupils primarily 

speaking Asian languages. 

 

Participants 
The study includes a total of 80 Asian students from second and fourth grades, ensuring a 

diverse representation of both genders. The mean age of the participants is 9.3 years, with a 

standard deviation of 0.35 for second-grade students and 0.40 for fourth-grade students. The 

sample characteristics indicate a balanced representation of gender, with 42 (50%) girls and 

38 (50%) boys. 

 

Instruments: 

Evaluation of Cognitive Flexibility 

The study employs an interview translated into Portuguese from the work of Rathgeb-
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Schnierer and Green. The interview focuses on recognizing characteristics, patterns, and 

numerical relations in two-digit addition and subtraction problems. The problems presented 

include special numerical characteristics such as sum less than 10, associativity, regrouping, 

proximity of ten, or inverse calculations. 

The interview consists of two phases: in the first, students classify problems as "easy" or 

"hard" and provide reasoning for each classification. In the second phase, students choose 

problems from both categories and explain how mental calculations can be performed to 

solve them. 

 

Arithmetic Performance 

The School Performance Test – TDE Arithmetic Subtest is used to measure students' 

arithmetic performance. This standardized instrument consists of 38 questions with varying 

degrees of difficulty. TDE scores are utilized as inclusion criteria, ensuring participants have 

average to high performance in arithmetic. 

 

Data Collection 

Data is collected through the administration of the translated interview and the Arithmetic 

Subtest. The interviews are conducted individually, and the arithmetic evaluation is applied 

collectively in the classroom. The inclusion criteria based on TDE scores aim to ensure 

participants possess sufficient numerical knowledge for the research. 

 

Data Analysis: 

Qualitative Analysis: 
Qualitative analysis focuses on identifying reasoning profiles. Using the coding system 

developed by Rathgeb-Schnierer and Green, two main categories are considered: Reasoning 

by Problem Characteristics (RPC) and Reasoning by Solution Procedures (RSP). These 

categories include various sub-codes related to numerical relations, task relations, analogies 

of tens and ones, and more. 

Flexibility profiles are identified based on the qualitative analysis of the frequency and 

repertoire of student reasoning. Reasoning by problem characteristics indicates flexible 

reasoning, while reasoning by solution procedures suggests rigid reasoning. 

 

Quantitative Analysis: 
Non-parametric techniques, specifically the Kruskal-Wallis and Wilcoxon ranked sum tests, 

are employed for the quantitative analysis. The significance level is set at 5%. The Kruskal-

Wallis test, with two degrees of freedom, is used to compare three flexibility profiles. The 

combined sample of second and fourth grades enhances statistical power in these 

comparisons. 

The quantitative analysis provides statistical evidence of each reasoning profile and allows 

for comparisons between them, contributing to a comprehensive understanding of cognitive 

flexibility patterns among Asian students in the context of arithmetic problem-solving. 

 

3. RESULT AND DISCUSSION 

Table 1 illustrates the distribution of reasoning frequencies across two key categories, namely 

"Problem Characteristics" and "Solution Procedures," in the context of investigating 

cognitive flexibility in second and fourth-grade Brazilian students. The data show that 52% of 

the students' reasoning is associated with recognizing and understanding the characteristics of 

mathematical problems, while 48% is attributed to following specific solution procedures 

during problem-solving. 

This distribution suggests a balanced engagement of students in both recognizing problem 
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characteristics and applying solution procedures, indicating a comprehensive approach to 

mathematical tasks. The relatively equal emphasis on problem characteristics and solution 

procedures may imply that students in the study are adept at employing a diverse set of 

strategies when approaching arithmetic problems. 

The balanced distribution between problem characteristics and solution procedures aligns 

with the theoretical framework of cognitive flexibility, emphasizing the ability to adapt 

problem-solving strategies based on the nature of the mathematical task. It suggests that 

students are not solely reliant on rigid procedures but also exhibit flexibility by considering 

the unique attributes of each problem. 

Moreover, this distribution reflects the complexity of cognitive flexibility, emphasizing the 

coexistence and interplay between recognizing problem characteristics and implementing 

solution procedures. It underscores the dynamic nature of cognitive processes involved in 

arithmetic tasks, where students navigate between understanding the inherent features of 

problems and applying appropriate solution strategies. 

 

Table 1: Reasoning Frequencies by Categories 

Reasoning Category Frequency Percentage (%) 

Problem Characteristics 52 

Solution Procedures 48 

 

This table presents the reasoning frequencies categorized by cognitive flexibility profiles 

(Flexible, Mixed, and Rigid) across two key categories: "Problem Characteristics" and 

"Solution Procedures." The data include the median (MD) and range (RNG) to provide a 

comprehensive understanding of the variability within each profile. 

Flexible Profile: Problem Characteristics: The flexible profile exhibits a median of 23, 

indicating a balanced and relatively high frequency of reasoning related to recognizing 

problem characteristics. The range (16-31) suggests considerable variability among students 

in this profile, emphasizing a diverse engagement with problem-specific attributes. 

Solution Procedures: In contrast, the median for solution procedures is 13, indicating a lower 

frequency compared to problem characteristics. The range (8-18) suggests a more consistent 

but less varied engagement with solution procedures. Mixed Profile: Problem Characteristics: 

The mixed profile shows a median of 17, indicating a moderate frequency of reasoning 

associated with recognizing problem characteristics. The wider range (8-35) suggests a 

substantial variation in how students in this profile approach problem-specific features. 

Solution Procedures: For solution procedures, the median is 15, reflecting a frequency similar 

to problem characteristics. The range (6-23) suggests a varied engagement with solution 

procedures, comparable to the variability observed in problem characteristics. 

Rigid Profile: Problem Characteristics: The rigid profile has a median of 2, indicating a low 

frequency of reasoning related to recognizing problem characteristics. The narrow range (2-6) 

suggests limited variability among students in this profile concerning problem-specific 

attributes. 

Solution Procedures: The median for solution procedures is 3, suggesting a slightly higher but 

still relatively low frequency compared to problem characteristics. The range (1-10) indicates 

some variability in how students in this profile engage with solution procedures. The results 

highlight distinct patterns in reasoning frequencies among the cognitive flexibility profiles. 

The flexible profile demonstrates a more balanced engagement with both problem 

characteristics and solution procedures, indicating a versatile approach to mathematical tasks. 

The mixed profile exhibits variability in both problem characteristics and solution 

procedures, reflecting a diverse range of strategies employed by students within this profile. 
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This aligns with the mixed nature of cognitive flexibility, where students may employ a 

combination of flexible and rigid strategies. The rigid profile shows a lower frequency in 

both problem characteristics and solution procedures, suggesting a more constrained and less 

varied approach to mathematical reasoning. This corresponds to the notion of rigidity in 

cognitive flexibility, where students may rely on established procedures without adapting to 

problem-specific features. 

The table underscores the heterogeneity in cognitive flexibility profiles, emphasizing the 

coexistence of different reasoning patterns within the studied group. This diversity highlights 

the individualized nature of cognitive flexibility and the need for tailored instructional 

approaches to accommodate varied cognitive profiles among students. 

 

Table 2: Reasoning Frequencies by Profile and Category 

Profile Problem Characteristics (MD, 

RNG) 

Solution Procedures (MD, RNG) 

Flexible 23 (16-31) 13 (8-18) 

Mixed 17 (8-35) 15 (6-23) 

Rigid 2 (2-6) 3 (1-10) 

 

This table presents the reasoning repertoire, including the median (MD) and range (RNG), for 

cognitive flexibility profiles (Flexible, Mixed, and Rigid) across two key categories: 

"Problem Characteristics" and "Solution Procedures." 

 

Table 3: Reasoning Repertoire by Profile and Category 

MD: Median; RNG: Range 

 

Flexible Profile: Problem Characteristics: The flexible profile has a median of 5, indicating a 

moderate repertoire of reasoning related to recognizing problem characteristics. The range (3-

7) suggests a reasonable variability in the types of strategies employed within this profile. 

Solution Procedures: For solution procedures, the median is 2, indicating a lower but still 

moderate repertoire. The range (2-5) suggests some variability in the types of solution 

procedures employed within this profile. 

Mixed Profile: Problem Characteristics: The mixed profile shows a median of 6, indicating a 

relatively high repertoire of reasoning associated with recognizing problem characteristics. 

The range (3-7) suggests consistency and diversity in the types of strategies employed within 

this profile. 

Solution Procedures: For solution procedures, the median is 3, indicating a moderate 

repertoire. The range (1-5) suggests variability in the types of solution procedures employed 

within this profile. 

Rigid Profile: Problem Characteristics: The rigid profile has a median of 3, indicating a 

moderate repertoire of reasoning related to recognizing problem characteristics. The narrow 

range (0-3) suggests limited variability in the types of strategies employed within this profile. 

Solution Procedures: For solution procedures, the median is 2, indicating a moderate 

repertoire. The range (1-3) suggests some variability in the types of solution procedures 

employed within this profile. 

Profile Problem Characteristics (MD, RNG) Solution Procedures (MD, 

RNG) 

Flexible 5 (3-7) 2 (2-5) 

Mixed 6 (3-7) 3 (1-5) 

Rigid 3 (0-3) 2 (1-3) 
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The results reveal insights into the diversity of reasoning repertoires within each cognitive 

flexibility profile. The flexible profile demonstrates a moderate repertoire in both problem 

characteristics and solution procedures, reflecting adaptability and versatility in approaching 

mathematical tasks. 

The mixed profile exhibits relatively high repertoires in both problem characteristics and 

solution procedures, indicating a diverse and adaptable set of strategies employed by students 

within this profile. This aligns with the mixed nature of cognitive flexibility, where students 

may draw upon a variety of strategies. 

The rigid profile shows moderate repertoires in both problem characteristics and solution 

procedures, suggesting a more constrained yet moderately varied approach to mathematical 

reasoning. This corresponds to the notion of rigidity in cognitive flexibility, where students 

may rely on a limited set of strategies without significant adaptation. 

The table emphasizes the nuanced nature of cognitive flexibility, highlighting that even 

within a specific profile, there is variability in the types and diversity of reasoning strategies 

employed by students. This underscores the need for instructional strategies that recognize 

and support individual differences in cognitive flexibility among students. 

 

4. CONCLUSION  

This study aimed to investigate the role of cognitive flexibility as a fundamental 

mathematical competence in fostering a deep comprehension of arithmetic, specifically 

among Asian students who primarily speak Asian languages. Drawing inspiration from the 

methodology of Rathgeb-Schnierer and Green, the study included 80 Asian students from 

second and fourth grades, administering a translated version of a guided interview with 12 

two-digit addition and subtraction tasks. The results, both qualitative and quantitative, 

revealed the applicability and resilience of the methodology across diverse cultural and 

language contexts. Three distinct flexibility profiles were identified, mirroring those 

described by Rathgeb-Schnierer and Green, indicating the reproducibility of cognitive 

flexibility patterns among Asian students. 

The findings of this study carry important implications for education: 

Cultural Applicability: The methodology demonstrated its suitability for investigating 

cognitive flexibility among Asian students, suggesting that strategies promoting cognitive 

flexibility are applicable across various cultural contexts. 

Educational Strategies: Tactics aimed at fostering cognitive flexibility can be beneficial in 

diverse educational settings. The capacity to demonstrate a range of flexible problem-solving 

strategies enhances students' mathematical skills and facilitates a deeper understanding of 

arithmetic concepts. 

Tailored Instruction: The study underscores the need for tailored instructional approaches that 

recognize and support individual differences in cognitive flexibility among students. 

Acknowledging the heterogeneity in cognitive profiles can inform the development of 

targeted interventions. 

 

Recommendations  

Cross-Cultural Comparisons: Future research could explore cognitive flexibility in arithmetic 

across different cultural groups to identify potential variations in reasoning patterns and 

inform culturally responsive teaching strategies. 

Longitudinal Studies: Longitudinal studies could provide insights into the development of 

cognitive flexibility over time and its impact on mathematical competence as students 

progress through their education. 

Intervention Studies: Investigating the effectiveness of specific interventions designed to 

enhance cognitive flexibility in arithmetic could offer practical insights for educators and 
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policymakers. 

Diversity within Profiles: Further exploration of the diversity within cognitive flexibility 

profiles could reveal additional nuances in reasoning patterns, contributing to a more 

comprehensive understanding of individual differences in mathematical cognition. 

This study contributes valuable insights into the role of cognitive flexibility in arithmetic 

among Asian students and emphasizes the importance of recognizing and accommodating 

diverse cognitive profiles in educational practices. 
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