
Amal Saleh Alghaeth, Maha Ibrahim Alomiear,  Hanan Saleh Alnuaim , and Prof.Dr Samar Abdulaziz Alshalhob 

Volume (7) No. (4) 2024 

227 
 International Journal of Research in Educational Sciences 

http://dx.doi.org/10.29009/ijres.7.4.6 

 

 

 

 

 

 

 

 

 

 

 

The Impact of Cognitive Activation Practices on Enhancing 

Student Mathematical Reasoning in Mathematical Literacy: A 

Causal Comparative Study Based on PISA 2022   

 

Maha Ibrahim Alomiear, Amal Saleh Alghaeth, and Hanan Saleh Alnuaim, ,   Prof.Dr 

Samar Abdulaziz Alshalhob 

 

  

http://dx.doi.org/10.29009/ijres.7.4.6


Amal Saleh Alghaeth, Maha Ibrahim Alomiear,  Hanan Saleh Alnuaim , and Prof.Dr Samar Abdulaziz Alshalhob 

 م2024( 4( العدد )7المجلد )

 

228 
 

http://dx.doi.org/10.29009/ijres.7.4.6 

 المجلة الدولية للبحوث في العلوم التربوية 

 

The Impact of Cognitive Activation Practices on Enhancing Student 

Mathematical Reasoning in Mathematical Literacy: A Causal 

Comparative Study Based on PISA 2022   

Amal Saleh Alghaeth 

PhD Mathematics Education Candidate, College of Education, King Saud 

University, Riyadh, Saudi Arabia,   Amalalghaeth@outlook.com  

Maha Ibrahim Alomiear 

PhD Mathematics Education Candidate, College of Education, King Saud 

University, Riyadh, Saudi Arabia, alomermaha@gmail.com  

Hanan Saleh Alnuaim 

PhD Mathematics Education Candidate, College of Education, King Saud 

University, Riyadh, Saudi Arabia, 445204948@student.ksu.edu.sa 

  Prof.Dr: Samar Abdulaziz Alshalhob 

Professor of Mathematics Education, College of Education, King Saud 

University, Riyadh, Saudi Arabia, salshalhoub@ksu.edu.sa 

   

Received in June 2024    Accepted in 1 August 2024 

Abstract: This study aimed to describe and compare cognitive activation 

practices designed to enhance students' mathematical reasoning in Saudi 

Arabia (KSA), the United States (USA), the United Arab Emirates 

(UAE), and Singapore. It also explored the impact of these practices on 

students' mathematical literacy development in each country. Using a 

causal-comparative methodology, the research examined student scores 

from the PISA 2022 mathematical literacy assessments, alongside 

responses to specific questionnaire items on teachers' cognitive 

activation practices aimed in fostering mathematical reasoning. 
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 The findings revealed statistically significant differences in the 

implementation of cognitive activation practices across the countries 

studied. Saudi Arabia demonstrated significantly lower levels of these 

practices compared to the other nations, while the UAE exhibited 

significantly higher levels. No statistically significant differences were 

observed between the USA and Singapore in this regard. Moreover, the 

results indicated that all cognitive activation practices had a predictive 

effect on the variance in mathematical literacy among students in each 

country\. Notably, certain practices exhibited a negative impact on 

mathematical literacy in some countries while contributing positively in 

others. 

Keywords: teaching quality, effective teaching, cognitive activation, 

mathematical literacy, international assessments. 
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Introduction 

The Kingdom of Saudi Arabia (KSA) places significant emphasis 

on developing human capabilities and preparing globally competitive 

students. Therefore, Saudi curricula reflect the latest educational trends 

according to the best international practices and recent literature in 

mathematics education. To meet its aspirations, KSA has participated in 

relevant international assessments, including the Program for 

International Student Assessment (PISA), which aims to measure 

students’ ability to apply their knowledge and skills in reading, 

mathematics, and science to address real-life challenges. 

 In this context, PISA offers a practical framework for the 

necessary mathematical literacy in all its assessments, which are 

conducted every three years, considering the development of knowledge 

and the requirements of the era. In its latest framework for the 2022 PISA 

assessments, a special importance was placed on reasoning and 

providing students with opportunities for mathematical thinking and 

deductive reasoning. Additionally, it is crucial to equip students with 

fundamental mathematical tools, concepts, and a conceptual framework 

to navigate the quantitative dimensions of life in the 21st century. 

Effective teaching prepares students to think efficiently in unfamiliar 

situations (OECD, 2023; Tourón et al., 2019). 

 Several studies have highlighted the importance of teachers and 

their practices in influencing learning outcomes (Tourón et al., 2019; 

Demir, 2018; Hwang, Choi et al., 2018; Elliott et al., 2018; Le Donné et 
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al., 2016; Yi & Lee, 2017). It should be noted that mathematical illiteracy 

may not solely stem from the content itself, but rather from the 

pedagogical approach utilized in teaching it. Moreover, traditional 

mathematics education tends to be overly formal, less intuitive, more 

abstract, less contextual, more symbolic, and less realistic compared to 

an education that expands students' thinking and develops their 

mathematical literacy (Martain, 2007). 

 From this perspective, the National Council of Teachers of 

Mathematics (NCTM) has presented a set of practices for mathematics 

education that aims to deepen mathematical knowledge (2014/2019). 

These practices emphasize the importance of establishing clear 

educational objectives to facilitate meaningful learning. Additionally, it 

is crucial to engage students in tasks that enhance their reasoning 

abilities, encourage the use and connection of mathematical 

representations, foster effective dialogue to deepen students’ 

understanding and construction of ideas, pose purposeful questions to 

assess and develop reasoning skills, establish procedural fluency and 

conceptual understanding, and support productive struggle in 

mathematics education.  

Theoretical Background 

 One key element in advanced practices for mathematical literacy 

is the principles of Realistic Mathematics Education theory (RME). This 

theory emphasizes the necessity of learning mathematics as a human 

activity, rather than a ready-made product. It begins by using real-world 
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contexts as a foundation for learning and incorporates visual models that 

bridge the gap between abstract concepts and real-world applications 

This approach encourages students to develop their problem-solving 

strategies instead of memorizing rules and procedures, integrates 

mathematical communication as an essential part of lessons, and ensures 

connections with other disciplines through meaningful contextual 

problems (Martain, 2007). 

 Hwang et al. (2018) argue that educational practices play a crucial 

role in reducing the knowledge gap resulting from disparate 

socioeconomic conditions across various countries. By analyzing data 

from PISA 2012-2015 assessments, they concluded that student-centered 

education could potentially narrow the mathematics achievement gap. 

 Additionally, teaching quality is a crucial factor linked to learning 

experiences. Consequently, numerous researchers have investigated 

mathematics teachers' behaviors to identify dimensions that characterize 

effective instruction (Bolhuis, 2003; Klieme et al., 2009; and Baumert et 

al.,2010). However, defining quality teaching is complex, as the concept 

reflected in teachers' behaviors is multifaceted and diverse, with students 

potentially benefiting from different instructional practices (Yi & Lee, 

2017). 

 Nevertheless, certain characteristics and behaviors can be 

identified as critical factors for high-quality mathematics education. 

According to a theoretical model developed by Klieme et al. (2009), 
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three fundamental dimensions of teaching quality were identified: 

cognitive activation, classroom management, and supportive climate. 

 Cognitive activation refers to any pedagogical practice that 

encourages students to deepen their knowledge and engage in 

constructing and reflecting on higher-order thinking (Klieme et al., 2009: 

p.140-141). Figure 1 illustrates the theoretical model of teaching quality 

dimensions as per Klieme et al. (2009, p. 140) which has been adopted 

as a behavioral framework for measuring mathematics teachers' 

instructional quality in PISA and TALIS studies (Yi & Lee, 2017). 

Figure 1: Theoretical model of teaching quality dimensions according to Klieme et al. 

In PISA 2022 assessments, elements reflecting teacher behavior in 

instructional practices were integrated into student questionnaires under 

the three dimensions of Klieme et al.'s (2009) theoretical model. These 

dimensions are cognitive activation in mathematics (enhancing logic), 

cognitive activation in mathematics (encouraging mathematical 

thinking), and disciplinary climate in mathematics (classroom 

management) (OECD, n.d., p. 21). 
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 The elements of teacher behavior in the cognitive activation dimension 

for enhancing logic align to some extent with the visions and ideas 

presented by NCTM and with components of RME. 

Research Objectives 

 This study emphasizes that the data collected in such 

investigations are primarily descriptive, which, alone, does not provide 

an understanding of what might be successful in other national contexts. 

However, it enriches contextually embedded environmental analyses by 

establishing descriptive foundations for future research studies. 

According to Elliott et al. (2018), research can be conducted using three 

different approaches: descriptive, interpretive, and theoretical. 

 Consequently, the main objective of this research is to describe 

and compare cognitive activation practices for enhancing mathematical 

reasoning in KSA, the USA, UAE, and Singapore. Additionally, it aims 

to explore the contribution of these practices to the development of 

mathematical literacy in each country. 

Research Significance 

The significance of this research is highlighted in two aspects: 

1. The importance of international assessments, as they provide rich 

data for diagnosing educational systems and comparing them with other 

systems. 

2. The current research focuses on an aspect of effective teaching 

practices related to cognitive activation for enhancing mathematical 
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reasoning according to the student questionnaires in PISA 2022 

assessments. The findings of this research will guide the development of 

effective teaching practices.  

Research Questions  

1. Are there statistically significant differences in cognitive 

activation practices to enhance mathematical reasoning among students 

in KSA, the USA, UAE, and Singapore? 

2. To what extent do cognitive activation practices contribute to the 

development of mathematical literacy among students in KSA, the USA, 

UAE, and Singapore?  

Research Limitations 

 This research is limited to studying cognitive activation practices 

using student questionnaires in PISA 2022 assessments. Furthermore, it 

is limited to analyzing the responses of Saudi, American, Emirati, and 

Singaporean samples in the PISA 2022 assessments. 

Definition of Terms 

Cognitive Activation Practices for Enhancing Mathematical 

Reasoning: 

Conceptually, this term refers to pedagogical practices that encourage 

students to deepen their knowledge and engage in higher-order thinking, 

such as constructing and reflecting (Klieme et al., 2009: 140-141). 
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Procedurally, it refers to the practices listed in the student questionnaire 

that describe teacher behavior in nine items under the identifier 

(COGACRCO) (OECD, Report 19 Scaling, n.d.), as expressed through 

the research sample's responses to these items. 

Literature Review 

 The impact of teaching practices on student performance in 

mathematics has been extensively researched and debated in recent 

years. A comprehensive review of the literature revealed various 

approaches to understanding and measuring the effectiveness of different 

instructional strategies, particularly in the context of international 

assessments. For example, a report by the OECD's Directorate for 

Education explored the relationship between teaching strategies and 

student learning outcomes in eight countries participating in PISA 

assessments. The study examined three teaching strategies: active 

learning, cognitive activation, and teacher-directed instruction. The 

findings indicated a strong correlation between the use of cognitive 

activation strategies and student achievement (Le Donné et al., 2016). 

 Additionally, educational literature has addressed effective 

teaching practices according to these aspects. Most studies have, in one 

way or another, concluded that it is necessary to distinguish between 

cognitive activation and student-oriented teacher behavior. This is 

because the latter alone may not contribute to effective learning unless 

deep learning occurs as a form of knowledge activation strategy. 

Furthermore, some studies revealed a positive effect of cognitive 
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activation on learner performance, while reporting a negative effect of 

student-oriented teacher behavior (Demir, 2018; Le Donné et al., 2016; 

Yi & Lee, 2017). 

 On the contrary, a study by Tourón et al. (2019) on a Spanish 

sample in PISA 2012 assessments showed ambiguous results regarding 

the impact of cognitive activation on performance. When examining 

items in detail, results showed negative correlations for some items and 

positive ones for others. Some item results indicated that moderate use 

resulted in the maximum value, not extreme values. Consequently, the 

results raise questions and ambiguous contradictions: can the commonly 

used elements of cognitive activation have a detrimental effect? How can 

"encouraging thinking about problems" or "having students apply what 

they've learned," for instance, negatively impact performance? 

 For many countries, student performance serves as an important 

indicator of education system quality. Therefore, participating in 

international assessments such as PISA is crucial.  Locally, KSA 

participated in these assessments: PISA 2018 and 2022 assessments. The 

average results in 2022 increased by 16 points in mathematics compared 

to 2018. However, only 30% of students were at Level 2, which refers to 

students’ ability to interpret and recognize how to represent a relatively 

simple situation. No student reached the advanced level (Level 5 or 6), 

despite students reporting high support from their teachers in the 

questionnaire. 76% reported that in most lessons, teachers show interest 
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in every student's learning, and 77% reported that teachers provide extra 

help when students need it (OECD, 2023). 

 Therefore, there is a need to examine teachers' practices related to 

cognitive activation to enhance students’ mathematical reasoning in KSA 

and benchmark the findings with practices in the USA (considering both 

apply the same McGraw-Hill mathematics curriculum series), UAE (due 

to similar cultural and economic conditions), and Singapore (as one of 

the highest-performing countries). Additionally, there is a need to 

explore how these practices contribute to developing mathematical 

literacy in each country. 

Methodology and Sampling  

This study employed a causal-comparative methodology to 

investigate potential factors (cognitive activation practices for enhancing 

mathematical reasoning) that may contribute to variations in 

mathematical literacy. 

 The target population for PISA 2022 assessments consisted of 15-

year-old students. The sampling design followed a two-stage stratified 

sample, where the first-stage sampling unit comprised schools with 15-

year-old students, and the second-stage sampling unit consisted of 

students within those schools (OECD, 6 Sample Design, n.d.). 

The sample sizes for each country were as follows: 

Saudi Arabia: 6,928 students from 193 schools. 

Singapore: 6,606 students from 164 schools. 
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United Arab Emirates: 24,600 students from 840 schools. 

United States: 4,552 students from 154 schools. 

Data Sources 

 The research utilized two primary data sources from the PISA 

2022 assessments, published on the Organization for Economic Co-

operation and Development (OECD) website: 

1. Students' mathematical literacy test scores from the four target 

countries. 

2. The responses of the sample students to items in the student 

questionnaire under the identifier (COGACRCO), which relate 

to cognitive activation practices. 

Analysis and Findings 

 Research Question 1: Are there statistically significant differences 

in cognitive activation practices for enhancing mathematical reasoning 

among students in KSA, the USA, UAE, and Singapore? 

 To address this question, a one-way analysis of variance 

(ANOVA) was employed to compare the countries based on their level 

of cognitive activation practices for enhancing mathematical reasoning. 

The results are presented as follows: 

I: Descriptive Statistics: Table 1 illustrates the level of cognitive 

activation practices for enhancing mathematical reasoning: 
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Table 1: Means and Standard Deviations of Countries in Cognitive Activation Practices for 

Enhancing Mathematical Reasoning 

Cognitive Activation 

Practices 

KSA Singapore UAE USA 

Mean SD Mean SD Mean SD Mean SD 

The teacher asked us to 

solve mathematical 

problems without 

performing calculations. 

2.13 1.263 2.17 1.230 2.51 1.397 2.39 1.339 

The teacher requested 

that we explain our 

problem-solving process 

for a mathematical 

question. 

3.18 1.382 3.40 1.218 3.49 1.283 3.53 1.292 

The teacher asked us to 

explain the assumptions 

we made when 

approaching a 

mathematical problem. 

2.89 1.342 3.01 1.272 3.21 1.292 3.06 1.335 

The teacher required us to 

articulate our reasoning 

when solving a 

mathematical problem. 

3.02 1.359 3.44 1.215 3.47 1.264 3.55 1.278 

The teacher asked us to 

defend our answers to 

mathematical questions. 

2.86 1.367 2.91 1.313 3.32 1.290 3.21 1.357 

The teacher encouraged 

us to consider the 

connections between new 

and previously learned 

mathematical concepts. 

2.85 1.382 3.16 1.301 3.11 1.345 2.80 1.408 

The teacher encouraged 

us to explore alternative 

problem-solving methods 

beyond those 

demonstrated in class. 

3.32 1.425 3.38 1.249 3.40 1.318 3.11 1.408 

The teacher instructed us 

to persevere when 

encountering difficulties 

in mathematical tasks. 

3.44 1.434 3.90 1.118 3.66 1.284 3.69 1.277 

The teacher taught us to 

memorize rules and apply 
3.60 1.441 3.90 1.072 3.72 1.268 3.74 1.219 
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Cognitive Activation 

Practices 

KSA Singapore UAE USA 

Mean SD Mean SD Mean SD Mean SD 

them in solving 

mathematical problems. 

Overall cognitive 

activation practices 
3.03 1.121 3.25 0.930 3.32 1.043 3.23 1.030 

 The descriptive analysis revealed notable variations in cognitive 

activation practices across the four countries studied. UAE demonstrated 

the highest mean scores in four practices: Solving mathematics problems 

without calculation (M = 2.51), explaining assumptions in problem-

solving (M = 3.21), defending answers to mathematical questions (M = 

3.32), and encouraging alternative problem-solving methods (M = 3.40). 

On the other hand, the USA demonstrated the highest mean in two 

practices: explaining the problem-solving process (M = 3.53), and 

articulating reasoning in problem-solving (M = 3.55).  

 Singapore showed the highest means in three practices: 

connecting new and previously learned mathematical concepts (M = 

3.16), persevering when facing difficulties in mathematical tasks (M = 

3.90) and memorizing and applying rules in problem-solving (M = 3.90). 

Nevertheless, KSA consistently showed the lowest mean scores across 

most practices. Overall, the UAE demonstrated the highest level of 

cognitive activation practices for enhancing mathematical reasoning, 

with a mean score of 3.32, while Saudi Arabia showed the lowest overall 

level, with a mean score of 3.03. 
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II: Differences and Statistical Significance 

 A one-way analysis of variance (ANOVA) was conducted to 

examine the differences in cognitive activation practices for enhancing 

mathematical reasoning in KAS, the USA, the UAE, and Singapore,  

Table 2: Results of One-Way ANOVA for Differences in Cognitive Activation Practices for 

Enhancing Mathematical Reasoning Across Countries.  

Cognitive Activation 

Practices 

Source of 

Variation 

Su m of 

Squared 

Deviations 

Degree of 

Freedom 

(df) 

Mean of 

Squared 

Deviation 

F-

Statistics 

The P=Value of 

significance Level 

(Sig.) 

The teacher asked us to solve 

mathematical problems 

without performing 

calculations. 

Among 

groups 
581.080 3 193.693 107.615 0.00 

Within 

groups 
37374.239 20765 1.800   

Total 37955.319 20768    

The teacher requested that we 

explain our problem-solving 

process for a mathematical 

question. 

Among 

groups 
269.575 3 89.858 54.047 0.00 

Within 

groups 
34044.669 20477 1.663   

Total 34314.244 20480    

The teacher asked us to 

explain the assumptions we 

made when approaching a 

mathematical problem. 

Among 

groups 
312.630 3 104.210 61.542 0.00 

Within 

groups 
34882.465 20600 1.693   

Total 35195.094 20603    

The teacher required us to 

articulate our reasoning when 

solving a mathematical 

problem. 

Among 

groups 
587.847 3 195.949 120.912 0.00 

Within 

groups 
33700.171 20795 1.621   

Total 34288.018 20798    

The teacher asked us to 

defend our answers to 

mathematical questions. 

Among 

groups 
848.470 3 282.823 163.931 0.00 

Within 

groups 
35692.158 20688 1.725   

Total 36540.628 20691    

The teacher encouraged us to 

consider the connections 

between new and previously 

learned mathematical 

concepts. 

Among 

groups 
344.906 3 114.969 63.057 0.00 

Within 

groups 
37798.029 20731 1.823   

Total 38142.936 20734    

The teacher encouraged us to 

explore alternative problem-

solving methods beyond 

those demonstrated in class. 

Among 

groups 
160.151 3 53.384 30.002 0.00 

Within 

groups 
36853.755 20712 1.779   

Total 37013.907 20715    

The teacher instructed us to 

persevere when encountering 

difficulties in mathematical 

tasks. 

Among 

groups 
373.422 3 124.474 75.788 0.00 

Within 

groups 
34097.605 20761 1.642   

Total 34471.027 20764    

The teacher taught us to 

memorize rules and apply 

them in solving mathematical 

problems. 

Among 

groups 
157.299 3 52.433 32.966 0.00 

Within 

groups 
32823.091 20637 1.590   

Total 32980.390 20640    
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Cognitive Activation 

Practices 

Source of 

Variation 

Su m of 

Squared 

Deviations 

Degree of 

Freedom 

(df) 

Mean of 

Squared 

Deviation 

F-

Statistics 

The P=Value of 

significance Level 

(Sig.) 

Overall cognitive activation 

practices 

Among 

groups 
396.716 3 132.239 123.167 0.00 

Within 

groups 
40448.730 37674 1.074   

Total 40845.446 37677    

 The one-way ANOVA results revealed statistically significant 

differences among the countries in cognitive activation practices for 

enhancing mathematical reasoning. These differences were observed 

across all nine practices and in the overall dimension. 

 To determine the specific nature of these differences, Scheffe's post-hoc 

multiple comparison tool was employed, as shown in Table 3.  

III: post-hoc multiple comparisons 

Table 3: Comparison of Mean Cognitive Activation Practices by Country 

Practices Country Singapore UAE USA 

The teacher asked us to 

solve mathematical 

problems without 

performing calculations. 

KSA -0.040  -0.386 *  -0.259 *  

USA 0.219 *  -0.127 *  -- 

UAE 0.346 *  -- -- 

The teacher requested that 

we explain our problem-

solving process for a 

mathematical question. 

KSA -0.224 *  -0.309 *  -0.353 *  

USA 0.129 *  0.044 -- 

UAE 0.85 *  -- -- 

The teacher asked us to 

explain the assumptions we 

made when approaching a 

mathematical problem. 

KSA -0.116 *  -0.317 *  -0.167 *  

USA 0.051 -0.151 *  -- 

UAE 0.201 *  -- 
-- 

 

The teacher required us to 

articulate our reasoning 

when solving a 

mathematical problem. 

KSA -0.415 *  -0.448 *  -0.527 *  

USA 0.112 *  0.079 -- 

UAE 0.033 -- -- 

The teacher asked us to 

defend our answers to 

mathematical questions. 

KSA -0.052  -0.467 *  -0.356 *  

USA 0.304 *  -0.111 *  --- 

UAE 0.415 *  -- -- 
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Practices Country Singapore UAE USA 

The teacher encouraged us 

to consider the connections 

between new and 

previously learned 

mathematical concepts. 

KSA -0.307 *  -0.253 *  0.052 

USA -0.360 *  -0.305 *  --- 

UAE -0,55  -- -- 

The teacher encouraged us 

to explore alternative 

problem-solving methods 

beyond those demonstrated 

in class. 

KSA -0.057  -0.080 *  0.208 *  

USA -0.264 *  -0.287 *  -- 

UAE 0,023 -- -- 

The teacher instructed us to 

persevere when 

encountering difficulties in 

mathematical tasks. 

KSA -0.461 *  -0.217 *  -0.251 *  

USA -0.210 *  0.034 -- 

UAE -0,244 *  -- -- 

The teacher taught us to 

memorize rules and apply 

them in solving 

mathematical problems. 

KSA -0.297 *  -0.122 *  -0.142 *  

USA -0.156 *  0.019 -- 

UAE -0,175 *  -- -- 

Overall cognitive activation 

practices 

KSA -0.218 *  -0.289 *  -0.199 *  

USA -0.020  -0.091 *  -- 

UAE 0,071 *  -- -- 

Note: * indicates statistical significance at p < .05 

 The Scheffe post-hoc multiple comparison results revealed 

significant variations in cognitive activation practices across the 

countries studied. KSA consistently demonstrated the lowest levels of 

implementation across most practices, with statistically significant 

differences compared to other countries. On the other hand, the USA 

showed significantly higher implementation than Singapore in several 

practices: solving mathematics problems without calculation, explaining 

problem-solving processes, articulating reasoning in problem-solving, 

and defending mathematical answers. However, the USA scored 

significantly lower than Singapore in the other activation practices 

namely: connecting new and old mathematical concepts, encouraging 
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alternative problem-solving methods, persevering through mathematical 

difficulties, and memorizing and applying rules in problem-solving.  

 Additionally, the UAE exhibited significantly higher implementation 

than Singapore in solving mathematics problems without calculation, 

explaining problem-solving processes, explicating assumptions in 

problem-solving, and defending mathematical answers. Nevertheless, 

the UAE scored significantly lower than Singapore in connecting new 

and old mathematical concepts, persevering through mathematical 

difficulties, and memorizing and applying rules in problem-solving. 

Furthermore, the UAE demonstrated significantly higher 

implementation than the USA in solving mathematical problems without 

calculation, explicating assumptions in problem-solving, defending 

mathematical answers, connecting new and old mathematical concepts, 

and encouraging alternative problem-solving methods.  

 Overall, KSA consistently showed the lowest implementation of these 

practices, with statistically significant differences compared to other 

countries. On the other hand, the UAE demonstrated the highest 

implementation, significantly differing from other countries. 

Additionally, no significant overall differences were observed between 

the United States and Singapore. 

Research Question 2: To what extent do cognitive activation practices 

contribute to the development of mathematical literacy among students 

in KSA, the USA, UAE, and Singapore?  
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 To address this question, multiple regression analysis was conducted 

using the IDB Analyzer. Table 4 presents the B and Beta values for the 

countries studied: 

Table 4: Significance and Impact of Each Cognitive Activation Practice for Enhancing 

Mathematical Reasoning on the Variance of Mathematical Literacy Among Students in Each of 

the Four Countries. 

Cognitive Activation 

Practices 

KSA Singapore UAE USA 

B (s.e) Beta B (s.e) Beta B (s.e) Beta B (s.e) Beta 

The teacher asked us to 

solve mathematical 

problems without 

performing calculations. 

-

1.07(0.99) 
-

0.02 

-

7.31(1.43) 
-0.09 -2.48(0.78) 

-

0.03 
-1.91(2.01) 

-

0.03 

The teacher requested 

that we explain our 

problem-solving process 

for a mathematical 

question. 

9.73(0.89) 0.21 3.03(1.50) 0.04 17.13(0.99) 0.22 6.20(1.76) 0.08 

The teacher asked us to 

explain the assumptions 

we made when 

approaching a 

mathematical problem. 

6.86(0.99) 0.14 
-

4.48(1.38) 
-0.06 8.51(0.93) 0.11 -6.47(1.54) 

-

0.09 

The teacher required us 

to articulate our 

reasoning when solving 

a mathematical problem. 

7.29(0.92) 0.15 4.32(1.47) 0.05 18.86(1.00) 0.24 3.07(1.69) 0.04 

The teacher asked us to 

defend our answers to 

mathematical questions. 

3.09(0.93) 0.07 
-

6.73(1.33) 
-0.09 7.84(0.85) 0.10 -2.11(1.74) 

-

0.03 

The teacher encouraged 

us to consider the 

connections between 

new and previously 

learned mathematical 

concepts. 

4.52(1.03) 0.09 0.57(1.50) 0.01 1.29(1.01) 0.02 -2.27(1.70) 
-

0.03 

The teacher encouraged 

us to explore alternative 

problem-solving 

methods beyond those 

demonstrated in class. 

6.26(0.87) 0.14 
-

0.32(1.46) 
0.004 4.53(1.12) 0.06 -7.82(1.68) 

-

0.12 

The teacher instructed 

us to persevere when 

encountering difficulties 

in mathematical tasks. 

7.47(0.85) 0.16 7.53(1.56) 0.08 15.0)0.95) 0.19 6.27(1.89) 0.09 

The teacher taught us to 

memorize rules and 

apply them in solving 

mathematical problems. 

8.83(0.87) 0.19 6.07(1.92) 0.06 14.11(1.06) 0.17 10.94(1.93) 0.14 

Table 4 reveals the significance and impact of each of the nine 

cognitive activation practices for enhancing mathematical reasoning on 
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the variance in mathematical literacy across the four countries. The 

practice of "asking students to solve mathematics problems without 

calculation" showed statistically significant predictive effects in all four 

countries. Beta values were 0.02 for KSA, 0.09 for Singapore, and 0.03 

for both the UAE and the USA. However, the B values indicated that this 

practice negatively contributes to mathematical literacy in all four 

countries, suggesting that increased use of this practice is associated with 

lower levels of mathematical literacy. 

Additionally, the practice of "asking students to explain how they 

solved a mathematical problem" demonstrated statistically significant 

predictive effects across all countries. Beta values were 0.21 for KSA, 

0.04 for Singapore, 0.22 for the UAE, and 0.08 for the USA. Moreover, 

the B values showed that this practice positively contributes to 

mathematical literacy across all four countries, indicating that increased 

use of this practice is associated with higher levels of mathematical 

literacy. 

The practice of "asking students to explain the assumptions they 

made when solving a mathematical problem" showed statistically 

significant predictive effects across all countries. Beta values were 0.14 

for KSA, -0.06 for Singapore, 0.11 for the UAE, and -0.09 for the USA. 

Notably, the B values indicated that this practice contributes positively 

to mathematical literacy in Saudi Arabia and the UAE, but negatively in 

Singapore and the USA. 
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The practice of "asking students to explain their reasoning when 

solving a mathematical problem" demonstrated statistically significant 

predictive effects across all countries. Beta values were 0.15 for Saudi 

Arabia, 0.05 for Singapore, 0.24 for the UAE, and 0.04 for the USA. The 

B values showed that this practice positively contributes to mathematical 

literacy in all four countries. 

The results of the multiple regression analysis revealed complex 

relationships between cognitive activation practices and mathematical 

literacy across the four countries studied. The practice of asking students 

to defend their mathematical answers demonstrated statistically 

significant predictive effects in all countries, with positive contributions 

to mathematical literacy in KSA (β = 0.07) and the UAE (β = 0.10), but 

negative effects in Singapore (β = -0.09) and the USA (β = -0.03).  

 Additionally, the practice of encouraging students to connect new 

and old mathematical concepts showed a positive effect on mathematical 

literacy in KSA (β = 0.09), Singapore (β = 0.01), and the UAE (β = 0.02), 

but a slight negative effect in the USA (β = -0.03).  

Moreover, the practice of encouraging alternative problem-solving 

methods revealed mixed results. It had a positive effect in KSA (β = 0.14) 

and the UAE (β = 0.06), a minimal positive effect in Singapore (β = 

0.004), but a negative effect in the USA (β = -0.12).  

 The practice of encouraging students to persevere through 

mathematical difficulties showed a statistically significant predictive 

effect in all four countries. Beta values were 0.16 for Saudi Arabia, 0.08 
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for Singapore, 0.19 for the UAE, and 0.09 for the USA. The B values 

indicated that this practice contributes positively to mathematical 

literacy in all four countries. 

 Lastly, the practice of "teaching students to memorize rules and 

apply them in solving mathematical problems" demonstrated a 

statistically significant predictive effect across all countries. Beta values 

were 0.19 for Saudi Arabia, 0.06 for Singapore, 0.17 for the UAE, and 

0.14 for the USA. The B values showed that this practice contributes 

positively to mathematical literacy in all four countries. 

Discussion 

The findings indicated that the level of cognitive activation 

practices is lowest in KSA compared to the other four countries in the 

study. This finding aligns with the results of Al-Sarhani (2024) and Al-

Ghaith and Al-Ruwais (2022), who found low to moderate practices 

among mathematics teachers in the cities of Al-Jouf and Riyadh, 

particularly in practices related to helping students to reflect on and 

deepen their mathematical knowledge. 

This explains the level of mathematical literacy among Saudi 

students compared to the other four countries. The average mathematical 

literacy score for Saudi students was 389, compared to 575 in Singapore, 

431 in the UAE, and 465 in the USA (OECD, 2023). 

However, the results from the UAE demonstrated some 

contradictions. While cognitive activation practices were highest in the 

UAE, the level of mathematical literacy among UAE students was lower 
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than in the USA and Singapore. This can be attributed to the fact that 

mathematical literacy, like other subjects, is influenced by several factors 

(Al-Harbi, 2020). Therefore, caution must be carried out when 

interpreting the results causally. 

The findings of this research align with the recommendations 

provided by the National Council of Teachers of Mathematics regarding 

effective teaching practices. Facilitating effective dialogue when 

students are asked to explain how they solved a problem and articulate 

their reasoning during problem-solving had a positive contribution to 

developing mathematical literacy across all four countries. Additionally, 

this study found that supporting productivity is an effective activation 

practice, as persevering through difficulties in mathematical tasks 

showed a positive contribution across all countries. The findings also 

highlighted the importance of procedural fluency, as memorizing and 

applying rules in solving mathematical problems contributed positively 

to developing mathematical literacy across all four countries. 

Despite the statistically significant predictive effect of all items, 

some items contributed negatively to mathematical literacy in some 

countries and positively in others. This result is similar to the findings of 

Tourón et al. (2019), which revealed some contradictions requiring 

deeper investigation. 

Overall, the results indicated that most cognitive activation 

practices contribute positively to mathematical literacy across the four 

countries. This aligns with the findings of other studies on cognitive 
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activation practices, such as Yi & Lee (2017), Zhang et al. (2021), Li et 

al. (2021), Herreras (2017), Liu et al. (2022), Demir (2018), and Le 

Donné et al. (2016), which demonstrated that cognitive activation, as an 

important dimension of teaching quality, predicts student achievement 

and is positively associated with student performance in mathematics. 

This result can be interpreted based on the study by Förtsch, 

Werner, Kotzebue, & Neuhaus (2016), which emphasized that teachers 

who adopt cognitive activation teaching provide students with 

opportunities to develop a deep understanding of content and actively 

engage in higher-order thinking through various learning activities, such 

as working on challenging tasks, connecting new concepts to prior 

knowledge, and stimulating scientific inquiry. Cantley et al. (2017) 

affirmed that collaborative teaching strategies for cognitive activation 

align with the fundamental principles of mathematics. 

Conclusion and Recommendations 

This study examined the relationship between cognitive activation 

practices and mathematical literacy across four countries. The findings 

suggested that while cognitive activation practices generally contribute 

positively to mathematical literacy, their effectiveness varies across 

different educational contexts. In this context, the study recommends the 

implementation of comprehensive training programs for mathematics 

teachers, focusing on cognitive activation practices and effective 

teaching strategies as outlined by NCTM. 
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This study has provided a general description through responses 

and results from international assessments, which primarily serves as a 

descriptive foundation for future research. Consequently, this study 

recommends developing a deeper understanding of the phenomenon 

within specific contexts. For instance, future research could examine the 

national context in Saudi Arabia more specifically, attempting to reach 

individuals from the sample with varying results to derive logical 

explanations. These explanations can then serve as a foundation for 

informed decision-making. 
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