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Abstract–This study determined the cognitive skills achievement in mathematics of elementary pre-service teachers 

as a basis for improving problem-solving and critical thinking which was analyzed using Piaget's seven logical 

operations namely: classification, seriation, logical multiplication, compensation, ratio and proportional thinking, 

probability thinking, and correlational thinking. This study utilized an adopted Test on Logical Operations (TLO) and 

descriptive research design to describe the cognitive skills achievement and to determine the affecting factors. Overall, 

elementary pre-service teachers performed with sufficient understanding in dealing with the TLO. However, in each 

logical operation, students were found to have insufficient understanding of probability thinking and correlational 

thinking. These insufficiencies in other logical operations were attributed to their misconceptions on some 

mathematical terms, misinterpretation of the problems, poor comprehension skills, poor problem-solving skills, and 

poor performance in mathematics in general. 

Keywords—Achievement in Mathematics, cognitive skills, education, elementary pre-service teachers, Piaget’s 

logical operations 

 

I. INTRODUCTION 

 

Cognitive skills achievement in mathematics as the quantified measure of the cognitive skills that an individual 

can perform in mathematics serves as a basis in determining the mathematics ability of the Filipino learners [1]; [2]. 

Cognitive skills are any mental skills that are used in the process of acquiring knowledge which includes reasoning, 

perception, and intuition [3]. In the well-known theory of cognitive development proposed by famous French-Swiss 

psychologist Jean Piaget, he discussed the stages of development and the cognitive skills and intelligence learned 

by children in a particular stage. He defined cognitive development as the mental growth or development of the 

intelligence of the learner. 

 

Along with the implementation of the K to 12 Curriculum is the update in the conceptual framework of 

mathematics education. The twin goals of mathematics education in the country are problem-solving and critical 

thinking as indicated in the K to 12 Curriculum Guide (CG) for mathematics in basic education. The CG also 

emphasizes that the twin goals are to be achieved with organized and rigorous curriculum content, a well-defined 

set of high-level skills and processes, desirable values and attitudes, and appropriate tools, considering the different 

contexts of Filipino learners. “As a guide to belief and action, critical thinking is the intellectually disciplined method 

of actively and skillfully conceptualizing, applying, analyzing, synthesizing, and/or assessing knowledge gathered 

from, or produced by observation, experience, reflection, reasoning, or communication” [4]. Several definitions of 

critical thinking have become known from the cognitive psychological approach which includes mental processes, 

strategies, and representations people use to solve problems, make decisions, and learn new concepts [5]; [6]; [7]. 

On the other hand, [8] defined problem solving as finding a way around a difficulty, around an obstacle, and finding 

a solution to a problem that is unknown. [9] stressed that problem solving is a critical and higher level of cognitive 

skills. 

 

In the aforementioned definitions of critical thinking and problem-solving, cognitive skills are associated and 

needed to improve the said twin goals of mathematics education. The acquisition of cognitive and process skills and 
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age is the basis of cognitive development theory and its stages. The sensorimotor stage, pre-operational stage, 

concrete operational stage, and formal operational stage are the four phases of cognitive growth according to this 

theory. Learning, according to Piaget, is a process of evolving cognitive frameworks, which are structured 

hierarchically as the structures become more complex. [10] described this hierarchy that when a child is in a 

particular stage, this child can perform specific cognitive skills. These stages of intellectual development particularly 

in the two later stages, as presented in his books [3]; [11], are characterized by seven logical operations, namely: 

classification, seriation, logical multiplication, compensation, ratio and proportional thinking, probability thinking, 

and correlational thinking. 

 

Ideally, college students particularly the elementary pre-service teachers are in the formal stage of cognitive 

development according to Piaget's theory. They should be able to value mathematics, solve problems, and develop 

confidence [12]. The seven logical operations are expected to be developed among them. As teachers and as future 

teachers of mathematics at the elementary level, they should have sufficient skills and knowledge to enable their 

students to achieve the expected mathematics competency defined by K to 12 content standards as required by higher 

education [13]. 

 

With the spirit of honing the pre-service elementary teachers and developing the cognitive skills among them, it 

is imperative to determine if the process skills and the logical operations are already developed in them. This study 

was conducted to discern the cognitive skills achievement in Mathematics of the elementary pre-service teachers 

using Piaget’s seven logical operations.  

 

II. METHODOLOGY 

The study used a descriptive research template with a questionnaire to explain elementary pre-service teachers' 

cognitive skills achievement in basic mathematics. Descriptive research design is a method for collecting, 

evaluating, classifying, and tabulating data about current situations, behaviors, attitudes, procedures, patterns, and 

cause-and-effect relationships, and then making adequate and reliable interpretations of the data using or without 

statistical methods [14].  

 

The study's purposively chosen respondents were 88 elementary pre-service teachers enrolled in one of Nueva 

Ecija's colleges of education. Purposive sampling design, also known as judgmental sampling, is a deliberate sampling 

technique in which the researcher selects the respondents who best meet the study's objectives [15]. The Test on 

Logical Operations, developed by [12], was used in this study as an adopted and validated teacher-made test 

questionnaire (TLO). The performance and categorization of cognitive skills based on their cognitive skills 

achievement in mathematics were described using descriptive statistics such as frequency, percentage, mean, and 

rank. 

 

 

II. RESULTS AND DISCUSSION 

 

1. Respondents’ Cognitive Skills Achievement in Mathematics 

 

To address the first objective of the study, the performance of the respondents in each logical operation was 

gathered and analyzed in order to determine their level of understanding. The multiple-count scoring scheme 

proposed by [16] was used to determine the qualitative description for each performance. The respondents of the 

study who were chosen purposively were 88 elementary pre-service teachers enrolled in one of the colleges of 

Education in Nueva, Ecija. “Purposive sampling design also known as judgmental sampling is a deliberate sampling 

technique where the researcher uses his good judgment in selecting the respondents who best meet the purposes of 

the study” [15]. This study used an adapted and validated teacher-made test questionnaire developed by [12] called 

the Test on Logical Operations (TLO). Descriptive statistics such as frequency, percentage, mean, and rank were 

employed to describe the performance and categorization of cognitive skills based on their cognitive skills 

achievement in mathematics.  
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Table 1. The respondents’ cognitive skills achievement in mathematics 

 

LOGICAL OPERATIONS 𝐱̅ 
LEVEL OF 

UNDERSTANDING 
RANK 

Classification 10.82 Sufficient 3 

Seriation 10.15 Sufficient 5 

Logical Multiplication 14.69 Sufficient 1 

Compensation 13.83 Sufficient 2 

Ratio and Proportional Thinking 10.51 Sufficient 4 

Probability Thinking 6.30 Insufficient 7 

Correlational Thinking 8.93 Insufficient 6 

Global Mean Score 10.74 Sufficient  

 

The results shown in Table 1 revealed that in general, the respondents showed sufficient understanding in all the 

seven logical operations of Piaget with a global mean score of 10.74. Rank one in the seven logical operations as 

the highest achieved score with a sufficient level of understanding was the logical multiplication (x ̅=14.69). This 

meant that the respondents could demonstrate or perform the expected standard logical operations, especially 

multiplication operations involving, or being in accordance with logic. Compensation, counterbalancing, creating, 

or providing sufficient equivalence were the next steps, as the second highly achieved logical operations (x ̅=13.83) 

with a sufficient level of understanding. The third was the classification with a mean score of 10.82 and level of 

understanding as sufficient. Moreover, respondents also showed sufficient understanding in ratio and proportional 

thinking (x ̅=10.51) and seriation (x ̅=10.15). However, Table 1 also revealed alarming results as the respondents 

performed with insufficient understanding both in probability thinking (x ̅=6.30) and correlational thinking 

(x ̅=8.93). Correlational thought refers to the establishment of a connection or causal association, while probability 

thinking refers to the establishment of a logical relation statement such that proof conforming to one conforms to 

the other to some degree [10]. It may also refer to the presentation or laying out of information in order to 

demonstrate relationships [17]. This means that in these two logical operations, the respondents, in general, just 

interpreted the problem correctly and made an overt and partial explanation of the solution of the problem. 

The results presented in Table 2 confirmed the results of [18] in five logical operations namely: classification, 

seriation, logical multiplication, compensation and ratio and proportional thinking where the respondents performed 

with at least sufficient understanding in answering but not in probability thinking and correlational thinking. 

However, the findings were in contrast with the results of [19] and [12] particularly in the said first five logical 

operations where both respondents of the two previous studies showed insufficient understanding. 

 

2. Respondents’ Category of Cognitive Skills 

To address the second objective of this study, this portion presents the frequency and the percentage of the 

respondents who were categorized based on their cognitive skills achievement in mathematics. The categorization 

of the respondents was proposed by [20]. Student participants, in general, were in the age range of 19-20 years old, 

which according to Piaget's theory of cognitive development were on their formal operational stage. Part of this 

study concurs with Piaget.  

The majority of respondents (52 or 59.09 percent) were in the formal operational stage, according to the data in 

Table 2. Three respondents (3.41%) were in the late formal stage, suggesting that these three elementary pre-service 

teachers thoroughly and correctly solved almost all of the logical operational problems, according to [21]. They 

showed strong evidence of systematic attainment of critical thinking and reasoning patterns in mathematics, and 

they clearly expressed their thought processes by presenting correct answers the majority of the time. They were 

also able to show that they had a broad understanding of the problem, that they used a cognitive schema to help 

them understand the problem structure, that they selected and used effective solution methods, and that they got the 

right answer. 

Meanwhile, the majority of the respondents (49 or 55.68%) were at the early formal stage of Piaget's Theory of 

Cognitive Development. This suggested that the majority were able to make considerable progress with their 

solutions, with problems on all logical operations nearly solved and solutions that were correct but contained slight 

errors on all test products. At the formal level, there were some indications of the attainment of reasoning trends in 

mathematics. Their thought processes were evident in the problem approach they provided. 

However, 36 or 40.91 percent of the respondents did not concur with Piaget. These 36 respondents were considered 

at the late concrete operational stages which age ranges from 7 to 11 years old. This showed that these students had a 
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good understanding of the problems posed by the representations for and logical operation and had made early 

attempts to solve all of the problems. Their solutions and responses were fraught with contradictions. As a result, they 

were successful in achieving the sub-goal but failed to achieve the problem's main goal [21]. 

 

 

Table 2. The Respondents’ Categories of Cognitive Skills Based on their Achievement in Mathematics 

LOGICAL 

OPERATIONS 

LATE CONCRETE EARLY FORMAL LATE FORMAL 

Mean 
Level of 

Understanding 
Mean 

Level of 

Understanding 
Mean 

Level of 

Understanding 

Classification 10.86 Sufficient 11.22 Sufficient 13.33 Sufficient 

Seriation 8.72 Insufficient 11.08 Sufficient 12.00 Sufficient 

Logical 

Multiplication 
12.67 Sufficient 16.00 Complete 17.67 Complete 

Compensation 12.28 Sufficient 14.71 Sufficient 18.00 Complete 

Ratio and 

Proportional 

Thinking 

8.47 Insufficient 11.61 Sufficient 17.00 Complete 

Probability 

Thinking 
4.22 Insufficient 7.29 Insufficient 15.00 Sufficient 

Correlational 

Thinking 
6.72 Insufficient 9.96 Insufficient 18.67 Complete 

As 36 or 40.91 of the respondents were considered in the late concrete, they were able to show sufficient 

understanding in logical multiplication (x ̅=12.57), compensation (x ̅=12.28), and classification (x ̅=10.86). 

Meanwhile, they performed insufficiently in probability thinking (x ̅=4.22), correlational thinking (x ̅=6.72), ratio 

and proportional thinking (x ̅=8.47), and seriation (x ̅=8.72). With a global mean score of 9.13, this group of students 

showed a lack of comprehension of all logical operations. 

Early formal students (n=49) answered the problems in logical multiplication (x ̅=16.00) with complete 

understanding. They showed sufficient understanding in answering problems in compensation (x ̅=14.71), ratio and 

proportional thinking (x ̅=11.61), classification (x ̅=11.22), and seriation (x ̅=11.08). However, they had an 

insufficient understanding of probability thinking (x ̅=7.29) and correlational thinking (x ̅=9.96). This group of 

students had sufficient understanding in solving the problems in the seven logical operations with a global mean 

score of 11.70. 

The only three students who were considered in the late formal stage performed with complete understanding in 

correlational thinking (x ̅=18.67), compensation (x ̅=18.00), logical multiplication (x =̅17.67) and ratio and 

proportional thinking (x ̅=17.00). This meant that they had the capabilities and potentials regarded as beyond what 

was expected of them. They showed a complete understanding of the essence and structural relations of data in the 

problem. Also, they exhibited this characteristic, they had the ability to understand and grasp fully the mathematical 

tasks presented to them and solved them with logical representations [18]. Meanwhile, they performed sufficiently 

in probability thinking (x ̅=15.00), classification (x ̅=13.33), and seriation (x ̅=12.00). With these results, the three 

respondents committed minor mistakes and were expected to be able to deal with and perform higher order of 

difficulty. The results of this study negated the study of [19], [22], [12], and [21] were the result of their studies 

were alarming to reveal that most of their respondents were considered at the concrete operational stage. This study 

apparently sounded positive since the majority (52 or 59.09%) were able to perform the logical operations. This 

concurred with [18] where 12 out of 12 of his respondents were at the formal stage of cognitive development. 

Generally, the respondents of this study proved that the expected stage as students at a higher level matched with 

Piaget's theory. 

 

IV. CONCLUSIONS AND RECOMMENDATION 

Based on the findings of this study, the following conclusions were drawn. Elementary pre-service teachers 

showed sufficient understanding in most of the seven logical operations and insufficient to some. However, they 

showed an insufficient understanding of probability thinking and correlational thinking. These insufficiencies in 

other logical operations were attributed to their misconceptions on some mathematical terms, misinterpretation of 

the problems, poor comprehension skills, poor problem-solving skills, and poor performance in mathematics in 

general. Furthermore, the cognitive skills achievement of the majority of elementary pre-service teachers can be 

considered formal. However, this result is still alarming for these groups of students who would be deployed to 

teach the young learners. A higher percentage or ideally, all of them are expected in the late formal where the 
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cognitive skills are performed with mastery as they will transfer knowledge and teach skills. Students in the concrete 

operational stage did not fulfill Piaget's logical operations, as shown by their failure to solve mathematical problems 

in the TLO in math, according to the findings. Instructors and professors in college mathematics and science can no 

longer believe that all fourth-year students are already in the formal operational stage of cognitive growth. This 

means professors must be mindful that students may be unable to solve simple to complex math problems. Since 

mastery of cognitive skills is required to achieve the twin goals of mathematics education in the K–12 curriculum, 

it is highly anticipated. Math teachers must build a learning atmosphere, develop teaching methods, and engage 

students in various learning materials that develop logical-mathematical processes and encourage cognitive skills 

because students have been found to have an inadequate understanding of certain logical thoughts. Teachers must 

adapt their instruction to their students' cognitive demands and levels of cognition. Teachers in basic education 

should concentrate on the learners' cognitive growth because their cognitive skills and critical thinking abilities are 

only beginning to improve at this age. 
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