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Abstract

The junior high school stage is a significant stage of education because students thinking
skills develop the fastest in junior middle school. In addition, the quality of junior high school
education impacts the students learning ability, especially in mathematics, and the teaching
methods also play a key role in students' mathematical learning ability. Therefore, this
research explores the impact of problem-based learning on junior high school students’
mathematical learning ability, and studies their impact on students’ mathematical learning
ability from the core principles of problem-based learning, including learning situations,
cooperative learning, and self-directed learning. A total of 240 students from Meixi Lake
Changjun Middle School participated in this research based on gquantitative research methods
collected of such as the "Mathematical Ability Scale” and other questionnaires. The
correlation analysis revealed that situational teaching, self-directed learning and cooperative
learning have a moderately positive correlation with students’ mathematical abilities. In this
study, an independent sample t-test analyzed the significant correlation between gender and
mathematical learning abilities. This research aims to find better learning methods to improve
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the mathematical learning abilities of Chinese junior high school students and their
performance in mathematics subjects.

Keywords: problem-based learning, situational leaching, cooperative learning, self-directed
learning, Mathematical Learning Abilities, junior high school students, China

1. Introduction
1.1 Background of the Study

1) Mathematics is an important subject as well as a problem-solving tool. It is based on
logic and develops critical thinking skills focused on methods to solve practical problems.
The focus of the education system in China has now shifted from being exam-oriented to
competence education. In this transition process, the main objective of is to significantly
improve the quality of mathematics learning of the entire nation by cultivating people's
ability to solve problems from a mathematical viewpoint (Zhang, 2012). Under the new
historical conditions, activities in mathematics education must not only answer the question
of "how to teach", but also explore ready-made teaching materials and methods to answer the
questions of "what to teach™ and "how to learn™. In other words, new theories need to address
this urgent need. On the other hand, the college entrance examination is highly competitive,
and math scores account for a large proportion of the college entrance examination. Therefore,
improving mathematics teaching methods and strengthening students’ mathematical learning
abilities have become the main focus of teachers and students.

1.2 Problem Statement

He (2011) observed that junior high school students are in a period of rapid growth of
knowledge and wisdom and that a good foundation in mathematics at the junior high school
stage is important for the future. However, there are two extremes in the performance of
Chinese students; some students are excellent learners while others lack sufficient learning
skills, which also leads to a loss of interest in learning mathematics (Bai, 2014). In addition,
students do not engage in sufficient group discussions in the classroom. The current junior
middle school mathematics teaching model is focused on the individual student and group
participation is not high (Pepin et al., 2017).

1.3 Purpose of the Study
1.3.1 General Objectives

The research explores the impact of problem-based learning (PBL) as an alternative
mathematics teaching strategy for students in junior middle school by examining the
relationship between the core principles of problem-based learning and the formation of
students’ mathematical learning abilities. In addition, the research seeks to construct a basic
model suitable for classroom teaching of mathematics in junior high school through the
analysis of problem-based learning principles and factors that improve students' mathematical
learning abilities.
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1.3.2 Specific Objectives

The specific objective is to solve the following problems:

1. Investigate the effect of situational teaching on students' mathematical learning ability.
2. Investigate the effect of cooperative learning on students' mathematical learning ability.
3. Examine the effect of self-directed learning on students' mathematical learning ability.

4. Explore the significant differences between students' mathematical learning ability and
gender.

1.4 Research Questions

1. What is the effect of situational teaching on students' mathematical learning ability?
2. What is the effect of cooperative learning on students' mathematical learning ability?
3. What is the effect of self-directed learning on students' mathematical learning ability?

4. What are the significant differences between students' mathematical thinking ability and
gender?

1.5 Research Hypothesis
The following are the hypotheses of this research:

H1: There is no significant effect between situational teaching and mathematical learning
ability.

H2: There is no significant effect between cooperative learning and mathematical learning
ability.

H3: There is no significant effect between self-directed learning and mathematical learning
ability.

H4: There is no significant difference between the strength of students' mathematical learning
ability and gender.

1.6 Significance of Research

Theoretical significance: From a theoretical perspective, studying the impact of
problem-based learning on students' mathematical ability expands the theoretical system of
mathematics learning methods. With the in-depth research on thinking abilities and
generalization of the factors affecting students' mathematical ability, students can improve
their mathematical learning ability. In addition, there is an increasing trend among junior high
school students in China that tend to be partial towards certain subjects, especially
mathematics. The main reason for this phenomenon is the failure to develop students'
mathematical learning abilities. This study explores the ways to form efficient mathematics
learning skills based on the relationship between problem-based learning and students'
mathematical learning ability to change the status quo of mathematics learning.
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Practical significance: This research will change the status quo of mathematics teaching in
junior high schools in China, put students on the right track, and stimulate their desire for
learning and spirit of exploration. Formulating the correct teaching methods to improve
students’ mathematical learning ability not only brings changes in academic performance and
improves students' learning ability in mathematics but also other subjects, such as physics
and chemistry. In addition, the main goal of most students in China is to pass the college
entrance examination to enter a top university for a better future in the college entrance
examination, mathematics is one of the main subjects that require a high score. Therefore,
performing well in mathematics is the key to ace the college entrance examination.

1.7 Limitations of Study

1. Due to limited funding and time constraints, only urban junior high schools participated
in the survey.

2. Due to the strict rules by the Chinese government on the presence of foreign personnel in
schools, the only research methods used were interviews or questionnaires.

3. Due to the small number of students and limited time to participate in the survey, this study
used simple questionnaires.

2. Literature Review
2.1 Conceptual Definitions

Mathematical learning ability is the ability to grasp mathematical knowledge, skills and
habits relatively quickly, easily and thoroughly (Cardelle-Elawar, 1992). In this study, the
standards of the mathematics teaching curriculum pointed out that thinking ability mainly
refers to being able to observe, experiment, compare, guess, analyze, synthesize, abstract, and
generalize, as well as reason with induction, deduction, and analogy. In other words, students
learn to be logical through mathematical concepts, ideas, and methods that identify
mathematical relationships.

Situational learning mainly refers to gaining knowledge through imagination, manual, oral,
graphics, and other means (Zheng et al., 2017). Usually, this learning method will have
different degrees of innovation with the development of the times. In this study, the learning
context relates to the knowledge content but not another aspect of knowledge. It should be an
event or scene that reflects the process of knowledge discovery, the conditions of application,
and the meaning and value of knowledge in life. Only such a situation can effectively clarify
the value of knowledge in real life, help students accurately understand the connotation of
knowledge, stimulate their motivation and enthusiasm for learning, and prompt them to
transform knowledge into skills.

Cooperative learning refers to mutual aid learning in which students have a clear division of
responsibilities to complete common tasks (Aguanta Jr & Tan, 2018). In the research,
cooperative learning encouraged students to work together and realize their goals in
completing common tasks. Group members used various methods such as discussion,
brainstorming, experiments, surveys, etc., to work together to accomplish tasks or goals.
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Self-directed learning is a process initiated by the individual to judge their own learning
needs, form their own learning goals, seek human and material resources for learning, select
appropriate learning strategies, and evaluate learning results (Cazan & Schiopca, 2014).
Learners are distinguished based on several factors such as social roles, professional
characteristics, personal needs, integration of internal cognition and external management,
independent learning goals, planning the learning process, seeking learning resources,
selecting learning strategies and evaluating the effects of learning activities (Roslan et al.,
2021).

2.2 Conceptual Framework

Figure 1 shows the research framework of the relationship between situational teaching,
cooperative learning, self-directed study, and students’ mathematical learning abilities. Thus,
these three factors are assumed to be associated with students’ mathematical learning
abilities.

Situational Learning

Cooperative Learning Mathematics Learning Ability

Self-directed Learning

Figure 1. The conceptual framework
2.3 Theoretical Study

This research examines three theories (refer Figure 2), i.e., the situational learning theory,
cooperative learning theory and constructivist theory. The situational learning theory holds
that learning is not only an individual psychological process but also a social, practical, and
participatory process mediated by different resources. It places great emphasis on the role of
learners through interactions between learners and the learning situations, as well as other
learners. Therefore, conducive learning situations establish the learners' identity and role,
complete life experiences, and bring cognitive tasks to an integrated state.

The content of constructivist theory defined as student-centered emphasizes students' active
exploration of knowledge, discovery, and construction of the meaning of knowledge (Hein,
1991). This theory believes in learning as a process of acquiring knowledge. Knowledge is
not passively received but actively constructed through cognitive subjects. Learning is the
process of meaningful construction achieved with the help of others (i.e., inter-personal
collaborative activities) in a certain context (for example, cultural background). In this regard,
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meaningful construction associated with the teaching of mathematics provides a better
understanding of the learning process — how learning occurs, how meaning is constructed,
and how concepts are formed, and what factors contribute to an ideal learning environment.

The theory of cooperative learning is not only confined to study group activities as the basic
form but also other forms of teaching activities through the interactive cooperation of
dynamic factors (i.e., teacher and student) as the ability resource. All cooperative learning
activities focus on achieving specific teaching goals. Therefore, cooperative learning regards
interaction, goal, teacher-student relationship, form, context, and evaluation as basic concepts
(Yang, 2003). Bai (2015) believed that cooperative learning mainly refers to the main
organizational form of group learning in classroom teaching. According to certain
cooperative methods, students are encouraged to study together in heterogeneous groups. In
this regard, cooperative interpersonal communication promotes students' knowledge and
skills, learning process and method, as well as the coordinated development of the teaching
strategy system of emotion, attitude, and value. Yang (2010) believed the background,
strength, and abilities of team members must be fully considered to lay the foundation for
effective cooperation and role-play. During the discussion, students should give their
explanations and play their roles well. In addition, students should also learn to coordinate
and respect the roles played by others. It must be noted that students need to patiently listen
to others and tolerate different opinions. This not only improves students' understanding of
the content, but also cultivates their cooperative learning spirit (Zhao, 2014).

/\

Figure 2. The theoretical of the study
2.4 Review of Previous Studies

Mathematics is relevant to our daily life, and the key to learning mathematics is by learning
methods. Accordingly, wrong teaching methods would cause students to lose interest in
mathematics and lack mathematical abilities or even mislead them (Yuliani, & Saragih, 2015).
Following a teaching method merely allows students to blindly accept content from the
teacher, and in such a passive learning state students lose motivation (Othman et al., 2010).
Therefore, mathematics teaching methods should focus on the students to encourage them to
learn cooperatively and think positively. There are two important factors influencing academic
achievements,self-esteem and learning approaches, and teacher should motivate student
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based on these factors (Senin M.S et al., 2007; Zaini et al., 2021). In this regard, the
teachers’ duty must connect mathematics to real-life situations to cultivate students'
mathematical abilities to solve practical problems (Cerezo, 2004).

There are many ways to cultivate students' enthusiasm, motivation to learn, and improve
students’ mathematical abilities. The teacher's use of suitable teaching methods is
fundamental. Asking appropriate questions, conducting problem discussions, and allowing
students to think about problems in real-life situations can stimulate students to learn. Wang
(2005) believed situational teaching as a new teaching method enabled students to gain a
better understanding of the content in textbooks and enhanced the development of their
comprehension skills. Contextualized teaching plays an irreplaceable role in junior high
school mathematics. Teachers must pay attention to learning environments and stimulate
students' curiosity and motivation in learning mathematics (Huang & Li, 2006). In addition,
teachers can implement games in situational teaching to encourage students to use their hands
and feet to stimulate their mathematical abilities (Wang, 2018). In junior high school
mathematics, the application of situational teaching is an increasing trend in the education
system of the future (Rami et al., 2018; Crawford & Witte, 1999).

Cooperative learning in which students actively participate in group discussions is also a
suitable teaching method. Its purpose is to encourage students to concentrate and focus on
their subjective initiative i.e. to master mathematical knowledge in a cooperative learning
environment and improve mathematical abilities. The basic connotation of group cooperative
learning in junior high school mathematics teaching should be that students actively adopt
group study for mathematics subjects by determining the form of group so that the combined
skill in acquiring mathematical knowledge achieves the goal of promoting the common
progress of group members (Davidson & Kroll, 1991). Cooperative learning makes the
classroom atmosphere more harmonious, improves students' learning enthusiasm, and breaks
the tradition of passive learning from merely taking down notes to the active involvement of
students to think and explore during the teaching process (Gillies, 2016). In addition,
cooperative learning focuses on the development of students' learning abilities. In the process
of teaching mathematics, apart from mastering the knowledge, students should also be
encouraged to learn independently. In the process of cooperation, students should feel the joy
of learning, discover their value, increase motivation and the awareness of acquiring
knowledge and collaborative skills, respect for the individual development of students, and
promote the improvement of students' learning abilities and overall quality (Yang, 2013).
Teachers should choose whether to apply cooperative learning according to different teaching
content and goals. However, not every mathematics class should implement the cooperative
learning method. Some mathematics problems still require students to think independently.
Usually, some difficult problems should be included in the cooperative learning method
(Zakaria, Chin & Daud, 2010). In the cooperative learning model, teachers should control the
classroom because, in group learning, students will have discussions, although it is inevitable
that there will be people chatting. Teachers should maintain discipline to ensure the
successful implementation of cooperative learning (Capar & Tarim, 2015). The application of
this teaching model aims to encourage top students to mentor other middle school students,
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especially students with learning difficulties, to achieve progress and reduce the performance
gap (Leikin & Zaslavsky, 1997). Hu (2015) believed that cooperative learning in the middle
school mathematics teaching process meets the various needs of students. For example, the
members of a group are equal and respect each other. To maintain mutual respect, every
group member helps each other to realize their interpersonal communication needs.

Zhang (2010) believed that self-directed learning among junior high school students
stimulates students' interest in acquiring knowledge, builds self-confidence and independent
learning abilities, inspire positive thinking, imagination, creativity and team spirit. Zhao
(2011) believed the development of self-directed learning turned on the personal
surroundings of students. A relatively relaxed environment helps improve their learning
efficiency. Students should adopt self-directed learning in learning mathematics according to
their learning strategies and plansfor more flexibility and freedom in learning. In other words,
self-directed learning is “a process initiated by the individual to judge their own learning
needs, form their own learning goals, seek human and material resources for learning, select
appropriate learning strategies, and evaluate learning results” (Li, 2003).

Self-directed learning is a process in which learners make plans to guide their learning
activities. It emphasizes the autonomy of learners and corresponds to other forms of
self-oriented learning (Chen & Hu, 2013). Self-directed learning is the psychological process
of learners related to the individual learners’ abilities, traits, or confidence (Ding, 2013).
Learners are those who can initiate learning on their own, proceed independently and apply
basic learning skills, arrange appropriate learning steps, develop a plan to complete learning,
and use spare time to further their knowledge (Sumantri & Satriani, 2016). Orientation is a
personality trait related to decision-making. Self-learners have a sense of responsibility.
When they have problems to be solved or want to obtain specific skills and information, they
filter relevant information to solve those problems and achieve their goals. Basically, the
acquired skills and conceptual knowledge are self-evaluated (Kleden, 2015). Based on the
literature review, mathematics is a subject that requires students to active learners. Students
need to adopt independent and flexible thinking, etc. Teachers can help students actively
participate in the learning process through situational teaching for better understanding,
engaging in cooperative discussions to obtain more advanced ideas, and self-directed learning
for students to gain flexibility. Therefore, the preliminary analysis shows that it is worth
exploring whether the application of problem-based learning in teaching mathematics is
conducive to improve students' mathematical learning abilities.

3. Method
3.1 Nature of Study

This research adopted a quantitative method to explore the influence of the basic principles of
problem-based learning on students' mathematical abilities. The survey involved simple
questionnaires for more convenient data collection from various student samples that
revealed a high response rate among the respondents. This research mainly focused on
quantitative research to explain the problem more scientifically and comprehensively. In this
study, the quantitative research mainly relied on the Mathematical Learning Ability Scale, the
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Level Scale of Situational Teaching, the Level Scale of Cooperative Learning Implementation,
and the Level Scale of Self-directed Learning. For research content, this study explored the
Chinese middle school student’s mathematical abilities and the factors that affect these
students’ abilities.

3.2 Population and Sampling Procedures

The respondents in this research are junior high school students of Meixi Lake Changjun
Middle School. Researchers used the random sampling method because stratified random
samples reduced the biases in selecting cases and provided high satisfactory data. A total of
240 students were selected from three grades (Junior 1 to 3) of Meixi Lake Changjun Middle
School with a population size of 1832 students participated in the survey. There are 24 classes
in this school. Then, 10 students were randomly selected from each class. Finally, 140 male
students and 100 female students were selected randomly, aged 11 to 15 years old, and the
average age of a participant is about 12 years old.

3.3 Instrument and Description

This study relied on quantitative research to examine the research questions comprehensively.
The quantitative research tools used in the questionnaires are discussed below.

3.3.1 Mathematical Learning Ability Scale

The international student evaluation project (PISA) assesses the knowledge and ability of
15-year-old youths to enter society when their compulsory education is about to end. PISA's
assessment includes reading abilities, mathematical learning abilities, and scientific abilities.
The system involved youth from Hong Kong, Macau, Taipei, and Shanghai. This study
focused on the mathematical learning abilities of junior high school students, i.e. the
assessment of mathematical learning abilities of students aged 13-15. The mathematical
learning ability evaluation system of the PISA project provided significant guidance for the
evaluation of mathematical learning abilities of junior high school students in China. The
evaluation of mathematical learning abilities based on the PISA project is established in three
dimensions: mathematics content, mathematical learning abilities and the level of
mathematical learning abilities. Mathematical abilities were divided into several elements
such as mathematical argumentation, raising and solving mathematical problems,
mathematical modeling, mathematical reasoning, mathematical representation, mathematical
symbolization and formalization, mathematical communication, and the use of tools. The
responses to the questionnaire were scored with a 5-point Likert Scale that represented the
level of agreement to a statement i.e., strongly disagree, disagree, neither agree nor disagree,
agree, and strongly agree (WYATT et al., 1987). A high score indicates strong mathematical
abilities.

3.3.2 The Level Scale of Situational Teaching

Discussing real or professional-related issues should be the starting point for problem-based
learning. Situational teaching emphasizes that learning should be in a variety of meaningful
situations. In such a learning environment, students discover how to connect abstract ideas
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with real-life situations. Through this process of discovery, reinforcement and connection,
students internalized new concepts. This study used a situational teaching application-level
questionnaire to understand the degree of correlation between the mathematics curriculum of
Chinese junior high school students and real life problems (Bai, 2014). The data derived from
the answers of the students depicted the level of mathematics classroom situational learning.
The questionnaire is based on a book about situational teaching: “Situational Teaching and
Learning: What It Is and Why It's Here to Stay”. The responses to the questionnaire were
scored with a 5-point Likert Scale that represented the level of agreement to a statement i.e.,
strongly disagree, disagree, neither agree nor disagree (WYATT et al., 1987), agree, and
strongly agree. A high score indicates a stronger degree of situational teaching.

3.3.3 The Level Scale of Cooperative Learning Implementation

Learners who participated in collaborative learning have common goals, relying on each
other’s contributions, evaluating each other’s ideas, and supervising the work of team
members to complete tasks and solve complex problems. This study used a cooperative
learning questionnaire to investigate the implementation of cooperative learning of
mathematics in Chinese classrooms. The questionnaire is based on a book about cooperative
learning: “Cooperative Learning: Integrating Theory and Practice”. The responses to the
questionnaire were scored with a 5-point Likert Scale that represented the level of agreement
to a statement i.e., strongly disagree, disagree, neither agree nor disagree, agree, and strongly
agree. A high score indicates a stronger degree of situational teaching (WYATT et al., 1987).
A high score indicates a higher frequency of using cooperative learning methods.

3.3.4 The Level Scale of Self-directed Learning

Self-directed learning is a systematic process of learning content through an organized,
planned and integrated internal and external learning process. This study used a questionnaire
to determine students’ arrangement of learning plans, the selection of learning materials, the
execution of learning plans, etc., to assess the degree of self-directed learning. The
questionnaire is based on a book about self-directed learning: “Self-Directed Learning:
Emerging Theory and Practice”. The responses to the questionnaire were scored with a
5-point Likert Scale that represented the level of agreement to a statement i.e., strongly
disagree, disagree, neither agree nor disagree, agree, and strongly agree (WYATT et al., 1987).
A high score indicates a higher frequency of using self-directed learning methods.

3.4 Validity and Reliability

This study adopted the single-item and sum-related validity analysis. This method is used to
measure the content validity of the scale. Content validity is also called surface validity or
logical validity, and refers to whether the designed item represents the content or topic to be
measured. The content validity is often evaluated by a combination of logical analysis and
statistical analysis. Logical analysis generally involves researchers or experts judging
whether the selected items "look™ in line with the purpose and requirements of measurement.
The statistical analysis adopts the correlation analysis to obtain the evaluation result, i.e.,
calculating the correlation between the efficiency of each item score against the total score to
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The correlation analysis was conducted between the three subscale and the total scale, as well
as the correlation between the efficiency of each subscale and the total scale. The results
obtained are shown in Table 1.

Table 1. Correlation matrix between situational teaching scale, cooperative learning scale,
self-directed learn scale and total scale

Situational Cooperative  Self-directed Total scale

teaching learning learning
Situational teaching 1.000
Cooperative learning 0.334 1.000
Self-directed learning 0.402 0.462 1.000
Total scale 0.653 0.766 0.811 1.000

Table 2. The Correlation between Mathematical Ability Item

F1 F2 F3 F4 F5 F6 F7 F8 Total scale
F1 1.000
F2 0.714 | 1.000
F3 0.538 | 0.575 | 1.000
F4 0.597 | 0.579 0.731 1.000
F5 0.738 | 0.642 0.447 0.484 1.000
F6 0.575 | 0.673 | 0.432 | 0.543 | 0.448 1.000
F7 0.673 | 0.567 | 0.831 | 0.432 |0.734 0.587 1.000
F8 0.692 | 0.675 |0.763 | 0.831 | 0.773 0.564 0.675 | 1.000
Total 0.774 | 0778 |0.723 | 0.723 | 0.789 0.812 0.743 | 0.818 1.000
scale

This study also utilized the SPSS software analysis. The overall reliability of the measuring
instruments (or questionnaires) was analyzed based on the Cronbach’s coefficient values. The
Cronbach coefficient method was named after the American educator, Lee Cronbach (1995),
and recognized as the most commonly used reliability test. The Cronbach coefficient test is
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used to measure the consistency of the scores among the items in the scale. The coefficient
value "applicable to attitudes, opinions, questionnaires or scale reliability analysis™ is
generally distributed between 0 and 1 (Gliem & Gliem, 2003). Researchers generally regard
the Cronbach coefficient value above 0.6 as an acceptable range, and if the coefficient value
reached a value of 0.7-0.8, the scale had a high degree of credibility. If the coefficient value
reached 0.8-1, the the scale had good reliability. Table 3 summarizes the Cronbach's
coefficient values of the four scales.

Table 3. Cronbach's a Coefficient Values on Four Scales

Study Variables Number of Items Cronbach alpha values
1 Situational teaching 10 0.807
2 Cooperative learning 10 0.845
3 Self-directed learning 10 0.767
4 Mathematical ability 8 0.884

3.5 Data Collection Procedure

This study used a questionnaire for the purposes of the survey. A random sampling method
was used to record data from the selected middle school students of Meixi Lake Changjun
Middle School. The questionnaire was distributed with the assistance of the school’s teacher.
After the student completed the test paper, the teacher compiled the data and sent it to the
author. A total of 240 test papers were received.

3.6 Data Analysis Method

The total score of questionnaire results was calculated using a manual scoring method and
entered into the WPS EXCEL. A preliminary analysis of the data was obtained through
descriptive analysis using the SPSS software. The calculation included descriptive statistics,
frequency, mean and standard deviation. In order to verify the correlation between
mathematical learning abilities and gender attributes, the author used an independent sample
t-test to investigate the differences between the principle of problem-based learning and
mathematical abilities. In addition, the author used the One-way ANOVA analysis to analyze
the relationship between mathematical learning abilities and mathematics levels. To
investigate the relationship between situational teaching, cooperative learning, and
self-directed learning, and students’ performance and mathematical abilities, the author used
the Pearson Correlation analysis method.

4. Result
4.1 Reliability and Factor Analysis

The results of the reliability analysis are shown in Table 4. The degree of consistency of the
results related to its reliability using the same method to evaluate all variables. The study
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used the Cronbach’s coefficient values to determine reliability. Based on the Cronbach theory,
it was found a= 0.874. This value showed that all the items used in this study had excellent
reliability. The validity analysis measured the validity of the data collected from the survey.
In this study, the factor analysis was used to evaluate the structural validity of the entire
questionnaire. According to table 4, KMO=0.783and indicated good validity of the
questionnaire.

Table 4. Reliability and Factor Analysis

KMO and Bartlett's Test

Reliability Analysis Cronbach's Alpha
.874
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .783
Bartlett's Test of Approx. Chi-Square 548.818
Sphericity df 6
Sig. .000

4.2 The Demographic Profile

The demographic profile of the respondents who participated in this study is shown in Table 5.
The descriptive analysis of this study includes the following demographic data: (A) gender,
and (B) mathematics level. Out of the 240 respondents who participated in the study, 100
were female students and 140 were male students. The report showed that 30 respondents
reached Level 1, 120 respondents reached Level 2, and 90 respondents reached Level 3.
Among these levels, Level 3 represented the highest level, i.e., good mathematical abilities,
followed by Level 2. Level 1 represents the lowest level of mathematical abilities. The level
is derived from the student's final exam scores in an earlier study. The math score below 72
points fall in Level 1, scores of 73-100 points fall in Level 2. Those with a score of 100 or
higher fall in Level 3.

Table 5. Demographic Characteristics of Respondents

The demographic characteristics of respondents

Frequency Percent Valid Percent Cumulative Percent
Gender male 140 58.3 58.3 58.3
female 100 41.7 41.7 100.0
Total 240 100.0 100.0
Mathematics  Level 1 30 12.5 12.5 12.5
level Level 2 120 50 50 62.5
Level3 90 375 375 100
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Independent t-test samples and one-way analysis of variance were performed on the values of
each sample. This study used an independent sample t-test to explore the important
relationship between gender and mathematical abilities. Table 6 shows the average value of
the female samples is 4.0200, and a standard deviation of 0.88740. The average value of the
male samples is 4.2143 with a standard deviation of 0.80274. Therefore, p=0.078>0.05,
indicated no significant difference in the mathematical abilities between sexes.

Table 6. Independent Sample T-test

Group Mean + Std. Deviation
Female(N=100) 4.0200 +£0.88740
Male(N=140) 4.2143 £0.80274

t 1.769

p 0.078

4.4 One-way ANOVA Analysis

A one-way analysis of the variance was undertaken to determine significant differences
between the proficiency in mathematics and mathematical learning abilities. According to the
basic descriptive statistics in Table 7, the math level is divided into three levels, with a total
of 30 students at Level 1. The average score of the tested mathematical learning ability is
2.65with a standard deviation of 0.874. There are 120 students in Level 2, and the average
score of the tested mathematical learning ability is 3.35 with a standard deviation of 0.843.
The mean scores on the mathematical learning ability test were 4.28 with a standard deviation
of 0.820.

Table 7. One-way ANOVA analysis

Mathematics Level N Mean =*Std. Deviation F P
Level 1 30 2.65 +0.874
Level 2 120 3.35 +0.843 6.952 0.046
Level 3 90 4,28 +0.820

In a one-way ANOVA analysis, the level of math and mathematical learning ability is 6.952,
P = 0.046 < 0.05. It follows that the null hypothesis must be rejected because the results
showed a significant difference between math levels and math learning abilities.

4.5 Pearson's Correlation Coefficient Analysis

A Pearson correlation return value between - 1 and + lindicates a strong negative correlation,
whereas a value of + 1 means strong positive correlation, and a value of 0 means no
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correlation (also known as zero correlation). For a at the level of 0.05, the results showed (see
Table 8) a significant moderate positive correlation between situational teaching and
mathematical learning abilities, R (240) = 0.566, P = 0.000 < 0.05. At the same time, there
was a high positive correlation between cooperative learning and mathematical learning
abilities, R (240) = 0.715, P = 0.001 < 0.05. There was a moderate positive correlation
between self-directed learning and mathematical learning abilities, R (240) = 0.683, P = 0.000
< 0.05. In other words, the three independent variables have a positive correlation with
mathematical learning abilities.

A\\ MacrOthlnk International Journal of Human Resource Studies

Table 8. Correlations Analysis

Mathematical Learning Ability

Situational Teaching Pearson Correlation 566"
Sig. (2-tailed) .000
N 240

Cooperative Learning Pearson Correlation 715"
Sig. (2-tailed) .000
N 240

Self-directed Learning Pearson Correlation .638™"
Sig. (2-tailed) .000
N 240

**_ Correlation is significant at the 0.01 level (2-tailed).

4.6 The Overall Hypothesis Result

The results of the study found no significant difference between students' mathematical
ability and gender. In addition, the Pearson correlation analysis revealed that situational
teaching, self-directed learning, and positive mathematical learning abilities have a
moderately positive correlation, and cooperative learning had a highly positive correlation
with mathematical learning abilities. The overall hypothesis test results are summarized in
Table 9.

Table 9. Overall Hypothesis Test Results

No Hypothesis Accepted/Rejected

1 HO,: There is no significant effect between situational teaching and Rejected
mathematical learning ability.

2 HO,: There is no significant effect between cooperative learning and Rejected
mathematical learning ability.

3 HOz: There is no significant effect between self-directed learning and Rejected
mathematical learning ability.

4 HO0,4: There is no significant difference between the strength of students' Accepted
mathematical learning ability and gender.
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5. Conclusion

This research proved that students with weak mathematical learning abilities should spend
more time in a cooperative learning environment with other students in the class to stimulate
their progress. Alternatively, such students should plan their learning tasks and practice
self-directed learning. Teachers should also pay attention to situational teaching for students
to ease into the learning process more quickly, deepen their concentration to learn in real
situations, and improve their learning efficiency.

Based on the results of this research, the author proposes several suggestions to improve
students” mathematical learning abilities.

(1) Improve students’ mathematical learning abilities by improving the level of situational
teaching

If teachers can effectively carry out situational teaching of teaching mathematics, they can
make learning methods more flexible, promote divergent thinking, and improve mathematics
ability. In other words, the development of situational teaching requires teachers to develop
and utilize various teaching resources to improve their teaching ability and promote
cooperation among teachers (Wang, 2016).

(2) Increase opportunities for cooperative learning

Teachers who provide students with opportunities for cooperative learning enhance students'
classroom knowledge and sense of participation. The cooperative learning model enhances
independent learning, practical application, cooperation, and mutual assistance among
students. In addition, teachers should encourage students to actively participate in exploratory
exchanges in the classroom by analyzing their classroom learning experience. Teachers
should cultivate students' ability to analyze problems by creating opportunities for them to
analyze problems, develop mathematical consciousness, and logical thinking. Students can
learn from each other in the process of cooperative learning and overcome their weaknesses
(Li, 2012). In short, teachers are the organizers and instructors of cooperative learning. They
should coordinate the relationship between members of the study group and foster a sense of
cooperation among students (Wang, 2018).

(3) Instruct students to conduct self-directed learning.

Self-directed learning is an autonomous learning method i.e. students choose their learning
content. This method has various benefits such as developing students' interest in learning,
independent thinking, problem-solving, and fostering innovative ability to promote
personality development. More importantly, self-directed learning improves students' logical
thinking and sustainable development of their learning abilities, expanding learning channels,
enriching knowledge sources, improving self-planning abilities which in turn improve
students’ mathematical abilities. Therefore, middle school mathematics teachers should guide
students towards self-directed learning rather than merely assigning learning tasks. Teachers
should guide students appropriately and increase their motivation by creating real-life
learning situations (Carle, 2006).
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(4) Treat male and female students equally

The findings of this research showed no significant relationship between gender and
mathematical learning abilities. A common gender stereotype is that boys have better logical
thinking skills. Female gender stereotypes include the general perception of girls being
inferior to boys in mathematics and even intelligence (Zhang, 2014). These general
misconceptions impact female students’ perception of mathematics as they fear and have a
negative outlook on the subject. Therefore, when girls encounter difficult math problems,
they are likely to give up even if they are capable of solving the problem. This study proved
there is no difference between boys and girls in terms of objective factors such as intelligence,
memory, comprehension, etc., although there are psychological differences. Boys are more
confident and interested in learning mathematics. On the contrary, female students are more
sensitive and lack self-confidence in learning mathematics. Therefore, junior high school
teachers should pay more attention to the psychological conditions of female students, treat
boys and girls equally in the teaching process, and break the gender stereotypes of female
students.
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