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The present study aimed at investigating the effect of a training program based on mathematical problem-solving strategies on critical thinking skills among seventh-grade students in King Abdullah II schools of Excellence. The study adopted the quasi-experimental research approach. The participants of the study comprised of 29 male seventh graders. The participants were randomly distributed into a control group (n = 14) and an interventional group (n = 15). The study adopted the critical thinking skills test (75 items). The tests consisted of five subtests (identifying assumptions, deduction, conclusion, interpretation, and discussion). The interventional training program was a group of training situations complementary to the official curriculum. These situations were based on the strategy of building an organized list or a table, the strategy of finding a pattern, trial and error strategy, the strategy of using an equation or a law, the strategy of building a model or a diagram, the strategy of solving an easier problem, deletion strategy, go backward strategy, and logical justification strategy. The results showed that there were significant statistical differences in the critical thinking post-test scores between the control group (M = 26.5714, SD = 3.95580) and the interventional group (M = 43.6667, SD = 4.68534, t = 10.640, p = 0.000). The study concluded that the training program based on solving mathematical problems is an effective interventional tool to improve the seventh graders’ critical thinking skills. The study recommends reviewing the content of the curricula designed for the elementary stage in Jordan and including drills related to solving mathematical problems that aim to improve critical thinking skills of the elementary stage students.
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INTRODUCTION

Learning has become a priority on the list of all countries that want to progress, as well as developed countries that want to continue to grow and progress, and learning is what leads to real progress and not formality (Mounier-Jack et al., 2017), leads to more experiences, mastery and advanced skills and helps in facing the challenges and expanding knowledge of this changing era (Hodges et al., 2020). Thus, researchers and educators have a heavy burden in searching for everything new to give the character of mastery to learning and make it more flexible, interesting, productive, and attractive to the student, so that the student is more receptive and involved in it (Post, 2020).

Mathematical problems are considered a fertile field for training in various ways of thinking (Shahrill et al., 2018). Mathematical problems involve an inferential construction that starts from the introductions of valid postulates and derives the results from them using the rules of logic, and this is considered a basis for logical thinking (Hoogland et al., 2018). Mathematical problems in terms of their material and issues are characterized by being logical and objective, which makes them a good mediator to develop creative thinking and problem-solving skills, this confirms that mathematics is rich in mathematical situations and exercises, which makes students able to distinguish between the elements of the situation, perceive the relationship, planning, and acquire mathematical insight and deep understanding (Hidajat and Sa’dijah, 2019).

Problem-solving and mathematical problem-solving are closely related to thinking skills, especially critical thinking that helps students test evidences, explain contradictions, make judgments, reach appropriate solutions, analyze data, and deal with them with depth, breadth and logic (Simamora and Saragih, 2019). Critical thinking and problem-solving include an aspect of creativity because each of them can lead to ideas that may be unusual or unexpected and useful at the same time (Shanta and Wells, 2020). The development of any skill needs the development of the other skills because critical thinking is a special class of problem-solving behavior (Alcantara and Bacsa, 2017).

Several studies have recommended the adoption of teaching strategies that focus on bringing about integration between problem-solving and thinking skills by presenting situations in which possible alternatives are presented, allegations are presented and debated by presenting arguments, decisions are taken and judged (Kum et al., 2019; Samawi et al., 2019; Simamora and Saragih, 2019). In the same context, the National Council of Teachers of Mathematics (NCTM) recommended the adoption of teaching strategies that employ interactive activities based on a dialog between the instructor and students and between the students themselves and that are built by presenting new situations to students (Joung and Byun, 2021).

Among the goals mentioned in the curricula of the primary and secondary stages in Jordan was to develop student’s ability to think logically and prove, and to acquire positive trends toward inquiry, innovation, and research. In addition, educational psychologists focus a lot on the study of cognitive methods and strategies for problem-solving as one of the most important components of thinking necessary for learning and education (Momany et al., 2017).

Those who follow the results of the studies that dealt with mathematical thinking find that the students’ level of mathematical thinking is below standard, and teachers of basic and intermediate stages in Jordan do not direct their teaching toward an interest in mathematical thinking that is educationally acceptable in general, which calls for an interest in solving mathematical problems and their programs provided to students (Mubark, 2012; Aljaberi, 2014; Star, 2018).

There is no doubt that the call for interest in mathematical issues and their programs presented to students necessarily leads to an investigation of their attitudes toward this subject and requires their research, in many years, as there is a belief by educators that the student’s attitudes toward mathematics in general, and mathematical issues in particular, affect the extent of his/her acceptance concepts and experiences, as well as affecting the extent of the student’s familiarity with its utilization (Mairing, 2017). Therefore, it is necessary to do everything necessary to develop the student’s positive attitudes toward the mathematical issues he/she is learning, as well as improve the negative attitudes toward them as well.

Kenedi et al. (2019) suggest that solving mathematical problem can help students improve their analytical abilities, and use these abilities in different situations, as well as help them learn mathematical facts, skills, concepts, principles, and the interrelationships between them, understand issues in a deeper way, and retain information for a longer period and improve students’ motivation toward learning, and make it more fun and exciting for them.

Therefore, those interested in teaching mathematics advocate that all students experience problem-solving as part of their school mathematics. Problem-solving is the essence and soul of mathematics, and it is an important part of the work of mathematicians. Hence, students could better learn about the nature of mathematics and the activities of mathematicians by solving mathematical problems.


The Study Problem and Its Hypotheses

Jordanian students suffer from weakness in mathematics in general, and in particular solving the mathematical question. One of the indicators of this is the results of the Program for International Students Assessment (PISA) administered to primary 10th grade students. Jordan was ranked 61 out of 65 countries with an achievement below the international average (Ababneh et al., 2016). In terms of students’ performance in mathematics, Jordan was ranked in 2012 in terms of the “Trends in International Mathematics and Science Study” (TIMSS) test, in which the eighth grade students participated in 2011 (Ashraf, 2018). The report issued by the “International Association for the Evaluation of Educational Achievement” (IEA) stated that the performance of Jordanian students in mathematics ranked 2 out of 13 participating countries, with an average below the mean (Abu Tayeh et al., 2018).

In light of what has been reviewed about the reality of the performance of Jordanian students in international and national tests in mathematics, and from the standpoint of seeking improvement and development in the processes of learning and education and upgrading to the stage of global competition in the knowledge society, keeping pace with the rapid technological development, facing the challenges of the present and future possibilities, and to develop thinking skills and problem-solving that are the ultimate goal of learning and teaching, the need has arisen to employ teaching strategies that enable students to reach higher stages in thinking and develop their ability to solve problems in a social, interactive, and cooperative context. The “National Center for Human Resource Development” (NCHRD) in Jordan conducted a national study that aimed to identify the extent to which teachers activate interactive teaching strategies in the classroom. The results showed that 2.16% of teachers only employ those strategies (Bawaneh and Moumene, 2021). Therefore, the study problem can be identified by addressing the following main question:

What is the effect of a training program based on mathematical problem-solving strategies on critical thinking among seventh-grade male students in King Abdullah II Schools of Excellence?



Previous Literature Studies

Simbolon et al. (2017) carried out a study that sought to investigate the effect of an electronic problem-solving training program based on using Macromedia Flash on the eighth grade students’ critical thinking skills. The study adopted the experimental research approach through recruiting 25 eighth grade students. The results of the study showed that teachers were able to manage the problem-solving learning strategies through the use of Macromedia Flash. In addition, the results showed that the electronic training program significantly improved students’ critical thinking skills.

Jarbou (2014) conducted a study aimed at identifying the effect of reciprocal teaching on the development of mathematical thinking and attitudes toward mathematics among the eighth grade students in Gaza City, Palestine. The participants were (60) students, who were assigned into two groups: an experimental number of (30) students who were taught by the method of reciprocal teaching, and a control and the number of its members (30) students who were taught in the usual way. A mathematical reasoning test and an attitude scale were used. The findings indicated that “there were statistically significant differences between the mean scores of the experimental and control groups for the test of mathematical thinking in favor of the experimental group that was taught using the reciprocal teaching.”

Al-Btoush and Al-Darabkeh (2017) performed a study that sought to investigate the effect of a training program based on solving future problems on the critical thinking skills among gifted students at “King Abdullah II for Excellence School.” The study adopted the quasi-experimental research approach. The study sample consisted of 55 students who were distributed into an experimental group (n = 28) and a control group (n = 27). The training program was constructed based on the curricula syllabuses and focused on future problem-solving. The results of the study showed that there were significant statistical differences at a significance level of (α ≤ 0.05) between the controlled group and the experimental group in favor of the latter in all critical thinking skills due to the adopted training program based on solving future problems.

In addition, as indicated in Yana’s (2004) study, which aimed to investigate the impact of the future problem-solving strategy on the development of positive thinking skills and self-concept among a sample of university students at New York University, the study sample consisted of 72 students randomly assigned to two experimental and controlled groups, each of 36 students. The experimental group received a total of 22 training sessions on the program of solving future problems for a period of 1 month. The results of the study showed that there was a statistically significant improvement in positive thinking skills among the experimental group subjects compared to their peers in the controlled group.



Study Hypotheses

This study sought to test the following hypothesis—there are statistically significant differences in the critical thinking skills at the level (α = 0.05) between the mean scores of seventh-grade male students in the interventional and controlled groups due to the electronic training program based on mathematical problem-solving strategies.



The Importance of the Study and Its Justification

The theoretical importance of this study is that it may pave the way for new studies addressing the impact of mathematical problem-solving on critical thinking skills, especially in light of the significant lack of local and regional studies that have dealt with this topic.

In terms of practical importance, this study provides teachers with a learning and teaching strategy that is used to help students understand and solve the mathematical issue in a social context shaded by an atmosphere of democracy, communication, and cooperative work, in which thinking skills are developed and monitored, and in line with global trends in the development of learning and teaching processes. This is done under the umbrella of the constructive approach that takes into account individual differences and developmental requirements of students, through the application of the electronic training program that contains a large number of activities, in addition to the issues of critical thinking that have been raised in each educational session. This study may also benefit curriculum developers in terms of designing educational activities in books and instructional guides that develop communication and thinking skills, justification, and problem-solving.



Definitions in the Study


Critical Thinking

It is a precise intellectual process, through which concepts are developed, information obtained and evaluated, whether that information obtained through observation, thinking, experience, inference and others, and assessing its accuracy, consistency, clarity, relevance, and safety (Akramova, 2017).



Critical Thinking Skills

The mental activities you use to process information, make connections, make decisions, create new ideas, and analyze and evaluate information, beliefs, or knowledge (Kovic, 2016).



Problem-Solving

It is a thinking process that an individual uses through knowledge, experiences and experiences to change an unfamiliar situation in order to solve the ambiguity that the situation requires (Van Aken and Berends, 2018).





METHODOLOGY


Design of the Study

The present study adopted a quasi-experimental study that involves the recruitment of an interventional group and a controlled group of seventh-grade male students.



Participants of the Study

The study participants were seventh-grade male students, consisting of 29 students, in the first semester of the years 2020–2021 in “King Abdullah II Schools of Excellence” in Madaba Governorate. The students were randomly distributed into two groups, one of which was the interventional group of 15 male students, whose students were electronically trained in a program based on strategies to solve the mathematical problem and the controlled group of 14 male students, which was taught in the traditional method.



Data Collection Measures

To test the study hypothesis and achieve its objectives, the study adopted the critical thinking skills developed by Abdul-Salam and Mamdouh (1982). The critical thinking skills test was validated in the original study. However, the test was re-validated in a more recent study by Abu Mehadi and Darwish (2011). The internal consistency validation results showed that the correlation coefficient values for the test domains with the whole test were as follows: identifying assumptions (0.431), interpretation (0.519), discussion (0.598), deduction (0.646), and conclusion (0.565), and all of them were significant at a significance level of (α = 0.01). In addition, Abu Mehadi and Darwish (2011) ensured the reliability of critical thinking skills by using both the Split-Half method and Cronbach’s alpha method. The reliability coefficient values using the Split-Half method were as follows: identifying assumptions (0.657), interpretation (0.743), discussion (0.592), deduction (0.604), and conclusion (0.699), and (0.774) for the whole critical thinking skills test. On the other hand, the values of Cronbach’s alpha coefficient were as follows: identifying assumptions (0.622), interpretation (0.772), discussion (0.692), deduction (0.657), and conclusion (0.532), and (0.724) for the whole critical thinking skills test.



Description of the Test

The critical thinking skills test consisted of five subtests, they were:


1.The first test/Identifying assumptions: It contains 15 questions, and for each question three hypotheses are proposed, to which it is answered by either mentioned or not.

2.The second test/interpretation: It also consists of 15 questions, and for each question two results are proposed to answer the question, to which it is answered either mentioned or not.

3.The third test/discussion: It also consists of 15 questions, and each question has two suggested answers; either strong or weak.

4.The fourth test/deduction: It also consists of 15 questions, and each question has two results to which it is answered correctly or incorrectly.

5.Fifth test/conclusion: It also consists of 15 questions, and each question has five proposed conclusions to answer the question, to which it is answered completely honest, possibly true, incomplete data, possibly false, and completely false.



Therefore, the critical thinking skills consisted of 75 questions, distributed over five subtests.



Test Scoring

The key to the critical thinking test is used, and the key is a piece of cardboard that matches the area designated for the answer on the answer sheet. This key is punched in places for the correct answer so that it is easy to know the correct answer through this key. Each correct answer is given a score of 1, whereas the incorrect answer was given a score of zero.



Validity and Reliability of the Critical Thinking Test

Researchers conducted a test on a sample of seventh-grade male students (n = 15), with the aim of verifying the validity of the critical thinking test for administration in the Jordanian environment by calculating its validity and reliability through appropriate statistical methods.



Internal Consistency Validity

Researchers calculated correlation coefficients between the degree of each domain and the total degree of the test. Table 1 shows the correlation of the score for each dimension and the overall score for the critical thinking test.


TABLE 1. Correlation coefficients for each subtest in the critical thinking skills.
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The results showed that there was a significant correlation between each subtest of critical thinking skills at a significance level of α ≤ 0.05 as the correlation coefficients ranged between 0.548 and 0.640. In addition, the item total correlation was found to be 0.606 at a significance level of α ≤ 0.05. To ensure the internal consistency of critical thinking skills tests, the corrected-item correlation coefficients were ensured to be higher than 0.3 for all the test items.



Cronbach’s Alpha Reliability Test

Researchers ensured the reliability of the critical thinking test by calculating the Cronbach’s alpha coefficient for each subtest and for the whole test (Table 2).


TABLE 2. “Cronbach’s alpha coefficients” for sub-tests and the whole critical thinking test.

[image: Table 2]
The results showed that the values of Cronbach’s alpha coefficient for the subtests and the whole test of critical thinking ranged between 0.643 and 0.811 and were all statistically significant at the significance level of α ≤ 0.05. A Cronbach’s alpha drop analysis was performed to check for the items that reduce the reliability of the critical thinking skills test. For the interpretation domain, item 7 was found to reduce the test reliability as the deletion of this item increased the reliability to 0.760, whereas the deletion of item 9 reduced the test reliability as the deletion of this item increased the reliability to 0.763. In addition, items 3 and 5 in the conclusion domain were found to reduce the test reliability as the deletion of these items increased the test reliability to 0.761 and 0.759, respectively. However, those items were not deleted as the test reliability is still higher than 0.7, which is acceptable value for educational research (Taber, 2018).

A valid and reliable critical thinking test was applied before and after the designed electronic training program described below.



Description of the Training Program

The training program is a group of training situations independent of the curriculum, which aims to develop critical thinking skills among seventh-grade male students. The researchers prepared this, and applied it to the study sample between August and October 2021, and the training program was prepared through the following steps.


•Reviewing the theoretical literature on how to prepare and design training programs for elementary school students (Csíkos et al., 2012; Nadler and Nadler, 2012; Siagan et al., 2019; Ahdhianto et al., 2020; Bakkar, 2021). These studies provided an overview of the methodological steps in designing training programs for school students, setting objectives, content of training programs, and monitoring the outcome of the training programs.

•Reviewing previous studies that focused on problem-solving strategies for elementary school students (Arikan and Ünal, 2015; Al-Khateeb, 2018; Khoiriyah and Husamah, 2018). These studies highlighted the problem-solving strategies and skills needed for the elementary stage students. For example, Al-Khateeb (2018) analyzed the problem-solving skills needed by seventh-grade students in Jordan.

•Preparing the primary version of the training program and presenting it to eight experts from the faculty members in Jordanian universities to verify the psychometric properties of the program’s validity, and appropriate modifications were made in light of the referees’ opinions from the methodological, theoretical, and linguistic aspects.



The program is based on problem-solving strategies, namely:


-The strategy of building an organized list or a table, in which the student’s thinking about the problem is organized by placing the given data in an organized manner in the form of a list, and this allows the students to review what they have done, and determine what is the important step that they need to take to complete the solution to the problem. In this strategy, a table that contains the data given in the problem is made in a specific order. This arrangement helps the student find missing data and clarifies the relationships between them, which leads to the ease of understanding of the relationship between the data and what is required to reach the solution.

-The strategy of finding a pattern: Finding a pattern is a strategy for students to find patterns in the data. To solve a problem, students look for repeating items, numbers, or a series of events.

-Trial and error strategy: It is simply the application of possible processes to the information given within the problem, and some students with little experience in solving problems resort to it. Through this strategy, the student guesses all the possible possibilities to solve the problem, and then examines and tests the validity of these possibilities to solve this problem, by trying each possibility separately until the possibility is selected.

-The strategy of using an equation or a law: It is one of the most powerful strategies, so that many problems can be solved through this strategy, and its use is frequent, making it the first strategy that comes to mind when we want to solve a problem. The student translates the verbal problem into a mathematical sentence and then solves the mathematical sentence to find the value or values of the unknown, which represents the solution to the problem.

-The strategy of drawing a model or diagram: The drawing strategy is one of the effective strategies for solving mathematical problems, and it is used when there is a possibility to represent the problem with a drawing or an illustrative chart. Thus, the information and relationships involved in the problem become clearer to students, which helps them to understand the problem. Thus, rather than requiring drawings to be detailed and accurate, devising an appropriate plan to solve them, they are just illustrations that may be drawn directly without using engineering tools and without considering actual measurements.

-The strategy of solving an easier problem: Through this strategy, a similar related problem is solved. The problem is simplified by using numbers that are smaller or easier to calculate, and the problem may be simplified by temporarily omitting some conditions. Also, simplifying the problem may be through studying special cases and then trying to benefit from solving these special cases in solving the original problem. This strategy can be used in combination with other strategies to solve the problem. In other words, it may be a helpful step to solve the problem.

-Go backward strategy: This strategy was applied when the problem involves a series of successive calculations for a number and these calculations are given the final output, and it is required to find the value of a number in one of the calculations at the beginning of the problem, which may be difficult to calculate if we start from the data. Usually, students—in this type of problem—have a difficulty in forming algebraic equations or in using forward working strategies in general.

-Logical justification strategy: This strategy is often included in most problem-solving strategies. It is also used to solve problems and logical issues, and is often used to solve engineering exercises to determine the links and relationships between the data given in the problem and the realization of these relationships, to take logically justified steps in order to solve the problem and to solve problems through this strategy. A matrix or table to facilitate the justification process, especially in the primary stage, which may include other strategies, and focus on justifying the steps verbally in sequence.



The program was electronically delivered through the Microsoft Teams program, where the delivery of the program lasted for 3 weeks, with an average of four training sessions per week—each session is an hour long.



Statistical Processing

Researchers used the Statistical Package of Social Sciences (SPSS, v. 26.0, IBM Corporation) to process the scores of the critical thinking skills. The descriptive statistics “frequencies, percentages, mean, and SD” were used to describe participants’ characteristics. In addition, the independent sample t-test was performed to identify “the significant statistical differences between the controlled group and the Interventional group in the scores of the pre and post critical thinking skills.”




RESULTS

A total of 29 seventh-grade male students participated in this study. To determine the appropriate statistical tests, researchers explored the normality of the participants’ scores on both critical thinking pre- and post-test. The results presented in Table 3 represent the Shapiro–Wilk normality test results. The results showed that the data are normally distributed as there was no significant deviation of the sample mean scores (M) from the population mean scores (μ), which is evidenced by the values of the Shapiro–Wilk tests shown in Table 3. To ensure meeting the assumptions of parametric tests, the Levene’s test of equality of error variances was used and revealed that there was no significant difference from an equality of variance across various conditions of the experiment (F = 0.536, p = 0.946). Based on these results, parametric tests were used to analyze the study findings.


TABLE 3. Shapiro–Wilk normality test results.
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The results shown in Table 4 represent the baseline scores of the critical thinking pre-test. The results showed that there was no significant statistical difference in the identifying assumptions pre-test between the control group (M = 4.4286, SD = 0.75593) and the interventional group (M = 4.4667, SD = 0.91548, t = 0.122, p = 0.904). In addition, the results showed no significant statistical differences in the interpretation pre-test between the controlled group (M = 6.4286, SD = 1.78516) and the interventional group (M = 6.4000, SD = 1.45406, t = −0.047, p = 0.963).


TABLE 4. Independent sample t-test for critical thinking pre-tests.
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Moreover, the results indicated that there were no significant differences in the discussion pre-test between the controlled group (M = 5.5000, SD = 2.13937) and the interventional group (M = 5.5333, SD = 1.99523, t = 0.043, p = 0.966). In addition, the results revealed that there were no significant statistical differences in the deduction pre-test between the controlled group (M = 5.2857, SD = 1.26665) and the interventional group (M = 5.9333, SD = 1.38701, t = 1.310, p = 0.201).

With regard to the conclusion pre-test, the results showed that there were no significant statistical differences between the controlled group (M = 4.2857, SD = 1.20439) and the interventional group (M = 4.3333, SD = 0.81650, t = 0.124, p = 0.901).

In total, the results showed that there were no significant statistical differences in the critical thinking pre-test between the controlled group (M = 25.9286, SD = 3.19770) and the interventional group (M = 26.6667, SD = 3.88526, t = 0.560, p = 0.583).

The results shown in Table 5 represent the independent samples t-test scores of the critical thinking post-test. The results showed that there was a significant statistical difference in identifying assumption post-test between the controlled group (M = 4.9286, SD = 1.63915) and the interventional group (M = 9.3333, SD = 1.29099, t = 8.002, p = 0.000). In addition, the results revealed significant statistical differences in the interpretation post-test between the controlled group (M = 6.4286, SD = 1.82775) and the interventional group (M = 11.1333, SD = 1.29099, t = 6.690, p = 0.000).


TABLE 5. Independent sample t-test for the critical thinking post-test.
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Moreover, the results showed that there was a significant difference in the discussion post-test between the controlled group (M = 5.8571, SD = 1.95555) and the interventional group (M = 11.0000, SD = 1.55839, t = 7.797, p = 0.000). In addition, the findings showed that there were significant statistical differences in the deduction post-test between the controlled group (M = 5.4286, SD = 1.34246) and the interventional group (M = 7.8000, SD = 2.51282, t = 3.199, p = 0.004).

With regard to the conclusion post-test, the results showed that there were no significant statistical differences between the controlled group (M = 3.9286, SD = 0.91687) and the interventional group (M = 4.4000, SD = 1.88225, t = 0.866, p = 0.404). In total, the results showed that there were significant statistical differences in the critical thinking post-test between the controlled group (M = 26.5714, SD = 3.95580) and the interventional group (M = 43.6667, SD = 4.68534, t = 10.640, p = 0.000).

To investigate the direction of significant statistical differences, a one-way analysis of variance (ANOVA) was performed (Table 6). The results showed that there was a significant statistical difference [F(27, 1) = 65.100, p ≤ 0.05], [F(27, 1) = 44.541, p ≤ 0.05], [F(27, 1) = 61.72, p ≤ 0.05], [F(27, 1) = 9.832, p ≤ 0.05] in terms of identifying assumptions, interpretation, discussion, and deduction, respectively, between the controlled group and the interventional group in favor of the interventional group.


TABLE 6. Analysis of variance (ANOVA) results of the critical thinking post-test.

[image: Table 6]
In addition, the results showed that there were no significant differences [F(27, 1) = 0.718, p = 0.404] in the conclusion post-test between the controlled group and the interventional group in favor of the Interventional group.

Finally, the findings indicated that there were significant statistical differences [F(27, 1) = 111.871, p ≤ 0.05] in the critical thinking post-test between the controlled group and the Interventional group in favor of the latter one.



DISCUSSION AND CONCLUSION

This study sought to investigate the effects of a training program based on solving mathematical problem strategies on critical thinking among seventh-grade male students in the “King Abdullah II Schools of Excellence.” The results showed statistically significant variations in the critical thinking post-test between the controlled group and the interventional group in favor of the interventional group, which was referred to the designed training program. This result might be referred to the adopted mathematical problem-solving strategies in the training program, which were the strategy of building an organized list or a table, the strategy of finding a pattern, trial and error strategy, the strategy of using an equation or a law, the strategy of building a model or a diagram, the strategy of solving an easier problem, deletion strategy, go backward strategy, and logical justification strategy. These strategies were reported to significantly increase students’ motivation, engagement, and desire to learning (Beal and Stevens, 2007; Gök and Sýlay, 2010; Fukuzawa et al., 2017).

Furthermore, considering that education is fundamentally a thinking process, these adopted strategies were reported to enhance critical thinking skills among students by transforming the process of knowledge acquisition from an inactive process to a mental activity that leads to a better mastery of the cognitive content and a deeper understanding of it (Bashith and Amin, 2017; Miterianifa et al., 2019; Fadilla et al., 2021). These results are consistent with the findings reported by Yana (2004) and Al-Btoush and Al-Darabkeh (2017) who reported the effectiveness of problem-solving strategies in improving thinking skills among elementary stage students. However, the contexts of the studies are somehow different due to differences in the population and the thinking skills investigated.

However, the results of this study showed that there were no significant differences in the conclusion skills between the controlled and interventional group. This could refer to that building conclusions is one of the basic order cognitive processes that require generating and predicting new ideas, and the issue needs extensive training and development of student skills, which cannot be achieved through a single training program. In addition, Al-Kahloot (2013) also reported that conclusion skills were the most available critical thinking skills in elementary stage curricula, which might point to the lack of students’ training and background knowledge of the conclusion skills. This could significantly affected the performance of seventh-grade male students in critical thinking skills in the conclusion domain.

The findings of the present study could be limited by a number of limitations, including a relatively low sample size, the adopted strategies to build the training program, and the psychometric properties of the critical thinking skills test. The inclusion of a larger sample size might significantly more accurate and reliable findings, in addition to building a training program based on the strategies retrieved through the analyses of the elementary stage curricula and diversifying the contents of the critical thinking test would significantly improve the quality of the findings. Moreover, a significant limitation of the present study is that it is limited to male students and should be extended to both men and women to provide more valid and reliable results.

The present study reported the effect of a training program based on solving mathematical problems on the improvement of critical thinking skills of seventh-grade male students in “King Abdullah II Schools of Excellence.” Based on the results reported above, the present study recommends conducting further studies addressing the effect of both educational and training programs based on solving mathematical problems and assessing their effect on improving critical thinking skills among elementary stage students in general, and seventh-grade male students in particular.
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