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Abstract

:

Due to the learning difficulties in mathematics education, a new teaching methodology have been proposed for its improvement. Difficulties in mathematics learning indicate that students are not able to properly deal with resolving calculations and/or problems. This research examines the evolution of the attitudes of pre-service teachers’ (PSTs) toward mathematics learning when an open calculation based on numbers (OCN) method was followed in a flipped classroom. It was conducted in a general mathematics course, Primary Education bachelor’s degree during the course of 2019/2020. A total of 143 students participated in the study (230 students enrolled), with a pre- and post-test survey questionnaire. Based on the analysis of survey questionnaires, the obtained results demonstrated that the attitudes (own beliefs and conceptions (OB), positive (ATP), and negative (ATN) attitudes) of PSTs improved positively after completing the flipped-OCN method toward mathematics learning. Regarding the statistical analyses, all questions had a significant difference that showed the influence of the flipped-OCN method, improving the PSTs attitudes toward mathematics learning (p < 0.005). According to the structural equation modeling—partial least squares (SEM-PLS) analysis, it demonstrated that the components relation effects of OB, ATP, and ATN of PSTs toward mathematics learning, and the influence of their educational background. Finally, with the principal component analysis (PCA), it can be found out that the science and technology background were positively correlated after the flipped-OCN method comparing with the rest of PSTs. The influence of the proposed method indicated a significant improvement in these components. Therefore, the results concluded that this study allowed to draw a promising tendency about the PSTs’ attitudes toward mathematics learning with the OCN method in the flipped classroom. Additionally, these outcomes could advance our comprehension of how to help pre-service education for teachers’ enhancement and maturity of positive attitudes about themselves as future teachers. Then, it would be a fundamental piece in building logical and critical thinking and development for children.
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1. Introduction


New teaching methods for learning difficulties in mathematics education have been proposed for its improvement [1,2]. Various researchers have suggested new teaching methodologies for mathematics learning and its performance improvement [1,2,3,4,5]. However, students still have difficulties in mathematics learning, in fact, different studies indicate they are not able to properly deal with resolving calculations and/or problems [2,5,6,7]. Additionally, it shows that students’ mathematics skills are not equivalent to those that tell other students of the same age [2,6,7]. A recent study confirms that learning difficulties arise before formal education [1,8]. The science and mathematics education report by the European Commission warns of declining interest in the study of science and mathematics in primary and secondary school and the need to increase demand for these studies on higher-level education, given the progress of the knowledge society [9]. Frequently, mathematical content is favored over mathematical knowledge and literacy, and students are not encouraged to ascertain alternative answers or to chase their own solutions [10,11,12]. Contemporary vision of mathematical competence and education is simply associated with its notions and practices [5,13,14]. This is imperfect and naive exclusion of its collected exercise. To advance mathematical competence and proficiency, the metacognitive feature is also equivalently significant [15,16]. However, inappropriately former dominant thoughts still remain of mathematics education based on the memorization of procedure and performance, which should lead to correct responses that can be exclusive and unquestioned [13,17,18]. Therefore, with the new teaching methods and interventions, we can find out that students can overcome the learning difficulties and then achieve their mathematical contents.



In these situations, for a long time, the learning and practice of calculation have been taught and supported mechanically with a closed algorithm based on ciphers (CBC) methodology as a traditional manner in primary mathematics education [3,19]. This exercise can increase the lower order cognitive skills’ development. Thus, this CBC teaching method has received some strong criticisms for basic facts of mathematics, which can undermine important learning for students [20,21]. This criticism is on the basis of the repeated rejections and passive learnings that are promoted by the CBC methodology. Here, some empirical and practical evidence show that the CBC methodology can have disadvantages to mathematics education where students cannot comprehend the fundamental operations and principles [3,21,22]. Particularly, Martínez-Montero [19] denoted the disadvantage of strategies and spontaneous methods to deal with non-routine calculation tasks, serious theoretical mistakes in calculation details, and the absence of quantities’ significance of ciphers in a broader range. So, the open calculation based on numbers (OCN) is one of several alternatives to state and resolve mathematical learning problems from the CBC methodology [19,21]. One of the OCN’s main characteristics is no sole means to solve problems that each student can solve a problem differently, varying on their learning level, calculation strategies and capacities, and mathematics competence and proficiency [3,5,19]. Along with the OCN methodology, instructors can apply it in the context of flipped learning presented by Bergmann and Sams, which has advanced a consideration as an alternative and active instruction method to ratify the concept and contents of the OCN in mathematics education [4,23,24,25]. Therefore, this methodology specifies an effective attitude improvement towards mathematics that can be prolonged [26], which is placed to develop mathematical competence and foster mathematical reasoning for students in order to increase their attention [27].



Examining students’ attitudes toward mathematics learning in class can predict their proficiency and achievement [28,29,30]. However, scarce research of mathematics attitudes shows the current situations at best. The attitude initiated by Fishbien and Ajzen [31] was outlined as a reflected predisposition, which could respond in a constantly favorable/unfavorable method in accordance with a certain point specified [32]. As a formative item, it was deliberated in forecasting a person’s performance [32,33]. Additionally, numerous studies offered that attitude effect activities were rationally ongoing, but should be deliberated and revised [28,34]. In the context of the teaching activities in flipped learning with the OCN method, their attitudes regarding mathematics education have been accredited as a great effect on the mathematics attitude, disposition, and accomplishment of students [29,35]. Principally, this methodology specified direct instructional practice, which was an efficient tool for individual entities and not for big groups [24,36]. Here, the instructor’s attitude can be linked with his/her capacity. So, the pre-service teachers’ (PSTs) inevitability in their capacities to present an OCN class in mathematics is exposed as a key predictor for instruction practice and exercise [37]. Accepting PST’s attitudes about the OCN method in mathematics education of the flipped classroom is essential due to attaining expert views and concerted enhancement of the PSTs [24,38]. There, however, are not many dominant related research studies that have been reviewed, neither PSTs’ nor in-service teachers’ attitude in this specific theme. Therefore, instructing the PSTs’ attitudes with the flipped-OCN learning has been a considerable element in the mathematics education of instructors [39,40]. Correspondingly, many works have proposed that better instructors’ attitudes are greatly increasing to improve educational situations and they are greatly keener to concern original and innovative class [24].



Thus, the aim of this research is to analyze the own beliefs and conceptions and attitudes of PSTs toward mathematics learning with the OCN method in a flipped classroom environment. This work was conducted in a general mathematics course of the Primary Education bachelor’s degree during the course of 2019/2020. The specific syllabus for this study contained the general mathematics topic, which was taught in the second semester 4 h/week and it was compulsory for all students. A total of 143 students participated in the study with a pre- and post-test survey questionnaire on the basis of a randomized experimental design accompanied with various statistical assessments. The relevance of this study must be found in the relation between the teaching methodology implemented in a course and the evolution of the students’ attitudes toward mathematics learning, and therefore, providing empirical data to demonstrate that applying a proper teaching methodology could enhance students’ own beliefs and conceptions and attitudes about mathematics.




2. Materials and Methods


In order to assess the PSTs’ attitudes toward mathematics after using a OCN teaching methodology in the flipped classroom, this study was conducted in a general and compulsory mathematics subject for sophomore of the Primary Education degree. As shown in Figure 1, during the course of 2019/2020, a total of 230 students enrolled the course and among them, a total of 143 students participated (62.17%) in this study. For this research, a 5-point Likert-type scale pre- and post- on-line questionnaire were used as research instruments.



2.1. Sample


In this research, a total of 230 PSTs enrolled in the course, which was an introductory and compulsory mathematical course for a bachelor’s degree in Primary Education. The study was conducted during the second term of 2019/20 course and a total of 143 PSTs participated (62.17% comparing to the original enrollment. According to the main demographic information of the participants (see Table 1), all participants had more female (51.7%) students than male students, being the participants’ average age 20.4 years old. The grade point average (GPA) at the beginning of the first semester was 7.27 in a 0 to 10 scale. Regarding the educational background, 68.5% of students had a social-sciences and humanity background, 25.2% science and 6.3% technology, and almost 90% of students accessed the university directly from high school. Based on their background, it could be described that the former interaction of these PSTs with mathematics was extremely limited. Subsequently, this course could provide core information for their future instruction and they were required to have the responsibility to be educated on diverse mathematics contents and competences, improving their attitudes for primary students.




2.2. Course Context


The study was performed in an introductory and obligatory subject, entitled “Mathematics and its Didactics” which was one of core programs for a bachelor’s degree in Primary Education. As shown in Table 2, this was the second-year course that contained various definitions, themes, and theories for mathematics education, especially the didactics of arithmetic. Mainly, its content had been prepared in six chapters. By means of the teaching curriculum, students required a total of 150 h for 6 credits in the expected competences. Here, it comprised of the essential features of mathematics teaching/learning, teaching/learning skills and technologies practice, mathematics history, and many ideas and thoughts of mathematics. Consequently, this course was pointing to stipulate the PSTs about general comprehension of mathematics subjects and educational disciplines and research to instruct them for primary educations students.



The course was followed by a flipped classroom teaching environment, where the theoretical contents were delivered to PSTs by means of the virtual campus, and the classroom time was employed to carry out active teaching interventions and practical demonstrations based on the OCN method, where the PSTs were requested to actively participate. Therefore, the classroom period should be considered as a student-centered setting, in which ill-defined problems, rule-based and case-based reasoning, and problem-based activities were fostered [3,19]. The collaboration and cooperation among PSTs were encouraged all the time and in all the cases. In this particular set-up of a class, the instructor position was to deliver a scaffolding to the PSTs in their work along with a short lecture if needed. Particularly, all PSTs were taught using the same intervention about the flipped-OCN method in mathematics learning, which allowed to follow the autonomous progress of each PST and postulated the possibility to develop their attitudes about mathematics education. In addition, when the PSTs had some learning difficulties, alternative quizzes and on-line questionnaires were made available to them to be addressed during face-to-face time at the classroom. Figure 1 described a flowchart of the virtual campus with the subject contents of a syllabus chapter. Regarding the OCN materials in flipped mathematics learning, most of them applied in the class was already made before the course.



An example of OCN activity is illustrated in Figure 2. As it is shown, in the OCN method, there was not a sole manner to solve the calculations and it could propose various paths to get the same answer. Here, this method could highlight the flexibility aspect, which this new OCN method had no necessitates a priori indication for where the PSTs had to initiate resolving the basic calculations to achieve in answering them [26,27]. This OCN intervention was comprised of mathematics difficulties indicated by the PSTs because of teachers’ expectations. In addition, this intervention dealt with more and diverse methods, which could deliver diverse approaches relying on PSTs’ capacities and studying types and exercising more resources and materials of a class.




2.3. Research Instrument and Procedure to Assess the PSTs Attitudes toward Mathematics Learning


To measure individual attitudes toward mathematics learning after class intervention of the OCN method in the flipped classroom, the PSTs answered an online survey questionnaire before and after the class intervention. The questionnaire comprised of thirty-four questions grouped in three sections. This research instrument was adapted from Bardooy and Coslick [41] and Auzmendi [42]. The first group consisted of nine questions aimed to assess the PSTs own beliefs and conceptions (OB) about mathematics learning, the second group of fifteen questions were related to assess positive attitudes (ATP) toward mathematics learning and the third groups of ten questions aimed to assess the negative attitudes (ATN) toward mathematics learning. The questionnaire followed a five-point Likert-type scale [43]: ‘strongly disagreed’ (SD), ‘disagreed’ (D), ‘neutral’ (N), ‘agreed’ (A), and ‘strongly agreed’ (SA). To assure the maximum contribution possible, the PSTs completed this online survey during a class session. As above-mentioned, the PSTs were requested to complete demographic aspects such as gender, age, GPA at the beginning of the first semester, educational background, and university access as basic information. The list of questions is recapitulated in Table 3, adapted from [41,42,43].




2.4. Collected Data Analysis


All instruments and procedures were permitted by the university’s bioethics board to collect the participants’ information before starting the experiment. The research contribution was completely voluntary, and no particular data were scripted and documented for any participant. At the beginning of the semester, the survey questionnaire was distributed to participants (pre-test) and then the same survey questionnaire was distributed to participants when the intervention was just about to finish (post-test). Particularly, survey questionnaires were completed through an on-line manner during the classroom-time in order to increase the students’ involvement. The data were concerned in order to exam if there were statistically peculiarities among the answer tendencies of participants in the pre- and post-test. With regard to the statistical analysis carried out for this study, firstly, the reliability of the questionnaire was tested by measuring the Cronbach alpha test, resulting in an alpha coefficient of 0.82 which could be determined as consistent. On the other hand, the Shapiro–Wilk normality test was conducted to establish whether the data followed or not normal distribution. As the data set followed normal distribution, parametric statistical tools were used. Thus, in order to assess the influence of the instruction followed in this study on the PSTs attitudes toward mathematics learning, a t-test was conducted (pre- and post-test). Finally, the structural equation modeling—partial least squares (SEM-PLS) and the principal component analysis (PCA) were also considered to measure the effects of the different components studied and to have a better overview of the instruction effect on the PSTs’ attitudes. Lastly, a descriptive analysis was implemented to differentiate, outline, and attract conclusions from the data collected. It could describe the most suitable approach of the data [44,45].





3. Results and Discussion


In order to assess the influence of the instruction methodology implemented in this course on the PSTs attitudes toward mathematics learning, the mean values of the scores given for the pre- and post-test questionnaires were compared. As it was mentioned above, the instrument comprised three groups of attitudes: Own beliefs and conceptions about mathematics (OB), positive attitude (ATP), and negative attitude (ATN) toward mathematics learning as it is listed in Table 3. In all cases, the 5-point Likert-type scale, i.e., strongly disagreed to strongly agreed, was followed.



Figure 3 summarized the evolution of the PTSs own beliefs and conceptions before and after the flipped-OCN intervention. In all cases, the significant differences were observed (p < 0.005). The PSTs in the pre-test showed a mean response that was higher/lower depending on the question type than the post-test. Some question dimensions were slightly below, and other dimensions were slightly above.



According to these results obtained, although all participants started the course with strong beliefs about the relevance of the mathematics (OB_1 and OB_2), the scores significantly improved after the flipped-OCN intervention. It was relevant to highlight OB_3, OB_4, and OB_5, which represented an evolution of the PSTs beliefs of the way of learning mathematics and were significant improved after the intervention completion. This mean a critical percentage of the data partook actively in the proposed methodology, and consequently, the opinions proposed in the study were significant to analyze the attitudes toward mathematics learning with the flipped-OCN methodology. The intervention also had a significant effect on how PSTs conceived the learning process (OB_6 to OB_9), changing from the previous conception to the learning to a more active and collaborative way.



Concerning the positive attitudes toward mathematics learning (ATP), Figure 4 summarized the results obtained after completing the study. For the 15 items, significant differences were observed for the pre- and pos-test results (p < 0.005). Although the participants considered that mathematics learning was somehow important for their education (ATP_1 to ATP_5) and future work possibilities (ATP_7), not many students enjoyed talking or discussing with classmates about mathematics (ATP_6) before the intervention. That attitude drastically shifted after the intervention completion. Regarding the teaching methodology, it was observed how following the flipped-OCN methodology in mathematics learning helped to increase the confidence of the PSTs to face problem solving and their confidence and keen attitude to overcome any mathematical situation (ATP_10 and ATP_12). Finally, the instruction methodology significantly increased the willingness of the students to be more exposed to mathematics learning and other non-compulsory mathematics courses (ATP_15).



Regarding the evolution of negative attitudes (ATN), Figure 5 summarized the main results obtained. As it was displayed in the figure, the instruction methodology had a significant impact (p < 0.005) in the attitudes’ evolution, and in all cases, the PSTs provided less scores to the analyzed negative attitudes. At the beginning to the course, the participants had a stronger belief that the mathematics course was theoretical (ATN_2), difficult (ATN_3), and tough (ATN_19), and these attitudes significantly evolved to less negative after intervention completion. Moreover, the PSTs found out after completing the course that mathematics learning was not only useful for science degrees but also for all other degrees (ATN_4) or even considered that learning mathematics had the same relevance as other subjects related to teacher-trainee education (ATN_7). Finally, the PSTs attitudes toward the mathematical contents, and their attitudes toward solving and facing mathematical problems improved after the intervention completion (ATN_8 to ATN_10).



The structural equation modeling—partial least squares (SEM-PLS) analysis was carried out to get a better understanding of the instruction designed on the components involved in this research: the PSTs own beliefs and conceptions, positive and negative attitudes toward mathematics learning, and the influence of their educational background. Figure 6 represented the relations between the components after applying the SEM-PLS analysis. Based on these results, the PTSs educational background had a positive effect on the positive attitudes (t-value: 3.016, p = 0.003) and the PTSs own beliefs and conceptions OB_1, OB_2, OB_6, and OB_7 (t-value: 3.303, p = 0.001). On the other hand, the positive attitudes had a strong and significant effect on the negative attitudes (t-value: 33.785, p = 0.000) and finally the negative attitudes had a significant effect on the PTSs own beliefs and conceptions OB_3, OB_4, OB_5, OB_8, and OB_9 (t-value: 13.261, p = 0.000). Finally, the loads of each item were close to or greater than the recommended value (>0.700). Considering such values, the reliability and validity of the constructs could be granted [46].



Finally, in order to get a more comprehensive view of the influence of PSTs educational background on the evolution of their attitudes toward mathematics learning before and after the designed intervention, a PCA analysis were conducted. Figure 7 represented the loadings and scoring contributions plots for the pre (left) and post-test (right) data. In these graphs, ellipses and shapes in the plots showed the clustering of the sample. For the pre-test data, the principal component 1 (PC1) and principal component 2 (PC2) explained the 50% and 34.8% of the system variance for loading and scores components, respectively. On the other hand, for the post-test data, PC1 and PC2 explained the 72.4% and 52% of the system variance for loading and scores components, respectively.



The PCA diagrams showed that, at the beginning of the course, the sample did not follow any pattern concerning the attitudes assessed, nor any clustering concerning the educational background. However, once the intervention was completed, the sample was clustered into three delimited regions based on the PSTs educational background (science (red color), social sciences and humanities (blue color), and technological (green color) background). Those PTSs having a science or technological educational background were grouped on the positive axis of PC1, while the PSTs having a social sciences or humanities background were distributed in the wider region on the negative axis of PC1. Regarding the loading components plot for the post-test data, the assessed variables were grouped in two differentiated sections. On the positive scale of PC1 axis, the positive attitudes (ATP_1 to ATP_15) and as well as the following students’ own beliefs and conceptions: OB_1, OB_2, OB_6, and OB_7 were clustered. On the other hand, the negative attitudes (ATN_1 to ATN_10) as well as the OB_3, OB_4, OB_5, OB_8, and OB_9 were grouped to a negative scale of PC1 axis. Comparing the scores and loading contribution plots, the social sciences and humanistic background of PTSs was more related to this second group of variables, and we had observed that these variables were significantly improved after the intervention completion, and therefore the flipped-OCN method implemented could be a suitable strategy to foster better attitudes toward mathematics learning, especially in those students who had not been exposed to mathematics in their pre-university studies. Similar results were also reported for sciences students when a flipped classroom course was implemented [47,48,49].



The obtained results demonstrated the novel information on the examination of the PSTs’ attitudes in diverse groups and features of students toward mathematics learning with the OCN method in the flipped classroom. With the proposed methodology, this study specified the significant outcomes in the context of the analyzed questions of pre- and post-test. Consequently, the final results indicated the foremost relationships for examining the attitudes toward mathematics learning with the flipped-OCN method. Therefore, the opinions provided in the study were significant to analyze the attitudes toward mathematics learning with the OCN methodology in the flipped classroom and could be selected to examine their attitudes on account of the proposed methodology’s flexible and relatable fact.



Although new teaching methods are proposed to overcome learning difficulties in mathematics education, its improvement was still an early phase and had limited application in higher education [1,2,3,4,5]. In these demanding and puzzling circumstances for mathematics education, various researchers have suggested new intervention methods for mathematics learning performance improvement [2,3,4,5]. Particularly, with these, students can overcome difficulties in mathematics learning that they are not able to properly deal with resolving calculations and/or problems, which arise learning difficulties before formal education [1,3,5,6,7,8]. The European Commission indicates a proposal to improve interest in the study of science and mathematics in primary and secondary school [11]. In addition, it is necessary to increase demand for these studies at higher-level education, given the progress of the knowledge society [9,11]. Here, students can discover alternative clarifications or track their own solutions [10,11,12] that can overcome the current view that mathematical competence is simply connected to its concepts and procedures [13,14]. Therefore, with the new teaching methods and interventions, we can find out that students can improve their own beliefs and conceptions about mathematics learning, especially when they do have a solid mathematical background education. Additionally, the SEM-PLS and PCA analysis along with statistical outcomes can support the findings that the relation effect of the intervention proposed showed the improvement of own beliefs and conceptions.



Thus, in the current mathematics learning environment, CBC methodology is the learning and practice of calculation as a traditional manner [3,19]. Based on some strong criticisms of mathematics education that cause the lower order cognitive development of skills, CBC can undermine important learning for students as the repeated rejections and passive learning [20,21]. The new method, OCN, introduced by Martínez-Montero [19] can be a strategy and spontaneous method to deal with non-routine calculation tasks, and one of several alternatives to state and resolve mathematical learning problems from the CBC methodology [19,21]. Along with the OCN methodology, instructors can apply it in the context of the flipped learning environment which can be an alternative and dynamic education method to approve the concept and contents of the OCN in mathematics education [23,24,25,26,27,28,29,30,31,32,33,34,35,36]. It can propose an effective motivation enhancement and a reasonable change in the attitude towards mathematics [23,24,25,26]. Accordingly, this is oriented and connected to the development of mathematical competence and fostering mathematical reasoning through manipulative and motivating devices for students in order to increase attitude and attention [27]. Here, the SEM-PLS analysis showed the effects of the studied components after the intervention toward mathematics learning in the flipped-OCN method. Thus, the PCA analysis supported the confirmation that there was a dependency correlation between the outcomes of student background and their attitudes. Again, the effects were more relevant in those students with a solid mathematics educational background.



Due to these reasons and the literature and information absence, we seek to examine the attitudes of the PSTs toward mathematics learning of the flipped-OCN method. Thus, these methods are necessary to adjust flipped mathematics education with the particular OCN technique. Therefore, the instruction methodology proposed, based on the application of the OCN method in a flipped classroom environment, and the results obtained, can be utilized to reinforce the PTSs’ own beliefs and conceptions toward mathematics learning, as well as improving the positive attitudes toward mathematics as well as decreasing the negative attitudes. The effects will be more relevant on those students who did not have a strong mathematics educational background.




4. Conclusions


In sum, the present research contributed to the examination and understanding of complex factors affecting the PSTs’ attitudes by analyzing interrelationships among survey questions in mathematics education. This work was conducted in a general mathematics course, Primary Education bachelor’s degree during the course of 2019/2020. The particular subject syllabus for this study contained the general mathematics topic, was taught in the second semester 4 h/week, and was compulsory for all students. A total of 143 students (62.17%) participated in the study, with the pre- and post-test survey questionnaire on the basis of a randomized experimental design accompanied with various assessments. On the basis of the analysis of survey questionnaires (OB, ATP, and ATN), the obtained results demonstrated that the attitudes of PSTs improved positively toward mathematics education along with the flipped-OCN method. The statistical analyses confirmed that all questions had a significant difference that showed the influence of intervention improving the PSTs attitudes toward mathematics learning (p < 0.005). The proposed activity influence indicated a significant improvement in these components. In the case of the SEM-PLS analysis, it demonstrated PSTs own beliefs and conceptions (OB), positive (ATP) and negative (ATN) attitudes about mathematics learning, and the influence of their educational background. Then, the PCA reiterated that a science and technology background was positively correlated after the intervention comparing with the rest of students for the methodology proposed. Therefore, the obtained results demonstrated the novel information on the examination of the PSTs’ attitudes toward mathematics learning with the flipped-OCN method. Additionally, the opinions provided in the study were significant to analyze the attitudes toward the OCN methodology in flipped mathematics learning and could support pre-service education teachers’ improvement and maturity of competencies and positive attitude about themselves as teachers, which would build logical and critical thinking and development for children. As future research, the influence of the flipped-OCN method on mathematics learning should be assessed regarding the students’ achievements which could reinforce the reasons and the literature and information absence.
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Figure 1. Research flowchart to examine pre-service teachers’ (PSTs) attitudes toward mathematics learning with the flipped- open calculation based on numbers (OCN) method. 
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Figure 2. An example of the closed algorithm based on ciphers (CBC) and open calculation based on numbers (OCN) addition methodology for the class proposed toward mathematics learning in a flipped classroom. 
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Figure 3. Mean values of the scores given for the pre- and post-test questionnaire by the 143 participants for the PSTs own beliefs and conceptions (OB) toward mathematics learning by the flipped-OCN method. 
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Figure 4. Mean values of the scores given for the pre- and post-test questionnaire by the 143 participants for the positive attitudes (ATP) of the PSTs toward mathematics learning through the flipped-OCN method. 
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Figure 5. Mean values of the scores given for the pre- and post-test questionnaire by the 143 participants for the negative attitudes (ATN) of the PSTs toward mathematics learning by the flipped-OCN method. 
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Figure 6. Results of the relation between the studied variables after applying the structural equation modeling—partial least squares (SEM-PLS) analysis and t-values are showed for the inner and outer model. Paths have been highlighted based on relative values. 
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Figure 7. The principal component analysis (PCA) diagram, X and Y axis show principal component 1 and principal component 2 for the pre- (left) and post-test (right) data set. The explained variance is indicated in each plot axis. Ellipses and shapes in the score plots show the clustering of the sample at a 0.95 confidence level. 
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Table 1. Participants’ demographic information for the research proposed.
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Items

	
Participants






	
Number

	
143




	
Gender (%)

	
Male

	
48.3




	
Female

	
51.7




	
Age

	
20.4




	
GPA (max. 10)

	
7.27




	
Educational Background (%)

	
Social Sciences/Humanities

	
68.5




	
Sciences

	
25.2




	
Technologies

	
6.3




	
University Access (%)

	
High School

	
88.97




	
Professional School

	
11.03




	
Test > 25

	
0.0




	
Others

	
0.0











[image: Table] 





Table 2. Course context for the subject applied of the 2019/20 course.






Table 2. Course context for the subject applied of the 2019/20 course.





	
Chapter

	
Course Context




	
Mathematics and Its Didactics




	
Title

	
Description

	
Hours






	
1

	
Introduction to teaching/learning of mathematics

	
General aspects of mathematics and its teaching.

Mathematical training of PSTs.

The primary curriculum for the teaching/learning of arithmetic.

	
16




	
2

	
Natural numbers and numbering systems

	
Mathematical science.

Coordinable sets and number concept.

Positional numbering systems.

Decimal numbering.

Support material for the study of numbering systems.

	
29




	
3

	
Arithmetic operations

	
Meaning and mechanism of operations.

Addition and subtraction w/o compensation.

Multiplications w/o regrouping.

Divisions with one and several figures.

Empowerment and filing.

Troubleshooting.

Teaching material: Abacuses and multi-base blocks.

	
30




	
4

	
Divisibility

	
Prime and composite numbers.

Divisors of a number.

Greatest common divisor and least common multiple.

Divisibility criteria.

	
26




	
5

	
Fractions and the decimal numbers

	
Numerical expression of non-integer sets.

Fractions as parts of the unit.

Comparison of measurements.

Operations with fractional and decimal numbers.

Resources and teaching material.

	
26




	
6

	
Integer numbers

	
Positive and negative numbers.

Operations with integers.

	
21
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Table 3. Survey questionnaires for the attitude of pre-service teachers (PSTs) toward mathematics learning with the flipped-OCN method.
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Question

	
Description

	
Type






	
OB_1

	
Mathematics is essentially a body of knowledge (socially useful facts, rules, formulas, and procedures).

	
Own belief knowledge




	
OB_2

	
Mathematics is essentially a way of thinking and problem solving.

	
Own belief knowledge




	
OB_3

	
Mathematics is not supposed to have meaning.

	
Own belief concept




	
OB_4

	
Mathematics mainly involves with memorizing and following rules.

	
Own belief concept




	
OB_5

	
The effectiveness or mastery of mathematics is characterized by an ability to know arithmetic facts or to make calculations quickly.

	
Own belief concept




	
OB_6

	
Mathematical knowledge is essentially fixed and immutable.

	
Own belief knowledge




	
OB_7

	
Mathematics is always well defined; they are not open to questions, arguments, or personal interpretations.

	
Own belief knowledge




	
OB_8

	
Mathematical ability is essentially something you are born with.

	
Own belief concept




	
OB_9

	
Mathematicians typically work in isolation from each other.

	
Own belief concept




	
ATP_1

	
I consider mathematics as a very necessary subject in my studies.

	
Positive attitude




	
ATP_2

	
Studying or working with mathematics doesn’t scare me at all.




	
ATP_3

	
Using mathematics is fun for me.




	
ATP_4

	
I want to have a deeper understanding of mathematics.




	
ATP_5

	
I have confidence in myself when faced with a mathematics problem.




	
ATP_6

	
I have fun talking to others about mathematics.




	
ATP_7

	
Having a good knowledge of mathematics will increase my job possibilities.




	
ATP_8

	
I am calm and collected when faced with a mathematics problem.




	
ATP_9

	
Mathematics is enjoyable and challenging for me.




	
ATP_10

	
I don’t get upset when I have to work on mathematics problems.




	
ATP_11

	
I would like to have an occupation in which I have to use mathematics.




	
ATP_12

	
It gives me great satisfaction to get to solve mathematics problems.




	
ATP_13

	
For my future, mathematics is one of the most important subjects that I have to study.




	
ATP_14

	
If I set my mind to it, I think I would have a good command of mathematics.




	
ATP_15

	
If I had the opportunity, I would enroll in more mathematics courses than are required.




	
ATN_1

	
I’m pretty bad at mathematics.

	
Negative attitude




	
ATN_2

	
Mathematics is too theoretical to be of any use to me.




	
ATN_3

	
Mathematics is one of the subjects I fear the most.




	
ATN_4

	
Mathematics can be useful for those who decide to pursue a career in “science”, but not for other students.




	
ATN_5

	
When I face a math problem, I am unable to think clearly.




	
ATN_6

	
I hope that I have little use of mathematics in my professional life.




	
ATN_7

	
I consider that there are other subjects more important than mathematics for my future profession.




	
ATN_8

	
Working with mathematics makes me very nervous.




	
ATN_9

	
Mathematics makes me uncomfortable and nervous.




	
ATN_10

	
The subject that is taught in mathematics classes is very uninteresting.
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