

[image: image1]
The Effect of Metacognitive Knowledge on Mathematics Performance in Self-Regulated Learning Framework—Multiple Mediation of Self-Efficacy and Motivation









	 
	ORIGINAL RESEARCH
published: 12 December 2018
doi: 10.3389/fpsyg.2018.02518





[image: image]

The Effect of Metacognitive Knowledge on Mathematics Performance in Self-Regulated Learning Framework—Multiple Mediation of Self-Efficacy and Motivation

Yi Tian1,2, Yu Fang1 and Jian Li1,3*

1Faculty of Psychology, Beijing Normal University, Beijing, China

2Beijing Research Center for Education Supervision and Quality Assessment, Beijing Academy of Educational Sciences, Beijing, China

3Beijing Key Laboratory of Applied Experimental Psychology, Beijing, China

Edited by:
Weihua Fan, University of Houston, United States

Reviewed by:
Lu Wang, Ball State University, United States
Andrew James Greenshaw, University of Alberta, Canada

*Correspondence: Jian Li, jianli@bnu.edu.cn

Specialty section: This article was submitted to Educational Psychology, a section of the journal Frontiers in Psychology

Received: 19 July 2018
Accepted: 26 November 2018
Published: 12 December 2018

Citation: Tian Y, Fang Y and Li J (2018) The Effect of Metacognitive Knowledge on Mathematics Performance in Self-Regulated Learning Framework—Multiple Mediation of Self-Efficacy and Motivation. Front. Psychol. 9:2518. doi: 10.3389/fpsyg.2018.02518

Metacognition, self-efficacy, and motivation are important components of interaction in self-regulated learning (SRL). However, the psychological mechanism underlying the association among them in mathematical learning remained ambiguous. The present study investigated whether the relationship between metacognitive knowledge (MK) and mathematics performance can be mediated by self-efficacy and motivation. The sample comprised 569 students (245 male, Mage = 16.39, SD = 0.63) of Grade 10 in China. The MK in mathematics questionnaire, the self-efficacy questionnaire, the academic motivation scale, Raven advanced progressive matrix, and mathematics tests were used for data collection. Our results suggested that the mathematics performance could be predicted by MK, self-efficacy and intrinsic motivation. Moreover, the association between MK and mathematics performance was mediated by self-efficacy and intrinsic motivation, as revealed by a multiple mediation analysis. Additionally, there were sex differences in MK, self-efficacy and intrinsic motivation. The findings highlight the psychological mechanism in the mathematics of Chinese students and will help teachers to improve students’ mathematical learning in SRL framework more effectively. Implications for education and further studies are discussed.
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INTRODUCTION

The question, that how to lead our students into academic successes, has received great research interest for decades. Many crucial psychological constructs underlying effective learning have been proposed such as academic aptitude, motivation, and so on. Self-regulated learning (SRL), which stands on the shoulders of many previous successful psychological constructs, is a powerful construct that distal the critical gradients in effective learning, or development of skills and abilities (Tressel et al., 2018). The SRL concept, firstly proposed by Zimmerman (1986), emphasizes the role of learner in monitoring, controlling, and adjusting the learning process in a positive and conscious manner.

Self-regulated learning is a multidimensional construct that emphasizes the active role of the learner (Greene and Azevedo, 2010; Winne, 2010; Efklides, 2011). The effectiveness of SRL in academic success has been supported by many studies. For example, Caprara et al. (2008) suggested that high perceived efficacy for SRL in junior high school contributed to junior high school grades. Mega et al. (2014) considered SRL as the positive predictor of academic achievement. Thus, SRL has become one of the most important research areas in educational psychology, and many researchers proposed their theoretical model for the general learning. Panadero (2017) analyzed and compared six models of SRL, and concluded that SRL included the cognitive, metacognitive, behavioral, motivational, and emotional/affective aspects of learning. Comparing these models, Efklides (2011) model – Metacognitive and Affective Model of SRL (MASRL) had a stronger metacognitive background, and motivation and affect occupy a central role in Efklides’ figure. Although the model has been gained successes in accounting for some educational domains (Clark, 2012; Panadero and Jonsson, 2013; Mega et al., 2014; Stylianou-Georgiou and Papanastasiou, 2017; Baars and Wijnia, 2018), it is still ambiguous whether the model have power to predict mathematics achievement. Because of the importance of mathematical education around the world, especially in China (Yan, 1994), the present research chose the mathematics subject to explore how aspects in SRL influenced the mathematics performance.

Metacognitive Knowledge and Mathematics Performance

Metacognition plays an important role in models of SRL (Borkowski et al., 2000; Puustinen and Pulkkinen, 2001) and in academic performance (Zohar and Peled, 2008; Harris, 2015). The role of metacognition in several domains such as mathematics (De et al., 2000; Desoete et al., 2001, 2003; Callan and Cleary, 2018), reading competence (Soodla et al., 2016), language learning (Wang and Han, 2017), and even music (Barbara and Alessandro, 2017) has been advocated.

Recent studies discussed metacognition under three main components: Metacognitive knowledge (Flavell, 1979; Efklides, 2001), metacognitive control (Brown, 1980; Desoete and Roeyers, 2006; Sungur, 2007), and metacognitive experiences (Flavell, 1979; Efklides, 2008). Metacognitive control and experiences are considered metacognitive processes, also referred to as online metacognition (Desoete, 2008). The importance of the two components of metacognition in learning mathematics has been abundantly demonstrated (Efklides et al., 1998; Efklides, 2001; Veenman, 2006; Roebers et al., 2012, 2014; Tornare et al., 2015), but metacognitive knowledge, which forms the knowledge subcomponent of metacognition (Flavell, 1979) and consists of self, task, and strategy knowledge (Efklides, 2001), only has received less attention in mathematical learning research (Neuenhaus et al., 2011). Especially in china, there were more rarely empirical studies about metacognitive knowledge in mathematics (Tang and He, 2009). Meanwhile, metacognitive knowledge relevant for school-related domains can be effectively trained in the secondary school (Schneider, 2008). So for the present study, we chose to investigate the metacognitive knowledge as the predictor of mathematics performance.

For mathematics, metacognitive knowledge refers to the mathematical processes and techniques students have and their ideas about the nature of mathematics (Özsoy, 2011). In order to measure metacognitive knowledge in mathematics, Efklides and Vlachopoulos (2012) developed the Metacognitive Knowledge in Mathematics Questionnaire (MKMQ). Desoete et al. (2001) indicated that metacognitive knowledge and skills accounted for 37% of the performance in mathematical problem solving. Some researches found MK was positively correlated with the mathematic performances (Desoete et al., 2001; Schneider and Artelt, 2010; Özsoy, 2011).

Metacognitive Knowledge, Self-Efficacy, Motivation, and Mathematics Performance

Prior research has confirmed that metacognitive knowledge is related to mathematics performance (Desoete et al., 2001). Meanwhile, a large number of studies found that self-efficacy and intrinsic motivation, respectively, had positive correlation with students’ mathematics performances (Stevens et al., 2004; Chen, 2010; Van Slooten, 2013; Briggs, 2014). At the same time, there had been plenty of studies discussing the relationship between self-efficacy and intrinsic motivation, which indicated that higher self-efficacy can lead to higher intrinsic motivation (Bandura et al., 1999; Matosic et al., 2014; You et al., 2016; Ariani, 2017). Besides, empirical studies on self-efficacy and motivation showed that self-efficacy in mathematical learning could affect the students’ motivated actions like efforts, persistence, and seeking for help through intrinsic motivation in mathematical learning (Skaalvik et al., 2015). Taking all those results into account, we may generate an idea to explore whether MK exerts an indirect effect on mathematics performance through both self-efficacy and intrinsic motivation. We proposed this hypothesis according to the following logic.

First, some researches showed that promoting metacognitive and strategic knowledge would enhance the learners’ self-efficacy (Liu, 1998). Efklides (2011) pointed out that MK of self and self-efficacy was positive interrelated. Sang and Wang (2001) suggested that MK of self mainly affected on the students’ self-efficacy while describing the effect of MK on learning. Further study showed that the relationship between metacognition and performance was fully mediated by self-efficacy (Coutinho, 2008). Second, the empirical study of Carr et al. (1994) found out that MK and motivation were significantly positive correlated. Researchers demonstrated the mutual effects between MK of strategies and motivation (Borkowski et al., 2000). In addition, MK of strategies was believed to play positive role in students’ academic motivation (Paris and Paris, 2001). Meanwhile, intrinsic motivation as a part of academic motivation plays more important role with regard to school achievement because of its inherent relationship with cognitive processing (Gottfried, 1985). Some contemporary theories incorporate intrinsic motivation in their formulations. For example, in self-determination theory, intrinsic motivation is presented as the prototype of autonomous and self-determined behavior (Deci and Ryan, 2000). Besides, some empirical studies on self-efficacy and motivation showed that self-efficacy in mathematical learning could affect the students’ motivated actions like efforts, persistence, and seeking for help through intrinsic motivation in mathematical learning (Skaalvik et al., 2015).

Sex Difference in Mathematics Performance

Sex differences in mathematics performance also need to be paided attention. Researchers found that male students were better at mathematics performance, especially when dealing with higher cognitive applications (Royer et al., 1999; Casey et al., 2001). However, there is still evidence that the sex differences are weakening or even disappearing. Hyde et al. (2008) obtained 7 million American children’s data from a selection of 10 states across Grades 2–11 and found no gender difference in math performance. Scafidi and Bui (2010) replicated the findings, and showed gender similarities in performance on standardized math tests in Grade 8, 10, and 12. Some studies even showed that male students scored significantly lower in mathematical problem solving than female students (Stoel et al., 2003). A recent study on Chinese students demonstrated that there was no gender differences in Grade 5, and a relatively small gender differences emerging in Grade 8 with females scored higher than males (Li et al., 2017). The nature of sex difference is ambiguous. Recent studies focus on the ability to exploit their metacognitive knowledge (Schneider and Artelt, 2010), different self-concept between boys and girls (Kling et al., 1999), or intrinsic motivation (Freudenthaler et al., 2010; Steinmayr and Spinath, 2010).

Current Study

The present study investigated the concurrent mediation effect of self-efficacy and motivation on the relationship between metacognitive knowledge and mathematics performance. We expected to build a self-regulated model of mathematical learning on the basis of previous studies of SRL framework, and analyzed the sex differences of mathematics performance, MK, self-efficacy, and motivation. Figure 1 shows the hypothesized model of the present study. Since intelligence must be considered when estimating metacognition’s ability to predict academic performance (Ohtani and Hisasaka, 2018), and mathematical reasoning ability could reliably predict success in mathematics attainment (Adegoke, 2013), we brought reasoning ability representing intelligence into our model as a controlled variable.
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Figure 1. The hypothesized model of MK, self-efficacy, intrinsic motivation, and mathematics performance.



We hypothesized that: (1) MK could positively predict mathematics performance. (2) Self-efficacy mediated the association between MK and mathematics performance. (3) Motivation mediated the relationship between MK and mathematics performance. (4) MK exerts a significant indirect effect on mathematics performance through the three-path mediating effect of self-efficacy and motivation. (5) Male students were significantly higher in mathematics performance, MK, self-efficacy, and motivation than female students.

MATERIALS AND METHODS

Participants

A total of 612 students in 10th grade from an ordinary high school participated in the present study. The research protocol was approved by the IRB of the Faculty of Psychology, BNU. Accordingly, prior to participation, students were informed about the general aim of the research and the anonymity of their data. Participation was voluntary, and students received small gift like stationery for their participation in the study. Informed consent forms were collected from the students’ parents. To control the response quality, two items (“please choose the answer of 2 plus 0” “please choose 4 in this item”) were contained in the questionnaire. If one chose the wrong answers in both, he/she would be excluded. Finally, 43 students were excluded. Final analysis was carried out on 569 students (324 female and 245 male, mean age = 16.39 years, SD = 0.63).

Measures

Metacognitive Knowledge in Mathematics

Metacognitive Knowledge in Mathematics Questionnaire is a useful instrument for depicting people’s beliefs about themselves as processors of mathematical tasks (Efklides and Vlachopoulos, 2012). MKMQ consists of seven interrelated subscales, which are categorized into three domains:

(a) Metacognitive knowledge of self. Participants need to judge whether the following statements are in accordance with their situation on a 5-point Likert scale from 1 (not at all true of me) to 5 (absolutely true of me). MK of the Self (easiness/fluency) subscale consists of six items like “I immediately understand mathematical problems whatever they require,” while MK of the Self (difficulty/lack of fluency) subscale contains seven items like “When I read a problem with many words I do not understand what I have to do.”

(b) Metacognitive knowledge of tasks. Participants are required to judge how difficult are the following items on a 5-point Likert scale from 1 (not difficult) to 5 (very difficult). Subscale of MK of Tasks (easy/low demands) consists of six items like “Requires division,” while subscale of MK of Tasks (difficult/high demands) compromises five items like “Has many operations.”

(c) Metacognitive knowledge of strategies. Participants are expected to answer if they often come across following situation based on their real circumstances on a 5-point Likert scale from 1 (never) to 5 (always). Subscale of MK of strategies (cognitive/metacognitive) comprises 10 items like “When I have solved a mathematical problem I am checking if I did the computations correctly,” and subscale of MK of strategies (competence-enhancing strategies) includes five items like “When I learn something new in mathematics I am checking how it is connected to previous lessons,” while subscale of MK of strategies (avoidance strategies) consists of six items like “When I do not understand what the mathematical problem requires I give up.”

The MKMQ was translated into Chinese, blindly back-translated into English and then translated into Chinese again by two researchers proficient in Chinese and English to avoid any potential misunderstandings and ensure translation accuracy. Some slight modifications in phrasing were made to make items more appropriate for Chinese students. Reliabilities for each scale/subscale score in this study were presented in Table 1.

TABLE 1. Sample items and test score reliability.
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Self-Efficacy in Mathematics

The five items Self-efficacy Questionnaire was chosen and adapted to assess participants’ self-efficacy in mathematics (Bong, 2001). We revised the original statements with mathematic learning situations, like “I am certain that I can do excellent job on problems and tasks assigned for mathematics class.” Participants rated how those statements apply to them on a 5-point Likert-type scale. A higher score indicates higher level of self-efficacy in mathematics.

Intrinsic Motivation of Mathematical Learning

The Chinese version of Academic Motivation Scale (CAMS) was chosen and adapted to assess participants’ mathematical learning motivation (Bo et al., 2016). The CAMS contains seven subscales, which are amotivation (AM), external regulation (EMER), introjected regulation (EMIN), identified regulation (EMID), intrinsic motivation to know (IMTK), intrinsic motivation to accomplish (IMAC), and intrinsic motivation to experience stimulation (IMTE). Each subscale contains four items. We chose and revised three subscales, which were IMTK, IMAC, and IMTE, as the measurement of intrinsic motivation of mathematical learning. For example, the subscale IMTK contains items like “Because mathematical study allows me to continue to learn about many things that interest me,” the subscale IMAC contains items like “For the satisfaction I feel when I am in the process of accomplishing difficult mathematical problems,” the subscale IMTE contains items like “Because I really like learning mathematics.” Participants rated how those statements apply to them on a seven-point Likert-type scale. A higher score indicates higher level of intrinsic motivation of mathematical learning.

Raven Advanced Progressive Matrix (RAPM)

Raven Advanced Progressive Matrix was used to assess students’ reasoning ability (Raven et al., 1998). There are 36 items and the maximum score is 36. Each item consists of a 3 × 3 matrix of which the right lower element is missing. Participants need to determine how elements change and select the correct element from eight options to complete the matrix. The total score would be used in data analysis.

Mathematics Performance

The scores of three successive mathematics examinations, which took place after the administration of the test battery, were collected by the school coordinators as the measurement of participants’ mathematics performance.

Procedure

School coordinators arranged the time for all participants to complete the test battery. Each class was equipped with a trained research assistant. Standardized instruction about the purpose of the study was delivered first. Students were reminded to complete the battery all by themselves. The head teacher of each class was also present to keep order. When the students finished all questionnaires, they would take a 10 min’ break, and then began to answer the RAPM within 40 min. After that, students handed in the battery directly to the research assistant.

Data Analyses

As presented in the section “Results,” data analysis began with descriptive statistics for all measures and their inter-correlations were computed for examination and reporting. Next, five multivariate analysis of variance (MANOVA) were performed to test for mean differences. In the first, the two factors of MK of self were considered as dependent variables and sex as independent variable. In the second, the two factors of MK of tasks were the dependent variables, while in the third, the three factors of MK of strategies were the dependent variables, and in the fourth, the three factors of intrinsic motivation were the dependent variables, and in the fifth, three mathematic performances were the dependent variables, whereas the independent variables remained unchanged. In addition, two univariate analysis of variance (ANOVA) were performed to test for mean differences between male and female in self-efficacy in mathematics and reasoning ability, respectively. Descriptive statistics and correlation analysis were conducted using IBM SPSS 20 (IBM, 2012).

In the second step, multiple mediation (Preacher and Hayes, 2008) with 10 latent variables in the structural equation modeling (SEM) approach (Kline, 2011) was conducted to examine self-efficacy and intrinsic motivation as potential mediators of the association between seven metacognitive knowledge factors and mathematics performance. Reasoning ability was entered as a control variable. Confirmatory factor analysis (CFA) and SEM were conducted using Mplus 7.0 (Muthén and Muthén, 1998/2017).

When estimating the indirect effect, Sobel test, which is also called the product-of-coefficients approach, is one of the most commonly used methods (Sobel, 1982, 1986). However, Sobel test is not recommended by researchers recently, because the assumption of normality of the sampling distribution is typically not satisfied (Montoya and Hayes, 2017). Other approaches, for example, bootstrap method, is more recommended and widely used for its better performance (Mackinnon et al., 2004). Bootstrapping works by repeatedly sampling from the data set for thousands of times, which helps estimating the sampling distribution of ab. Afterward, the confidence intervals (CIs) for the indirect effect are constructed (Preacher and Hayes, 2008). As noted in simulation studies (Mackinnon et al., 2002), the bias-corrected bootstrap performs best with higher power and reasonable control over the Type I error rate. This approach is especially recommended for multiple mediator models (Preacher and Hayes, 2008). We used a 95% CIs method in the present study to determine the significance of these indirect effects. According to this approach, the indirect effect is significant if the CI does not include zero. All structural models were evaluated using fit indices following Kline (2011) recommendations. We used Root Mean Square Error Approximation (RMSEA), Standardized Root Mean Square Residual (SRMR), the Comparative Fit Index (CFI), and the Tucker–Lewis Index (TLI) as well as the general fit based on χ2 test of model fit. We used the most widely recommended cut-off values indicative of an adequate model fit to the data, respectively: χ2/df < 3 (Kline, 2011), RMSEA, and SRMR < 0.06 and <0.08, CFI and TLI > 0.90 (Browne and Cudeck, 1992).

RESULTS

Descriptive Statistics and Correlations Between the Measured Variables

Correlations, means, and standard deviations of the measures are presented in Table 2. Preliminary speculation on correlations among variables indicated that MK of self (easiness/fluency), MK of strategies (cognitive/metacognitive strategies), and MK of strategies (competence-enhancing strategies) were positively related to intrinsic motivation, self-efficacy in mathematics, and mathematics performances. However, MK of self (difficulty/lack of fluency), MK of tasks (easy task), MK of tasks (difficult task), and MK of strategies (avoidance strategies) were negatively related to intrinsic motivation, self-efficacy in mathematics, and mathematics performances. We also found significant positive correlation between mathematics performances and intrinsic motivation, as well as self-efficacy in mathematics. These results suggested a potential indirect effect from MK to mathematics performance. Significant correlations were found between reasoning ability and all three mathematics performances, which encouraged us to bring reasoning ability into the mediation model.

TABLE 2. Correlations between the measured variables, scale/subscale means, and standard deviations for male and female participants.
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Sex Differences in the Measured Variables

Tests of multivariate analysis of variance (MANOVA) were applied by sex to verify mean differences in MK of self, MK of tasks, MK of strategies, intrinsic motivation, and mathematic performances, respectively. Table 3 shows the results of MANOVA. There are significant differences within sex subgroups for all dependent variables.

TABLE 3. Tests of multivariate analysis of variance (MANOVA).
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Further tests of between-subjects effects found that male students scored higher than female students in MK of self (easiness/fluency) (F(1,539) = 52.590, p < 0.01, [image: image] = 0.089), MK of strategies (cognitive/metacognitive strategies) (F(1,535) = 10.409, p < 0.01, [image: image]= 0.019), MK of strategies (competence-enhancing strategies) (F(1,535) = 14.199, p < 0.01, [image: image] = 0.026), IMTK (F(1,48) = 6.961, p < 0.05, [image: image]= 0.013), IMTE (F(1,548) = 10.351, p < 0.01, [image: image] = 0.019), mathematics performance 1 (F(1,557) = 20.188, p < 0.01, [image: image] = 0.035), mathematics performance 2 (F(1,557) = 11.314, p < 0.01, [image: image] = 0.020), and mathematics performance 3 (F(1,557) = 17.154, p < 0.01, [image: image] = 0.030). While female students scored higher than male students in MK of tasks (difficult task) (F(1,560) = 7.312, p < 0.01, [image: image] = 0.013), and MK of strategies (avoidance strategies) (F(1,535) = 11.199, p < 0.01, [image: image] = 0.021). We didn’t found significant sex differences in MK of self (difficulty/lack of fluency), MK of tasks (easy task), and IMAC.

Tests of ANOVA were applied by sex to verify mean differences in self-efficacy in mathematics and reasoning ability. Results indicated a significant difference for self-efficacy (F(1,563) = 29.541, p < 0.01, [image: image] = 0.050) but not for reasoning ability.

Multiple Mediators Model With Self-Efficacy and Motivation as Mediators

Evaluation of the Model

Confirmatory factor analysis was first conducted to examine the goodness-of-fit of the overall measurement model, in which MK of self (easiness/fluency), MK of self (difficulty/lack of fluency), MK of tasks (easy task), MK of tasks (difficult task), MK of strategies (cognitive/metacognitive strategies), MK of strategies (competence-enhancing strategies), MK of strategies (avoidance strategies), IMTK, IMAC, IMTE, self-efficacy in mathematics, and mathematics performance were measured by 6, 7, 6, 5, 10, 5, 6, 4, 4, 4, 5, and 3 items, respectively. The results showed satisfactory fit indices with χ2/df = 2.10, CFI = 0.87, TLI = 0.86, RMSEA = 0.05, SRMR = 0.06. The average variances extracted (AVE) was 0.46, and loadings of all items ranging from 0.32 to 0.87. The results of CFA suggested good structural validity of the test scores.

Then item parceling approach was adopted to reduce the complexity of the multiple mediation model and the standard errors of estimated structure (Bandalos, 2002; Little et al., 2002; Nasser and Takahashi, 2003; Bandalos and Leite, 2006). Parceling, as a psychometrics measurement practice, refers to aggregating single items into one or more “parcels” and using these parcel(s) as the indicator(s) of the target latent construct (Little et al., 2002; Nasser and Takahashi, 2003; Matsunaga, 2008). In the present study, each of the seven MK subscales was parceled into two parcels. For the subscale with N items, parcel 1 was composed of the first N/2 (N was an even number) or (N+1)/2(N was an odd number) items, while parcel 2 was composed of the rest of items. Besides, each subscale of intrinsic motivation was parceled into one parcel, respectively, and these three parcels loaded on a latent variable named intrinsic motivation.

Results indicated that the model with self-efficacy and intrinsic motivation as mediators (Figure 2) achieved quite a good fit to the data, and the AVE was 0.62. The inspection of the fit indices values presented a good fit with χ2/df = 2.58, CFI = 0.94, TLI = 0.92, RMSEA = 0.05, SRMR = 0.04. The model explained 26.7% of mathematics performances, 23.3% of self-efficacy, and 24.5% of intrinsic motivation.
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Figure 2. The mediation model for metacognitive knowledge in mathematics on mathematics performance through self-efficacy and intrinsic motivation. Significant paths are in bold lines with standardized b-estimates. ∗p < 0.05; ∗∗p < 0.01; ∗∗∗p < 0.001.



Data indicate that most of the relationships between the variables is consistent with the hypotheses. First, self-efficacy (β = 0.231, p < 0.05) and intrinsic motivation (β = 0.318, p < 0.001) were significant predictors of mathematics performance. Besides, self-efficacy could positively predict intrinsic motivation (β = 0.350, p < 0.001). Second, MK of self (easiness/fluency) (β = 0.345, p < 0.001) and MK of strategies (cognitive/metacognitive strategies) (β = 0.345, p < 0.05) could positively predict self-efficacy, while MK of strategies (competence-enhancing strategies) (β = 0.270, p < 0.01) and MK of strategies (avoidance strategies) (β = -0.185, p < 0.01) could predict intrinsic motivation. However, we didn’t found any direct effect between metacognitive knowledge and mathematics performance.

Indirect Effects of Self-Efficacy and Intrinsic Motivation as Mediators

The indirect effects of seven metacognitive knowledge subscales on mathematics performance by self-efficacy and intrinsic motivation were assessed using multiple mediation models (Preacher and Hayes, 2008) with 95% CIs. Three models with indirect effects were evaluated: (1) seven metacognitive knowledge subscales on mathematics performance mediated only by self-efficacy, (2) seven metacognitive knowledge subscales on mathematics performance mediated only by intrinsic motivation, (3) seven metacognitive knowledge subscales on mathematics performance mediated by sequence of both mediators: self-efficacy and intrinsic motivation. Three parallel mediations and one sequentially two mediations were revealed as significant: parallel mediation of MK of strategies (competence-enhancing strategies) [β = 0.086, SE = 0.038, p < 0.05, CI (0.012, 0.160)] and MK of strategies (avoidance strategies) [β = -0.059, SE = 0.023, p < 0.05, CI (-0.104, -0.013)] on mathematics performance by intrinsic motivation; parallel mediation of MK of self (easiness/fluency) [β = 0.080, SE = 0.037, p < 0.05, CI (0.007, 0.152)] on mathematics performance by self-efficacy; sequential mediation of MK of self (easiness/fluency) on mathematics performance through both self-efficacy and intrinsic motivation [β = 0.038, SE = 0.016, p < 0.05, CI (0.008, 0.069)].

DISCUSSION

The present study explored the psychological mechanism in mathematics and investigated the effects of metacognitive knowledge on mathematics performance by self-efficacy and intrinsic motivation in the Chinese context. Results found that metacognitive knowledge had a significant influence on the mathematics performance by the mediation of self-efficacy and intrinsic motivation. Our results confirmed some results from previous studies and also established new relationships among these variables.

In the model, MK could not directly predict mathematics performance, and this was inconsistent with hypothesis 1. However, MK could significantly predict mathematics performance by the mediation of self-efficacy and intrinsic motivation.

Self-efficacy is intricately connected to MK from the point of view of metacognition (Efklides, 2011). Previous research showed that promoting metacognitive and strategic knowledge would enhance the learners’ self-efficacy (Liu, 1998). Our results demonstrated that self-efficacy mediated the association between MK of self (easiness/fluency) with mathematics performance. Therefore, hypothesis 2 was partly supported.

The present study found that MK of strategies (cognition/metacognition) had positive relationship with self-efficacy, while MK of strategies (competence-enhancing strategies) and MK of strategies (avoidance strategies) had positive relationship with intrinsic motivation. The similar result was reached by Karlen et al. (2014). Further analysis showed that MK of strategies (competence-enhancing strategies) and MK of strategies (avoidance strategies) could predicted mathematics performance through the mediation of intrinsic motivation, which is similar to the findings in previous researches (Borkowski et al., 2000). Therefore, hypothesis 3 was partly supported. These results supported and expanded MASRL, which suggested that metacognitive knowledge, skills, and motivation were interrelated and interacted on each other in mathematics field (Efklides, 2011). According to theories of SRL, knowledge about relevant metacognitive strategies improves comprehension only when learners are also motivated to use these strategies (Maier and Richter, 2014). So in mathematics teaching, the teacher should pay special attention to students’ intrinsic motivation of mathematical learning, which is useful for them to adopt MK of strategies more actively and effectively.

Meanwhile, it is interesting to find that the path of MK of self (easiness/fluency) to self-efficacy to motivation to mathematics performance was significant. This path indicated that students who felt very easiness or fluency in mathematical learning had high self-efficacy, which would use their feeling better to facilitate their motivation like efforts, persistence and seeking for help through intrinsic motivation in mathematical learning (Skaalvik et al., 2015), and in turn, may lead to high mathematics performance (Cerasoli et al., 2014). In other words, self-efficacy is a mediator between MK of self (easiness/fluency) and intrinsic motivation, and intrinsic motivation is a mediator between self-efficacy and mathematics performance. Self-efficacy beliefs constitute a powerful motivational factor in SRL (Pintrich, 2000). The hypothesized sequential mediation effects of self-efficacy and intrinsic motivation between MK and mathematics performance were partially supported in our study.

Contrary to our expectations, results found that MK of tasks (easy tasks) and MK of tasks (difficult tasks) had low correlation with self-efficacy, motivation, and mathematics performance, while MK of self (difficulty/lack of fluency) had no influence on the mathematics performance. These results did not fit previous findings which showed that MK of persons and tasks were implicated in motivation in the sense of creating expectations of success (Efklides, 2011). Possibly, this difference can be explained by the item description of the MKMQ. In the current study, MK of self (difficulty/lack of fluency) was measured using these items like “I do not understand the fractions very well” or “I often make mistakes when solving problems with decimals,” and the MK of tasks tapped task demands, that is, easy/low demands mathematical tasks (e.g., subtraction, division, multiplication, addition) versus difficult/high demands mathematical tasks (e.g., fractions, decimals) (Efklides and Vlachopoulos, 2012). However, Chinese mathematics education might benefit from a solid foundation. In China, students are required to practice frequently in those difficult demands mathematics task, which is a basic skill training (Zhang, 2015). So most of students might feel easy for these tasks in China.

As hypothesized, male students had higher mathematics performance than female students, but male students and female students had different advantage on metacognitive knowledge. For example, male students scored higher than female students in MK of self (easiness/fluency), female students scored higher than male students in MK of tasks (difficult task). This finding seems to indicate that girls do not make full use of MK of tasks (difficult task) in solving mathematical problems, which expanded the previous research (Schneider and Artelt, 2010). Meanwhile, male students had significantly higher self-efficacy and intrinsic motivation than female students, which were consistent with the prior research result (Joët et al., 2011; Lee and Kim, 2014). However, there were also several studies showing no sex difference in self-efficacy and intrinsic motivation (Parameswari and Shamala, 2012; Lau et al., 2018).

Our findings have practical implications for educational settings. Regarding students’ mathematics achievement, a slightly greater improvement was found for the students with SRL training (Leidinger and Perels, 2012). The metacognitive training positively affects mathematical problem solving (Lucangeli et al., 1995). Concerning the psychological mechanism of mathematical learning in the SRL framework, we could take more effective measurement to carry out metacognitive training. Improving self-efficacy could be helpful to students’ mathematic learning (Ayotola and Adedeji, 2009). These findings lend support to training programs for students that enhance self-efficacy and strengthen their intrinsic motivation and metacognitive strategies. In one word, the study supported and expanded SRL of the mathematics area in the theoretical implication, and provided many SRL training skills for the mathematics education in the practical implication.

In spite of its value, the study has certain limitations which need to be overcome. First, there are different assessment of metacognition, such as self-report questionnaires, think-aloud protocols, and systematic observation of behavior (Desoete, 2008). The self-report used by the current study is subjective and is vulnerable to false memory or cognition bias (Veenman, 2011). It should be better to utilize logfile to measure metacognitive regulation in the future research (Winne, 2010). Second, the hypothesis model was only explored in the mathematics course, and we should investigated the model of several courses to verify the stability and diversity. Third, the measurement of MK of self (difficulty/lack of fluency) and MK of tasks in MKMQ may be not suitable for Chinese students. So the generalization of our findings to western educational context is still an open question as the huge difference between China and western world on math education. Finally, since the sample is not sex-balanced, it is not suitable to test the factor invariance of the relationships among the variables in the model. Future studies should increase the sample size and balancing sex as much as possible for comparison. Meanwhile, it is valuable in the future to model the role of many other variables based on our framework (such as metacognitive experience or skills, anxiety, attitude, and time) to reveal the full picture of effective math learning.

CONCLUSION

The present study demonstrated that metacognitive knowledge exerted its effect on mathematics performance through the indirect path via the sequential mediating effect of self-efficacy and intrinsic motivation. The findings add to the growing literature by highlighting the underlying mechanism by which MK contributes to mathematics performance.

ETHICS STATEMENT

The current research was consistent with the ethical principles of human subjects, and had been approved by “The ethics board of Faculty of Psychology, Beijing Normal University.” First, we told the detailed content of the study to the teachers, students, and their parents. Second, participants and their parents signed the informed consent on a voluntary basis.

AUTHOR CONTRIBUTIONS

The study was designed by JL. YT and YF collected the data. All authors analyzed the data and wrote the paper.

FUNDING

This research was supported by the Young Scholars Foundation of Beijing Education Sciences 12th Five-Year plan (2015): Assessment and training of metacognitive skills for adolescents (CBA15048).

REFERENCES

Adegoke, B. A. (2013). Modelling the relationship between mathematical reasoning ability and mathematics attainment. J. Educ. Pract. 4, 54–61.

Ariani, D. W. (2017). Why am I burnout and engaged? The role of motivation and personality. J. Psychol. Educ. Res. 25, 61–89.

Ayotola, A., and Adedeji, T. (2009). The relationship between mathematics self-efficacy and achievement in mathematics. Procedia Soc. Behav. Sci. 1, 953–957. doi: 10.1016/j.sbspro.2009.01.169

Baars, M., and Wijnia, L. (2018). The relation between task-specific motivational profiles and training of self-regulated learning skills. Learn. Individ. Dif. 64, 125–137. doi: 10.1016/j.lindif.2018.05.007

Bandalos, D. L. (2002). The effects of item parceling on goodness-of-fit and parameter estimate bias in structural equation modeling. Struct. Equ. Modeling 9, 78–102. doi: 10.1207/S15328007SEM0901_5

Bandalos, D. L., and Leite, W. (2006). “The use of Monte Carlo studies in structural equation modeling research,”in Structural Equation Modeling: A Second Course, eds G. R. Hancock and R. O. Mueller (Greenwich, CT: Information Age), 385–426.

Bandura, A., Freeman, W., and Lightsey, R. (1999). Self-Efficacy: The Exercise of Control. Berlin: Springer.

Barbara, C., and Alessandro, A. (2017). The role of metacognitive strategies in learning music: a multiple case study. Br. J. Music Educ. 34, 95–113. doi: 10.1017/S0265051716000267

Bo, Z., Li, Y. M., Li, J., Li, Y., and Zhang, H. (2016). The revision and validation of the academic motivation scale in China. J. Psychoeduc. Assess. 34, 15–27. doi: 10.1177/0734282915575909

Bong, M. (2001). Between- and within-domain relations of academic motivation among middle and high school students: self-efficacy, task value, and achievement goals. J. Educ. Psychol. 93, 23–34. doi: 10.1037/0022-0663.93.1.23

Borkowski, J. G., Chan, L. K. S., and Muthukrishna, N. (2000). “A process-oriented model of metacognition: links between motivation and executive functioning,” in Issues in the Measurement of Metacognition, ed. G. S. J. C. Impara (Lincoln, NE: Buros Institute of Mental Measurements), 1–42.

Briggs, C. (2014). Mathematics: Self-Efficacy, Identity, and Achievement Among African American Males from the High School Longitudinal Study. Ed.D. Alabama State University, Montgomery, AL.

Brown, A. L. (1980). “Metacognitive development and reading,” Theoretical Issues in Reading Comprehension: Perspectives from Cognitive Psychology, Linguistics, Artificial Intelligence, and Education, eds R. J. Spiro, B. C. Bruve, and W. F. Brewer (Hillsdale, NJ: Lawrence Erlbaum, Associates), 453–481.

Browne, M. W., and Cudeck, R. (1992). Alternative ways of assessing model fit. Soc. Methods Res. 21, 230–258. doi: 10.1177/0049124192021002005

Callan, G. L., and Cleary, T. J. (2018). Multidimensional assessment of self-regulated learning with middle school math students. Sch. Psychol. Q. 33, 103–111. doi: 10.1037/spq0000198

Caprara, G. V., Fida, R., Vecchione, M., Del Bove, G., Vecchio, G. M., Barbaranelli, C., et al. (2008). Longitudinal analysis of the role of perceived self-efficacy for self-regulated learning in academic continuance and achievement. J. Educ. Psychol. 100, 525–534. doi: 10.1037/0022-0663.100.3.525

Carr, M., Alexander, J., and Folds-Bennett, T. (1994). Metacognition and mathematics strategy use. Appl. Cogn. Psychol. 8, 583–595. doi: 10.1002/acp.2350080605

Casey, M. B., Nuttall, R. L., and Pezaris, E. (2001). Spatial-mechanical reasoning skills versus mathematical self-confidence as mediators of gender differences on mathematics subtests using cross-national gender-based items. J. Res. Math. Educ. 32, 28–57. doi: 10.2307/749620

Cerasoli, C. P., Nicklin, J. M., and Ford, M. T. (2014). Intrinsic motivation and extrinsic incentives jointly predict performance: a 40-year meta-analysis. Psychol. Bull. 140, 980–1008. doi: 10.1037/a0035661

Chen, Y.-C. (2010). Sources of Mathematics Self-Efficacy and Predictors of Mathematics Achievement Among Seventh- and Eighth-Grade Taiwanese Students. Ph.D. University of Kentucky, Lexington, KY.

Clark, I. (2012). Formative assessment: assessment is for self-regulated learning. Educ. Psychol. Rev. 24, 205–249. doi: 10.1007/s10648-011-9191-6

Coutinho, S. (2008). Self-efficacy, metacognition, and performance. N. Am. J. Psychol. 10, 165–172.

De, C. A., Desoete, A., and Roeyers, H. (2000). EPA2000: a multilingual, programmable computer assessment of off-line metacognition in children with mathematical-learning disabilities. Behav. Res. Methods Instrum. Comput. 32, 304–311. doi: 10.3758/BF03207799

Deci, E. L., and Ryan, R. M. (2000). The “what” and “why” of goal pursuits: human needs and the self-determination of behavior. Psychol. Inq. 11, 227–268. doi: 10.1207/S15327965PLI1104_01

Desoete, A. (2008). Multi-method assessment of metacognitive skills in elementary school children: how you test is what you get. Metacogn. Learn. 3, 189–206. doi: 10.1007/s11409-008-9026-0

Desoete, A., and Roeyers, H. (2006). Metacognitive macroevaluations in mathematical problem solving. Learn. Instr. 16, 12–25. doi: 10.1016/j.learninstruc.2005.12.003

Desoete, A., Roeyers, H., and Buysse, A. (2001). Metacognition and mathematical problem solving in grade 3. J. Learn. Disabil. 34, 435–449. doi: 10.1177/002221940103400505

Desoete, A., Roeyers, H., and De Clercq, A. (2003). Can offline metacognition enhance mathematical problem solving? J. Educ. Psychol. 95, 188–200. doi: 10.1037/0022-0663.95.1.188

Efklides, A. (2001). Metacognitive Experiences in Problem Solving. Dordrecht: Springer.

Efklides, A. (2008). Metacognition: defining its facets and levels of functioning in relation to self-regulation and co-regulation. Eur. Psychol. 13, 277–287. doi: 10.1027/1016-9040.13.4.277

Efklides, A. (2011). Interactions of metacognition with motivation and affect in self-regulated learning: the MASRL model. Educ. Psychol. 46, 6–25. doi: 10.1080/00461520.2011.538645

Efklides, A., Papadaki, M., Papantoniou, G., and Kiosseoglou, G. (1998). Individual differences in feelings of difficulty: the case of school mathematics. Eur. J. Psychol. Educ. 13, 207–226. doi: 10.1007/BF03173090

Efklides, A., and Vlachopoulos, S. P. (2012). Measurement of metacognitive knowledge of self, task, and strategies in mathematics. Eur. J. Psychol. Assess. 28, 227–239. doi: 10.1027/1015-5759/a000145

Flavell, J. H. (1979). Metacognitive and cognitive monitoring: a new era of psychological inquiry. Am. Psychol. 34, 906–911. doi: 10.1037/0003-066X.34.10.906

Freudenthaler, H. H., Spinath, B., and Neubauer, A. C. (2010). Predicting school achievement in boys and girls. Eur. J. Pers. 22, 231–245. doi: 10.1002/per.678

Gottfried, A. E. (1985). Academic intrinsic motivation in elementary and junior high school students. J. Educ. Psychol. 77, 631–645. doi: 10.1037/0022-0663.77.6.631

Greene, J. A., and Azevedo, R. (2010). The measurement of learners’ self-regulated cognitive and metacognitive processes while using computer-based learning environments. Educ. Psychol. 45, 203–209. doi: 10.1080/00461520.2010.515935

Harris, M. M. (2015). The Role of Metacognition in a Montessori Environment and the Effects on Academic Achievement. Ed.D. Union University, Jackson, MS.

Hyde, J. S., Lindberg, S. M., Linn, M. C., Ellis, A. B., and Williams, C. C. (2008). Gender similarities characterize math performance. Science 321, 494–495. doi: 10.1126/science.1160364

 IBM (2012). IBM SPSS Statistics for Macintosh, version 20.0.

Joët, G., Usher, E. L., and Bressoux, P. (2011). Sources of self-efficacy: an investigation of elementary school students in France. J. Educ. Psychol. 103, 649–663. doi: 10.1037/a0024048

Karlen, Y., Merki, K. M., and Ramseier, E. (2014). The effect of individual differences in the development of metacognitive strategy knowledge. Instr. Sci. 42, 777–794. doi: 10.1007/s11251-014-9314-9

Kline, R. B. (2011). Principles and practice of structural equation modeling. J. Am. Stat. Assoc. 101:543.

Kling, K. C., Hyde, J. S., Showers, C. J., and Buswell, B. N. (1999). Gender differences in self-esteem: a meta-analysis. Psychol. Bull. 125, 470–500. doi: 10.1037/0033-2909.125.4.470

Lau, C., Kitsantas, A., Miller, A. D., and Rodgers, E. B. D. (2018). Perceived responsibility for learning, self-efficacy, and sources of self-efficacy in mathematics: a study of international baccalaureate primary years programme students. Soc. Psychol. Educ. 21, 603–620. doi: 10.1007/s11218-018-9431-4

Lee, H., and Kim, Y. (2014). Korean adolescents’ longitudinal change of intrinsic motivation in learning English and mathematics during secondary school years: focusing on gender difference and school characteristics. Learn. Individ. Dif. 36, 131–139. doi: 10.1016/j.lindif.2014.07.018

Leidinger, M., and Perels, F. (2012). Training self-regulated learning in the classroom: development and evaluation of learning materials to train self-regulated learning during regular mathematics lessons at primary school. Educ. Res. Int. 2012:735790. doi: 10.1155/2012/735790

Li, M., Zhang, Y., Liu, H., and Hao, Y. (2017). Gender differences in mathematics achievement in Beijing: a meta-analysis. Br. J. Educ. Psychol. 88, 566–583. doi: 10.1111/bjep.12203

Little, T. D., Cunningham, W. A., Shahar, G., and Widaman, K. F. (2002). To parcel or not to parcel: exploring the question, weighing the merits. Struct. Equ. Modeling 9, 151–173. doi: 10.1207/S15328007SEM0902_1

Liu, J.-M. (1998). A Support System for Promoting Metacognition in Large Classrooms. Ph.D. The Pennsylvania State University, University Park, PA.

Lucangeli, D., Galderisi, D., and Cornoldi, C. (1995). Specific and general transfer effects following metamemory training. Learn. Disabil. Res. Pract. 10, 11–21.

Mackinnon, D. P., Lockwood, C. M., Hoffman, J. M., West, S. G., and Sheets, V. (2002). A comparison of methods to test mediation and other intervening variable effects. Psychol. Methods 7, 83–104. doi: 10.1037/1082-989X.7.1.83

Mackinnon, D. P., Lockwood, C. M., and Williams, J. (2004). Confidence limits for the indirect effect: distribution of the product and resampling methods. Multivariate Behav. Res. 39, 99–128. doi: 10.1207/s15327906mbr3901_4

Maier, J., and Richter, T. (2014). Fostering multiple text comprehension: how metacognitive strategies and motivation moderate the text-belief consistency effect. Metacogn. Learn. 9, 51–74. doi: 10.1007/s11409-013-9111-x

Matosic, D., Cox, A. E., and Amorose, A. J. (2014). Scholarship status, controlling coaching behavior, and intrinsic motivation in collegiate swimmers: a test of cognitive evaluation theory. Sport Exerc. Perform. Psychol. 3, 1–12. doi: 10.1037/a0031954

Matsunaga, M. (2008). Item parceling in structural equation modeling: a primer. Commun. Methods Meas. 2, 260–293. doi: 10.1080/19312450802458935

Mega, C., Ronconi, L., and De Beni, R. (2014). What makes a good student? How emotions, self-regulated learning, and motivation contribute to academic achievement. J. Educ. Psychol. 106, 121–131. doi: 10.1037/a0033546

Montoya, A. K., and Hayes, A. F. (2017). Two-condition within-participant statistical mediation analysis: a path-analytic framework. Psychol. Methods 22, 6–27. doi: 10.1037/met0000086

Muthén, L. K., and Muthén, B. O. (1998/2017). Mplus User’s Guide, 8th Edn. Los Angeles, CA: Muthén & Muthén.

Nasser, F., and Takahashi, T. (2003). The effect of using item parcels on ad hoc goodness-of-fit indexes in confirmatory factor analysis: an example using sarason’s reactions to tests. Appl. Meas. Educ. 16, 75–97. doi: 10.1207/S15324818AME1601_4

Neuenhaus, N., Artelt, C., Lingel, K., and Schneider, W. (2011). Fifth graders metacognitive knowledge: general or domain-specific? Eur. J. Psychol. Educ. 26, 163–178. doi: 10.1007/s10212-010-0040-7

Ohtani, K., and Hisasaka, T. (2018). Beyond intelligence: a meta-analytic review of the relationship among metacognition, intelligence, and academic performance. Metacogn. Learn. 13, 179–212. doi: 10.1007/s11409-018-9183-8

Özsoy, G. (2011). An investigation of the relationship between metacognition and mathematics achievement. Asia Pac. Educ. Rev. 12, 227–235. doi: 10.1007/s12564-010-9129-6

Panadero, E. (2017). A review of self-regulated learning: six models and four directions for research. Front. Psychol. 8:422. doi: 10.3389/fpsyg.2017.00422

Panadero, E., and Jonsson, A. (2013). The use of scoring rubrics for formative assessment purposes revisited: a review. Educ. Res. Rev. 9, 129–144. doi: 10.1016/j.edurev.2013.01.002

Parameswari, J., and Shamala, K. (2012). Academic motivation and locus of control among engineering students. J. Psychosoc. Res. 7, 159–167.

Paris, S. G., and Paris, A. H. (2001). Classroom applications of research on self-regulated learning. Educ. Psychol. 36, 89–101. doi: 10.1207/S15326985EP3602_4

Pintrich, P. R. (2000). “The role of goal orientation in self-regulated learning,” in Handbook of Self-Regulation, K. D. Vohs and R. F. Baumeister (New York, NY: Academic Press).

Preacher, K. J., and Hayes, A. F. (2008). Asymptotic and resampling strategies for assessing and comparing indirect effects in multiple mediator models. Behav. Res. Methods 40, 879–891. doi: 10.3758/BRM.40.3.879

Puustinen, M., and Pulkkinen, L. (2001). Models of self-regulated learning: a review. Scand. J. Educ. Res. 45, 269–286. doi: 10.1080/00313830120074206

Raven, J., Raven, J. C., and Court, J. H. (1998). Raven Manual: Section 4 Advanced Progressive Matrices. Oxford: Oxford Psychologists Press.

Roebers, C. M., Cimeli, P., Röthlisberger, M., and Neuenschwander, R. (2012). Executive functioning, metacognition, and self-perceived competence in elementary school children: an explorative study on their interrelations and their role for school achievement. Metacogn. Learn. 7, 151–173. doi: 10.1007/s11409-012-9089-9

Roebers, C. M., Krebs, S. S., and Roderer, T. (2014). Metacognitive monitoring and control in elementary school children: their interrelations and their role for test performance. Learn. Individ. Dif. 29, 141–149. doi: 10.1016/j.lindif.2012.12.003

Royer, J. M., Tronsky, L. N., Yan, C., Jackson, S. J., and Iii, H. M. (1999). Math-fact retrieval as the cognitive mechanism underlying gender differences in math test performance. Contemp. Educ. Psychol. 24, 181–266. doi: 10.1006/ceps.1999.1004

Sang, B., and Wang, X. Y. (2001). Metacognition and students’ learning. Glob. Educ. 12, 16–18.

Scafidi, T., and Bui, K. (2010). Gender similarities in math performance from middle school through high school. J. Instr. Psychol. 37, 252–255.

Schneider, W. (2008). The development of metacognitive knowledge in children and adolescents: major trends and implications for education. Mind Brain and Educ. 2, 114–121. doi: 10.1111/j.1751-228X.2008.00041.x

Schneider, W., and Artelt, C. (2010). Metacognition and mathematics education. ZDM 42, 149–161. doi: 10.1007/s11858-010-0240-2

Skaalvik, E. M., Federici, R. A., and Klassen, R. M. (2015). Mathematics achievement and self-efficacy: relations with motivation for mathematics. Int. J. Educ. Res. 72, 129–136. doi: 10.1016/j.ijer.2015.06.008

Sobel, M. E. (1982). Asymptotic confidence intervals for indirect effects in structural equation models. Sociol. Methodol. 13, 290–312. doi: 10.2307/270723

Sobel, M. E. (1986). Some new results on indirect effects and their standard errors in covariance structure models. Sociol. Methodol. 16, 159–186. doi: 10.2307/270922

Soodla, P., Jõgi, A. L., and Kikas, E. (2016). Relationships between teachers’ metacognitive knowledge and students’ metacognitive knowledge and reading achievement. Eur. J. Psychol. Educ. 32, 1–18. doi: 10.1007/s10212-016-0293-x

Steinmayr, R., and Spinath, B. (2010). Sex differences in school achievement: what are the roles of personality and achievement motivation? Eur. J. Pers. 22, 185–209. doi: 10.1002/per.676

Stevens, T., Olivarez, A., Lan, W.Y., and Tallent-Runnels, M. K. (2004). Role of mathematics self-efficacy and motivation in mathematics performance across ethnicity. J. Educ. Res. 97, 208–222. doi: 10.3200/JOER.97.4.208-222

Stoel, R. D., Peetsma, T. T. D., and Roeleveld, J. (2003). Relations between the development of school investment, self-confidence and language achievement in elementary education: a multivariate latent growth curve approach. Learn. Individ. Dif. 13, 313–333. doi: 10.1016/S1041-6080(03)00017-7

Stylianou-Georgiou, A., and Papanastasiou, E. C. (2017). Answer changing in testing situations: the role of metacognition in deciding which answers to review. Educ. Res. Eval. 23, 102–118. doi: 10.1080/13803611.2017.1390479

Sungur, S. (2007). Contribution of motivational beliefs and metacognition to students’ performance under consequential and nonconsequential test conditions. Educ. Res. Eval. 13, 127–142. doi: 10.1080/13803610701234898

Tang, F.-H., and He, W. (2009). Investigation and analyses about mathematical metacognition knowledge level of middle school students. J. Math. Educ. 18, 39–41.

Tornare, E., Czajkowski, N. O., and Pons, F. (2015). Children’s emotions in math problem solving situations: contributions of self-concept, metacognitive experiences, and performance. Learn. Instr. 39, 88–96. doi: 10.1016/j.learninstruc.2015.05.011

Tressel, T., Lajoie, S. P., and Duffy, M. C. (2018). A guide for study terminology: reviewing a fragmented domain. Can. Psychol. doi: 10.1037/cap0000138

Van Slooten, C. (2013). Intrinsic Mathematics Motivation as a Mediator between Regulatory Fit and Mathematics Performance. ProQuest Dissertations Publishing∗.

Veenman, M. V. (2006). The Role of Intellectual and Metacognitive Skills in Math Problem Solving. Hauppauge, NY: Nova Science Publishers.

Veenman, M. V. J. (2011). Alternative assessment of strategy use with self-report instruments: a discussion. Metacogn. Learn. 6, 205–211. doi: 10.1007/s11409-011-9080-x

 Wang,Z., and Han, F. (2017). Metacognitive knowledge and metacognitive control of writing strategy between high- and low-performing Chinese EFL writers. Theory Pract. Lang. Stud. 7:523. doi: 10.17507/tpls.0707.04

Winne, P. H. (2010). Improving measurements of self-regulated learning. Educ. Psychol. 45, 267–276. doi: 10.1080/00461520.2010.517150

Yan, S. (1994). Chinese mathematics education reform for the 21st century. J. Math. Educ. 10, 14–21.

You, S., Dang, M., and Lim, S. A. (2016). Effects of student perceptions of teachers’ motivational behavior on reading, English, and mathematics achievement: the mediating role of domain specific self-efficacy and intrinsic motivation. Child Youth Care Forum 45, 221–240. doi: 10.1007/s10566-015-9326-x

Zhang, D. (2015). Dialogue between Chinese and American Mathematics Education. 2015-09–16∗.

Zimmerman, B. J. (1986). Becoming a self-regulated learner: which are the key subprocesses? Contemp. Educ. Psychol. 11, 307–313. doi: 10.1016/0361-476X(86)90027-5

Zohar, A., and Peled, B. (2008). The effects of explicit teaching of metastrategic knowledge on low- and high-achieving students. Learn. Instr. 18, 337–353. doi: 10.1016/j.learninstruc.2007.07.001

Conflict of Interest Statement: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2018 Tian, Fang and Li. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fpsyg-09-02518-t001.jpg
Scale/subscale

MK of self (easiness/fluency)

MK of self (cifficulty/lack of fluency)

MK of tasks (easy task)
MK of tasks (difficult task)
MK of strategies (cognitive/metacogritive strategies)

MK of strategies (competence-enhancing strategies)

MK of strategies (avoidance strategies)

Intrinsic motivation
To know

To accomplish

To experience stimulation
Seff-efficacy

RAPM
Mathematics performances

32
3

Sample items

limmediately understand mathematical problems whatever they
require

When | read a problem with many words | do not understand
what | have to do

Reqires division

Has many operations

When | have solved a mathematical problem | am checking if
did the computations correctly

When | learn something new in mathematics | am checking how
itis connected to previous lessons

When | do not understand what the mathematical problem
requires | give up

Because mathematical study allows me to continue to learn
about many things that interest me

For the satisfaction | feel when | am in the process of
accomplishing dificult mathematical problems.

Because | really like learning mathematics

1 am certain that | can do excellent job on problems and tasks
assigned for mathematics class

NA
NA

n, number of items; w (Cl), omega as an index of reliability with 95% CI; CR (Cl), composite reliability with 95% Cl.

w(c)

0.82 (0.79, 0.85)

0.76 (0.71,0.79)

0.89 (0.87,0.91)
082 (0.80, 0.85)
082 (0.79,0.85)

0.71 (0.66,0.76)

0.73 (0.68, 0.77)

0.70 (0.68, 0.72)
0.85 (0.82, 0.87)

0.85 (0.81,0.88)

0.83 (0.80, 0.86)
0.83 (0.79, 0.85)

074 (0.68, 0.79)
0.85 (082, 0.87)

CR(C)

0.83(0.81,0.85)

0.76 (0.72,0.79)

089 (0.87,0.91)
083 (080, 0.85)
083(0.81,0.85)

0.71(0.66, 0.75)

0.73(0.68, 0.76)

093 (0.92,0.94)
0.85(0.82,0.87)

0.85(0.81,0.87)

0.84 (0.82,0.87)
0.84(0.81,0.86)

078 (0.73,0.82)
085 (0.82,0.87)





OPS/images/fpsyg-09-02518-t002.jpg
F11

F15

MMal

SD

MFel

SD

F1

~0.49*
—0.32+
—0.41%
0.44*
0.33+
—0.20%
0.35*
0.33+
0.38*
054
047
0.27*
021
0.19+
1951
497
16.64
4.47

F2

0.37*
0.48**
—0.40**
—0.22*
0.30**
—0.28*
—0.25%
—0.29*
—0.44**
—0.00**
—0.20**
—0.20**
=0.14*
15.98
5.1
16.51
4.89

F3

0.45%
-0.23*
-0.06
0.15*
—0.16*
—0.18*
—0.12%
-0.23*
0.01
—0.05
-0.06
—0.06
8.42
3.76
884
382

Fa

—0.34*
—0.20*
0.31*
—0.20*
—0.26*
—0.30*
-0.33*
-0.07
—0.18**
—0.20**
—0.17*
12.51
373
13.41
421

F5

0.53*
—0.21*
0.39"
0.42*
0.40*
0.49*
0.07
0.28*
0.26*
0.26*
28.44
7.06
26.51
3.41

F6

—0.14%
0.41%*
0.35%*
0.40**
0.39**
0.10*
0.22**
0.16**
{5 Tagd

10.86
3.41
9.81
2.98

F7

—0.29*
—0.23*
—0.36**
—0.29*
—0.03
—0.16**
—0.21*
—0.16%
15.08
4.056
16.34
4.24

F1, MK of self (easiness/fluency); F2, MK of self (difficulty/lack of fluency); F3,
(cognitive/metacognitive strategies); F6, MK of strategies (competence-enhancing strategies); F7, MK of strategies (avoidance strategies); F8, intrinsic motivation to
know (IMTK); F9, intrinsic motivation to accomplish (IMAC); F10, intrinsic motivation to experience stimulation (IMTE); F11, seff-efficacy in mathematics; F12, reasoning
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Independent variable: sex; dependent variables: MK of self (easiness/fluency and difficulty/lack of fluency), MK of tasks (easy task and difficult task), MK of strategies
(cognitive/metacognitive strategies, competence-enhancing strategies and avoidance strategies), intrinsic motivation (IMTK, IMAC, and IMTE), mathematics performances
(three mathematics examinations). *p < 0.05; **p < 0.01. 1, effect size for analysis of variance, three levels of effect size are: small (43 = 0.01), medium (iZ = 0.06), and

large (2 = 0.14).





