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Introduction

Driven by the complex policy, economic, social, and environmental 
issues today, STEM (Science, Technology, Engineering and Mathematics) 
education is a comprehensive and interdisciplinary solution. STEM educa-
tion aims to equip students with 21st-century skills such as problem-solving, 
critical thinking, logical thinking, communication (Bybee, 2010; NRC, 2010). 
In STEM teaching activities, students’ positive attitude towards STEM plays 
an important role in the achievement of STEM educational goals and acquisi-
tion of skills (Tseng et al., 2013). Studies have attributed active engagement 
in STEM activities to positive STEM attitude which has a significant effect on 
students’ skill development for the 21st century (Luo et al., 2019). 

In recent years, several countries around the world have reported the 
leakage problem of the current STEM pipeline, and many students in these 
countries do not like STEM related disciplines or do not choose the STEM 
related career after graduation (Ball et al., 2017; Doerschuk et al., 2016). The 
STEM pipeline is a commonly used metaphor for articulating the flow of 
students through the education system, culminating in a STEM-based career 
(Allen-Ramdial & Campbell, 2014). Specifically, in the pipeline students enter 
primary school at the beginning and then flow through various intersections 
(for example, graduating from high school or choosing a STEM major in col-
lege). However, students often flee the STEM pipeline for various reasons. To 
maintain and increase the flow of young students through the STEM pipeline, 
the potential means is to enhance students’ positive STEM attitude and active 
participation in STEM activities (Ball et al., 2017). Therefore, it is important to 
study the effect on STEM attitude.

Previous studies (Mujtaba et al., 2018; Sheldrake, 2016) provided evi-
dence for the important role of learning motivation to STEM attitude. The 
findings highlighted the strong correlation between students’ motivation to 
learn, especially intrinsic value and self-belief, and STEM attitudes. Several 
researchers have pointed out that students maintained a negative STEM 
attitude, which is associated with inadequate metacognition (Akerson & 
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Donnelly, 2008). Many studies focused on the effect of different sociodemographic characteristics on students’ 
STEM attitude, including family economic level (Martin et al., 2016), and parental education level (Alexander et al., 
2012). As students’ STEM attitude may be complicated and affected by multiple factors, the present study aimed 
to clarify the effect on students’ STEM attitude and their pathways.

Literature Review

General social-cognition model of motivation

Motivation works by motivating human beings to initiate and sustain their goal-directed activities (Lasaga-
baster, 2016; Pintrich & Schunk, 2002). Students’ motivation to learn is mainly reflected in their engagement and 
contribution to the learning environment (Skinner & Belmont, 1993). Positively motivated students always instinc-
tively participate in activities without expecting external encouragement to complete a challenging task. In contrast, 
negative motivation indicates that the behavior is motivated by expectation and fear of failing to achieve the goal. 
Research showed that there is a high correlation between learning motivation and learning attitude, and learning 
attitude is conditioned by learning motivation (Chang & Chang, 2013). It means that better learning motivation 
would lead to a more positive learning attitude.

Based on Pintrich’s general social-cognition model of motivation, the structure of motivation generally includes 
three components: (1) expectancy, (2) value, and (3) affect (Pintrich et al., 1994). The first component of motivational 
beliefs is expectancy. Expectation value theory (EVT) suggests that individuals are motivated to engage in various 
tasks and activities by their expectation of the possibility of success and the value assigned to the task (Wigfield 
& Eccles, 2000). Expectation is related to self-efficacy, which is defined as an individual’s belief in their ability to 
perform learning tasks (Rittmayer & Beier, 2008). Rittmayer and Beier (2008) stated that students with a high sense 
of self-efficacy in science would motivate themselves to set challenging goals and strive to achieve them. Shel-
drake (2016) proposed that the science self-efficacy belief of students with high self-confidence had significantly 
affected their STEM career expectations (Sheldrake, 2016). The second component of the motivational structure 
is the value. Value is specifically considered as intrinsic value, including students’ identification of scientific values 
and judgment of scientific self-ability in Pintrich’s model (Pintrich, 1989). Research stated that the intrinsic value 
beliefs had a significant predictive effect on students’ scientific career expectations (Mujtaba et al., 2018). The third 
motivational component in the model is the effect. Of the effect in the field of learning and teaching, anxiety is 
the most widely studied form, which illustrates the feeling of uneasiness and anxiousness when facing the situa-
tion, especially in the uncertainty of outcome situation (Jackson, 2018). Learning motivation is closely related to 
students’ test anxiety (Eccles & Wigfield, 2002). Therefore, the present study is to consider self-efficacy, intrinsic 
value, and test anxiety collectively as motivational indicators.

The association of motivation with STEM attitude

There may be some association between learning motivation and attitude. Attitude is a set of beliefs while 
motivation is a reason for performing a task or achieving a goal (Tadayon, 2012). The Self-Determination Theory 
(SDT) refines the relation between motivation and attitudes by suggesting that students can undergo a process of 
internalizing motivation into attitudes (Deci & Ryan, 1985). Some researchers have demonstrated that motivation 
has an effect on attitudinal outcomes such as future behavioral intentions and persistence (Deci & Ryan, 2000; Val-
lerand & Ratelle, 2002). The more motivated the students were, the more positive their adherence to STEM course 
participation and their willingness to learn STEM in the future (Vallerand et al., 1997). Highly motivated students 
not only have positive attitudes towards STEM courses and are more inclined to choose a STEM related field in the 
future (Eccles et al., 1983; Meece et al., 1990). Therefore, it is assumed that learning motivation affects students’ 
attitude towards STEM to some extent.

The metacognition and its associations to STEM attitude and learning motivation

Metacognition is the process of cognition about thought. Flavell (1979) described it as follows: Metacogni-
tion focuses on one’s knowledge concerning his cognitive processes, or anything related to them (Flavell, 1979). 
Flavell argued that metacognition explained why children of different ages dealt with learning tasks in different 
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ways. Other researchers stated that metacognition refers to a person’s thought processes, and the monitoring or 
control of thought (Bogdanovic et al., 2015). There are two frameworks that previous study usually used for study-
ing children’s metacognition. Flavell initiated the first framework which included metacognitive knowledge and 
metacognitive experience (Flavell, 1979). The second framework, proposed by Brown (1978), includes cognitive 
knowledge and self-regulation (Brown, 1977). Cognitive knowledge focuses on students’ cognitive skills that stu-
dents possess and their cognitive strategies for solving problems in different contexts (Flavell, 1979). Self-regulation, 
on the other hand, is the process of using cognitive knowledge to regulate and control cognitive behavior, which 
can help control and regulate an individual’s thinking and learning activities (Bandura, 1986; Özsoy et al., 2017). 
The framework of Brown was chosen for the present study, as metacognition was more inclined to rely on an in-
dividual’s self-awareness, including the knowledge and control of individual students in the cognitive field. Also, 
the framework of Brown includes both static knowledge and dynamic regulation, and students’ learning process 
should be a combination of static knowledge and dynamic regulation.

The association of metacognition with STEM attitude 

Studies have shown that the level of metacognition was significantly correlated with learning attitude (Ak-
erson & Donnelly, 2008). Students may encounter negative academic emotions and even end up in an attitude of 
refusal towards the decline or block thinking processes, causing them to have a negative STEM attitude (Buxton, 
1981). It was reported that some students who experience more severe anxiety during the learning process tend 
to put in less effort, their learning strategies tend to be more superficial, which makes them more likely to give 
up in the face of difficulties (Pintrich & Schunk, 2002). Meanwhile, students with high self-regulation ability can 
locate and correct their mistakes in the learning process by combining their learning content, learning objectives, 
and tasks performance. That is, they express a positive attitude towards STEM and participate in the learning of 
STEM contents actively. Sungur (2007) suggested that students with high metacognitive ability tend to approach 
difficult tasks as challenges to master rather than threats to avoid and exhibit a more positive STEM attitude in the 
face of difficulties and distractions (Sungur, 2007). Therefore, it is assumed that metacognition affects students’ 
attitude towards STEM to some extent.

The association of metacognition with learning motivation 

The Social Cognitive Learning Theory (SCLT) which was put forward by Bandura (1986) points out that behav-
ior is directed towards particular goals and eventually becomes self-regulated (Bandura, 1986). Metacognition is 
considered as one component of self-regulation (Schraw et al., 2006). Hong and O’Neil (2001) made a three-order 
factor model, which further proved the relation between self-regulated metacognition and motivation (Hong & 
O’Neil, 2001). Students with high metacognitive ability were more willing to use their efforts and adopt effective 
strategies (Zimmerman & Risemberg, 1997). Also, previous studies showed that learning motivational beliefs 
significantly affected the effectiveness of metacognition (Al-Ansari, 2005; Neber & Schommer-Aikins, 2002). Hoy 
(2004) pointed out that students with strong learning motivation and belief would find other new strategies and 
make more efforts when faced with problems (Hoy, 2004). It is necessary to further explore the specific relation 
between learning motivation and metacognition and how they affect STEM attitude through their interaction. 

The association of family socioeconomic status with STEM attitude 

Regarding socioeconomic status of the family, studies take family income and parental education level as 
the main measurement criteria (Bradley & Corwyn, 2002). According to the data from TIMSS 2015, students whose 
families have more financial resources (such as books, private rooms, and Internet connections) are likely to exhibit 
a better attitude to science (Martin et al., 2016). Bronfenbrenner (1994) reported that students’ home environment 
(such as resource availability) might play a role in their development and learning (Bronfenbrenner, 1994). The 
researchers found that the availability and number of household resources played an essential role in students’ 
attitude towards science learning (Beck, 2010). Moreover, family habits directly affect students’ recognition of the 
practical value of STEM subjects (Archer et al., 2012). Also, parental educational levels may have direct or indirect 
effects on students’ STEM attitude. Studies showed that parental ability to answer children’s science questions at 
home will affect children’s attitude towards science (Alexander et al., 2012). Parental help with children’s home-
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work is associated with children’s metacognitive ability (Pomerantz et al., 2007). As seen in the literature, family 
socioeconomic status seems to affect students’ learning attitude (Ali et al., 2013). Based on the above literature, the 
present study took family economic resources and parental educational level as moderating variables to analyze 
their effects on students’ STEM attitude.

Research Hypotheses

STEM attitude generally has a significant and direct impact on students’ future STEM pipeline choices. Based 
on social psychology, there may be some associations among learning motivation, metacognition, and STEM 
attitude. According to the above review, the first two research questions are proposed in this study: What is the 
effect of motivation to learn on attitudes towards STEM? Whether learning motivation affects STEM attitude not 
only directly, but also indirectly affects STEM attitude through the mediating role of metacognition? In addition, 
the study considered taking family economic resources and parental educational level of family socioeconomic 
status as moderating variables to analyze their effects among learning motivation, metacognition, and students’ 
STEM attitude. The third research question in this study was: How motivation and metacognition affect STEM 
attitudes with the moderating role of Family Socioeconomic Status. Then, the following hypotheses were listed.

Figure 1 
The Hypothesized Model of Effect on STEM Attitude

H1: Learning motivation directly and positively affects STEM attitude.
H2: Metacognition plays a positive mediating role between learning motivation and STEM attitude.
H3: Family Socioeconomic Status plays significant moderating roles in the pathway of H1 and H2.

Research Methodology 

Research Design

To explore the effect of learning motivation and metacognition on STEM attitudes, and the moderating roles 
of the family socioeconomic status in the pathway, the structural equation model was conducted for the analysis. 
First, instruments were carefully chosen, including scales measuring students’ STEM attitudes, learning motivation, 
metacognition, as well as the socioeconomic status of their family. Second, the instruments were distributed in 
primary schools and data were obtained for the study. Third, the structural equation model was applied to analyze 
the data and test the hypothesized model in Figure 1. In this section, the fit of the measurement model and the 
reliability of the indicators of students’ STEM attitudes, metacognition, and learning motivation were verified. The 
relations among the above variables in the model were examined. In addition, the moderating effect of family 
socioeconomic status was also tested in the pathways of hypothesis 1 and hypothesis 2 in the hypothesized model.
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Instruments

Student Attitudes toward Science, Technology, Engineering, and Math (S-STEM) The S-STEM chosen 
in the present study was developed by Faber et al. (2013) and verified by Unfried et al. (2015) (Faber et al., 2013; 
Unfried et al., 2015). The S-STEM was used to determine junior students’ STEM attitude. It is a 5-point Likert-type 
scale that consists of 37 items in the 4-factor theoretical structure covering 4 dimensions (mathematics, science, 
engineering, and technology, twenty-first century skills).

Junior Metacognitive Awareness inventory (Jr. MAI) The most commonly used metacognitive measure for 
adults with 52 items is the Metacognitive Awareness Inventory (MAI), which was first developed by Schraw and 
Dennison (1994). Building on the MAI, Sperling et al. (2002) developed the Junior Metacognitive (Jr. MAI) specifi-
cally for a younger sample of students (Sperling et al., 2002). Then, version B (Jr. MAI version B) with 18 items was 
modified for the minimum age of 11 years old (Ning, 2019). Therefore, Jr. MAI version B was selected in the present 
study. Sperling’s model structure covers 2 dimensions, respectively. They are cognitive knowledge and cognitive 
regulation.

Motivated for Learning Questionnaire (MLQ) The motivational strategies for learning questionnaire (MSLQ) 
used in this study were developed by Pintrich et al. (1994). It is a self-reported 44 item inventory with a 7-point 
Likert form designed to assess students’ motivational orientations for the course. The MSLQ was adapted to Chi-
nese by Lee et al. (2010). The researchers reported the item response characteristic curves indicating that the items 
discriminated well. The principal component analysis of each scale showed that the dominant eigenvalues for the 
Self-efficacy (9 items, alpha value was .88), Intrinsic value (9 items, alpha value was .81), and Test anxiety (4 items, 
alpha value was .77), accounted for 44.70%, 34.90% and 46.14%, respectively (Lee et al., 2010). Initially, MSLQ was 
initially developed for college students, but it has proven suitable for use in primary and secondary schools, high 
schools, college students or adult learners in various countries to determine learning motivation (Jackson, 2018; 
Jakesova & Hrbáčková, 2014). In this study, the translation and slight rewording of the MSLQ were made to make 
it suitable for the present participants of upper primary students. Since the inventory was used among younger 
learners, the first part of the inventory (namely MLQ) was selected with 22 items and 3 factors in the form of a 
5-point Likert scale. 

Family Socioeconomic Status Regarding the socioeconomic status of the family, studies usually take family 
income and the education level of the parents as the main measure (Bradley & Corwyn, 2002). Since family income 
is considered relatively private and students cannot accurately estimate, family income is often chosen to reflect the 
family’s economic situation to some extent. In the present study, family income was used as one of the indicators 
of family socioeconomic status. It was divided into five categories, including (1) cell phones, (2) TVs, (3) computers, 
(4) cars, and (5) bathrooms. Besides, parental education level was used as another indicator to evaluate students’ 
family socioeconomic status.

The above questionnaires were distributed to students by research assistants in students’ self-study class. 
One questionnaire was carried out per day, but the total time range was not more than four days. Each question-
naire took a student about 30 minutes to complete and was tagged with the student ID. At the beginning of each 
questionnaire, students were required to read an informed consent to understand that the questionnaire was for 
study purposes only, and their names and personal responses would not be disclosed. Students who could accept 
the informed consent form confirmed with their signature and completed the questionnaire. 

Participants and Procedure

This study took the 4th, 5th, and 6th grade students as the participants under the background of senior primary 
school in People’s Republic of China. The participants were selected based on the following considerations. In 
primary school, students are not under much learning pressure and have fundamental interests in STEM content. 
Students at upper primary school start to have relatively stable self-knowledge and can make relatively independent 
judgments on the present survey items. The participant sample consisted of 900 primary school students from 
3 different public primary schools. After carefully sorting out and deleting the invalid questionnaires, 845 were 
effective. Of the participants 43.8% were girl students (N=370) and the other 56.2% were boy students (N=475). 
They were 23.6% in the 4th grade, 49.0% in the 5th grade, and 27.5% in the 6th grade. The detailed information 
is given in Table 1. 
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Table 1   
The Detailed Information of Participants

Grade
N

Totally The percent 
(%)

Girl Boy

4th grader 123 76 199 23.6

5th grader 212 202 414 49.0

6th grader 140 92 232 27.5

Totally 475 370 845 -

The data were collected from December 2021 to February 2022. The questionnaires were distributed by the 
research assistant with the help of teachers in the primary school. The research assistant read out the instructions 
to explain the aims of the test. Students are informed that their names will not appear in the study and their privacy 
will be protected. Then, students were given 30 minutes to fill out the questionnaires. Those who did not complete 
the test or failed the polygraph question were not included in the following analysis. 

Data Analysis

The relational screening model can be used to determine the variation between two or more variables and 
the extent of this change (if any) (Karasar, 2012). In this study, the model was tested with Structural Equation Mod-
eling (SEM) with Mplus 8.0 software. The maximum likelihood estimation technique (ML) was used for parameter 
estimation analysis, in which CFI, TLI, RMSEA, and SRMR fit indices were used to evaluate the model’s fit. Accord-
ing to the standardized path coefficient in the Structural Equation Model, the study analyzed the direct effect of 
learning motivation and metacognition on STEM attitude. Then, with the help of the Bootstrap mediating test, the 
study also confirmed the mediating effect of metacognition in the model through the scope of 95% confidence 
interval. In addition, the maximum likelihood robust estimator (MLR) was used to test the moderating effect with 
the convergence of .01. 

Research Results 

Descriptive Statistics for the Variables

Table 2 presents descriptive statistics including skewness values (-1.237 ~ .889) and kurtosis values (-1.283 ~ 
1.315), which indicate that the model satisfies the univariate normality assumption (Kline, 2015).

Table 2 
Descriptive Statistics of Measurement Items

Item Minimum Maximum Mean Variance Skewness Kurtosis

Mathematics 1.000 5.000 3.215~3.712 1.229~1.69 -.585~.011 -1.009~-.42

Science 1.000 5.000 2.789~3.309 .641~1.402 -.188~.257 -.623~.811

Engineering & Technology 1.000 5.000 3.143~3.641 1.011~1.37 -.644~.012 -.921~.003

21st century skills 1.000 5.000 3.575~4.06 1.014~1.185 -.952~-.246 -.658~.239

Self-efficacy 1.000 5.000 3.334~4.207 .86~1.095 -1.223~-.176 -.482~1.315

Intrinsic Value 1.000 5.000 3.574~4.18 .982~1.385 -1.237~-.449 -.483~1.087

Exam anxiety 1.000 5.000 2.179~2.77 1.764~2.128 .255~.889 -1.283~-.474
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Item Minimum Maximum Mean Variance Skewness Kurtosis

Cognitive knowledge 1.000 5.000 3.651~4.039 .861~1.37 -1.076~-.208 -.867~.397

Cognitive regulation 1.000 5.000 3.464~3.979 1.008~1.574 -.988~-.388 -.822~.268

Measurement Models

CFA established the fit of the measurement model and the reliability of the indicators. Figures 2 and Figure 
3 present the results of CFA performed to determine whether the original factor structures of the S-STEM, Jr.MAI 
(version B) and MLQ were validated in the context of this study. As shown in Figure 2, the original four dimensions of 
S-STEM were well maintained, and the factor loading values of the topics in each dimension in the sub-dimensions 
were greater than 0.55. Although there were some items with lower factor loading values, they were still retained in 
order to keep the original structure of the scale. For instance, the factor loading values of item 7 of science dimension 
and item 11 of twenty-first century skills dimension were lower than 0.6, but the deletion process is not adopted 
in the analysis. The CFA results of the Jr. MAI (version B) and MLQ are displayed in Figure 3 (a) and (b). The scale was 
well structured with each question having factor loading values greater than 0.6 on its respective dimension. Thus, 
the structure of the three scales was demonstrated to support the next step of the analysis.

Table 3 shows the goodness-of-fit values obtained by the CFA regarding the validity of the scales. The goodness-
of-fit values obtained by the CFA regarding the S-STEM, Jr.MAI (version B), and MLQ suggest that all the theoretical 
structures were acceptable (Hu & Bentler, 1999; Kline, 2015). 

Table 3 
Goodness of Fit Values for Variables to be Included in Mode

2χ df df
2  SRMR CFI TLI RMSEA

S-STEM 1591.968 615 2.588 .043 .926 .920 .052

Jr.MAI 379.068 130 2.916 .048 .960 .953 .033

MLQ 619.106 202 3.065 .049 .943 .935 .049

Table 4 illustrates the composite reliability, convergence validity and discriminate validity for measurement 
models. As shown in Table 4, almost all factor loadings approached or exceeded .6 and are significant in the model, 
indicating the correspondence with excellent quality (loading >.6). Reliability was examined by applying Cronbach’s 
alpha, and the values of S-STEM, Jr.MAI and MLQ were .911, .923, and .880. After testing the overall fit between 
the variables, the composite reliability (CR) and average variance extracted (AVE) of the model were validated. 
The results indicated a good convergence of the multi-indicator potential constructs. However, the AVE was not 
greater than 0.50 for most dimensions, suggesting variance among their indicators in excess of residual variance.

Additionally, the square roots of AVE value were used to measure the discriminant validity among the dimen-
sions of the scales. It was to ensure that each dimension had independent validity. If the marked number is larger 
than its adjacent number, it can prove that the dimension discrimination validity is good. As shown in Table 4, the 
square roots of all AVE in the S-STEM, ranging from .650 to .678, were greater than the correlations between each 
pair of two latent constructs (.264 to .483). The square root values of the mean number of extracted variances 
among the constructs were greater than the correlation coefficients between different constructs measured, 
indicating good discriminant validity in four dimensions. In the Jr.MAI, the two square roots of AVE were .657 and 
.663, and the correlation between each pair of two latent constructs was .847. It indicated that the questionnaire 
had general discriminate validity. In the MLQ, the square roots of AVE (.635 to .774), were below the correlations 
between the self-efficacy and intrinsic value. It indicated that the item distinction validity of these two variables 
was not significant. In terms of exam anxiety, its correlation value with other variables was negative, indicating 
that it was contrary to the effect of other variables on the whole.
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Figure 2
Confirmatory Factor Analysis for STEM Attitude Scale

Note: mat:Mathematics, sci:Science, e&t:Engineering & Technology, cs:21st Century Skills.
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Table 4
Composite Reliability, Convergence Validity and Discriminate Validity for Measurement Models

Dimension

ITEM
Reliability

Composite
Reliability

Convergence
Validity Discriminant 

Std.Loading Cronbach’s α CR AVE Mat/KNOW/SE Sci/REGU/IV Eng/-/EA CS/-/-

S-STEM

Mat .604-.831 .877 .868 .454 .674

Sci .581-.728 .872 .872 .432 .264 .657

E&T .623-.747 .886 .884 .460 .332 .483 .678

CS .585-.695 .892 .889 .423 .372 .270 .410 .650

Jr.
MAI

KNOW .632-.734 .874 .872 .431 .657

REGU .604-.760 .873 .876 .440 .847 .663

MLQ

SE .586-.709 .872 .871 .429 .655

IV .563-.730 .859 .858 .404 .797 .635

EA .667-.885 .840 .855 .599 -.149 -.089 .774
Note: Mat:Mathematics, Sci:Science, E&T:Engineering & Technology, Cs:21st Century Skills, KNOW: Cognitive Knowledge, REGU: 
Cognitive Regulation, SE:Self-Efficacy, IV:Intrinsic Value, EA:Exam Anxiety

Figure 3
Confirmatory Factor Analysis for Junior Metacognitive Awareness Inventory (the Jr. MAI) and Motivated for Learning Question-
naire (the MLQ)

                             
(a) The Jr. MAI (Version B) Scale                                   (b) The MLQ Scale

Note: know: Cognitive Knowledge, regu: Cognitive Regulation, se:Self-Efficacy, iv:Intrinsic Value, ea:Exam Anxiety
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Structural Modeling

In the second stage, the relations among students’ STEM attitude, metacognition, and learning motivation in 
the model were examined. In the present study, there were many latent variables in SEM, and each latent variable 
was presented by several observation variables. Therefore, this study adopted Item Parceling, taking the average of 
several indicators as new indicators when modelling. Compared with the method of using a single indicator, Item 
Parceling had many advantages, such as high reliability and commonality (Little et al., 2002), making data closer 
to the normal distribution, easier to converge, and better model fitting results. Table 5 shows the values obtained 
for the confirmatory factor analysis (CFA). The standardized model is represented in Figure 4. The results of CFA of 
the scale were df

2  =2.671 (<3, indicating a good fit), RSMEA=.053 (<.05, indicating a good fit), and the goodness 
of fit index close to .90 (CFI=.903, TLI=.894). It suggested an adequate fit to the data. 

Table 5 
Structural Equation Model Fit Indices

Fit index Structural model values Criterion

2χ 1634.457

df 612

df
2  2.671 Good below 3.0

Acceptable below 5.0

CFI .903 Greater than .90

TLI .894 Greater than .90

SRMR .044 Below .05

RMSEA .053 Good below .05
Acceptable below .08

Figure 4
The Structural Model of Effect on STEM Attitude
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Direct Effects and Indirect Effects

The path coefficients of the relations among variables were examined and the results for the model are shown 
in Figure 4. Paths estimated in the model were significant (p < .05). Metacognition had high correlations between 
leaning motivation and STEM attitude. As seen in Figure 4, more favorable learning motivation was significantly 
associated with stronger STEM attitude and higher metacognition. Higher metacognition was significantly associ-
ated with stronger STEM attitude.

Table 6 shows the results for total direct and indirect effects. The results indicated that the learning motiva-
tion had a direct effect on the students’ STEM attitude. The point estimate and p-value showed that learning 
motivation had a significant predictive effect on STEM attitude (β learning motivation →STEM attitude = .228, p < .01), with 95% 
confidence interval [.098, .382]. Indicators of the direct effect of favorable learning motivation on STEM attitude 
could be considered: one standard deviation unit increase in favorable learning motivation was associated with 
a .228 increase in STEM attitude.

Table 6 
Direct Effects and Indirect Effects of the Statistical Model

Point
Estimate

Product of
Coefficients

BOOTSTRAP 1000 TIMES 95% CI

percentile bias corrected

S.E. Est./S.E. p Lower 2.5% Upper 2.5% Lower 2.5% Upper 2.5%

INDIRECT EFFECT

Learning Motivation→
Metacognition

→STEM Attitude

.433*** .070 6.181 < .001 .313 .587 .357 .679

DIRECT EFFECT

Learning Motivation→
STEM Attitude

.228** .072 3.151 .002 .098 .382 .016 .313

*p < .05,  **p < .01,  ***p < .001;

Results for indirect effects indicated that students’ metacognition level mediated the pathway between their 
learning motivation and STEM attitude. The nested alternative full mediation model was tested with Chi-square test, 
the result showed no full mediating effect, and the alternative model was a good fit for the data. The indirect effect 
of learning motivation on students’ STEM attitude through metacognition was .433, and its 95% confidence interval 
was [.313, .578] without containing zero. The results showed that metacognition played a partial mediating role in the 
effect of learning motivation on STEM attitude. The positive indirect effects via students’ metacognition level could 
be interpreted as follows: through the positive effect of metacognitive level, increasing favorable learning motiva-
tion by one standard deviation unit resulted in a .433 increase in STEM attitude. Therefore, through the mediation 
of metacognition, the correlation between learning motivation and STEM attitude was strengthened. Compared 
to the direct effect (β Learning Motivation →STEM Attitude = .228,), the indirect effect (β Learning Motivation→Metacognition→STEM Attitude = .433) 
was more significant. Specifically, the effect of learning motivation on STEM attitudes was enhanced through the 
mediating role of metacognition.

Moderating Effect

Family socioeconomic status, which was used as a moderation variable, included family economic resources 
and parental educational level. The two variables were packaged together and divided into three groups based on 
average scores: high, medium, and low in the present study. The moderating effect was tested in relation between 
Learning motivation and STEM attitude. From Table 7, the result showed that there was no significant difference 
(pDIFF1 = .334, pDIFF2 = .485, pDIFF3 = .490) in the effect of learning motivation on STEM attitude among students 
with different family socioeconomic statuses.
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Table 8 shows the moderating effect of family socioeconomic status between metacognition and STEM at-
titude. The result suggested that students with higher family socioeconomic status had a stronger effect on their 
attitude towards STEM (β high = 1.200; β medium = 1.098; β low = .910). Therefore, it was proved that the mod-
erating effect of family socioeconomic status in hypothesis 2 existed. There was a significant difference between 
highly representative students and low representative students (p < .001), and between medium representative 
students and low representative students (p < .01). While there was no significant difference between high and 
medium representative students (p = .101).

Table 7 
Moderating Effect of the Statistical Model (Hypotheses 1)

Point Estimate
Product of Coefficients BOOTSTRAP 1000 TIMES 95% CI

S.E. Est./S.E. p Lower 2.5% Upper 2.5%

Moderating Effect

High .686* .080 8.520 .019 .526 .849

Medium .743*** .048 15.435 < .001 .651 .841

Low .525*** .223 2.355 < .001 .006 .952

Contrast

DIFF1 (M-L) .218 .226 .967 .334 -.210 .714

DIFF2 (H-L) .160 .229 .698 .485 -.264 .677

DIFF3 (H-M) -.058 .084 -.690 .490 -.219 .108
*p < .05,  **p < .01,  ***p < .001

Table 8. 
Moderating Effect of the Statistical Model (Hypotheses 2)

Point Estimate
Product of Coefficients BOOTSTRAP 1000 TIMES 95% CI

S.E. Est./S.E. p Lower2.5% Upper2.5%

Moderating Effect

High 1.200*** .057 15.863 < .001 1.058 1.350

Medium 1.098*** .048 22.784 < .001 1.004 1.190

Low .910*** .075 16.064 < .001 .811 1.045

Contrast

DIFF4 (M-L) .188** .055 3.439 .007 .066 .287

DIFF5 (H-L) .289*** .077 3.740 < .001 .132 .434

DIFF6 (H-M) .102 .062 1.639 .101 -.015 .222
*p < .05,  **p < .01,  ***p < .001

Discussion

This study explored the relations among students’ learning motivation, metacognition, and STEM attitudes, 
and examined the moderating effect of family socioeconomic status in these relations. The findings have shed 
light on some interesting insights.
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The Effect of Students’ Learning Motivation on STEM Attitude

In the present study, it was found that learning motivation could significantly impact their STEM attitude, 
which verified previous hypothesis 1 (Lasagabaster, 2016; Wigfield & Eccles, 2000). According to the results of direct 
effects, students’ STEM attitude was primarily affected by self-efficacy, intrinsic worth, and test anxiety. However, 
many previous studies focused on the impact of motivation on scientific attitude and career expectations (Mujtaba 
et al., 2018; Sheldrake, 2016), instead of integrating engineering & technology attitude and 21st century skills. The 
expression and measurement of STEM attitude in this study could easily reflect the situation between primary 
school students’ learning motivation and learning attitude.

When students have a relatively positive learning motivation, they are more willing to participate in STEM 
courses or related informal course activities. Enrichment activities can spark students’ interest in learning STEM and 
make them gain higher confidence in science and a sense of self-efficacy, leading to a positive emotional experi-
ence of STEM. High levels of test anxiety proved to be harmful (Wolf & Smith, 1995). But reasonable treatment of 
anxiety, which can further optimize students’ STEM learning experience and improve their learning motivation, is 
ultimately manifested as a positive attitude towards STEM. The results of the present study showed that learning 
motivation has a positive result on students’ STEM attitude.

Students’ Metacognition Mediated the Pathway between Learning Motivation and STEM Attitude

Based on the research result, the mediating effect value of metacognition was significant in the mechanism 
between learning motivation on STEM attitude, indicating that metacognition is effective in mediating the effect of 
learning motivation on STEM attitude. It can be seen that metacognition is an important mechanism that cannot be 
ignored in affecting students’ attitude towards STEM. The result verified Hypothesis 2 of this study. Studies showed 
that metacognition can strengthen students’ learning motivation. If students fail to achieve their learning goals, 
they will process their cognitive knowledge in the cognitive system and conduct self-regulation (Jackson, 2018), 
which forms the metacognitive process of students (Schraw et al., 2006). When students have a relatively positive 
learning motivation, it is more likely for them to find solutions or learning strategies to solve their problems. In this 
process, students intentionally or unintentionally carry out the process of metacognition. Through multiple cycles, 
these self-regulation processes will in turn strengthen the level of students’ learning motivation.

On the other hand, metacognitive strategies are considered to be related to STEM attitude (Akerson & Don-
nelly, 2008). Students who have a good command of metacognitive ability can better complete STEM tasks and 
bring a positive STEM experience. With a high metacognitive level, students will be more confident when facing 
STEM disciplines, and engage in learning with a positive attitude. Metacognition plays an essential role in enhanc-
ing students’ STEM learning attitude (Thiede & Anderson, 2003). Therefore, metacognitive should be the key link 
needed to establish the connection between learning motivation and STEM attitude.

The Considerations Relating to Family Socioeconomic Status Difference

Through multi-group path analysis, it was found that there was no significant difference in the direct effect 
of learning motivation on STEM attitude among students with different family socioeconomic statuses. While the 
family socioeconomic status played a moderating role in the effect of metacognition on STEM attitude. Students 
with higher family socioeconomic status had a stronger effect on STEM attitude. Also, family socioeconomic status 
significantly promoted metacognitive ability (Maric & Sakac, 2020). The higher family socioeconomic status was, the 
higher the metacognitive ability was. Researchers have suggested that parental guidance and encouragement to 
children in family education positively impacted the development of metacognition (Pappas et al., 2003). Higher 
socioeconomic status was associated with better academic preparation and more opportunities (Alexander et al., 
2012; Pomerantz et al., 2007). Family culture and parental expectations are of great significance to the generation 
and change of students’ STEM attitude. Family material and economic investment provide children with various 
material supports, such as rich learning resources, a comfortable learning environment, and varied learning op-
portunities. These supports lay the foundation for students to participate in STEM activities and develop positive 
STEM attitude. The metacognitive transformation of positive STEM attitude has a higher conversion rate among 
students with rich family resources and parents with higher education levels. Blickenstaff (2005) had linked poor 
attitude towards STEM to the absence of scientists/engineers as role models. It can be seen that students’ family 
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socioeconomic status is an essential factor that moderates metacognition and affects STEM attitude (Blickenstaff, 
2005).

Conclusions

In the present study, students’ learning motivation affected and could predict their STEM attitude. Students’ 
metacognitive level played a positive mediating role between learning motivation and STEM attitude. Thus, students’ 
metacognition appears to play a more critical role than their learning motivation in improving students’ STEM at-
titude. In addition, family socioeconomic status played a moderating role in the effect of students’ metacognition 
on STEM attitude. It is believed that the support from parents and students’ metacognition can be important to 
enhance their STEM attitude. 

This study supported the view that learning motivation and metacognition were related to STEM attitude. 
When considering the positive effect on students’ STEM attitude, appropriate metacognitive intervention objec-
tives should be included in STEM teaching. Prior research literature has illustrated that metacognition does not 
automatically develop in all students (especially students at the low-end) without support. Identifying students 
with lower levels of metacognition and targeting them for early intervention efforts may be helpful in increasing 
students’ motivation and STEM learning and thus reducing STEM pipeline leaks. In teaching practice, it is necessary 
to take metacognition as an important approach to STEM education and ensure that students’ metacognitive skills 
play a role in improving STEM attitude and enhancing STEM learning. In addition, socioeconomic status is also 
a concern to improve children’s STEM attitudes. Although parental educational background is difficult to break 
through, they can strive to have rich family resources, such as borrowing books from the library and spending 
more time with their children.

Limitations

There are several limitations that should be considered in the present study. First, as the current study was 
conducted in two typical types of primary schools, it is difficult to generalize the results to the entire population 
as the number of learners includes 845 primary school students. Follow-up research would address this limitation 
to adopt a well-designed sample, such as the two-phase hierarchical cluster design. Second, another limitation is 
that the survey was conducted by several different research assistants, and the support they provided to primary 
school students may have been slightly different, even though they had received targeted training. Third, although 
this study provides static analysis support for understanding the effect on students’ STEM attitudes, it does not 
track the dynamic development and change of STEM attitudes during the growth of students. In order to avoid 
STEM pipeline leakage to a greater extent, a variety of dynamic comparison designs are needed in further studies.
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