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Scientific literacy refers to an individual’s ability to engage in science-related activities, such as describing scientific

phenomena, analyzing and planning scientific investigations and processing data and evidence scientifically. 
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1. The Impact of Metacognitive Reading Strategies

Different scholars put forward different definitions of metacognition, but they all include two key features, control

and knowledge, about cognitive states and processes. The former refers to the use of metacognitive strategies,

while the latter includes personal knowledge, task knowledge and strategy knowledge. Flavell (1979) first proposed

the concept of metacognition and defined it as the awareness of one’s cognitive processes and products, as well

as the control and regulation of these mental activities and strategies. Schraw and Dennison (1994) believed that

metacognition included metacognitive knowledge and metacognitive skills. Metacognitive knowledge refers to

individual cognition, including declarative knowledge, procedural knowledge and conditional knowledge.

Declarative knowledge is the factual knowledge and information that an individual knows, procedural knowledge is

the knowledge that an individual knows how to perform certain activities, and conditional knowledge is the

knowledge that an individual knows when and how to allocate resources when reusing declarative and procedural

knowledge. Metacognitive skills include planning, monitoring and evaluating, which can be applied to reading-

related tasks (Jacobs and Paris 1987). Planning refers to the selection of appropriate strategies and the effective

allocation of resources to complete the task, monitoring refers to the observation of the progress of the task and

the identification of the target for optimal performance, and evaluation refers to the assessment of the efficiency of

the adjustment process and the completion of the task. According to Alexander (2008), metacognition consisted of

three parts: students should make a plan before reading, monitor their understanding of the text during the

process, choose appropriate strategies to deal with the text when encountering different problems and evaluate

their thinking after reading. Zimmerman proposed the concept of self-regulated learning on the basis of

metacognition, taking into account the regulation of behavior and motivation. Self-regulated learning refers to the

process in which learners actively participate in their own learning activities from metacognitive, motivational and

behavioral aspects to a certain extent (Zimmerman 1989). More and more researchers and practitioners attach

importance to teaching students self-regulation learning strategies in the classroom (Schraw et al. 2006).

Brown first introduced the concept of metacognition into the field of reading, believing that the process of reading

involved strategic knowledge and actions (Brown 1980). Metacognitive reading strategies refer to students’
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cognition and judgment of reading strategies (Callan et al. 2017), which are used to assess the extent to which

students recognize the most effective reading strategies in different reading tasks. Many researchers believe that

students with more metacognitive reading strategies are more strategic and aware of reading strategies in science

reading, and they are more likely to monitor their understanding and use effective reading strategies in context

(Fang and Wei 2010; O’Reilly and McNamara 2007), such as reading comprehension, text summary, reasoning,

etc. On the contrary, the lack of metacognitive reading strategies can explain the inability of many young learners

to become effective readers. Effective readers are often thought to be strategic or constructively responsive

because they efficiently allocate cognitive resources while reading (Teng 2020). However, some researchers

believe that young learners do not possess metacognitive knowledge or skills, thus making metacognitive teaching

ineffective (Williams and Atkins 2009). Another explanation is that the executive function of children is limited and

they are unable to effectively coordinate various cognitive processes to complete tasks. Students’ learning and

reflections on reading strategies will contribute to their metacognitive reading strategies, so the National Science

Foundation of the United States and education researchers attach great importance to integrating reading

strategies teaching into science classrooms. Fang et al. (2008) carried out an experiment on integrating reading

strategies teaching into a science classroom in middle school. They worked with a school with 10 Grade 6 classes,

and randomly chose six classes to act as the experimental group and four classes to act as the control group. The

experimental group received one lesson per week that covered a different reading strategy, including 22 science

lessons that covered reading strategies and two lessons that covered strategies summaries and reflection.

However, the control group continued with the regular science teaching. The results of their practice showed that

the scientific literacy of students in the science class integrated with the reading strategies teaching was more

significantly improved than that in the control class.

The Programme for International Student Assessment in 2018 (PISA 2018) divides metacognitive reading

strategies into three sub-dimensions: metacognitive understanding and remembering strategies, metacognitive

summarizing strategies and metacognitive assessing credibility strategies (OECD 2019). The metacognitive

understanding and remembering strategies measure students’ awareness and ability to use effective strategies

when they are completing the task of understanding and remembering the content of the article. The metacognitive

summarizing strategies measure students’ awareness and ability to use effective strategies when they are

completing the task of information summarization. The metacognitive assessing credibility strategies measure

students’ awareness and ability to use effective strategies to identify suspicious or uncertain information, such as

sourcing and corroboration. In different text-reading situations, learners often have a variety of reading strategies to

choose from. For learners skilled in different tasks, they have metacognitive reading strategies corresponding to

each sub-field. They master how to choose the most suitable and efficient reading strategies to solve different

tasks. Callan et al. (2017) investigated the mediating role of metacognitive reading strategies in the relationship

between socioeconomic status and reading, mathematics and scientific literacy by taking the PISA 2009 data as

samples, and they found that metacognitive summarizing strategies had a greater impact on scientific literacy than

metacognitive understanding and remembering strategies. Metacognitive assessing credibility strategies were not

evaluated until the PISA 2018, so they had not appeared in the PISA 2009.
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Although metacognitive reading strategies are mainly about the cognitive ability of reading strategies, their

application in other fields is limited (Salomon and Perkins 1989; Stebner et al. 2022). However, no matter which

field, text is its main form of expression, which requires students to have the ability to process the text in the

specific field. In particular, various phenomena and laws in science will be recorded in the form of text (Fang et al.

2008), so metacognitive reading strategies can also play an important role in the understanding of scientific

concepts and argumentations. O’Reilly and McNamara (2007) tested the relationship between subject knowledge,

reading skills, metacognitive reading strategies and science achievement among 1651 high school students. The

results showed that students’ metacognitive reading strategies could compensate for the deficiency of subject

knowledge to some extent and promote students’ science achievement. Sperling et al. (2012) investigated the

relationship between metacognitive strategies knowledge and scientific achievement in 97 Grade 7 students. The

results showed that students’ metacognitive strategies knowledge was an important predictor of their scientific

achievement.

2. The Role of Reading Literacy and Reading Self-Efficacy

Students’ reading literacy is predicted by metacognitive reading strategies, and there is a close relationship

between reading literacy and scientific literacy. Reading literacy is understanding, using, evaluating, reflecting on

and engaging with texts in order to achieve one’s goals, to develop one’s knowledge and potential and to

participate in society (OECD 2019). It can be assessed by reading ability because it can be viewed as an

expanding set of knowledge, skills and strategies. Thus, reading literacy is related to the comprehensive

application of metacognitive reading strategies. Based on the data of 3289 middle school students in the German

NEPS database, Miyamoto et al. (2019) tested the mediating relationship between metacognitive reading

strategies and students’ intrinsic motivation and reading comprehension ability, and the results showed that

metacognitive reading strategies can significantly affect students’ reading literacy. Phakiti (2003) examined the

relationship between English reading cognition and metacognitive strategies and reading achievement of 384 Thai

college students, and the results showed that the use of metacognitive reading strategies was positively correlated

with reading achievement, and high-reading achievers reported more metacognitive strategies than medium-

reading achievers. In addition, the relationship between reading literacy and scientific literacy was also examined

by researchers. Zhu (2022) analyzed the relationship between reading literacy and scientific literacy based on the

PISA 2018 database, and the results showed that reading literacy was an important predictor of scientific literacy,

and the effect of reading literacy on scientific literacy was far greater than that of mathematics literacy on scientific

literacy. However, other studies have shown different results. Caponera et al. (2016) analyzed the impact of Italian

students’ reading literacy on scientific literacy based on the TIMSS database, and the results showed that there

was no apparent relationship between reading literacy and scientific literacy.

In addition to the above cognitive ability in reading, the non-cognitive ability of reading self-efficacy is also worthy of

attention in science reading. Self-efficacy, proposed by American psychologist Bandura (1986), is an individual’s

subjective judgment on whether he can successfully carry out a certain achievement behavior. Self-efficacy is a

domain-specific concept, so it is often preceded by a specific domain and is often closely related to the
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competence in that domain. Reading self-efficacy refers to students’ evaluation of their reading ability. There is a

one-way or reciprocal relationship between self-efficacy and ability, according to many different models, including

the skill development model, the self-enhancement model, the reciprocal causality model, and so on (Chen et al.

2015). However, previous studies focused on the impact of self-efficacy on the use of reading strategies and found

that students with higher self-efficacy were more willing to use reading strategies (Walker 2003). However, what

this research focuses on is students’ cognition of the effectiveness of reading strategies. Metacognitive and

Affective model of Self-Regulated Learning (MASRL model) showed that students’ metacognitive strategies could

affect students’ self-efficacy and further affect students’ cognitive ability (Efklides 2011). This was mainly because

students with metacognitive reading strategies mastered the strategies to process texts in different tasks, they

would also have more confidence in their reading skills, and promoted the development of reading literacy.

3. Gender Difference in Reading and Science

The gender difference of students’ academic ability has always been an important issue in education. Although the

gender gap in academic ability has narrowed or even reversed in recent years (Miller and Halpern 2014), gender

differences were still found. In science subject, for example, boys’ and girls’ achievement in fairs was comparable,

but boys outperformed girls at the Olympiads (Steegh et al. 2019). In reading comprehension, girls performed

better than boys (Mau and Lynn 2000), and boys were more prone to dyslexia. When it came to the application of

strategies, girls were better than boys (Callan et al. 2017; Slotte et al. 2001). The above differences may be due to

the biological structure of male and female, but in addition to biological differences, sociocultural stereotypes were

thought to reinforce these gender differences (Espinoza and Strasser 2020). Students would think that girls would

definitely perform well in reading comprehension than boys (Nowicki and Lopata 2017), and girls would experience

more difficulty to achieve good scientific literacy than boys. This stereotype would have different effects on the

academic development of boys and girls, and also affected the path of reading related ability to scientific literacy.
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