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Abstract

The purpose of the study is to establish the relationships among metacognition, online learning performance, and mathematics achievement.
More particularly, it aims to determine the effects of metacognitive knowledge and metacognitive regulation on mathematics achievement
and the mediating role of online learning performance on these effects. The study employs linear regression and the Sobel test for its
mediation analysis using the data gathered from 311 students who answered the survey questionnaire. Results showed that most students
have high levels of metacognitive knowledge and metacognitive regulation, with satisfactory online learning performance, and attain math-
ematical proficiency. Both metacognitive knowledge and metacognitive regulation have significant positive effects on mathematics
achievement and on online learning performance. However, online learning performance does not significantly mediate the effect of each
of the metacognitive knowledge and metacognitive regulation on mathematics achievement. Therefore, mathematics educators and insti-
tutions should exert efforts and develop strategies to enhance the students’ metacognition for better mathematics achievement and online
learning performance. They may also either enhance their online learning platforms or revert to traditional classroom learning settings for
mathematics courses, but further studies on this matter are suggested before deciding.

Keywords: Mathematics Achievement; Metacognition; Metacognitive Knowledge; Metacognitive Regulation; Online Learning Performance.

1. Introduction

Students have different levels of knowledge about how they learn and skills on how to learn. Some students are active and self-directed
learners who know how they learn and how to apply what they know to various learning tasks. Other students are passive learners who
have little awareness of how they learn and how to regulate their learning. Some average students know how they learn, but cannot regulate
their learning. In other words, students have various levels of metacognition. As such, universities should assess the level of their students’
metacognition and help them enhance their metacognitive knowledge and regulation. They need to look into how this metacognition can
be integrated into the curriculum and how the course instructors or professors can facilitate the acquisition and development of students’
metacognitive knowledge and skills.

Metacognition is translated as “beyond cognition” and literally means “cognition about cognition” or “thinking about thinking”. This term
was formally defined as the knowledge and cognition about cognitive phenomena [1]. Metacognition also refers to the ability to reflect
upon, understand, and control one’s learning [2]. It is also defined as the ability to monitor and control one’s cognition [3]. Generally, it
has two aspects: knowledge about cognition and regulation of cognition [4]. The knowledge of cognition or metacognitive knowledge is
what an individual knows about self, the strategies, and the conditions that make strategies most useful. The regulation of cognition, or
metacognitive regulation, is the knowledge about the ways individuals plan, implement strategies, monitor, correct comprehension errors,
and evaluate their learning [2].

Metacognitive knowledge is multidimensional, domain-general in nature, and teachable [4]. It has three different types of metacognitive
awareness: declarative, procedural, and conditional knowledge. Declarative knowledge refers to knowing about things. It includes
knowledge about an individual and about what factors affect an individual’s performance [4], [5]. Procedural knowledge refers to knowing
how to do things. It is the knowledge about the execution of procedural skills [5]. Much of this knowledge is represented as heuristics and
strategies [4]. Conditional knowledge refers to knowing why and when to use declarative and procedural knowledge, and it enables indi-
viduals to adjust to the changing situational demands of each learning task [4]. It may be thought of as declarative knowledge about the
relative utility of cognitive procedures [5].

Metacognitive regulation is also domain-general, which spans a wide variety of subject areas. It refers to a set of metacognitive activities
that help individuals control their thinking or learning [5]. It has five components: planning, information management, monitoring, debug-
ging, and evaluation [2]. Planning refers to the planning, goal setting, and allocation of resources before learning [2]. It involves the
selection of appropriate strategies that affect performance [5]. Information management refers to the skills and strategy sequences used to
process information more efficiently, such as organizing, elaborating, summarizing, and selective focusing [2]. Monitoring refers to the
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assessment of one’s learning or strategy use [2]. It also refers to an individual’s awareness of comprehension and task performance [5].
Debugging refers to the strategies to correct comprehension and performance errors [2]. Evaluation refers to the analysis of performance
and strategy effectiveness after the learning task of an individual [2]. It also refers to appraising the products and regulatory processes of
one’s learning [5].

Although metacognition is domain-general, many scholars also believe that metacognition is initially domain-specific or task-specific.
General metacognition is expected to improve as metacognition within a particular domain improves [4]. As learners acquire more meta-
cognitive knowledge and regulation in a number of domains, they gain general metacognitive knowledge and regulatory skills that cut
across all academic domains [5].

Metacognition is critical for successful learning as it enables individuals to better manage their cognitive skills. Metacognitive knowledge
and regulation can be improved through classroom instructional practices, and students can use these newly acquired skills to improve
performance [4].

Metacognition is a powerful predictor of learning performance [6]. Many studies have found that skilled learners possess metacognitive
knowledge, which usually improves performance [4]. Researchers also agree that competence in metacognitive regulation improves per-
formance in several ways, including better use of attentional resources and of existing strategies and greater awareness of comprehension
failures [4], [5]. For instance, a study found that the use of metacognitive strategies enhanced the online learning performance of university
students [7]. The study also affirmed that students who use metacognitive strategies in online learning are capable of evaluating their
understanding of the course content, regulating their learning process.

Online education can reach a wider audience and level the playing field for students who do not have easy access to traditional education
[8]. But with the increasing number of students taking online courses, there is a need to understand how students can apply metacognitive
learning strategies for academic achievement within the online environment [9]. The unique needs and circumstances of online learners
can affect their learning experiences, and universities should avoid aggravating the existing gaps [8].

Online learning emphasizes the openness of learning resources and communication among students [10]. It can be a powerful learning tool
for nurturing motivation and skills of students for learning complex topics [11]. However, the online learning process involves many factors
that may affect student performance [10]. Providing support and guidance to facilitate online learning can help students access and interact
with the content functionality, allowing them to think about deeper concepts and structure disciplinary relations [11]. In online learning, it
is necessary to understand the course material that is being taught and to involve metacognitive strategies in the learning process [12].
Online learning environments can provide opportunities and conditions to enable students to apply and use metacognitive strategies in their
learning process [7]. These strategies play a vital role in motivating students and help them understand that they can control their own
learning [12]. Moreover, the essence of online learning is the continuous development of students’ cognitive level [10]. And metacognitive
strategies can help students understand online course material and become more successful or achieve better results [12].

It is important to explore the current situations and issues with online learning to provide a better context for ways in which student
performance may be improved [8]. To acquire effective learning, students need to participate actively in learning. They need to be fully
engaged in the online learning, including both the quantity and the quality of engagement, both communication with others and learning
consciously, and both guidance and help of others and self-management and self-control [10].

Academic achievement in online learning refers to achieving a particular result in an online assignment, exam, subject, or degree [9]. There
are previous studies that examined the relationship between metacognition and academic achievement [3]. Evidence from the literature
suggests that metacognition is a strong predictor of academic success [13], [14], and that learners with high levels of metacognitive aware-
ness are more strategic and perform better than learners with low levels of metacognitive awareness [14], [15].

Moreover, the support of metacognitive strategy in an online learning environment is closely related to academic achievement in mathe-
matics [11], [16]. Metacognitive skills also predict student engagement in mathematics [17]. Metacognitive self-regulation in online courses
is correlated with students’ engagement as an overall multidimensional construct of cognitive, emotional, and behavioral factors [18].
Achievement is also an important aspect of online students' learning experience in mathematics courses [16].

Metacognition is at the center of the integration and accumulation of knowledge and serves as an important predictor of engagement in
learning [17]. Educational psychologists and researchers have spent time and effort exploring factors that enhance students’ learning and
performance in mathematics [19]. Teachers and students of mathematics are aware that there is much mental activity in learning mathe-
matics, and metacognition may account for a significant part of that activity [20]. As mentioned earlier, there is a growing body of evidence
that illustrates the effect of metacognition on mathematics learning [21], and the use of metacognition appears to be associated with aca-
demic achievement and enhances learning outcomes [22].

Research on online learning in mathematics also abounds in the literature. One study focuses on large-scale exploration of students’ activity
in an online learning environment and shows that students’ mathematics performance in lower-order thinking is higher than performance
in higher-order thinking, which may point to metacognitive or motivational processes involved [23]. Studies reveal the positive correlation
between mathematical self-efficacy and mathematics performance in online learning [24], as well as between frequent self-reflection and
performance in an online mathematics course [25]. Findings from previous research suggest that students recognized the potential of online
learning for a mathematics course, but they were uncomfortable and unsatisfied with the learning environment provided [26]. Moreover,
an article emphasizes the importance of designing an adaptive online mathematics course based on an individualized approach to learning
[27].

Previous studies have also shown the existence of mediators in the relationship between metacognition and academic achievement. Meta-
cognition has direct and indirect effects on academic achievement, with academic self-control having a partial mediating role [28]. General
self-efficacy also partially mediates the relationship between metacognition and academic success [29], but mathematics self-efficacy fully
mediates the effect of metacognition on mathematics achievement [19]. Moreover, both learning strategy and learning behavior mediate
the effect of metacognition on learning engagement [30].

How to lead the students into academic success is a simple question that has received research interest for decades [31]. Considering the
difficulties encountered by students in learning mathematics and the promising potential of metacognition [19] and online learning [7], this
study aims to provide insights into the effects of the students’ metacognitive knowledge and regulation on their achievement in mathemat-
ics, with online learning performance as a mediator. There is a need for the mathematics education community to adopt a metacognitive
perspective on mathematical performance. The critical role of metacognition has to be made clearer so that educators will be able to
incorporate metacognitive aspects into their mathematics teaching [20].

Several studies have assessed the effect of metacognition on both mathematics achievement and learning engagement. There are also
previous studies that show the mediating roles of several variables on the effect of metacognition on academic achievement. However, no
prior research has reported the effect of metacognition on mathematics achievement as mediated by online learning performance. To
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complement the existing research gaps and emerging issues, there is a need to conduct a study that will provide answers for the following

research questions:

1) Does the metacognitive knowledge of students significantly affect their mathematics achievement?

2) Does the metacognitive regulation of students significantly affect their mathematics achievement?

3) Does the metacognitive knowledge of students significantly affect their online learning performance?

4) Does the metacognitive regulation of students significantly affect their online learning performance?

5) Does the online learning performance of students significantly mediate the effect of their metacognitive knowledge on their mathemat-
ics achievement?

6) Does the online learning performance of students significantly mediate the effect of their metacognitive regulation on their mathematics
achievement?

2. Methods

This study employed a quantitative research survey approach using a self-administered questionnaire distributed through an online platform.
The research design is non-experimental descriptive-causal research with mediation analysis. The sample consists of students enrolled in
a mathematics online course who voluntarily submit themselves to participate.

2.1. Participants

The 311 participants in this study are students of the Bachelor of Science in Hospitality Management who took Mathematics in the Modern
World at the same time under one faculty member in an online modality. They are 90% of the total number of students (347) taking the
course under the program. They agreed to participate in the study after being well-informed. The sample consists of 74% female students
(231) and 26% male students (80). They are all in their first year of tertiary study in the program.

2.2. Measurement

This study used the metacognitive awareness inventory [2] to measure the metacognition of hospitality management students. Metacogni-
tion has two components: the metacognitive knowledge and the metacognitive regulation. Metacognitive knowledge has three subcompo-
nents: declarative knowledge, procedural knowledge, and conditional knowledge. Metacognitive regulation has five subcomponents: plan-
ning, information management strategies, comprehension monitoring, debugging strategies, and evaluation. The metacognitive knowledge
scale has a total of 17 items, while the metacognitive regulation scale has a total of 35 items. In this study, each item was measured using
a five-point Likert scale as follows: 5 — almost always, 4 — often, 3 — sometimes, 2 — seldom, and 1 —rarely. The reliability of the instrument
was measured through the internal consistency of the items per scale. The Cronbach coefficients for each scale or subscale, which were all
above .70, are presented in Table 1.

To measure the online learning performance of hospitality management students in Mathematics in the Modern World, the study adapted
a previously established learning performance tool [7]. Each of the 15 items in this tool was also measured using a Likert scale: 5 — almost
always, 4 — often, 3 — sometimes, 2 — seldom, and 1 — rarely. The reliability of each scale was also measured through Cronbach’s alpha,
and the results are also shown in Table 1.

The final grades in Mathematics in the Modern World were used as the measurement for the mathematics achievement of hospitality
management students.

Table 1: Cronbach Coefficients

Scale Number of Items Cronbach’s Alpha
Declarative Knowledge 8 788
Procedural Knowledge 4 704
Conditional Knowledge 5 742
Metacognitive Knowledge 17 .899
Planning 7 .808
Information Management Strategies 10 .833
Comprehension Monitoring 7 775
Debugging Strategies 5 753
Evaluation 6 759
Metacognitive Regulation 35 945
Attitude Towards Learning 6 .861
Student Engagement 4 .858
Student Satisfaction 5 .839
Online Learning Performance 15 917

2.3. Research framework and hypotheses

The research framework is presented in Figure 1. The independent variables are metacognitive knowledge and metacognitive regulation,
and the dependent variable is mathematics achievement. Online learning performance acts as the mediating variable.

This study has the following null hypotheses:

Hol: Metacognitive knowledge does not significantly affect mathematics achievement.

Ho2: Metacognitive regulation does not significantly affect mathematics achievement.

Ho3: Metacognitive knowledge does not significantly affect online learning performance.

Ho4: Metacognitive regulation does not significantly affect online learning performance.

Ho5: Online learning performance does not significantly mediate the effect of metacognitive knowledge on mathematics achievement.
Ho6: Online learning performance does not significantly mediate the effect of metacognitive regulation on mathematics achievement.
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Fig. 1: Research Framework.
2.4. Data analysis and interpretation
Mean and standard deviation were used to assess the metacognition in terms of metacognitive knowledge and metacognitive regulation,
and the online learning performance of hospitality management students. The indicators to measure metacognition and online learning
performance, and the levels of metacognitive knowledge, metacognitive regulation, and online learning performance were interpreted as

follows:

Table 2: Range of Mean and Corresponding Interpretation

Mean Frequency of Indicators Level of Metacognitive Knowledge and Regulation Online Learning Performance
4.50-5.00 Almost Always Very High Outstanding

3.50-4.49 Often High Very Satisfactory

2.50-3.49 Sometimes Moderate Satisfactory

1.50-2.49 Seldom Low Poor

1.00—1.49 Rarely Very Low Very Poor

Frequencies and means were used to describe the mathematics achievement of hospitality management students. The mathematics achieve-
ment was measured in terms of final grade in Mathematics in the Modern World and interpreted as follows:

Table 3: Range of Mathematics Grade and Corresponding Interpretation

Grade Level of Mathematics Achievement
98 — 100 Advanced

94 -97 Very Proficient

88 -93 Proficient

85-87 Approaching Proficiency

80 -84 Developing

75-79 Beginning

Below 75 Not Proficient

Simple linear regression analysis was used to determine the significant effect of each of metacognitive knowledge and metacognitive
regulation on each of mathematics achievement and online learning performance. Regression analysis and the Sobel test were used to
determine the significant mediation of online learning performance on the effect of each of the metacognitive knowledge and metacognitive
regulation on mathematics achievement. The effects and mediations were interpreted as either significant or not significant using the p-
values at the .05 level of significance.

3. Results and discussion

3.1. Assessment of metacognition
Table 4 presents the assessment of hospitality management students on their metacognition per the indicator of metacognitive knowledge.

Table 4: Components and Indicators of Metacognitive Knowledge

Components and Indicators Mean Standard Deviation Interpretation
Declarative Knowledge

1. I understand my intellectual strengths and weaknesses. 4.05 .887 Often

2. I know what kind of information is most important to learn. 3.99 .859 Often

3. I am good at organizing information. 3.49 811 Sometimes
4. I know what the teacher expects me to learn. 3.77 .861 Often

5.1 am good at remembering information. 3.34 791 Sometimes
6. I have control over how well I learn. 3.60 .828 Often
7.1am a good judge of how well I understand something. 3.49 811 Sometimes
8. I learn more when I am interested in the topic. 433 .852 Often
Procedural Knowledge

1. I try to use strategies that have worked in the past. 3.81 .880 Often

2. I have a specific purpose for each strategy I use. 3.68 .863 Often

3. I am aware of what strategies I use when I study. 3.77 .873 Often

4. I find myself using helpful learning strategies automatically. 3.56 788 Often

Conditional Knowledge



428 International Journal of Basic and Applied Sciences

1. I learn best when I know something about the topic. 4.10 918 Often
2. I use different learning strategies depending on the situation. 3.71 .846 Often
3. I can motivate myself to learn when I need to. 4.05 918 Often
4. I use my intellectual strengths to compensate for my weaknesses. 3.68 .857 Often
5. I know when each strategy I use will be most effective. 3.56 .805 Often

Most of the indicators of metacognitive knowledge were assessed as often. The highest mean for declarative knowledge is in learning more
when interested in the topic, while the lowest mean is in being good at remembering information. In procedural knowledge, the highest is
in trying to use strategies that have worked in the past, and the lowest is in automatically using helpful learning strategies. For conditional
knowledge, the mean is highest in learning best when knowing something about the topic and lowest in knowing when each strategy will
be most effective.

Results of this study is similar to a previous study that also showed students have highest mean assessment for learning more in interested
topic in terms of declarative knowledge and for learning best when with previous knowledge about the topic for conditional knowledge
but differs in the results of procedural knowledge with the highest mean assessment of the previous study in the use of helpful learning
strategies [32].

Table 5 presents the level of metacognition of hospitality management students in terms of their metacognitive knowledge.

Table 5: Level of Metacognitive Knowledge

Variable Mean Standard Deviation Interpretation
Declarative Knowledge 3.76 .532 High Level
Procedural Knowledge 3.71 .620 High Level
Conditional Knowledge 3.82 611 High Level
Metacognitive Knowledge 3.76 .527 High Level

As shown in the table, hospitality management students have a high level of metacognitive knowledge, with the highest mean assessment
in conditional knowledge and the lowest in procedural knowledge. A previous study among business administration students also revealed
a high level of metacognitive knowledge, with the highest in conditional and the lowest in procedural [33]. First-year college students in
another university also have a high level of metacognitive knowledge, and also highest in conditional and the lowest in procedural
knowledge [34]. Results of another study showed that customs administration students have a generally high level of declarative and
procedural knowledge, but they have a very high level of conditional knowledge [32].

Table 6 presents the assessment of hospitality management students on their metacognition per the indicator of metacognitive regulation.

Table 6: Components and Indicators of Metacognitive Regulation

Components and Indicators Mean Standard Deviation Interpretation
Planning

1. I pace myself while learning to have enough time. 3.71 .857 Often

2. I think about what I really need to learn before I begin a task. 4.05 .868 Often

3. I set specific goals before I begin a task. 3.95 928 Often

4. I ask myself questions about the material before I begin. 3.63 .898 Often

5. I think of several ways to solve a problem and choose the best one. 3.87 907 Often

6. I read instructions carefully before I begin a task. 422 .892 Often

7.1 organize my time to best accomplish my goals. 3.98 935 Often
Information Management Strategies

1. I slow down when I encounter important information. 3.93 .890 Often

2. I consciously focus my attention on important information. 3.92 .831 Often

3. I focus on the meaning and significance of new information. 3.80 .896 Often

4. I create my own examples to make information more meaningful. 3.52 912 Often

5. I draw pictures or diagrams to help me understand while learning. 3.11 1.010 Sometimes
6. I try to translate new information into my own words. 3.71 .940 Often

7. 1 use the organizational structure of the text to help me learn. 341 .904 Sometimes
8. I ask myself if what I’'m reading is related to what I already know. 3.78 .824 Often

9. I try to break studying down into smaller steps. 3.48 .830 Sometimes
10. I focus on overall meaning rather than specifics. 3.53 798 Often
Comprehension Monitoring

1. T ask myself periodically if I am meeting my goals. 3.77 955 Often

2. 1 consider several alternatives to a problem before I answer. 3.60 .844 Often

3. T ask myself if | have considered all options when solving a problem. 3.75 .888 Often

4. I periodically review to help me understand important relationships. 3.72 .878 Often

5. I find myself analyzing the usefulness of strategies while I study. 3.67 .889 Often

6. I find myself pausing regularly to check my comprehension. 3.49 795 Sometimes
7. 1 ask myself questions about how well I am doing while learning something new. 3.71 .873 Often
Debugging Strategies

1. T ask others for help when I don’t understand something. 4.06 933 Often

2.1 change strategies when I fail to understand. 3.69 .902 Often

3. I re-evaluate my assumptions when I get confused. 3.77 .867 Often

4. I stop and go back over the new information that is not clear. 3.85 937 Often

5. I'stop and reread when I get confused. 4.07 926 Often
Evaluation

1. I know how well I did once I finish a test. 3.82 .862 Often

2. I ask myself if there was an easier way to do things after I finish a task. 3.83 954 Often

3. I summarize what I’ve learned after I finish. 3.49 915 Sometimes
4. I ask myself how well I accomplish my goals once I'm finished. 3.92 949 Often

5. I ask myself if I have considered all options after I solve a problem. 3.51 815 Often

6. I ask myself if I learned as much as I could have once I finish a task. 3.75 .866 Often
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The majority of the indicators of metacognitive regulation were also assessed as often. The highest mean assessment for each component
is as follows: reading instructions carefully before beginning a task (planning); consciously focusing attention on important information
(information management); periodically asking oneself if meeting goals (comprehension monitoring); stopping and rereading when con-
fused (debugging); and asking oneself how goals were accomplished (evaluation). The lowest mean for each component is as follows:
asking oneself about the material before beginning (planning); drawing pictures or diagrams to understand (information management);
regularly pausing to check comprehension (comprehension monitoring); changing strategies if one cannot understand (debugging); and
summarizing the learning (evaluation).

Table 7 presents the level of metacognition of hospitality management students in terms of their metacognitive regulation.

Table 7: Level of Metacognitive Regulation

Variable Mean Standard Deviation Interpretation
Planning 3.92 612 High Level
Information Management Strategies 3.62 .560 High Level
Comprehension Monitoring 3.67 571 High Level
Debugging Strategies 3.89 .648 High Level
Evaluation 3.72 .602 High Level
Metacognitive Regulation 3.74 .528 High Level

As shown in the table, hospitality management students have a high level of metacognitive regulation, with the highest mean assessments
in planning and debugging strategies and the lowest in information management strategies. In a previous study, business administration
students also high level of metacognitive regulation, with the highest mean assessment in debugging strategies and the lowest in compre-
hension monitoring [33]. In another university, first-year college students also have a high level of metacognitive regulation and also
highest in debugging strategies, and the lowest in comprehension monitoring [34].

3.2. Level of mathematics achievement

Table 8 presents the frequencies and means of the final grades of hospitality management students and the corresponding description or
level of mathematics achievement.

Table 8: Mathematics Achievement

Grade Description Frequency
98 — 100 Advanced 0

94 -97 Very Proficient 27

88-93 Proficient 154
85-87 Approaching Proficiency 72

80 -84 Developing 34
75-179 Beginning 17

Below 75 Not Proficient 7

Mean = 87.58 Proficient N=311

Results showed that almost half (154 out of 311) of the hospitality management students achieved proficiency in mathematics. However,
no one has achieved the advanced level, and there are a few students who have not attained proficiency. Generally, the mean grade (87.58)
implied that the hospitality management students are proficient in Mathematics in the Modern World. In a similar study, first-year college
students of Mathematics in the Modern World have their mean grade of 88.65 [35].

3.3. Assessment of online learning performance

Table 9 presents the online learning performance of hospitality management students per indicator.

Table 9: Components and Indicators of Online Learning Performance

Components and Indicators Mean  Standard Deviation  Interpretation
Attitude Towards Learning

1. I can apply the content learned in the online learning course. 3.59 .830 Often

2. I can give my own opinion or intelligently critique the content in the online learning course. 3.48 .872 Sometimes
3. I am more independent after an online learning course. 3.52 919 Often

4. I am a better thinker after an online learning course. 341 .860 Sometimes
5. I can use my skills learned in an online learning course outside of class. 3.57 .884 Often

6. I can demonstrate to others my skills learned in an online learning course. 3.39 .894 Sometimes
Student Engagement

1. I acquire useful knowledge by interacting with other students during the online learning course. 3.57 858 Often

2. I acquire useful knowledge by interacting with my lecturer during the online learning course. 3.46 837 Sometimes
3. I acquire skills in using web applications by engaging with online learning tools. 3.51 .876 Often

4. I fully engage in online learning tasks to learn more than what is required of me. 3.54 .860 Often
Student Satisfaction

1. I am interested in doing online tasks as I enjoy learning. 3.46 936 Sometimes
2. I am satisfied with the online learning course. 3.29 1.072 Sometimes
3. Completing an online task was not difficult. 3.37 958 Sometimes
4. The online tasks help me understand the course better. 3.01 1.136 Sometimes
5. The knowledge I gained from online learning was as good as from face-to-face learning. 3.03 1.198 Sometimes

The majority of the indicators of online learning performance were assessed as sometimes. The highest mean assessment for attitude
towards learning is in applying the content learned, and the lowest is in demonstrating the skills learned to others. In student engagement,
the highest mean is in acquiring useful knowledge by interacting with other students, while the lowest is in acquiring useful knowledge by
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interacting with the lecturer. For student satisfaction, being interested in doing online tasks due to joy in learning has the highest mean, and
understanding the course better due to online tasks has the lowest mean.
Table 10 presents the online learning performance of hospitality management students.

Table 10: Online Learning Performance

Variable Mean Standard Deviation Interpretation
Attitude towards Learning 3.49 .673 Satisfactory
Student Engagement 3.52 718 Very Satisfactory
Student Satisfaction 3.23 .830 Satisfactory
Online Learning Performance 3.41 .639 Satisfactory

As shown in the table, hospitality management students have satisfactory online learning performance. The highest mean is in their en-
gagement in online learning, while the lowest mean is in their satisfaction with online learning.

3.4. Effects of metacognitive knowledge and metacognitive regulation on mathematics achievement

Table 11 shows the results of simple linear regression analysis on the effect of metacognitive knowledge on the mathematics achievement
of hospitality management students.

Table 11: Effect of Metacognitive Knowledge on Mathematics Achievement

Variable B Std. Error t-value p-value Decision on Ho Interpretation
(Constant) 81.053 2.088 38.820 <.001 - -
Metacognitive Knowledge 1.735 .549 3.158 .002 Reject Significant

Model Summary: R=.177,R*=.031
Regression Model: ~ F=9.970, p =.002

As shown in the table, metacognitive knowledge and mathematics achievement are correlated with R = .177. However, only 3.1% of the
total variation in mathematics achievement can be explained by metacognitive knowledge. Further, the regression model significantly
predicts mathematics achievement with F = 9.970 and p = .002, or that the model is a good fit for the data. Moreover, metacognitive
knowledge has a significant effect on mathematics achievement as indicated by p = .002. The following equation can be used to predict
mathematics achievement (MA) from metacognitive knowledge (MK):

MA = 81.053 + 1.735 (MK) (D

This means that for every one unit increase in metacognitive knowledge, there is a corresponding 1.735 unit increase in mathematics
achievement. The positive unstandardized beta coefficient (B = 1.735) implies that the effect is positive, or that when the level of meta-
cognitive knowledge gets higher, the mathematics achievement gets better.

Results of previous studies also revealed that metacognition is positively correlated with academic achievement [28], [36], with academic
success [29], and with mathematics performance [37]. Substantial awareness of metacognition was significantly and positively correlated
with academic performance [33]. Previous findings also suggest that metacognition significantly influences success in learning mathemat-
ics [34]. In addition, there is also a significant positive association between metacognitive awareness and mathematics achievement [34],
and metacognitive knowledge is a predictor of mathematics performance [31]. A significant relationship also exists between metacognitive
awareness and mathematics grades [15]. More findings revealed that metacognition significantly and positively affects both mathematics
self-efficacy and mathematics achievement [19]. Metacognitive awareness, problem-solving skills, and mathematics achievement are also
significantly correlated with each other [38].

However, metacognition is only weakly correlated with academic performance as it predicts academic performance when controlling for
intelligence [14]. Another study also showed that there was no significant correlation between metacognition and overall academic achieve-
ment [39]. The correlation between metacognition and academic achievement is driven only by metacognitive regulation and not by met-
acognitive knowledge [13].

Table 12 shows the results of simple linear regression analysis on the effect of metacognitive regulation on the mathematics achievement
of hospitality management students.

Table 12: Effect of Metacognitive Regulation on Mathematics Achievement

Variable B Std. Error t-value p-value Decision on Ho Interpretation
(Constant) 82.083 2.083 39.415 <.001 - -
Metacognitive Regulation 1.468 551 2.666 .008 Reject Significant

Model Summary: R =.150, R?=.022
Regression Model:  F=7.109, p=.008

As shown in the table, metacognitive knowledge and mathematics achievement are correlated with R = .150. However, only 2.2% of the
total variation in mathematics achievement can be explained by metacognitive regulation. Further, the regression model significantly pre-
dicts mathematics achievement with F =7.109 and p = .008, or that the model is a good fit for the data. Moreover, metacognitive regulation
has a significant effect on mathematics achievement as indicated by p = .008. The following equation can be used to predict mathematics
achievement (MA) from metacognitive regulation (MR):

MA = 82.083 + 1.468 (MR) 2

This means that for every one unit increase in metacognitive regulation, there is a corresponding 1.468 unit increase in mathematics
achievement. The positive unstandardized beta coefficient (B = 1.468) implies that the effect is positive or that when the level of metacog-
nitive regulation gets higher, the mathematics achievement gets better.

These results are similar to the findings of previous studies. Metacognitive regulation of students is related to their task performances and
scores [3]. Those who demonstrate a higher level of metacognitive skills tend to perform better academically [36]. Previous results also
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indicate that metacognitive monitoring and control are predictors of college academic achievement [13]. Students with proficient metacog-
nitive abilities excel academically in mathematics [34], and those who have higher metacognitive abilities achieve better in mathematics
than those who are less metacognitive [19].

3.5. Mediation of online learning performance on the effects of metacognitive knowledge and metacognitive regulation
on mathematics achievement

As shown earlier, metacognitive knowledge has a significant effect on mathematics achievement. Part of the conduct of mediation analysis
as to whether or not online learning performance mediates this effect is to determine the significant effect of metacognitive knowledge on
online learning performance. Table 13 shows the results of simple regression analysis on the effect of metacognitive knowledge on the
online learning performance of hospitality management students.

Table 13: Effect of Metacognitive Knowledge on Online Learning Performance

Variable B Std. Error t-value p-value Decision on Ho Interpretation
(Constant) 374 .196 1.913 .057 - -
Metacognitive Knowledge .808 .051 15.690 <.001 Reject Significant

Model Summary: R =.666, R* = .443
Regression Model: F =246.177, p <.001

As shown in the table, metacognitive knowledge and online learning performance are correlated with R = .666. Moreover, 44.3% of the
total variation in online learning performance can be explained by metacognitive knowledge. Further, the regression model significantly
predicts online learning performance with F =246.177 and p <.001, or that the model is a good fit for the data. In addition, metacognitive
knowledge has a significant effect on online learning performance as indicated by p <.001. The following equation can be used to predict
online learning performance (OLP) from metacognitive knowledge (MK):

OLP = .374 + .808 (MK) (3)

This means that for every one unit increase in metacognitive knowledge, there is a corresponding .808 unit increase in online learning
performance. The positive unstandardized beta coefficient (B = .808) implies that the effect is positive or that when the level of metacog-
nitive knowledge gets higher, the online learning performance gets better.

These results support the findings of previous studies. Previous results indicate that there is a positive correlation between metacognition
and learning engagement of college students [30]. A significant relationship also exists between metacognition and blended learning en-
gagement, and the presence of metacognition has a positive influence on student engagement in both offline and online learning [40].
Previous findings further emphasize the critical role of metacognition for students to overcome open and distance education difficulties
toward superior learning outcomes [41].

Since metacognitive knowledge has a significant effect on both online learning performance and mathematics achievement, the next step
is to conduct a multiple regression analysis on the effect of metacognitive knowledge and online learning performance on the mathematics
achievement of hospitality management students. Table 14 shows the results of this analysis.

Table 14: Effect of Metacognitive Knowledge and Online Learning Performance on Mathematics Achievement

Variable B Std. Error t-value p-value Decision on Ho Interpretation
(Constant) 81.405 2.095 38.848 <.001 - -

Online Learning Performance -.941 .606 -1.553 122 Fail to Reject Not Significant
Metacognitive Knowledge 2.494 735 3.395 .001 Reject Significant

Model Summary: R =.197, R? = .039
Regression Model: F = 6.213, p =.002

As shown in the table, online learning performance and metacognitive knowledge are correlated to mathematics achievement with R =.197.
However, only 3.9% of the total variation in mathematics achievement can be explained by online learning performance and metacognitive
knowledge. Further, the regression model significantly predicts mathematics achievement with F = 6.213 and p = .002, or that the model
is a good fit for the data. In addition, metacognitive knowledge has a significant effect on mathematics achievement, but online learning
performance has no significant effect. These results imply that online learning performance does not significantly mediate the effect of
metacognitive knowledge on mathematics achievement.

Table 15 shows the results of the analysis on the effect of metacognitive knowledge on the mathematics achievement of hospitality man-
agement students as mediated by their online learning performance.

Table 15: Mediation of Online Learning Performance (OLP) on the Effect of Metacognitive Knowledge (MK) on Mathematics Achievement (MA)

Path B Std. Error t-value p-value Decision on Ho Interpretation
Total Effect

MK — MA 1.735 .549 3.158 .002 Reject Significant
Direct Effect

MK — OLP .808 .051 15.690 <.001 Reject Significant
OLP — MA -.941 .606 -1.553 122 Fail to Reject Not Significant
MK — MA 2.494 735 3.395 .001 Reject Significant
Path Sobel Test Std. Error t-value p-value Decision on Ho Interpretation
Indirect Effect

MK — OLP —» MA -1.545 492 - 122 Fail to Reject Not Significant

As shown in the table, the total effect of metacognitive knowledge on mathematics achievement is significant with p = .002. In addition,
the direct effect of metacognitive knowledge on online learning performance is also significant with p <.001. With the inclusion of online
learning performance in the regression model, the direct effect of metacognitive knowledge on mathematics achievement is still significant
with p =.001. Although there is a change in the beta coefficients from 1.735 in the total effect to 2.494 in the direct effect of metacognitive
knowledge on mathematics achievement, this change is insignificant as implied by the non-significant effect of online learning performance
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on mathematics achievement with p =.122. The non-mediating role of online learning performance is further confirmed by the Sobel test,
which shows that the indirect effect of metacognitive knowledge on mathematics achievement with the intervention of online learning
performance is not significant, with p =.122.

These results are summarized in Figure 2.

Metacognitive 1.735 Mathematics
Knowledge Achievement
(MEK) p=.002 (MVLA)

Online Learning
Performance
(OLP)

Metacognitive Mathematics
Knowledge Achievement
(MK) MA)

Fig. 2: Mediation of Online Learning Performance on the Effect of Metacognitive Knowledge on Mathematics Achievement.

It was also shown earlier that metacognitive regulation has a significant effect on mathematics achievement. Part of the conduct of media-
tion analysis as to whether or not online learning performance mediates this effect is to determine the significant effect of metacognitive
regulation on online learning performance. Table 16 shows the results of simple regression analysis on the effect of metacognitive regula-
tion on the online learning performance of hospitality management students.

Table 16: Effect of Metacognitive Regulation on Online Learning Performance

Variable B Std. Error t-value p-value Decision on Ho Interpretation
(Constant) .340 .191 1.775 .077 - -
Metacognitive Regulation .821 .051 16.230 <.001 Reject Significant

Model Summary: R =.678, R? = .460
Regression Model: F =263.412, p <.001

As shown in the table, metacognitive regulation and online learning performance are correlated with R = .678. Moreover, 46% of the total
variation in online learning performance can be explained by metacognitive regulation. Further, the regression model significantly predicts
online learning performance with F =263.412 and p <.001, or that the model is a good fit for the data. In addition, metacognitive regulation
has a significant effect on online learning performance as indicated by p < .001. The following equation can be used to predict online
learning performance (OLP) from metacognitive regulation (MR):

OLP =340 + .821 (MR) 3)

This means that for every one unit increase in metacognitive regulation, there is a corresponding .821 unit increase in online learning
performance. The positive unstandardized beta coefficient (B = .821) implies that the effect is positive or that when the level of metacog-
nitive regulation gets higher, the online learning performance gets better.

Previous studies have related results. Metacognition enables students’ self-regulated learning, enhances their engagement, and improves
achievement [40]. These imply that teachers should have flexibility in adapting learning activities for online learning [42]. Metacognitive
strategies have also been identified as vital by previous studies to ensure better learning outcomes in open and distance education settings,
and findings showed that through metacognition, students can plan, monitor, and evaluate learning strategies more effectively for the
difficulties associated with distance education [41]. Previous results also showed that metacognitive strategies of college students in online
collaborative learning environments significantly and positively affect their academic achievement [43].

Since metacognitive regulation has a significant effect on both online learning performance and mathematics achievement, the next step is
to conduct a multiple regression analysis on the effect of metacognitive regulation and online learning performance on the mathematics
achievement of hospitality management students. Table 17 shows the results of this analysis.

Table 17: Effect of Metacognitive Regulation and Online Learning Performance on Mathematics Achievement

Variable B Std. Error t-value p-value Decision on Ho Interpretation
(Constant) 82.331 2.092 39.358 <.001 - -

Online Learning Performance -.730 .619 -1.180 122 Fail to Reject Not Significant
Metacognitive Regulation 2.068 .749 2.760 .006 Reject Significant

Model Summary: R =.164, R? = .027
Regression Model: F =4.255, p=.015

As shown in the table, online learning performance and metacognitive regulation are correlated to mathematics achievement with R =.164.
However, only 2.7% of the total variation in mathematics achievement can be explained by online learning performance and metacognitive
regulation. Further, the regression model significantly predicts mathematics achievement with F =4.255 and p =.015, or that the model is
a good fit for the data. In addition, metacognitive regulation has a significant effect on mathematics achievement, but online learning
performance has no significant effect. These results imply that online learning performance does not significantly mediate the effect of
metacognitive regulation on mathematics achievement.
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Table 18 shows the results of the analysis on the effect of metacognitive regulation on the mathematics achievement of hospitality man-
agement students as mediated by their online learning performance.

Table 18: Mediation of Online Learning Performance (OLP) on the Effect of Metacognitive Regulation (MR) on Mathematics Achievement (MA)

Path B Std. Error t-value p-value Decision on Ho Interpretation
Total Effect

MR — MA 1.468 551 2.666 .008 Reject Significant
Direct Effect

MR — OLP 821 .051 16.230 <.001 Reject Significant
OLP - MA -.730 .619 -1.180 239 Fail to Reject Not Significant
MR — MA 2.068 749 2.760 .006 Reject Significant
Path Sobel Test Std. Error t-value p-value Decision on Ho Interpretation
Indirect Effect

MR — OLP —» MA -1.176 510 - .240 Fail to Reject Not Significant

As shown in the table, the total effect of metacognitive regulation on mathematics achievement is significant with p = .008. In addition,
the direct effect of metacognitive regulation on online learning performance is also significant with p <.001. With the inclusion of online
learning performance in the regression model, the direct effect of metacognitive regulation on mathematics achievement is still significant
with p =.006. Although there is a change in the beta coefficients from 1.468 in the total effect to 2.068 in the direct effect of metacognitive
regulation on mathematics achievement, this change is insignificant, as implied by the non-significant effect of online learning performance
on mathematics achievement with p =.239. The non-mediating role of online learning performance is further confirmed by the Sobel test,
which shows that the indirect effect of metacognitive regulation on mathematics achievement with the intervention of online learning
performance is not significant, with p = .240.

These results are summarized in Figure 3.

Metacognitive
Regulation
(MR)

1.468 Mathematics
Achievement
p=.008 (MA)

Online Learning
Performance

(OLP)

Metacognitive . Mathematics
Regulation Achievement

(MR) (MA)

Fig. 3: Mediation of Online Learning Performance on the Effect of Metacognitive Regulation on Mathematics Achievement.

This study found that online learning performance does not significantly mediate the effect of both metacognitive knowledge and meta-
cognitive regulation on mathematics achievement. The non-significant mediation may be attributed to the design of the online platform
used, which lacks interactive features critical for mathematics learning. An online platform, most of the time, cannot really replicate the
spontaneous and rich interaction of a physical classroom that enhances the students’ interest to learn. It has to be noted that learning interest
is correlated with the learners’ intent to use an open online course [44]. Results from a previous study show that mathematics students were
uncomfortable and unsatisfied with an online learning environment that practiced low interactions with the features of the interface created
and low interactions with teachers and fellow students [26]. This may also be attributed to some student-related factors, such as a lack of
motivation. A previous study demonstrated that motivational and emotional support are necessary to enhance students’ success rate in
online mathematics courses [16].

4. Conclusions

The participants of this study are first-year students of Mathematics in the Modern World under the program Bachelor of Science in
Hospitality Management, and the majority of them are female. Most of these hospitality management students have high levels of meta-
cognitive knowledge and metacognitive regulation, are proficient in mathematics, and have satisfactory online learning performance.
Both metacognitive knowledge and metacognitive regulation have a significant positive effect on mathematics achievement. These imply
that students with higher levels of metacognition are more proficient in mathematics. Both metacognitive knowledge and metacognitive
regulation also have a significant positive effect on online learning performance, which was measured in terms of the students’ attitude,
engagement, and satisfaction with online learning. These imply that more metacognitive students have better online learning performance.
Therefore, mathematics educators and the colleges or universities they belong to should exert efforts and strategies to help students enhance
their metacognition that will lead to better online learning performance and higher mathematics achievement.

However, the online learning performances of the students do not significantly mediate the effect of their metacognitive knowledge on
their mathematics achievement. Similarly, their online learning performances do not significantly mediate the effect of their metacognitive
regulation on their mathematics achievement. These imply that, in this case, mathematics achievement is not reliant on students’ attitude,
engagement, and satisfaction with online learning.

As this study focuses only on first-year Hospitality Management students from one university, the findings of this study cannot be applied
or generalized to other students with different year levels, academic programs, or institutions. Similar studies focusing on more advanced
students, particularly those in their senior levels, or under mathematics-related academic programs, or from institutions with more
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interactive online learning platforms, will most probably have different results. Future studies may aim to include a more diverse and
balanced sample to have generalizable findings.

Moreover, as this study fails to establish a significant mediation of online learning performance on the effect of metacognition on mathe-
matics achievement due to a variety of possible factors, one of which is the online learning platform’s limitations, future research may also
explore whether platforms with adaptive feedback or virtual manipulatives enhance the mediating role of online learning performance.
Other topics that future researchers may consider are the role of specific online tools (e.g., interactive simulations) or the role of student
characteristics (e.g., prior knowledge or mathematical ability) on the effect of metacognition on mathematics achievement, and practical
applications such as designing metacognitive training modules for online platforms.

In addition, mathematics educators may adapt online platforms to better leverage metacognition. This may be done by explicitly integrating
in their online content the tools and activities that may guide students in the planning, monitoring, and evaluation of their own learning.
This will foster among the students self-awareness and self-directed learning. Further, mathematics educators and their institutions may
have either of these two options: the first is to enhance their online learning platforms, and the second is to revert to traditional classroom
learning settings for mathematics courses. However, further studies on this matter are suggested for better decision-making.
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