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 This study aimed to explore the integration of metacognition in online science 
education for college students and tested the feasibility of the learning model 
on students’ HOTS. The ADDIE (analyze, design, develop, implement, and 
evaluate) model was employed in this study. Needs analysis was conducted 
through interviews and questionnaire surveys to 21 students from primary 
school teacher education study programs at seven state universities and 14 
private universities in Indonesia. Expert validation was conducted with seven 
educational experts using the Dhelphi technique. The model’s construct 
validity was evaluated using randomly selected classrooms from two different 
institutions, while the model’s content validity was checked using the Aiken's 
V formula (content-validity coefficient (V)). The effectiveness of the model 
was examined through an experimental study involving three groups of 
students: experimental group (41 students), control group 1 (39 students) and 
control group 2 (39 students). The experimental study was performed using 
the randomized pretest-posttest comparison group design. The research 
hypothesis was investigated using a General Linear Model and Multivariate 
Analysis of Variance (MANOVA), followed by an effect size analysis 
utilizing Cohen’s d to ascertain the model’s effect on students’ HOTS. 
Through awareness-building, essential questioning, planning, monitoring, 
evaluating, and reflecting, this study successfully integrated metacognition 
into online science education. The model’s learning syntax incorporated both 
synchronous and asynchronous learning activities. Virtual and contextual 
projects are critical components of this approach because they demonstrate 
how metacognition is regulated. Expert judgement indicated that the model 
under development was highly feasible. The experimental study established 
that the learning model had a considerable effect on students’ HOTS, which 
rose by 75% (a large effect) due to the model’s implementation. 
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1. INTRODUCTION  

Science is critical for pre-service elementary teachers to master. In the department of 
primary school teacher education (PSTE) in Indonesia, science education is offered through courses 
that emphasize science principles, science education, and the development of science instruction. 



These courses are geared toward increasing the technological, pedagogical content knowledge 
(TPACK) of the students. Graduates of the PSTE department should be able to master science 
concepts and design learning that takes pedagogic, content, and technological factors into account. 
Besides TPACK, the students from the PSTE department should also develop higher order thinking 
skills (HOTS) to deal with the complexity of science. Unfortunately, Indonesian students have many 
misconceptions about scientific principles [1], face difficulty learning science (Maryani, Husna, 
Wangid, Mustadi, & Vahechart, 2018), and have poor performance in science.  

In addition, the occurrence of the Covid-19 Pandemic requires the delivery of science 
instruction online, which posed a significant threat to professors, who had to experiment with 
educational technologies. Faculty members and students at universities must swiftly adjust to online 
learning, particularly to experimental and live demonstration-based learning. Students must be 
technologically savvy to accomplish science education online. To achieve success in online learning, 
students need to increase their motivation, autonomy, problem-solving skills, collaboration skills, 
decision making skills, and thinking skills, which are also known as 21st century skills.   

The twenty-first century skills have become a topic of discussion among several educational 
institutions, practitioners, and experts. According to Trisdiono (2013), the 21st century requires the 
following skills: critical thinking, problem-solving skills, communication skills, and collaboration 
skills. In addition, ATC21S (Assessment & Teaching of 21st Century Skills) classifies the 21st 
century skills into four areas; one of which is methods of thinking [4]. A cognitive or thinking 
process involves multiple phases of thought, including remembering, understanding, applying, 
analyzing, and making decisions. This mode of reasoning is known as HOTS (High-order Thinking 
Skills). 

Learning that continues to emphasize the development of lowerlevel thinking skills (LOTS) 
contributes to the poor higher order thinking skills (HOTS) of teachers in Indonesia [5]. Many 
university teachers continue to struggle with teaching HOTS and preparing their students to use 
higher order thinking in everyday life. This could be due to the instructors’ lack of expertise 
regarding how to hone students’ higher order thinking skills [6]. According to studies [7], [8], the 
LOTS group contains a greater number of future primary school teachers/PSTE students than the 
HOTS category. Because of this, the learning process in higher education should not only prioritize 
cognitive processes but also foster students’ learning awareness and independence. 

Countless studies indicate that the educational approach used in Education Personnel 
Education Institutions has been ineffective in promoting higher order thinking skills (HOTS) in 
students. In Indonesia, research continues to be centered on students’ HOTS analysis and the 
creation of HOTS-based assessments. The learning models implemented to develop HOTS in 
students, such as PBL [9], RMS (Reading, Mapping, and Sharing) [10], CUPs (Conceptual 
Understanding Procedures) [11], Constructive Conflict (CC) and Modified Free Inquiry (MFI) [12], 
FILM [13], and Guided Inquiry Laboratory-Based Module (GILM [14] mostly focused on the 
cognitive processes and disregard differences in learning between individuals. Therefore, a more-in 
depth analysis is needed to address the use of learning methods to maximize student autonomy. As 
a result, integrating metacognition into the learning process is the optimal strategy for improving 
college students’ HOTS. 

Metacognition is chosen as an alternative problem-solving strategy which consists of two 
important stages, namely metacognition knowledge and metacognition regulation. The results of the 
previous studies show the advantages of metacognition as a learning strategy, namely that it can: 1) 
help students monitor their progress and control their learning process (through reading, writing, 
solving problems); 2) contribute to students’ learning desire above their intellectual abilities [15], 
[16]; 3) improve academic achievement across age, cognitive abilities, and learning domains [17], 
[18]; and 4) help students transfer what they learn from one context to the next, or from a previous 
task to a new task. Metacognition optimization is expected to be able to maximize students’ thinking 
skills in overcoming real-world problems. 

Students can engage in metacognitive activities such as: 1) reflecting on the thought processes 
involved in the learning process; 2) seeking concrete examples from prior learning experiences and 
mindsets; 3) analyzing the benefits of using the mindset versus the disadvantages of not using it, 
resulting in an understanding of when the strategy should be used; 4) making generalizations and 
formulating rules about these thought patterns; and 5) naming the thought pattern [19]–[21]. This 



integration is consistent with students’ qualities as adult learners who are frequently required to 
make decisions while studying autonomously. 

 
Research Questions 

1. What role does metacognition play in an online learning model? 

2. To what extent is a metacognition-integrated online learning effective in promoting students’ 

higher order thinking skills (HOTS) in science? 

 
 
2. THEORITICAL FRAMEWORK 

2.1. Science Education 

Science is a field of study that is concerned with natural phenomena. Science is the methodical 
examination of nature’s structure and behavior as observed using the scientific method. Science is 
divided into three domains: a body of knowledge, a collection of methods and procedures, and a 
mode of knowing about nature [22]. A collection of definitions, facts, concepts, theories, and laws 
constitutes a body of knowledge. A set of methods and processes includes observing, measuring, 
estimating, estimating, inferring, predicting, classifying, hypothesizing, experimenting, and 
concluding. A way of knowing about nature is founded on the premise that scientific knowledge is 
evidence-based, scientific information can survive over time, creativity is critical in research, and 
background knowledge influences how scientists interpret data [23]. All explanations in science are 
founded on observations and experiments that can be conducted and verified by scientists. This 
cannot be a simply empirical explanation [24]. Based on this perspective, students studying science 
are placed in problem-solving settings. This predicament is aided by educational materials that teach 
pupils how to process information scientifically [25]. 

Science education attempts to naturally stimulate students’ curiosity. Science education is used 
to strengthen students’ abilities to ask probing questions and seek evidence-based answers regarding 
natural events, as well as to foster the development of scientific thinking. Science is used to 
understand the world and move forward as a systematic effort to develop reason. Scientific processes 
can be used to develop reason [26]. Science is useful for growing awareness and caring attitude of 
students in maintaining and preserving nature through investigation. This favorable attitude is 
formed through the implementation of knowledge and process skills in solving contextual problems. 
 

2.2. Metakognisi 

Metacognition is defined as the capacity for self-awareness and control over one’s own 
learning [27]. Metacognition is concerned with processes occurring on an individual level. Flavell 
(1979) in [28] describes metacognition as awareness of how one learns; when one understands and 
does not understand; knowledge of how to use available information to accomplish goals; the ability 
to assess the cognitive demands of a particular task; knowledge of which strategies are used for what 
purposes; and assessment of one’s progress during and after performance. 

Metacognition is divided into two significant components: metacognitive knowledge and 
metacognitive regulation [29], [30]. Metacognitive knowledge refers to an understanding of aspects 
that can be used to influence cognitive processes [31]. Metacognitive knowledge is the capacity to 
comprehend how numerous elements interact to influence our own thinking [32]. Metacognitive 
knowledge consists of awareness of knowledge/person variables, awareness of thinking/task 
variables, and awareness of thinking/strategy variables. Declarative knowledge, procedural 
knowledge, and conditional knowledge are all examples of metacognitive knowledge. All three are 
stages of metacognitive understanding on the way to metacognitive regulation. Metacognitive 
regulation is the subjective internal response of an individual to metacognitive knowledge. 
Metacognitive regulation is a term that refers to the process of monitoring cognitive activity and 
ascertaining whether cognitive objectives have been met [33]. In science learning, metacognitive 
abilities place a greater emphasis on the process than on the product. Metacognitive strategies play 
a critical part in successful learning by enhancing students’ metacognitive abilities. If teachers can 
foster metacognitive skills in their students, they can lay the groundwork for active and skillful 
learning. 



A metacognition-integrated learning model has several components, including planning, 
monitoring, and evaluating. The planning tasks in question are as follows: 1) establishing goals to 
be reached, 2) arranging the time required to accomplish the goals, 3) acquiring necessary 
knowledge to reach the goals, and 4) planning and deciding on cognitive techniques to achieve the 
goals. The monitoring activities are as follows: 1) monitoring the objectives to be accomplished, 2) 
monitoring the amount of time spent, 3) measuring the adequacy of initial information, and 4) 
monitoring the implementation of cognitive techniques. The evaluation activities in question are as 
follows: 1) assessing target attainment, 2) assessing time management, 3) assessing the relevance of 
prior knowledge, and 4) assessing the effectiveness of cognitive techniques applied [34]. 

A benefit of the metacognitive strategies is that it promotes learner autonomy. Additionally, 
metacognition can assist students in tracking their progress and exerting control over their learning 
process (through reading, writing, solving problems). Metacognitive abilities of students contribute 
to their desire/interest in learning. Metacognition has been shown to compensate for cognitive 
deficiencies (Veenman et al., 2006; Veenman et al., 2004)and to improve academic achievement 
across age, cognitive capacities, and domains of learning. Metacognition also benefits reading, 
writing, mathematics, reasoning, problem solving, and memory abilities [17], [18]. Metacognition 
is also influenced by age and views regarding the critical role of self-efficacy in determining one’s 
success [36]. Metacognition techniques can activate components of metacognitive abilities, allowing 
for the optimization of an individual’s fundamental skills (reading and mathematics) [37]. 
Metacognition contributes to group and individual performance by altering the structure of 
knowledge through metacognitive activities [38]. 
 
2.3. Higher-Order Thinking Skills (HOTS) 

Higher order thinking skills (HOTS) are significantly more advanced than memorization. These 
skills need a range of mental processes, including analyzing, evaluating, and creating, all of which 
are embedded within the problem-solving process. The ability to involve analysis, evaluation, and 
creation is considered a higher order thinking ability [39]. Higher order thinking happens at a more 
advanced stage of the cognitive process hierarchy. The most frequently regarded hierarchical 
structure in education is Bloom’'s Taxonomy, which ranks thinking abilities from understanding to 
evaluation [40]. However, the new paradigm of educational research frequently references 
Marzano’s Taxonomy’s definition of HOTS, which includes comparing, classifying, inductive 
reasoning, deductive reasoning, error analysis, construction support, perspective analysis, 
abstracting, decision making, investigation, problem solving, experimental inquiry, and invention 
[41]–[44]. 

Additionally, students’ higher order thinking skills (HOTS) can be enhanced by the inclusion 
of technology in the learning process. Numerous studies have demonstrated success in improving 
students’ HOTS with the use of technology, including the use of Android-based worksheets to foster 
creativity, which has a positive effect on HOTS [45]. Additionally, I. Yusuf & Widyaningsih (2019) 
increased students’ HOTS in Physics by implementing STEM with the assistance of PhET media. 
Another study was conducted on a quantum physics course, demonstrating that using the STEM 
approach via e-learning can promote HOTS [47]. Alsowat (2016) established a highly significant 
correlation between HOTS and student engagement, HOTS and student contentment, and student 
involvement and satisfaction in an EFL postgraduate class using the Flipped Classroom Teaching 
Model (FCTM). 

In an experimental activity, evaluation of the learning process can also be used as a strategy to 
empower HOTS through concept maps (mind mapping). The thought processes involved when 
students construct a concept map can be explored and studied in detail using a higher-thinking 
protocol. This activity can demonstrate growth in students’ comprehension and higher order thinking 
skills. Students that excel academically are more likely to provide explanations and participate 
actively in mind mapping. Assessment using concept maps in laboratory learning activities can 
improve students’ comprehension and increases students’ HOTS [49]. 

 
 



3. RESEARCH METHODS 

The current R&D study used the ADDIE (Analysis, Design, Develop, Implement, dan Evaluate) 
model [50] to develop a feasible and effective metacognition-based science education for college 
students. The research design is presented in Figure 1.  

 
Source: [50] 

Figure 1. The R&D ADDIE model 
 

The urgency of developing the learning model as well as problem analysis were carried out at 
the Analyze stage. At the Design stage, the product’s design and draft were created. At the Develop 
stage, the validation process, product revision, expert validation, and field try-outs were conducted 
to ensure that the final product was valid in both content (expert judgment) and construct 
(experimental study). The process of implementing the learning model on a wider scale is carried 
out at the Implement stage. 

Needs analysis was conducted through interviews and questionnaires at 21 departments of 
primary school teacher education in 7 state universities and 14 private universities in Indonesia. 
Expert validation with the Dhelphi technique involved 7 education experts, while the effectiveness 
of the model was tested through an experimental study on 3 groups of students. The construct 
validity examination was conducted at two universities using randomly selected classes from 
Universitas Ahmad Dahlan and Universitas Bachelorwiyata Tamansuswa. The experimental study 
employed a randomized Pretest-Post-test Comparison Group Design suggested by [51]. The study 
involved 41 students as the experimental group, 39 students as the control group 1 and 39 students 
as the control group 2. The Aiken’s V (content-validity coefficient (V)) formula was used to examine 
the content validity test findings. This analysis was done by assigning a number between 1 (highly 
unrepresentative/irrelevant) to 5 (highly representative/relevant) to the product’s contents being 
evaluated. The following equation represents the content-validity coefficient (V): 

� =
∑�

[���	
�]
     (1) 

Remarks: 
Io = the lowest validity score (in this case = 1) 
c = the highest validity score (in this case = 5) 
r = expert judgment score 
s = r – Io 
c = number of experts 
V = content-validity coefficient (between 0-1)    [52] 
 

Hypothesis testing to find the effect of metacognition integration in online science learning on 
college students’ HOTS was carried out using the General Linear Model and the Multivariate 
Analysis of Variance (Manova). MANOVA was used to see the effect of online science learning on 
college students’ HOTS. The significance of the effect was then measured by calculating the effect 
size. The effect size metric indicated the standardized difference in scores between the control and 
experimental groups. In this study, the Effect Size used was Cohen’s d, where the effect size shows 
the magnitude of the difference in scores between the control and experimental groups. MANOVA 
calculates effect size using Eta squared, with a standard Eta score of 0.01 for a small effect, 0.3 for 
a medium effect, and 0.5 for a large effect [53]–[55]. 



4. RESULT AND DISCUSSION 

4.1. Result 

4.1.1 The Analyze Stage 

The analysis of open-ended questionnaires distributed to 21 science lecturers in primary school 
teacher education (PSTE) programs at seven public universities and fourteen private universities in 
Indonesia revealed that PSTE students’ varied educational backgrounds resulted in differences in 
their interest and ability to comprehend science material. This variability complicates the process of 
selecting learning models. Additionally, these pupils exhibit a lack of creativity, which impairs their 
capacity to generate ideas. Students’ mastery of practice and presenting skills is still weak, with their 
comprehension of a material being at the cognitive level 1 (memorization). Due to the students’ lack 
of interest in reading, their capacity to comprehend topics remains limited and may even result in 
misconceptions. The urgency of generating a metacognition-integrated science learning model to 
improve students’ HOTS may be seen in the HOTS of students who are still developing and in need 
of improvement (Maryani et al., 2021).  
 

4.1.2 The Design Stage 

The design of the metacognition-integrated science learning model (MiSHE) produced in the 
Design stage is shown in Figure 2.    

 

 
Figure 2. The MiSHE Learning Model’s Design 
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The metacognition integrated learning model is made up of the following components: objectives, 
time allocation, syntax, social system, support system, reaction principle, instructional and 
accompaniment impact, and learning outcomes. Metacognitive stages were incorporated into the 
development of lesson plans, modules, worksheets, media, and instruments for assessing students’ 
higher order thinking skills (HOTS). The lesson plan comprises of 14 synchronous and asynchronous 
online meetings. The module includes a title page, a foreword, a table of contents, instructions for 
using the module, Learning activities 1–7, summative tests, answer keys, feedback and follow-up, and 
the author’s biography and bibliography. Each learning activity consists of learning indicators, 
awareness, mind mapping activity, materials, independent projects, summaries, reflections, and 
formative tests. Attachments to the MiSHE project include worksheets, media presentations, and 
learning assessments that feature problems and explanations regarding the project. The Student 
Worksheet incorporates metacognitive stages and includes a brief description of the learning activity, 
a material map, an activity guide, a study guide, learning objectives, and a video production project. 

 
4.1.3 The Develop Stage 

The Develop Stage generated the data on the model’s content and construct validity test results. 
Table 1. Expert Judgement on the Model’s Content Validity  

Product Aspect V-Score Criteria 

The Model’s Book Content 0.931 Valid (high) 
 Presentation 0.918 Valid (high) 
 Language 

Use  
0.934 Valid (high) 

Guidebook  Content 0.926 Valid (high) 
 Presentation 0.904 Valid (high) 
 Language 

Use 
0.911 Valid (high) 

RPS  0.877 Valid (high) 
Module  0.853 Valid (high) 
Worksheet   0.907 Valid (high) 
HOTS assessment 
tool 

 0.879 Valid (high) 

 
The implementation of the learning model was evaluated by observing the sample class’s synchronous 
and asynchronous learning processes. Observations were made via Google Classroom monitoring in order 
to efficiently monitor the learning syntax. Each stage of the learning process was conducted online using 
Google Classroom, Google Meet, Google Forms, YouTube, and the PhET simulation. The results of these 
observations showed a score of 92.1 for the implementation of the learning model. According to [57] 
criteria for practicality, the MiSHE learning model was implemented successfully for the students that 
participated in this study. 

To investigate the extent of the treatment impact, hypotheses were tested using the General 
Linear Model (GLM) and Multivariate of Variance (MANOVA). Four assumptions must be met for this 
test to be valid: 1) an independent observer, 2) a random sample, and 3) normal and homogenous data. 
Methodologically, assumptions 1 and 2 were met, but evaluating assumption 3 resulted in normal data in 
each experimental and control group, but not homogeneous data, as the sig. value in Box’s M was 0.000 
(< 0.05). In an experimental study, the error factor (subject, sample, treatment, etc.) has a large influence 
on the changes in the subject’s score from pre- to post-test. There is no way that all subjects in the 
experimental group will have the identical gain in test scores. This inhomogeneity can be overlooked 
because obtaining the same variation un scores across the three groups subjected to different treatments 
is challenging [58]. (Blanca et al., (2017) confirm this point by stating that the uniformity of data in an 
experiment can be overlooked. ANOVA is a robust test for data heterogeneity disturbances, provided that 
the number of samples in each group is between 7 and 15 participants [60]. 

The results of hypothesis testing using GLM-MANOVA can be seen in the Appendix. The 
analysis of Mauchly’s Test of Sphericity showed that the results were significant. Thus, it was followed 
by Tests of Within-Subjects Effects to see the interaction between variables. There was an interaction 
between time (pre-post-test) and group (experiment-control). The interaction showed that the change in 
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pretest to posttest scores in the three groups (experiment-control 1-control 2) was significantly different. 
The next step was to analyze the Mean Different (MD) on Pairwise Comparison which indicated that the 
MD for the experimental group was -17.505 with a sig. value of 0.000 (<0.05). This means that there was 
a significant increase in HOTS in the experimental group. In control group 1, the MD value was -11.069* 
while the sig value was 0.001, indicating a significant increase. Similarly, reported by control group 2, 
the MD value was -14,923 and the sig value was 0.000, which means that there was a significant increase 
in the participants’ HOTS. However, based on the three MD values, the experimental class experienced 
the greatest gain, with a difference of 17.505 between the pretest and posttest mean scores. Additionally, 
the results of the multivariate test were interpreted to establish the model’s efficacy in improving students’ 
HOTS (Table 2). 

Table 2.Multivariate Tests 

Multivariate Tests 
Learning model Value F Hypoth

esis df 
Error df Sig. Partial 

Eta 
Squared 

experiment Pillai's trace ,745 45,419a 7,000 109,000 ,000 ,745 
Wilks' 
lambda 

,255 45,419a 7,000 109,000 ,000 ,745 

Hotelling's 
trace 

2,917 45,419a 7,000 109,000 ,000 ,745 

Roy's largest 
root 

2,917 45,419a 7,000 109,000 ,000 ,745 

Control 1 Pillai's trace ,354 8,530a 7,000 109,000 ,000 ,354 
Wilks' 
lambda 

,646 8,530a 7,000 109,000 ,000 ,354 

Hotelling's 
trace 

,548 8,530a 7,000 109,000 ,000 ,354 

Roy's largest 
root 

,548 8,530a 7,000 109,000 ,000 ,354 

Control 2 Pillai's trace ,684 33,638a 7,000 109,000 ,000 ,684 
Wilks' 
lambda 

,316 33,638a 7,000 109,000 ,000 ,684 

Hotelling's 
trace 

2,160 33,638a 7,000 109,000 ,000 ,684 

Roy's largest 
root 

2,160 33,638a 7,000 109,000 ,000 ,684 

Each F tests the multivariate simple effects of time within each level combination of the other 
effects shown. These tests are based on the linearly independent pairwise comparisons among the 
estimated marginal means. 
a. Exact statistic 

 
The metacognition integrated science online learning model has been found to influence students’ HOTS 
based on the sig values in Table 1. The effective contribution of the treatment can be seen in the Wilks’ 
Lambda column as suggested by Leech et al (2013). Partial Eta Squared of 0.745 suggests that the 
treatment can increase HOTS by 74.5% in the experimental group, 35.4% in the control group 1, and 
68.4% in the control group 2. Based on Bakker et al., (2019), Cohen (1988), dan Mordkoff (2019), the 
value of partial eta square indicates the magnitude of the effect size of an action (small effect of 0.01; 
medium effect of 0.3; while the large effect of 0.5). The effect size of the metacognition integrated 
learning model on students’ HOTS was quite large because it was more than 50%. The metacognition 
integrated science online learning approach has a considerable effect on students’ HOTS, with an effect 
size of 74.5%. 
 
 
4.2. Discussion 

This study successfully developed a practical and valid metacognition-integrated science online 
learning model, effective in improving college students’ higher order thinking skills (HOTS) to solve 
problems and make sound decisions in their life after graduation. Higher order thinking skills (HOTS) are 
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inextricably linked to technological, pedagogical, and content knowledge (TPACK) [62], [63]. These 
abilities are critical for developing students’ problem-solving abilities [47]. With strong HOTS, students 
may observe and investigate environmental issues objectively, reflect on their experiences to propose 
alternative solutions, and are capable of precisely and quickly solving issues while making decisions. 
Students with a high HOTS score can strengthen their capacity to integrate pedagogical knowledge, 
content, and technology into their learning [64], which is especially critical in elementary school science 
instruction. 

Syntax of the learning model established in this study is the product of metacognition theory 
integration. Metacognition is comprised of knowledge and regulation components. Metacognitive 
knowledge is composed of three components: 1) awareness of knowledge/person factors, 2) awareness of 
thought/task variables, and 3) awareness of thought/strategy variables. Declarative, procedural, and 
conditional knowledge are all examples of metacognitive knowledge [31]. These three elements are 
represented in the MiSHE learning model’s awareness building step. Metacognitive regulation is the 
subjective internal response of an individual to metacognitive knowledge. This response is aimed at 
developing a strategy to resolve an issue. Metacognitive control is the process of observing cognitive 
activity and ascertaining if cognitive objectives are met [33].  

Metacognition activities can be carried out through five activities. The first activity is to reflect on 
the cognitive processes that occur during the learning process. The second exercise is to seek out 
additional tangible instances of previous learning experiences and mental patterns. The third action is to 
weigh the benefits and drawbacks of adopting the mindset. The fourth task is to draw generalizations and 
establish rules about this pattern of reasoning. The last activity is to name the pattern of thinking in the 
form of a learning strategy [19]–[21]. Planning, monitoring, and assessing are all components of 
metacognition [34]. The three are then included into the MiSHE learning model’s stages, namely 
planning, monitoring, and reflection.  

The metacognition integrated learning model prioritizes students’ independence and freedom of 
thought in solving problems through work-making projects. Students in this study were asked to identify 
contextual learning challenges related to motion and force, work and energy, electricity, magnetism, wave 
and sound vibrations, light and optical instruments, as well as the earth and solar system. Mind mapping, 
contextual projects in the surrounding area, virtual projects employing Tracker, Phet, and sound meter 
software, as well as video presentation projects are all examples of problem-solving exercises done by 
the students. Each lesson began with activities that help the students identify their strengths and 
limitations (awareness building) in relation to the notion of science, followed by activities that help them 
develop problem-solving strategies (planning, monitoring, evaluating). 

The increase in the research participants’ higher order thinking skills (HOTS) in terms of logic, 
reasoning, and analysis during the implementation of the learning model can be seen from the students’ 
ability to analyze science problems occuring around them [65]. These students were tasked with the 
responsibility of resolving problems through project-based activities. Each lesson required students to 
complete various projects, including mindmapping, scientific experiments (contextual and virtual), and 
video presentations. The mind mapping projects encouraged students to read and understand the content 
using logic and reasoning. They were also asked to assess problems throughout the process of completing 
science projects such as building simple automobiles, electrical circuits, simple compasses, simple 
pendulums, and solar system simulations. Additionally, these students were accustomed to discussing 
problems with their peers in order to resolve them and hone their problem-solving abilities. 

When the participants evaluated their achievement of the learning objectives, the appropriateness of 
the work generated with the challenge, and the suitability of time and approach with the expected results, 
their HOTS in the evaluation component grew significantly. The increase in creation happened as a result 
of pupils becoming accustomed to creating projects that serve as the output of assignments. At this stage, 
opinions were gathered, clarified, logically reasoned, and expressed to others [66], [67]. During the 
implementation of the model, aspects of problem-solving and judgment were also emphasized at each 
step of learning. For instance, many students struggled when analyzing the motion of objects (wind-
powered automobiles) using Tracker software. Despite the availability of tutorials, some students were 
still unable to complete their work by the deadline. This occurred because some of these students 
technically mishandled the program used for analysis. The lecturer asked students who had successfully 
finished the project to mentor other students at a virtual face-to-face meeting. This accomplishment 
occurred as a result of students’ willingness to experiment with various methods for solving issues, such 
as using MS Excel for mathematical operations and graph creation. Students who develop strong problem-
solving and judgment skills will develop into self-assured, creative, and self-sufficient thinkers. The 
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society produced by these individuals is capable of easily resolving life problems (Özreçberoğlu & 
Çağsanağa, 2018). 

The advantages of the metacognition-integrated learning model are as follows: (1) the model was 
developed using scientific procedures that are quantifiable and involve experts; (2) the model can be 
implemented in normal or pandemic conditions by adjusting the learning activities; 3) the learning 
model’s syntax contains activities that teach students to make decisions, be accountable for decisions, and 
complete complex tasks responsibly; 4) the learning model was designed based on real-world situations; 
5) The inclusion of projects in the learning model enables the creation of open-ended solutions, thereby 
preparing students to be effective problem solvers. 

 
 

5. Conclusion 

Metacognition can be integrated into online science learning through awareness-raising, critical 
questioning, planning, monitoring, evaluating, and reflecting. We developed lesson plans and teaching 
materials in this study with reference to this syntax via instructional activities that strengthen 
metacognitive skills. Expert judgment was used to determine the model’s feasibility, which resulted in a 
high level of practicality. The experimental study showed that the learning model had a considerable 
influence on students’ higher order thinking skills (HOTS), as seen by a 75% (large effect) increase in 
response to the model’s application. Changes in student behavior and character that appeared during the 
application of the MiSHE learning model were very diverse, but we only limited them to HOTS. Other 
unobserved characteristics, such as discipline, responsibility, and independence, are suggested for further 
investigation in the model’s subsequent implementation. 
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 This study aimed to explore the integration of metacognition in online science 
education for college students and tested the feasibility of the learning model 
on students’ HOTS. The ADDIE (analyze, design, develop, implement, and 
evaluate) model was employed in this study. Needs analysis was conducted 
through interviews and questionnaire surveys to 21 students from primary 
school teacher education study programs at seven state universities and 14 
private universities in Indonesia. Expert validation was conducted with seven 
educational experts using the Dhelphi technique. The model’s construct 
validity was evaluated using randomly selected classrooms from two different 
institutions, while the model’s content validity was checked using the Aiken's 
V formula (content-validity coefficient (V)). The effectiveness of the model 
was examined through an experimental study involving three groups of 
students: experimental group (41 students), control group 1 (39 students) and 
control group 2 (39 students). The experimental study was performed using 
the randomized pretest-posttest comparison group design. The research 
hypothesis was investigated using a General Linear Model and Multivariate 
Analysis of Variance (MANOVA), followed by an effect size analysis 
utilizing Cohen’s d to ascertain the model’s effect on students’ HOTS. 
Through awareness-building, essential questioning, planning, monitoring, 
evaluating, and reflecting, this study successfully integrated metacognition 
into online science education. The model’s learning syntax incorporated both 
synchronous and asynchronous learning activities. Virtual and contextual 
projects are critical components of this approach because they demonstrate 
how metacognition is regulated. Expert judgement indicated that the model 
under development was highly feasible. The experimental study established 
that the learning model had a considerable effect on students’ HOTS, which 
rose by 75% (a large effect) due to the model’s implementation. 
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1. INTRODUCTION  

Science is critical for pre-service elementary teachers to master. In the department of 
primary school teacher education (PSTE) in Indonesia, science education is offered through courses 
that emphasize science principles, science education, and the development of science instruction. 
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These courses are geared toward increasing the technological, pedagogical content knowledge 
(TPACK) of the students. Graduates of the PSTE department should be able to master science 
concepts and design learning that takes pedagogic, content, and technological factors into account. 
Besides TPACK, the students from the PSTE department should also develop higher order thinking 
skills (HOTS) to deal with the complexity of science. Unfortunately, Indonesian students have many 
misconceptions about scientific principles [1], face difficulty learning science (Maryani, Husna, 
Wangid, Mustadi, & Vahechart, 2018), and have poor performance in science.  

In addition, the occurrence of the Covid-19 Pandemic requires the delivery of science 
instruction online, which posed a significant threat to professors, who had to experiment with 
educational technologies. Faculty members and students at universities must swiftly adjust to online 
learning, particularly to experimental and live demonstration-based learning. Students must be 
technologically savvy to accomplish science education online. To achieve success in online learning, 
students need to increase their motivation, autonomy, problem-solving skills, collaboration skills, 
decision making skills, and thinking skills, which are also known as 21st century skills.   

The twenty-first century skills have become a topic of discussion among several educational 
institutions, practitioners, and experts. According to Trisdiono (2013), the 21st century requires the 
following skills: critical thinking, problem-solving skills, communication skills, and collaboration 
skills. In addition, ATC21S (Assessment & Teaching of 21st Century Skills) classifies the 21st 
century skills into four areas; one of which is methods of thinking [4]. A cognitive or thinking 
process involves multiple phases of thought, including remembering, understanding, applying, 
analyzing, and making decisions. This mode of reasoning is known as HOTS (High-order Thinking 
Skills). 

Learning that continues to emphasize the development of lowerlevel thinking skills (LOTS) 
contributes to the poor higher order thinking skills (HOTS) of teachers in Indonesia [5]. Many 
university teachers continue to struggle with teaching HOTS and preparing their students to use 
higher order thinking in everyday life. This could be due to the instructors’ lack of expertise 
regarding how to hone students’ higher order thinking skills [6]. According to studies [7], [8], the 
LOTS group contains a greater number of future primary school teachers/PSTE students than the 
HOTS category. Because of this, the learning process in higher education should not only prioritize 
cognitive processes but also foster students’ learning awareness and independence. 

Countless studies indicate that the educational approach used in Education Personnel 
Education Institutions has been ineffective in promoting higher order thinking skills (HOTS) in 
students. In Indonesia, research continues to be centered on students’ HOTS analysis and the 
creation of HOTS-based assessments. The learning models implemented to develop HOTS in 
students, such as PBL [9], RMS (Reading, Mapping, and Sharing) [10], CUPs (Conceptual 
Understanding Procedures) [11], Constructive Conflict (CC) and Modified Free Inquiry (MFI) [12], 
FILM [13], and Guided Inquiry Laboratory-Based Module (GILM [14] mostly focused on the 
cognitive processes and disregard differences in learning between individuals. Therefore, a more-in 
depth analysis is needed to address the use of learning methods to maximize student autonomy. As 
a result, integrating metacognition into the learning process is the optimal strategy for improving 
college students’ HOTS. 

Metacognition is chosen as an alternative problem-solving strategy which consists of two 
important stages, namely metacognition knowledge and metacognition regulation. The results of the 
previous studies show the advantages of metacognition as a learning strategy, namely that it can: 1) 
help students monitor their progress and control their learning process (through reading, writing, 
solving problems); 2) contribute to students’ learning desire above their intellectual abilities [15], 
[16]; 3) improve academic achievement across age, cognitive abilities, and learning domains [17], 
[18]; and 4) help students transfer what they learn from one context to the next, or from a previous 
task to a new task. Metacognition optimization is expected to be able to maximize students’ thinking 
skills in overcoming real-world problems. 

Students can engage in metacognitive activities such as: 1) reflecting on the thought processes 
involved in the learning process; 2) seeking concrete examples from prior learning experiences and 
mindsets; 3) analyzing the benefits of using the mindset versus the disadvantages of not using it, 
resulting in an understanding of when the strategy should be used; 4) making generalizations and 
formulating rules about these thought patterns; and 5) naming the thought pattern [19]–[21]. This 
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integration is consistent with students’ qualities as adult learners who are frequently required to 
make decisions while studying autonomously. 

 
Research Questions 

1. What role does metacognition play in an online learning model? 

2. To what extent is a metacognition-integrated online learning effective in promoting students’ 

higher order thinking skills (HOTS) in science? 

 
 
2. THEORITICAL FRAMEWORK 

2.1. Science Education 

Science is a field of study that is concerned with natural phenomena. Science is the methodical 
examination of nature’s structure and behavior as observed using the scientific method. Science is 
divided into three domains: a body of knowledge, a collection of methods and procedures, and a 
mode of knowing about nature [22]. A collection of definitions, facts, concepts, theories, and laws 
constitutes a body of knowledge. A set of methods and processes includes observing, measuring, 
estimating, estimating, inferring, predicting, classifying, hypothesizing, experimenting, and 
concluding. A way of knowing about nature is founded on the premise that scientific knowledge is 
evidence-based, scientific information can survive over time, creativity is critical in research, and 
background knowledge influences how scientists interpret data [23]. All explanations in science are 
founded on observations and experiments that can be conducted and verified by scientists. This 
cannot be a simply empirical explanation [24]. Based on this perspective, students studying science 
are placed in problem-solving settings. This predicament is aided by educational materials that teach 
pupils how to process information scientifically [25]. 

Science education attempts to naturally stimulate students’ curiosity. Science education is used 
to strengthen students’ abilities to ask probing questions and seek evidence-based answers regarding 
natural events, as well as to foster the development of scientific thinking. Science is used to 
understand the world and move forward as a systematic effort to develop reason. Scientific processes 
can be used to develop reason [26]. Science is useful for growing awareness and caring attitude of 
students in maintaining and preserving nature through investigation. This favorable attitude is 
formed through the implementation of knowledge and process skills in solving contextual problems. 
 

2.2. Metakognisi 

Metacognition is defined as the capacity for self-awareness and control over one’s own 
learning [27]. Metacognition is concerned with processes occurring on an individual level. Flavell 
(1979) in [28] describes metacognition as awareness of how one learns; when one understands and 
does not understand; knowledge of how to use available information to accomplish goals; the ability 
to assess the cognitive demands of a particular task; knowledge of which strategies are used for what 
purposes; and assessment of one’s progress during and after performance. 

Metacognition is divided into two significant components: metacognitive knowledge and 
metacognitive regulation [29], [30]. Metacognitive knowledge refers to an understanding of aspects 
that can be used to influence cognitive processes [31]. Metacognitive knowledge is the capacity to 
comprehend how numerous elements interact to influence our own thinking [32]. Metacognitive 
knowledge consists of awareness of knowledge/person variables, awareness of thinking/task 
variables, and awareness of thinking/strategy variables. Declarative knowledge, procedural 
knowledge, and conditional knowledge are all examples of metacognitive knowledge. All three are 
stages of metacognitive understanding on the way to metacognitive regulation. Metacognitive 
regulation is the subjective internal response of an individual to metacognitive knowledge. 
Metacognitive regulation is a term that refers to the process of monitoring cognitive activity and 
ascertaining whether cognitive objectives have been met [33]. In science learning, metacognitive 
abilities place a greater emphasis on the process than on the product. Metacognitive strategies play 
a critical part in successful learning by enhancing students’ metacognitive abilities. If teachers can 
foster metacognitive skills in their students, they can lay the groundwork for active and skillful 
learning. 
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A metacognition-integrated learning model has several components, including planning, 
monitoring, and evaluating. The planning tasks in question are as follows: 1) establishing goals to 
be reached, 2) arranging the time required to accomplish the goals, 3) acquiring necessary 
knowledge to reach the goals, and 4) planning and deciding on cognitive techniques to achieve the 
goals. The monitoring activities are as follows: 1) monitoring the objectives to be accomplished, 2) 
monitoring the amount of time spent, 3) measuring the adequacy of initial information, and 4) 
monitoring the implementation of cognitive techniques. The evaluation activities in question are as 
follows: 1) assessing target attainment, 2) assessing time management, 3) assessing the relevance of 
prior knowledge, and 4) assessing the effectiveness of cognitive techniques applied [34]. 

A benefit of the metacognitive strategies is that it promotes learner autonomy. Additionally, 
metacognition can assist students in tracking their progress and exerting control over their learning 
process (through reading, writing, solving problems). Metacognitive abilities of students contribute 
to their desire/interest in learning. Metacognition has been shown to compensate for cognitive 
deficiencies (Veenman et al., 2006; Veenman et al., 2004)and to improve academic achievement 
across age, cognitive capacities, and domains of learning. Metacognition also benefits reading, 
writing, mathematics, reasoning, problem solving, and memory abilities [17], [18]. Metacognition 
is also influenced by age and views regarding the critical role of self-efficacy in determining one’s 
success [36]. Metacognition techniques can activate components of metacognitive abilities, allowing 
for the optimization of an individual’s fundamental skills (reading and mathematics) [37]. 
Metacognition contributes to group and individual performance by altering the structure of 
knowledge through metacognitive activities [38]. 
 
2.3. Higher-Order Thinking Skills (HOTS) 

Higher order thinking skills (HOTS) are significantly more advanced than memorization. These 
skills need a range of mental processes, including analyzing, evaluating, and creating, all of which 
are embedded within the problem-solving process. The ability to involve analysis, evaluation, and 
creation is considered a higher order thinking ability [39]. Higher order thinking happens at a more 
advanced stage of the cognitive process hierarchy. The most frequently regarded hierarchical 
structure in education is Bloom’'s Taxonomy, which ranks thinking abilities from understanding to 
evaluation [40]. However, the new paradigm of educational research frequently references 
Marzano’s Taxonomy’s definition of HOTS, which includes comparing, classifying, inductive 
reasoning, deductive reasoning, error analysis, construction support, perspective analysis, 
abstracting, decision making, investigation, problem solving, experimental inquiry, and invention 
[41]–[44]. 

Additionally, students’ higher order thinking skills (HOTS) can be enhanced by the inclusion 
of technology in the learning process. Numerous studies have demonstrated success in improving 
students’ HOTS with the use of technology, including the use of Android-based worksheets to foster 
creativity, which has a positive effect on HOTS [45]. Additionally, I. Yusuf & Widyaningsih (2019) 
increased students’ HOTS in Physics by implementing STEM with the assistance of PhET media. 
Another study was conducted on a quantum physics course, demonstrating that using the STEM 
approach via e-learning can promote HOTS [47]. Alsowat (2016) established a highly significant 
correlation between HOTS and student engagement, HOTS and student contentment, and student 
involvement and satisfaction in an EFL postgraduate class using the Flipped Classroom Teaching 
Model (FCTM). 

In an experimental activity, evaluation of the learning process can also be used as a strategy to 
empower HOTS through concept maps (mind mapping). The thought processes involved when 
students construct a concept map can be explored and studied in detail using a higher-thinking 
protocol. This activity can demonstrate growth in students’ comprehension and higher order thinking 
skills. Students that excel academically are more likely to provide explanations and participate 
actively in mind mapping. Assessment using concept maps in laboratory learning activities can 
improve students’ comprehension and increases students’ HOTS [49]. 
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3. RESEARCH METHODS 

The current R&D study used the ADDIE (Analysis, Design, Develop, Implement, dan Evaluate) 
model [50] to develop a feasible and effective metacognition-based science education for college 
students. The research design is presented in Figure 1.  

 
Source: [50] 

Figure 1. The R&D ADDIE model 
 

The urgency of developing the learning model as well as problem analysis were carried out at 
the Analyze stage. At the Design stage, the product’s design and draft were created. At the Develop 
stage, the validation process, product revision, expert validation, and field try-outs were conducted 
to ensure that the final product was valid in both content (expert judgment) and construct 
(experimental study). The process of implementing the learning model on a wider scale is carried 
out at the Implement stage. 

Needs analysis was conducted through interviews and questionnaires at 21 departments of 
primary school teacher education in 7 state universities and 14 private universities in Indonesia. 
Expert validation with the Dhelphi technique involved 7 education experts, while the effectiveness 
of the model was tested through an experimental study on 3 groups of students. The construct 
validity examination was conducted at two universities using randomly selected classes from 
Universitas Ahmad Dahlan and Universitas Bachelorwiyata Tamansuswa. The experimental study 
employed a randomized Pretest-Post-test Comparison Group Design suggested by [51]. The study 
involved 41 students as the experimental group, 39 students as the control group 1 and 39 students 
as the control group 2. The Aiken’s V (content-validity coefficient (V)) formula was used to examine 
the content validity test findings. This analysis was done by assigning a number between 1 (highly 
unrepresentative/irrelevant) to 5 (highly representative/relevant) to the product’s contents being 
evaluated. The following equation represents the content-validity coefficient (V): 

� =
∑�

[���	
�]
     (1) 

Remarks: 
Io = the lowest validity score (in this case = 1) 
c = the highest validity score (in this case = 5) 
r = expert judgment score 
s = r – Io 
c = number of experts 
V = content-validity coefficient (between 0-1)    [52] 
 

Hypothesis testing to find the effect of metacognition integration in online science learning on 
college students’ HOTS was carried out using the General Linear Model and the Multivariate 
Analysis of Variance (Manova). MANOVA was used to see the effect of online science learning on 
college students’ HOTS. The significance of the effect was then measured by calculating the effect 
size. The effect size metric indicated the standardized difference in scores between the control and 
experimental groups. In this study, the Effect Size used was Cohen’s d, where the effect size shows 
the magnitude of the difference in scores between the control and experimental groups. MANOVA 
calculates effect size using Eta squared, with a standard Eta score of 0.01 for a small effect, 0.3 for 
a medium effect, and 0.5 for a large effect [53]–[55]. 
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4. RESULT AND DISCUSSION 

4.1. Result 

4.1.1 The Analyze Stage 

The analysis of open-ended questionnaires distributed to 21 science lecturers in primary school 
teacher education (PSTE) programs at seven public universities and fourteen private universities in 
Indonesia revealed that PSTE students’ varied educational backgrounds resulted in differences in 
their interest and ability to comprehend science material. This variability complicates the process of 
selecting learning models. Additionally, these pupils exhibit a lack of creativity, which impairs their 
capacity to generate ideas. Students’ mastery of practice and presenting skills is still weak, with their 
comprehension of a material being at the cognitive level 1 (memorization). Due to the students’ lack 
of interest in reading, their capacity to comprehend topics remains limited and may even result in 
misconceptions. The urgency of generating a metacognition-integrated science learning model to 
improve students’ HOTS may be seen in the HOTS of students who are still developing and in need 
of improvement (Maryani et al., 2021).  
 

4.1.2 The Design Stage 

The design of the metacognition-integrated science learning model (MiSHE) produced in the 
Design stage is shown in Figure 2.    

 

 
Figure 2. The MiSHE Learning Model’s Design 
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The metacognition integrated learning model is made up of the following components: objectives, 
time allocation, syntax, social system, support system, reaction principle, instructional and 
accompaniment impact, and learning outcomes. Metacognitive stages were incorporated into the 
development of lesson plans, modules, worksheets, media, and instruments for assessing students’ 
higher order thinking skills (HOTS). The lesson plan comprises of 14 synchronous and asynchronous 
online meetings. The module includes a title page, a foreword, a table of contents, instructions for 
using the module, Learning activities 1–7, summative tests, answer keys, feedback and follow-up, and 
the author’s biography and bibliography. Each learning activity consists of learning indicators, 
awareness, mind mapping activity, materials, independent projects, summaries, reflections, and 
formative tests. Attachments to the MiSHE project include worksheets, media presentations, and 
learning assessments that feature problems and explanations regarding the project. The Student 
Worksheet incorporates metacognitive stages and includes a brief description of the learning activity, 
a material map, an activity guide, a study guide, learning objectives, and a video production project. 

 
4.1.3 The Develop Stage 

The Develop Stage generated the data on the model’s content and construct validity test results. 
Table 1. Expert Judgement on the Model’s Content Validity  

Product Aspect V-Score Criteria 

The Model’s Book Content 0.931 Valid (high) 
 Presentation 0.918 Valid (high) 
 Language 

Use  
0.934 Valid (high) 

Guidebook  Content 0.926 Valid (high) 
 Presentation 0.904 Valid (high) 
 Language 

Use 
0.911 Valid (high) 

RPS  0.877 Valid (high) 
Module  0.853 Valid (high) 
Worksheet   0.907 Valid (high) 
HOTS assessment 
tool 

 0.879 Valid (high) 

 
The implementation of the learning model was evaluated by observing the sample class’s synchronous 
and asynchronous learning processes. Observations were made via Google Classroom monitoring in order 
to efficiently monitor the learning syntax. Each stage of the learning process was conducted online using 
Google Classroom, Google Meet, Google Forms, YouTube, and the PhET simulation. The results of these 
observations showed a score of 92.1 for the implementation of the learning model. According to [57] 
criteria for practicality, the MiSHE learning model was implemented successfully for the students that 
participated in this study. 

To investigate the extent of the treatment impact, hypotheses were tested using the General 
Linear Model (GLM) and Multivariate of Variance (MANOVA). Four assumptions must be met for this 
test to be valid: 1) an independent observer, 2) a random sample, and 3) normal and homogenous data. 
Methodologically, assumptions 1 and 2 were met, but evaluating assumption 3 resulted in normal data in 
each experimental and control group, but not homogeneous data, as the sig. value in Box’s M was 0.000 
(< 0.05). In an experimental study, the error factor (subject, sample, treatment, etc.) has a large influence 
on the changes in the subject’s score from pre- to post-test. There is no way that all subjects in the 
experimental group will have the identical gain in test scores. This inhomogeneity can be overlooked 
because obtaining the same variation un scores across the three groups subjected to different treatments 
is challenging [58]. (Blanca et al., (2017) confirm this point by stating that the uniformity of data in an 
experiment can be overlooked. ANOVA is a robust test for data heterogeneity disturbances, provided that 
the number of samples in each group is between 7 and 15 participants [60]. 

The results of hypothesis testing using GLM-MANOVA can be seen in the Appendix. The 
analysis of Mauchly’s Test of Sphericity showed that the results were significant. Thus, it was followed 
by Tests of Within-Subjects Effects to see the interaction between variables. There was an interaction 
between time (pre-post-test) and group (experiment-control). The interaction showed that the change in 
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pretest to posttest scores in the three groups (experiment-control 1-control 2) was significantly different. 
The next step was to analyze the Mean Different (MD) on Pairwise Comparison which indicated that the 
MD for the experimental group was -17.505 with a sig. value of 0.000 (<0.05). This means that there was 
a significant increase in HOTS in the experimental group. In control group 1, the MD value was -11.069* 
while the sig value was 0.001, indicating a significant increase. Similarly, reported by control group 2, 
the MD value was -14,923 and the sig value was 0.000, which means that there was a significant increase 
in the participants’ HOTS. However, based on the three MD values, the experimental class experienced 
the greatest gain, with a difference of 17.505 between the pretest and posttest mean scores. Additionally, 
the results of the multivariate test were interpreted to establish the model’s efficacy in improving students’ 
HOTS (Table 2). 

Table 2.Multivariate Tests 

Multivariate Tests 
Learning model Value F Hypoth

esis df 
Error df Sig. Partial 

Eta 
Squared 

experiment Pillai's trace ,745 45,419a 7,000 109,000 ,000 ,745 
Wilks' 
lambda 

,255 45,419a 7,000 109,000 ,000 ,745 

Hotelling's 
trace 

2,917 45,419a 7,000 109,000 ,000 ,745 

Roy's largest 
root 

2,917 45,419a 7,000 109,000 ,000 ,745 

Control 1 Pillai's trace ,354 8,530a 7,000 109,000 ,000 ,354 
Wilks' 
lambda 

,646 8,530a 7,000 109,000 ,000 ,354 

Hotelling's 
trace 

,548 8,530a 7,000 109,000 ,000 ,354 

Roy's largest 
root 

,548 8,530a 7,000 109,000 ,000 ,354 

Control 2 Pillai's trace ,684 33,638a 7,000 109,000 ,000 ,684 
Wilks' 
lambda 

,316 33,638a 7,000 109,000 ,000 ,684 

Hotelling's 
trace 

2,160 33,638a 7,000 109,000 ,000 ,684 

Roy's largest 
root 

2,160 33,638a 7,000 109,000 ,000 ,684 

Each F tests the multivariate simple effects of time within each level combination of the other 
effects shown. These tests are based on the linearly independent pairwise comparisons among the 
estimated marginal means. 
a. Exact statistic 

 
The metacognition integrated science online learning model has been found to influence students’ HOTS 
based on the sig values in Table 1. The effective contribution of the treatment can be seen in the Wilks’ 
Lambda column as suggested by Leech et al (2013). Partial Eta Squared of 0.745 suggests that the 
treatment can increase HOTS by 74.5% in the experimental group, 35.4% in the control group 1, and 
68.4% in the control group 2. Based on Bakker et al., (2019), Cohen (1988), dan Mordkoff (2019), the 
value of partial eta square indicates the magnitude of the effect size of an action (small effect of 0.01; 
medium effect of 0.3; while the large effect of 0.5). The effect size of the metacognition integrated 
learning model on students’ HOTS was quite large because it was more than 50%. The metacognition 
integrated science online learning approach has a considerable effect on students’ HOTS, with an effect 
size of 74.5%. 
 
 
4.2. Discussion 

This study successfully developed a practical and valid metacognition-integrated science online 
learning model, effective in improving college students’ higher order thinking skills (HOTS) to solve 
problems and make sound decisions in their life after graduation. Higher order thinking skills (HOTS) are 
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inextricably linked to technological, pedagogical, and content knowledge (TPACK) [62], [63]. These 
abilities are critical for developing students’ problem-solving abilities [47]. With strong HOTS, students 
may observe and investigate environmental issues objectively, reflect on their experiences to propose 
alternative solutions, and are capable of precisely and quickly solving issues while making decisions. 
Students with a high HOTS score can strengthen their capacity to integrate pedagogical knowledge, 
content, and technology into their learning [64], which is especially critical in elementary school science 
instruction. 

Syntax of the learning model established in this study is the product of metacognition theory 
integration. Metacognition is comprised of knowledge and regulation components. Metacognitive 
knowledge is composed of three components: 1) awareness of knowledge/person factors, 2) awareness of 
thought/task variables, and 3) awareness of thought/strategy variables. Declarative, procedural, and 
conditional knowledge are all examples of metacognitive knowledge [31]. These three elements are 
represented in the MiSHE learning model’s awareness building step. Metacognitive regulation is the 
subjective internal response of an individual to metacognitive knowledge. This response is aimed at 
developing a strategy to resolve an issue. Metacognitive control is the process of observing cognitive 
activity and ascertaining if cognitive objectives are met [33].  

Metacognition activities can be carried out through five activities. The first activity is to reflect on 
the cognitive processes that occur during the learning process. The second exercise is to seek out 
additional tangible instances of previous learning experiences and mental patterns. The third action is to 
weigh the benefits and drawbacks of adopting the mindset. The fourth task is to draw generalizations and 
establish rules about this pattern of reasoning. The last activity is to name the pattern of thinking in the 
form of a learning strategy [19]–[21]. Planning, monitoring, and assessing are all components of 
metacognition [34]. The three are then included into the MiSHE learning model’s stages, namely 
planning, monitoring, and reflection.  

The metacognition integrated learning model prioritizes students’ independence and freedom of 
thought in solving problems through work-making projects. Students in this study were asked to identify 
contextual learning challenges related to motion and force, work and energy, electricity, magnetism, wave 
and sound vibrations, light and optical instruments, as well as the earth and solar system. Mind mapping, 
contextual projects in the surrounding area, virtual projects employing Tracker, Phet, and sound meter 
software, as well as video presentation projects are all examples of problem-solving exercises done by 
the students. Each lesson began with activities that help the students identify their strengths and 
limitations (awareness building) in relation to the notion of science, followed by activities that help them 
develop problem-solving strategies (planning, monitoring, evaluating). 

The increase in the research participants’ higher order thinking skills (HOTS) in terms of logic, 
reasoning, and analysis during the implementation of the learning model can be seen from the students’ 
ability to analyze science problems occuring around them [65]. These students were tasked with the 
responsibility of resolving problems through project-based activities. Each lesson required students to 
complete various projects, including mindmapping, scientific experiments (contextual and virtual), and 
video presentations. The mind mapping projects encouraged students to read and understand the content 
using logic and reasoning. They were also asked to assess problems throughout the process of completing 
science projects such as building simple automobiles, electrical circuits, simple compasses, simple 
pendulums, and solar system simulations. Additionally, these students were accustomed to discussing 
problems with their peers in order to resolve them and hone their problem-solving abilities. 

When the participants evaluated their achievement of the learning objectives, the appropriateness of 
the work generated with the challenge, and the suitability of time and approach with the expected results, 
their HOTS in the evaluation component grew significantly. The increase in creation happened as a result 
of pupils becoming accustomed to creating projects that serve as the output of assignments. At this stage, 
opinions were gathered, clarified, logically reasoned, and expressed to others [66], [67]. During the 
implementation of the model, aspects of problem-solving and judgment were also emphasized at each 
step of learning. For instance, many students struggled when analyzing the motion of objects (wind-
powered automobiles) using Tracker software. Despite the availability of tutorials, some students were 
still unable to complete their work by the deadline. This occurred because some of these students 
technically mishandled the program used for analysis. The lecturer asked students who had successfully 
finished the project to mentor other students at a virtual face-to-face meeting. This accomplishment 
occurred as a result of students’ willingness to experiment with various methods for solving issues, such 
as using MS Excel for mathematical operations and graph creation. Students who develop strong problem-
solving and judgment skills will develop into self-assured, creative, and self-sufficient thinkers. The 
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society produced by these individuals is capable of easily resolving life problems (Özreçberoğlu & 
Çağsanağa, 2018). 

The advantages of the metacognition-integrated learning model are as follows: (1) the model was 
developed using scientific procedures that are quantifiable and involve experts; (2) the model can be 
implemented in normal or pandemic conditions by adjusting the learning activities; 3) the learning 
model’s syntax contains activities that teach students to make decisions, be accountable for decisions, and 
complete complex tasks responsibly; 4) the learning model was designed based on real-world situations; 
5) The inclusion of projects in the learning model enables the creation of open-ended solutions, thereby 
preparing students to be effective problem solvers. 

 
 

5. Conclusion 

Metacognition can be integrated into online science learning through awareness-raising, critical 
questioning, planning, monitoring, evaluating, and reflecting. We developed lesson plans and teaching 
materials in this study with reference to this syntax via instructional activities that strengthen 
metacognitive skills. Expert judgment was used to determine the model’s feasibility, which resulted in a 
high level of practicality. The experimental study showed that the learning model had a considerable 
influence on students’ higher order thinking skills (HOTS), as seen by a 75% (large effect) increase in 
response to the model’s application. Changes in student behavior and character that appeared during the 
application of the MiSHE learning model were very diverse, but we only limited them to HOTS. Other 
unobserved characteristics, such as discipline, responsibility, and independence, are suggested for further 
investigation in the model’s subsequent implementation. 
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 This study aimed to explore the integration of metacognition in online science 
education for college students and tested the feasibility of the learning model 
on students' HOTS. The ADDIE (analyze, design, develop, implement, and 
evaluate) model was employed in this study. A needs analysis was conducted 
through interviews and questionnaire surveys to 21 science lecturers from 
primary school teacher education study programs at seven state universities 
and 14 private universities in Indonesia. Expert validation was conducted with 
seven educational experts using the Delphi technique. The experts came from 
educational technology experts, science education experts, physicists, learning 
evaluation experts, educational science experts, and 2 science lecturers from 
the elementary school teacher education study program. The model’s construct 
validity was evaluated using randomly selected classrooms from two different 
institutions, while the model’s content validity was checked using the Aiken's 
V formula (content-validity coefficient (V)). In the development phase, the 
effectiveness of the model was examined through an experimental study 
involving three groups of students: experimental group (41 students), control 
group 1 (39 students), and control group 2 (39 students). The experimental 
study was performed using the randomized pretest-posttest comparison group 
design. The research hypothesis was investigated using a General Linear 
Model and Multivariate Analysis of Variance (MANOVA), followed by an 
effect size analysis utilizing Cohen's d to ascertain the model's effect on 
students' HOTS. Through awareness-building, essential questioning, planning, 
monitoring, evaluating, and reflecting, this study successfully integrated 
metacognition into online science education. The model's learning syntax 
incorporated both synchronous and asynchronous learning activities. Virtual 
and contextual projects are critical components of this approach because they 
demonstrate how metacognition is regulated. Expert judgment indicated that 
the model under development was highly feasible. The experimental study 
established that the learning model had a considerable effect on students' 
HOTS, which rose by 75% (a large effect) due to the model's implementation. 
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1. INTRODUCTION  

Science is critical for pre-service elementary teachers. Based on the results of a preliminary study on 
21 primary school teacher education programs in Indonesia, science education is offered through courses that 
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emphasize science content and science learning development. These courses are geared toward increasing 
technological pedagogical content knowledge (TPACK). If the students' science content is good, it will have a 
positive impact on their TPACK. Therefore, content knowledge can support the realization of TPACK [1], [2]. 
Graduates of the primary school teacher education department should be able to master science concepts and 
design learning that takes pedagogic, content, and technological factors into account. Besides TPACK, the 
students from the PSTE department should also develop higher-order thinking skills (HOTS) to deal with the 
complexity of science. Unfortunately, Indonesian students have many misconceptions about scientific 
principles [3], face difficulty learning science (Maryani, Husna, Wangid, Mustadi, & Vahechart, 2018), and 
have poor performance in science.  

In addition, the occurrence of the Covid-19 Pandemic requires the delivery of science instruction online, 
which posed a significant threat to professors, who had to experiment with educational technologies. Faculty 
members and students at universities must swiftly adjust to online learning, particularly to experimental and 
live demonstration-based learning. Students must be technologically savvy to accomplish science education 
online. To achieve success in online learning, students need to increase their motivation, autonomy, problem-
solving skills, collaboration skills, decision-making skills, and thinking skills, which are also known as 21st-
century skills.   

The twenty-first-century skills have become a topic of discussion among several educational 
institutions, practitioners, and experts. According to Trisdiono (2013), the 21st century requires the following 
skills: critical thinking, problem-solving skills, communication skills, and collaboration skills. In addition, 
ATC21S (Assessment & Teaching of 21st Century Skills) classifies 21st-century skills into four areas; one of 
which is methods of thinking [6]. A cognitive or thinking process involves multiple phases of thought, 
including remembering, understanding, applying, analyzing, and making decisions. This mode of reasoning is 
known as HOTS (High-order Thinking Skills). 

The lecturers continue to struggle with teaching HOTS and preparing their students to use higher-order 
thinking in everyday life. Learning that continues to emphasize the development of lower-level thinking skills 
(LOTS) contributes to the poor higher order thinking skills (HOTS) of teachers in Indonesia [7]. This could be 
due to the instructors' lack of expertise regarding how to hone students' higher-order thinking skills [8]. 
According to studies [9], [10], the LOTS group contains a greater number of future primary school teachers 
students than the HOTS category. Therefore, a learning model in higher education is needed that empowers 
HOTS by involving students mentally and cognitively in every learning process. 

Countless studies indicate that the educational approach used in Education Personnel Education 
Institutions has been ineffective in promoting higher-order thinking skills (HOTS) in students. In Indonesia, 
research continues to be centered on students' HOTS analysis and the creation of HOTS-based assessments. 
The learning models implemented to develop HOTS in students, such as PBL [11], RMS (Reading, Mapping, 
and Sharing) [12], CUPs (Conceptual Understanding Procedures) [13], Constructive Conflict (CC), and 
Modified Free Inquiry (MFI) [14], FILM [15], and Guided Inquiry Laboratory-Based Module (GILM [16] 
mostly focused on the cognitive processes and disregard differences in learning between individuals. Therefore, 
a more-in depth analysis is needed to address the use of learning methods to maximize student autonomy. As 
a result, integrating metacognition into the learning process is the optimal strategy for improving college 
students’ HOTS. 

Metacognition is chosen as an alternative problem-solving strategy which consists of two important 
stages, namely metacognition knowledge and metacognition regulation. The results of the previous studies 
show the advantages of metacognition as a learning strategy, namely that it can: 1) help students monitor their 
progress and control their learning process (through reading, writing, solving problems); 2) contribute to 
students’ learning desire above their intellectual abilities [17], [18]; 3) improve academic achievement across 
age, cognitive abilities, and learning domains [19], [20]; and 4) help students transfer what they learn from one 
context to the next, or from a previous task to a new task. Metacognition optimization is expected to be able to 
maximize students’ thinking skills in overcoming real-world problems. 

Students can engage in metacognitive activities such as 1) reflecting on the thought processes involved 
in the learning process; 2) seeking concrete examples from prior learning experiences and mindsets; 3) 
analyzing the benefits of using the mindset versus the disadvantages of not using it, resulting in an 
understanding of when the strategy should be used; 4) making generalizations and formulating rules about 
these thought patterns; and 5) naming the thought pattern [21]–[23]. This integration is consistent with 
students’ qualities as adult learners who are frequently required to make decisions while studying 
autonomously. 

 
Research Questions 

1. What role does metacognition play in an online learning model? 
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2. To what extent is metacognition-integrated online learning effective in promoting students' higher-order 
thinking skills (HOTS) in science? 

 
 
2. METHODS 

The current R&D study used the ADDIE (Analysis, Design, Develop, Implement, dan Evaluate) model 
[24] to develop a feasible and effective metacognition-based science education for college students. The 
research design is presented in Figure 1.  

 
Source: [24] 

Figure 1. The ADDIE procedure 
 

The urgency of developing the learning model as well as problem analysis was carried out at the Analyze 
stage. A needs analysis was conducted through depth interviews. Depth interview telah dilaksanakan pada 
pertemuan dosen IPA PGSD dan melibatkan 21 science lecturers from primary school teacher education 
departments in 7 state universities and 14 private universities in Indonesia. The results of the need assessment 
show that 1) the variability of the educational background of primary school teacher education’s students 
causes the interest and speed in understanding science material to vary, 2) the selection of learning models 
becomes difficult because of this diversity factor, 3) students' creativity is still lacking so that their ability to 
develop ideas is not optimal, 4) mastery practice and presentation skills are still lacking, 5) reading interest is 
lacking so that their ability to understand concepts is still low and even has the potential for misconceptions, 
and 6) students' understanding is still at cognitive level 1 (memorization) so it needs to be encouraged to reach 
a higher level. 

At the Design stage, the product’s design and draft were created. At the Develop stage, the validation 
process, product revision, expert validation, and field try-outs were conducted to ensure that the final product 
was valid in both contents (expert judgment) and construct (experimental study). Content validity is carried 
out to determine the feasibility of the learning model based on expert judgment [25]. Construct validity was 
carried out to determine the effectiveness of the learning model towards increasing HOTS [26], [27]. The 
process of implementing the learning model on a wider scale is carried out at the Implement stage. Content 
validation with the Delphi technique involved 7 experts. The experts came from educational technology 
experts, science education experts, physicists, learning evaluation experts, educational science experts, and 2 
science lecturers from the elementary school teacher education study program. While the construct validity 
was conducted to test the effectiveness of the model through an experimental study by randomized Pretest-
Posttest Comparison Group Design. The construct validity examination was conducted at two universities 
using randomly selected classes from Universitas Ahmad Dahlan, Yogyakarta, Indonesia, and Universitas 
Sarjanawiyata Tamansiswa, Yogyakarta, Indonesia. The effectiveness test involved three homogeneous groups 
to determine the robustness of the metacognitive integrative model. The experimental group was compared 
with two control groups who were given the model treatment commonly used by lecturers, namely problem-
based learning (control 1) and experiment (control 2). The study involved 41 students as the experimental 
group, 39 students as the control group 1, and 39 students as the control group 2.  

Evaluation is carried out at the process stage and the end of the activity, namely from the analysis, design, 
development, and implementation stages. The evaluation stage in this study uses formative and summative 
because it is related to the application of new learning models. The goal is to determine whether the objectives 
of the model are met and determine what is needed to increase the effectiveness of the model. After the 
implementation of the model is complete, a summative evaluation is carried out to determine the impact of 
implementing the model on learning. During the evaluation phase, problems that occur during data learning 
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are identified and resolved and research objectives must also be achieved. The evaluation that will be used in 
this study refers to the Kirkpatrick evaluation model [28]  

Aiken’s V (content-validity coefficient (V)) formula was used to examine the content validity test 
findings. This analysis was done by assigning a number between 1 (highly unrepresentative/irrelevant) to 5 
(highly representative/relevant) to the product’s contents being evaluated. The following equation represents 
the content-validity coefficient (V): 

� =
∑�

[���	
�]
     (1) 

Remarks: 
Io = the lowest validity score (in this case = 1) 
c = the highest validity score (in this case = 5) 
r = expert judgment score 
s = r – Io 
c = number of experts 
V = content-validity coefficient (between 0-1)    [29] 
 

To determine the effect of metacognition integration in online science learning on students' HOTS, 
analysis of General Linear Model and Multivariate Analysis of Variance (Manova). MANOVA was used to 
see the effect of online science learning on college students’ HOTS. The significance of the effect was then 
measured by calculating the effect size. The effect size metric indicated the standardized difference in scores 
between the control and experimental groups. In this study, the Effect Size used was Cohen’s d, where the 
effect size shows the magnitude of the difference in scores between the control and experimental groups. 
MANOVA calculates effect size using Eta squared, with a standard Eta score of 0.01 for a small effect, 0.3 for 
a medium effect, and 0.5 for a large effect [30]–[32]. 

 
3. RESULT AND DISCUSSION 

3.1. Result 

The analysis of open-ended questionnaires distributed to 21 science lecturers in primary school teacher 
education programs at seven public universities and fourteen private universities in Indonesia revealed that the 
students’ varied educational backgrounds resulted in differences in their interest and ability to comprehend 
science material. This variability complicates the process of selecting learning models. Additionally, these 
pupils exhibit a lack of creativity, which impairs their capacity to generate ideas. Students’ mastery of practice 
and presenting skills is still weak, with their comprehension of the material being at the cognitive level 1 
(memorization). Due to the students’ lack of interest in reading, their capacity to comprehend topics remains 
limited and may even result in misconceptions. The urgency of generating a metacognition-integrated science 
learning model to improve students’ HOTS may be seen in the HOTS of students who are still developing and 
in need of improvement (Maryani et al., 2021).  

The design of the metacognition-integrated science learning model produced in the Design stage is shown 
in Figure 2. The metacognition integrated learning model is made up of the following components: objectives, 
time allocation, syntax, social system, support system, reaction principle, instructional and accompaniment 
impact, and learning outcomes. Metacognitive stages were incorporated into the development of lesson plans, 
modules, worksheets, media, and instruments for assessing students’ higher-order thinking skills (HOTS). The 
lesson plan comprises 14 synchronous and asynchronous online meetings. The module includes a title page, a 
foreword, a table of contents, instructions for using the module, Learning activities 1–7, summative tests, 
answer keys, feedback and follow-up, and the author’s biography and bibliography. Each learning activity 
consists of learning indicators, awareness, mind mapping activity, materials, independent projects, summaries, 
reflections, and formative tests. Attachments to the project include worksheets, media presentations, and 
learning assessments that feature problems and explanations regarding the project. The Student Worksheet 
incorporates metacognitive stages and includes a brief description of the learning activity, a material map, an 
activity guide, a study guide, learning objectives, and a video production project. 
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Figure 2. Online science learning model integrated metacognition 

 
The Develop Stage generated the data on the model’s content and construct validity test results. 

Table 1. Expert Judgement on the Model’s Content Validity  

Product Aspect V-Score Criteria 

The Model’s Book Content 0.931 Valid (high) 
 Presentation 0.918 Valid (high) 
 Language 

Use  
0.934 Valid (high) 

Guidebook  Content 0.926 Valid (high) 
 Presentation 0.904 Valid (high) 
 Language 

Use 
0.911 Valid (high) 

RPS  0.877 Valid (high) 
Module  0.853 Valid (high) 
Worksheet   0.907 Valid (high) 
HOTS assessment 
tool 

 0.879 Valid (high) 

 
The implementation of the learning model was evaluated by observing the sample class’s synchronous 
and asynchronous learning processes. Observations were made via Google Classroom monitoring to 
efficiently monitor the learning syntax. Each stage of the learning process was conducted online using 
Google Classroom, Google Meet, Google Forms, YouTube, and the PhET simulation. The results of these 
observations showed a score of 92.1 for the implementation of the learning model. According to [34] 
criteria for practicality, the learning model was implemented successfully for the students that participated 
in this study. 

To investigate the extent of the treatment impact, hypotheses were tested using the General Linear 
Model (GLM) and Multivariate of Variance (MANOVA). Four assumptions must be met for this test to 
be valid: 1) an independent observer, 2) a random sample, and 3) normal and homogenous data. 
Methodologically, assumptions 1 and 2 were met, but evaluating assumption 3 resulted in normal data in 
each experimental and control group, but not homogeneous data, as the sig. value in Box’s M was 0.000 
(< 0.05). In an experimental study, the error factor (subject, sample, treatment, etc.) has a large influence 
on the changes in the subject’s score from pre- to post-test. There is no way that all subjects in the 
experimental group will have the identical gain in test scores. This inhomogeneity can be overlooked 
because obtaining the same variation un scores across the three groups subjected to different treatments 
is challenging [35]. (Blanca et al., (2017) confirm this point by stating that the uniformity of data in an 
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experiment can be overlooked. ANOVA is a robust test for data heterogeneity disturbances, provided that 
the number of samples in each group is between 7 and 15 participants [37]. 

The results of hypothesis testing using GLM-MANOVA can be seen in the Appendix. The analysis 
of Mauchly’s Test of Sphericity showed that the results were significant. Thus, it was followed by Tests 
of Within-Subjects Effects to see the interaction between variables. There was an interaction between 
time (pre-post-test) and group (experiment-control). The interaction showed that the change in pretest to 
posttest scores in the three groups (experiment-control 1-control 2) was significantly different. The next 
step was to analyze the Mean Different (MD) on Pairwise Comparison which indicated that the MD for 
the experimental group was -17.505 with a sig. value of 0.000 (<0.05). This means that there was a 
significant increase in HOTS in the experimental group. In control group 1, the MD value was -11.069* 
while the sig value was 0.001, indicating a significant increase. Similarly, reported by control group 2, 
the MD value was -14,923 and the sig value was 0.000, which means that there was a significant increase 
in the participants’ HOTS. However, based on the three MD values, the experimental class experienced 
the greatest gain, with a difference of 17.505 between the pretest and posttest mean scores. Additionally, 
the results of the multivariate test were interpreted to establish the model’s efficacy in improving students’ 
HOTS (Table 2). 

Table 2. Multivariate Tests 

Learning model Value F Hypoth
esis df 

Error df Sig. Partial 
Eta 

Squared 
experiment Pillai's trace ,745 45,419a 7,000 109,000 ,000 ,745 

Wilks' 
lambda 

,255 45,419a 7,000 109,000 ,000 ,745 

Hotelling's 
trace 

2,917 45,419a 7,000 109,000 ,000 ,745 

Roy's 
largest root 

2,917 45,419a 7,000 109,000 ,000 ,745 

Control 1 Pillai's trace ,354 8,530a 7,000 109,000 ,000 ,354 
Wilks' 
lambda 

,646 8,530a 7,000 109,000 ,000 ,354 

Hotelling's 
trace 

,548 8,530a 7,000 109,000 ,000 ,354 

Roy's 
largest root 

,548 8,530a 7,000 109,000 ,000 ,354 

Control 2 Pillai's trace ,684 33,638a 7,000 109,000 ,000 ,684 
Wilks' 
lambda 

,316 33,638a 7,000 109,000 ,000 ,684 

Hotelling's 
trace 

2,160 33,638a 7,000 109,000 ,000 ,684 

Roy's 
largest root 

2,160 33,638a 7,000 109,000 ,000 ,684 

Each F tests the multivariate simple effects of time within each level combination of the other 
effects shown. These tests are based on the linearly independent pairwise comparisons among the 
estimated marginal means. 
a. Exact statistic 

 
The metacognition integrated science online learning model has been found to influence students’ HOTS 
based on the sig values in Table 1. The effective contribution of the treatment can be seen in the Wilks’ 
Lambda column as suggested by Leech et al (2013). A partial Eta Squared of 0.745 suggests that the 
treatment can increase HOTS by 74.5% in the experimental group, 35.4% in the control group 1, and 
68.4% in the control group 2. Based on Bakker et al., (2019), Cohen (1988), dan Mordkoff (2019), the 
value of partial eta square indicates the magnitude of the effect size of an action (small effect of 0.01; 
medium effect of 0.3; while the large effect of 0.5). The effect size of the metacognition integrated 
learning model on students’ HOTS was quite large because it was more than 50%. The metacognition 
integrated science online learning approach has a considerable effect on students’ HOTS, with an effect 
size of 74.5%. 
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3.2. Discussion 

This study successfully developed a practical and valid metacognition-integrated science online 
learning model, effective in improving college students’ higher-order thinking skills (HOTS) to solve 
problems and make sound decisions in their life after graduation. Higher-order thinking skills (HOTS) 
are inextricably linked to technological, pedagogical, and content knowledge (TPACK) [39], [40]. These 
abilities are critical for developing students’ problem-solving abilities [41]. With strong HOTS, students 
may observe and investigate environmental issues objectively, reflect on their experiences to propose 
alternative solutions, and are capable of precisely and quickly solving issues while making decisions. 
Students with a high HOTS score can strengthen their capacity to integrate pedagogical knowledge, 
content, and technology into their learning [42], which is especially critical in elementary school science 
instruction. 

Syntax of the learning model established in this study is the product of metacognition theory 
integration. Metacognition is comprised of knowledge and regulation components. Metacognitive 
knowledge is composed of three components: 1) awareness of knowledge/person factors, 2) awareness of 
thought/task variables, and 3) awareness of thought/strategy variables. Declarative, procedural, and 
conditional knowledge are all examples of metacognitive knowledge [43]. These three elements are 
represented in the learning model’s awareness step. Metacognitive regulation is the subjective internal 
response of an individual to metacognitive knowledge. This response is aimed at developing a strategy to 
resolve an issue. Metacognitive control is the process of observing cognitive activity and ascertaining if 
cognitive objectives are met [44].  

Metacognition activities can be carried out through five activities. The first activity is to reflect on 
the cognitive processes that occur during the learning process. The second exercise is to seek out 
additional tangible instances of previous learning experiences and mental patterns. The third action is to 
weigh the benefits and drawbacks of adopting the mindset. The fourth task is to draw generalizations and 
establish rules about this pattern of reasoning. The last activity is to name the pattern of thinking in the 
form of a learning strategy [21]–[23]. Planning, monitoring, and assessing are all components of 
metacognition [45]. The three are then included in the learning model’s stages, namely planning, 
monitoring, and reflection.  

The metacognition integrated learning model prioritizes students’ independence and freedom of 
thought in solving problems through work-making projects. Students in this study were asked to identify 
contextual learning challenges related to motion and force, work and energy, electricity, magnetism, wave 
and sound vibrations, light and optical instruments, as well as the earth and solar system. Mind mapping, 
contextual projects in the surrounding area, virtual projects employing Tracker, Phet, and sound meter 
software, as well as video presentation projects, are all examples of problem-solving exercises done by 
the students. Each lesson began with activities that help the students identify their strengths and 
limitations (awareness) concerning the notion of science, followed by activities that help them develop 
problem-solving strategies (planning, monitoring, evaluating). 

The increase in the research participants' higher-order thinking skills (HOTS) in terms of logic, 
reasoning, and analysis during the implementation of the learning model can be seen from the students’ 
ability to analyze science problems occurring around them [46]. These students were tasked with the 
responsibility of resolving problems through project-based activities. Each lesson required students to 
complete various projects, including mind-mapping, scientific experiments (contextual and virtual), and 
video presentations. The mind mapping projects encouraged students to read and understand the content 
using logic and reasoning. They were also asked to assess problems throughout the process of completing 
science projects such as building simple automobiles, electrical circuits, simple compasses, simple 
pendulums, and solar system simulations. Additionally, these students were accustomed to discussing 
problems with their peers to resolve them and hone their problem-solving abilities. 

When the participants evaluated their achievement of the learning objectives, the appropriateness of 
the work generated with the challenge, and the suitability of time and approach with the expected results, 
their HOTS in the evaluation component grew significantly. The increase in creation happened as a result 
of pupils becoming accustomed to creating projects that serve as the output of assignments. At this stage, 
opinions were gathered, clarified, logically reasoned, and expressed to others [47], [48]. During the 
implementation of the model, aspects of problem-solving and judgment were also emphasized at each 
step of learning. For instance, many students struggled when analyzing the motion of objects (wind-
powered automobiles) using Tracker software. Despite the availability of tutorials, some students were 
still unable to complete their work by the deadline. This occurred because some of these students 
technically mishandled the program used for analysis. The lecturer asked students who had successfully 
finished the project to mentor other students at a virtual face-to-face meeting. This accomplishment 
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occurred as a result of students’ willingness to experiment with various methods for solving issues, such 
as using MS Excel for mathematical operations and graph creation. Students who develop strong problem-
solving and judgment skills will develop into self-assured, creative, and self-sufficient thinkers. The 
society produced by these individuals is capable of easily resolving life problems (Özreçberoğlu & 
Çağsanağa, 2018). 

The advantages of the metacognition-integrated learning model are as follows: (1) the model was 
developed using scientific procedures that are quantifiable and involve experts; (2) the model can be 
implemented in normal or pandemic conditions by adjusting the learning activities; 3) the learning 
model’s syntax contains activities that teach students to make decisions, be accountable for decisions, and 
complete complex tasks responsibly; 4) the learning model was designed based on real-world situations; 
5) The inclusion of projects in the learning model enables the creation of open-ended solutions, thereby 
preparing students to be effective problem solvers. 
 

4. Conclusion 

This research contributes to the development of science in the form of an innovative science learning 
model integrated with metacognition strategies. Metacognition can be integrated into online science 
learning through awareness, essential questions, planning, monitoring, evaluating, and reflecting. The 
lesson plans and teaching materials were developed regarding this syntax via instructional activities that 
strengthen metacognitive skills. The expert's judgment was used to determine the model's feasibility, 
which resulted in a high level of practicality. The experimental study showed that the learning model had 
a considerable influence on students' higher-order thinking skills (HOTS), as seen by a 75% (large effect) 
increase in response to the model's implementation. Changes in student behavior and character that 
appeared during the application of the model were very diverse, but we only limited them to HOTS. Other 
unobserved characteristics, such as discipline, responsibility, and independence, are suggested for further 
investigation in the model’s subsequent implementation. The limitation of this study is that the effect of 
this model has only been measured on the HOTS variable in total, further analysis has not been carried 
out on the HOTS aspects separately (logic, reasoning, analysis, evaluation, creation, problem-solving, 
and judgment). Changes in behavior and character that appear during the application of this learning 
model are very diverse, but researchers only limit them to HOTS. Other characters have not been 
observed. 
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 This study aimed to explore the integration of metacognition in online science 
education for college students and tested the feasibility of the learning model 
on students' HOTS. The ADDIE (analyze, design, develop, implement, and 
evaluate) model was employed in this study. A needs analysis was conducted 
through interviews and questionnaire surveys to 21 science lecturers from 
primary school teacher education study programs at seven state universities 
and 14 private universities in Indonesia. Expert validation was conducted with 
seven educational experts using the Delphi technique. The experts came from 
educational technology experts, science education experts, physicists, learning 
evaluation experts, educational science experts, and 2 science lecturers from 
the elementary school teacher education study program. The model’s construct 
validity was evaluated using randomly selected classrooms from two different 
institutions, while the model’s content validity was checked using the Aiken's 
V formula (content-validity coefficient (V)). In the development phase, the 
effectiveness of the model was examined through an experimental study 
involving three groups of students: experimental group (41 students), control 
group 1 (39 students), and control group 2 (39 students). The experimental 
study was performed using the randomized pretest-posttest comparison group 
design. The research hypothesis was investigated using a General Linear 
Model and Multivariate Analysis of Variance (MANOVA), followed by an 
effect size analysis utilizing Cohen's d to ascertain the model's effect on 
students' HOTS. Through awareness-building, essential questioning, planning, 
monitoring, evaluating, and reflecting, this study successfully integrated 
metacognition into online science education. The model's learning syntax 
incorporated both synchronous and asynchronous learning activities. Virtual 
and contextual projects are critical components of this approach because they 
demonstrate how metacognition is regulated. Expert judgment indicated that 
the model under development was highly feasible. The experimental study 
established that the learning model had a considerable effect on students' 
HOTS, which rose by 75% (a large effect) due to the model's implementation. 
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1. INTRODUCTION  

Science is critical for pre-service elementary teachers. Based on the results of a preliminary study on 
21 primary school teacher education programs in Indonesia, science education is offered through courses that 
emphasize science content and science learning development. These courses are geared toward increasing 
technological pedagogical content knowledge (TPACK). If the students' science content is good, it will have a 
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positive impact on their TPACK. Therefore, content knowledge can support the realization of TPACK [1], [2]. 
Graduates of the primary school teacher education department should be able to master science concepts and 
design learning that takes pedagogic, content, and technological factors into account. Besides TPACK, the 
students from the PSTE department should also develop higher-order thinking skills (HOTS) to deal with the 
complexity of science. Unfortunately, Indonesian students have many misconceptions about scientific 
principles [3], face difficulty learning science [4], and have poor performance in science.  

In addition, the occurrence of the Covid-19 Pandemic requires the delivery of science instruction online, 
which posed a significant threat to professors, who had to experiment with educational technologies. Faculty 
members and students at universities must swiftly adjust to online learning, particularly to experimental and 
live demonstration-based learning. Students must be technologically savvy to accomplish science education 
online. To achieve success in online learning, students need to increase their motivation, autonomy, problem-
solving skills, collaboration skills, decision-making skills, and thinking skills, which are also known as 21st-
century skills.   

The twenty-first-century skills have become a topic of discussion among several educational 
institutions, practitioners, and experts. The 21st century requires the following skills: critical thinking, problem-
solving skills, communication skills, and collaboration skills [5]. In addition, ATC21S (Assessment & 
Teaching of 21st Century Skills) classifies 21st-century skills into four areas; one of which is methods of 
thinking [6]. A cognitive or thinking process involves multiple phases of thought, including remembering, 
understanding, applying, analyzing, and making decisions. This mode of reasoning is known as HOTS (High-
order Thinking Skills). 

The lecturers continue to struggle with teaching HOTS and preparing their students to use higher-order 
thinking in everyday life. Learning that continues to emphasize the development of lower-level thinking skills 
(LOTS) contributes to the poor higher-order thinking skills (HOTS) of teachers in Indonesia [7]. This could be 
due to the instructors' lack of expertise regarding how to hone students' higher-order thinking skills [8]. 
According to studies [9], [10], the LOTS group contains a greater number of future primary school teachers 
students than the HOTS category. Therefore, a learning model in higher education is needed that empowers 
HOTS by involving students mentally and cognitively in every learning process. 

Countless studies indicate that the educational approach used in Education Personnel Education 
Institutions has been ineffective in promoting higher-order thinking skills (HOTS) in students. In Indonesia, 
research continues to be centered on students' HOTS analysis and the creation of HOTS-based assessments. 
The learning models implemented to develop HOTS in students, such as PBL [11], RMS (Reading, Mapping, 
and Sharing) [12], CUPs (Conceptual Understanding Procedures) [13], Constructive Conflict (CC), and 
Modified Free Inquiry (MFI) [14], FILM [15], and Guided Inquiry Laboratory-Based Module (GILM [16] 
mostly focused on the cognitive processes and disregard differences in learning between individuals. Therefore, 
a more-in depth analysis is needed to address the use of learning methods to maximize student autonomy. As 
a result, integrating metacognition into the learning process is the optimal strategy for improving college 
students’ HOTS. 

Metacognition is chosen as an alternative problem-solving strategy which consists of two important 
stages, namely metacognition knowledge and metacognition regulation. The results of the previous studies 
show the advantages of metacognition as a learning strategy, namely that it can: 1) help students monitor their 
progress and control their learning process (through reading, writing, solving problems); 2) contribute to 
students’ learning desire above their intellectual abilities [17], [18]; 3) improve academic achievement across 
age, cognitive abilities, and learning domains [19], [20]; and 4) help students transfer what they learn from one 
context to the next, or from a previous task to a new task. Metacognition optimization is expected to be able to 
maximize students’ thinking skills in overcoming real-world problems. 

Students can engage in metacognitive activities such as 1) reflecting on the thought processes involved 
in the learning process; 2) seeking concrete examples from prior learning experiences and mindsets; 3) 
analyzing the benefits of using the mindset versus the disadvantages of not using it, resulting in an 
understanding of when the strategy should be used; 4) making generalizations and formulating rules about 
these thought patterns; and 5) naming the thought pattern [21]–[23]. This integration is consistent with 
students’ qualities as adult learners who are frequently required to make decisions while studying 
autonomously. 

 
Research Questions 

1. What role does metacognition play in an online learning model? 
2. To what extent is metacognition-integrated online learning effective in promoting students' higher-order 

thinking skills (HOTS) in science? 
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2. METHODS 

The current R&D study used the ADDIE (Analysis, Design, Develop, Implement, dan Evaluate) model 
[24] to develop a feasible and effective metacognition-based science education for college students. The 
research design is presented in Figure 1.  

 
Figure 1. The ADDIE procedure 

 

The urgency of developing the learning model as well as problem analysis was carried out at the Analyze 
stage. A needs analysis was conducted through depth interviews. Depth interview telah dilaksanakan pada 
pertemuan dosen IPA PGSD dan melibatkan 21 science lecturers from primary school teacher education 
departments in 7 state universities and 14 private universities in Indonesia. The results of the need assessment 
show that 1) the variability of the educational background of primary school teacher education’s students 
causes the interest and speed in understanding science material to vary, 2) the selection of learning models 
becomes difficult because of this diversity factor, 3) students' creativity is still lacking so that their ability to 
develop ideas is not optimal, 4) mastery practice and presentation skills are still lacking, 5) reading interest is 
lacking so that their ability to understand concepts is still low and even has the potential for misconceptions, 
and 6) students' understanding is still at cognitive level 1 (memorization) so it needs to be encouraged to reach 
a higher level. 

At the Design stage, the product’s design and draft were created. At the Develop stage, the validation 
process, product revision, expert validation, and field try-outs were conducted to ensure that the final product 
was valid in both contents (expert judgment) and construct (experimental study). Content validity is carried 
out to determine the feasibility of the learning model based on expert judgment [25]. Construct validity was 
carried out to determine the effectiveness of the learning model towards increasing HOTS [26], [27]. The 
process of implementing the learning model on a wider scale is carried out at the Implement stage. Content 
validation with the Delphi technique involved 7 experts. The experts came from educational technology 
experts, science education experts, physicists, learning evaluation experts, educational science experts, and 2 
science lecturers from the elementary school teacher education study program. While the construct validity 
was conducted to test the effectiveness of the model through an experimental study by randomized Pretest-
Posttest Comparison Group Design. The construct validity examination was conducted at two universities 
using randomly selected classes from Universitas Ahmad Dahlan, Yogyakarta, Indonesia, and Universitas 
Sarjanawiyata Tamansiswa, Yogyakarta, Indonesia. The effectiveness test involved three homogeneous groups 
to determine the robustness of the metacognitive integrative model. The experimental group was compared 
with two control groups who were given the model treatment commonly used by lecturers, namely problem-
based learning (control 1) and experiment (control 2). The study involved 41 students as the experimental 
group, 39 students as the control group 1, and 39 students as the control group 2.  

Evaluation is carried out at the process stage and the end of the activity, namely from the analysis, design, 
development, and implementation stages. The evaluation stage in this study uses formative and summative 
because it is related to the application of new learning models. The goal is to determine whether the objectives 
of the model are met and determine what is needed to increase the effectiveness of the model. After the 
implementation of the model is complete, a summative evaluation is carried out to determine the impact of 
implementing the model on learning. During the evaluation phase, problems that occur during data learning 
are identified and resolved and research objectives must also be achieved. The evaluation that will be used in 
this study refers to the Kirkpatrick evaluation model [28]  

Aiken’s V (content-validity coefficient (V)) formula was used to examine the content validity test 
findings. This analysis was done by assigning a number between 1 (highly unrepresentative/irrelevant) to 5 
(highly representative/relevant) to the product’s contents being evaluated. The following equation represents 
the content-validity coefficient (V): 
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Remarks: 
Io = the lowest validity score (in this case = 1) 
c = the highest validity score (in this case = 5) 
r = expert judgment score 
s = r – Io 
c = number of experts 
V = content-validity coefficient (between 0-1)    [29] 
 

To determine the effect of metacognition integration in online science learning on students' HOTS, 
analysis of General Linear Model and Multivariate Analysis of Variance. MANOVA was used to see the effect 
of online science learning on college students’ HOTS. The significance of the effect was then measured by 
calculating the effect size. The effect size metric indicated the standardized difference in scores between the 
control and experimental groups. In this study, the Effect Size used was Cohen’s d, where the effect size shows 
the magnitude of the difference in scores between the control and experimental groups. MANOVA calculates 
effect size using Eta squared, with a standard Eta score of 0.01 for a small effect, 0.3 for a medium effect, and 
0.5 for a large effect [30]–[32]. 

 
3. RESULT AND DISCUSSION 

3.1. Result 

The analysis of open-ended questionnaires distributed to 21 science lecturers in primary school teacher 
education programs at seven public universities and fourteen private universities in Indonesia revealed that the 
students’ varied educational backgrounds resulted in differences in their interest and ability to comprehend 
science material. This variability complicates the process of selecting learning models. Additionally, these 
pupils exhibit a lack of creativity, which impairs their capacity to generate ideas. Students’ mastery of practice 
and presenting skills is still weak, with their comprehension of the material being at the cognitive level 1 
(memorization). Due to the students’ lack of interest in reading, their capacity to comprehend topics remains 
limited and may even result in misconceptions. The urgency of generating a metacognition-integrated science 
learning model to improve students’ HOTS may be seen in the HOTS of students who are still developing and 
in need of improvement.  

The design of the metacognition-integrated science learning model produced in the Design stage is shown 
in Figure 2. The metacognition integrated learning model is made up of the following components: objectives, 
time allocation, syntax, social system, support system, reaction principle, instructional and accompaniment 
impact, and learning outcomes. Metacognitive stages were incorporated into the development of lesson plans, 
modules, worksheets, media, and instruments for assessing students’ higher-order thinking skills (HOTS). The 
lesson plan comprises 14 synchronous and asynchronous online meetings. The module includes a title page, a 
foreword, a table of contents, instructions for using the module, Learning activities 1–7, summative tests, 
answer keys, feedback and follow-up, and the author’s biography and bibliography. Each learning activity 
consists of learning indicators, awareness, mind mapping activity, materials, independent projects, summaries, 
reflections, and formative tests. Attachments to the project include worksheets, media presentations, and 
learning assessments that feature problems and explanations regarding the project. The Student Worksheet 
incorporates metacognitive stages and includes a brief description of the learning activity, a material map, an 
activity guide, a study guide, learning objectives, and a video production project. 
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Figure 2. Online science learning model integrated metacognition 

 
The Develop Stage generated the data on the model’s content and construct validity test results. 

Table 1. Expert Judgement on the Model’s Content Validity  

Product Aspect V-Score Criteria 

The Model’s Book Content 0.931 Valid (high) 
 Presentation 0.918 Valid (high) 
 Language 

Use  
0.934 Valid (high) 

Guidebook  Content 0.926 Valid (high) 
 Presentation 0.904 Valid (high) 
 Language 

Use 
0.911 Valid (high) 

RPS  0.877 Valid (high) 
Module  0.853 Valid (high) 
Worksheet   0.907 Valid (high) 
HOTS assessment 
tool 

 0.879 Valid (high) 

 
The implementation of the learning model was evaluated by observing the sample class’s synchronous 
and asynchronous learning processes. Observations were made via Google Classroom monitoring to 
efficiently monitor the learning syntax. Each stage of the learning process was conducted online using 
Google Classroom, Google Meet, Google Forms, YouTube, and the PhET simulation. The results of these 
observations showed a score of 92.1 for the implementation of the learning model. According to [33] 
criteria for practicality, the learning model was implemented successfully for the students that participated 
in this study. 

To investigate the extent of the treatment impact, hypotheses were tested using the General Linear 
Model (GLM) and Multivariate of Variance (MANOVA). Four assumptions must be met for this test to 
be valid: 1) an independent observer, 2) a random sample, and 3) normal and homogenous data. 
Methodologically, assumptions 1 and 2 were met, but evaluating assumption 3 resulted in normal data in 
each experimental and control group, but not homogeneous data, as the sig. value in Box’s M was 0.000 
(< 0.05). In an experimental study, the error factor (subject, sample, treatment, etc.) has a large influence 
on the changes in the subject’s score from pre- to post-test. There is no way that all subjects in the 
experimental group will have the identical gain in test scores. This inhomogeneity can be overlooked 
because obtaining the same variation un scores across the three groups subjected to different treatments 
is challenging [34]. The uniformity of data in an experiment can be overlooked [35]. ANOVA is a robust 
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test for data heterogeneity disturbances, provided that the number of samples in each group is between 7 
and 15 participants [36]. 

The results of hypothesis testing using GLM-MANOVA can be seen in the Appendix. The analysis 
of Mauchly’s Test of Sphericity showed that the results were significant. Thus, it was followed by Tests 
of Within-Subjects Effects to see the interaction between variables. There was an interaction between 
time (pre-post-test) and group (experiment-control). The interaction showed that the change in pretest to 
posttest scores in the three groups (experiment-control 1-control 2) was significantly different. The next 
step was to analyze the Mean Different (MD) on Pairwise Comparison which indicated that the MD for 
the experimental group was -17.505 with a sig. value of 0.000 (<0.05). This means that there was a 
significant increase in HOTS in the experimental group. In control group 1, the MD value was -11.069* 
while the sig value was 0.001, indicating a significant increase. Similarly, reported by control group 2, 
the MD value was -14,923 and the sig value was 0.000, which means that there was a significant increase 
in the participants’ HOTS. However, based on the three MD values, the experimental class experienced 
the greatest gain, with a difference of 17.505 between the pretest and posttest mean scores. Additionally, 
the results of the multivariate test were interpreted to establish the model’s efficacy in improving students’ 
HOTS (Table 2). 

Table 2. Multivariate Tests 

Learning model Value F Hypoth
esis df 

Error df Sig. Partial 
Eta 

Squared 
experiment Pillai's trace ,745 45,419a 7,000 109,000 ,000 ,745 

Wilks' 
lambda 

,255 45,419a 7,000 109,000 ,000 ,745 

Hotelling's 
trace 

2,917 45,419a 7,000 109,000 ,000 ,745 

Roy's 
largest root 

2,917 45,419a 7,000 109,000 ,000 ,745 

Control 1 Pillai's trace ,354 8,530a 7,000 109,000 ,000 ,354 
Wilks' 
lambda 

,646 8,530a 7,000 109,000 ,000 ,354 

Hotelling's 
trace 

,548 8,530a 7,000 109,000 ,000 ,354 

Roy's 
largest root 

,548 8,530a 7,000 109,000 ,000 ,354 

Control 2 Pillai's trace ,684 33,638a 7,000 109,000 ,000 ,684 
Wilks' 
lambda 

,316 33,638a 7,000 109,000 ,000 ,684 

Hotelling's 
trace 

2,160 33,638a 7,000 109,000 ,000 ,684 

Roy's 
largest root 

2,160 33,638a 7,000 109,000 ,000 ,684 

Each F tests the multivariate simple effects of time within each level combination of the other 
effects shown. These tests are based on the linearly independent pairwise comparisons among the 
estimated marginal means. 
a. Exact statistic 

 
The metacognition integrated science online learning model has been found to influence students’ HOTS 
based on the sig values in Table 1. The effective contribution of the treatment can be seen in the Wilks’ 
Lambda column [37]. A partial Eta Squared of 0.745 suggests that the treatment can increase HOTS by 
74.5% in the experimental group, 35.4% in the control group 1, and 68.4% in the control group 2. The 
value of partial eta square indicates the magnitude of the effect size of an action (small effect of 0.01; 
medium effect of 0.3; while the large effect of 0.5) [30]–[32]. The effect size of the metacognition 
integrated learning model on students’ HOTS was quite large because it was more than 50%. The 
metacognition integrated science online learning approach has a considerable effect on students’ HOTS, 
with an effect size of 74.5%. 
 
3.2. Discussion 
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This study successfully developed a practical and valid metacognition-integrated science online 
learning model, effective in improving college students’ higher-order thinking skills (HOTS) to solve 
problems and make sound decisions in their life after graduation. Higher-order thinking skills (HOTS) 
are inextricably linked to technological, pedagogical, and content knowledge (TPACK) [38], [39]. These 
abilities are critical for developing students’ problem-solving abilities [40]. With strong HOTS, students 
may observe and investigate environmental issues objectively, reflect on their experiences to propose 
alternative solutions, and are capable of precisely and quickly solving issues while making decisions. 
Students with a high HOTS score can strengthen their capacity to integrate pedagogical knowledge, 
content, and technology into their learning [41], which is especially critical in elementary school science 
instruction. 

Syntax of the learning model established in this study is the product of metacognition theory 
integration. Metacognition is comprised of knowledge and regulation components. Metacognitive 
knowledge is composed of three components: 1) awareness of knowledge/person factors, 2) awareness of 
thought/task variables, and 3) awareness of thought/strategy variables. Declarative, procedural, and 
conditional knowledge are all examples of metacognitive knowledge [42]. These three elements are 
represented in the learning model’s awareness step. Metacognitive regulation is the subjective internal 
response of an individual to metacognitive knowledge. This response is aimed at developing a strategy to 
resolve an issue. Metacognitive control is the process of observing cognitive activity and ascertaining if 
cognitive objectives are met [43].  

Metacognition activities can be carried out through five activities. The first activity is to reflect on 
the cognitive processes that occur during the learning process. The second exercise is to seek out 
additional tangible instances of previous learning experiences and mental patterns. The third action is to 
weigh the benefits and drawbacks of adopting the mindset. The fourth task is to draw generalizations and 
establish rules about this pattern of reasoning. The last activity is to name the pattern of thinking in the 
form of a learning strategy [21]–[23]. Planning, monitoring, and assessing are all components of 
metacognition [44]. The three are then included in the learning model’s stages, namely planning, 
monitoring, and reflection.  

The metacognition integrated learning model prioritizes students’ independence and freedom of 
thought in solving problems through work-making projects. Students in this study were asked to identify 
contextual learning challenges related to motion and force, work and energy, electricity, magnetism, wave 
and sound vibrations, light and optical instruments, as well as the earth and solar system. Mind mapping, 
contextual projects in the surrounding area, virtual projects employing Tracker, PhET, and sound meter 
software, as well as video presentation projects, are all examples of problem-solving exercises done by 
the students. Each lesson began with activities that help the students identify their strengths and 
limitations (awareness) concerning the notion of science, followed by activities that help them develop 
problem-solving strategies (planning, monitoring, evaluating). 

The increase in the research participants' higher-order thinking skills (HOTS) in terms of logic, 
reasoning, and analysis during the implementation of the learning model can be seen from the students’ 
ability to analyze science problems occurring around them [45]. These students were tasked with the 
responsibility of resolving problems through project-based activities. Each lesson required students to 
complete various projects, including mind-mapping, scientific experiments (contextual and virtual), and 
video presentations. The mind mapping projects encouraged students to read and understand the content 
using logic and reasoning. They were also asked to assess problems throughout the process of completing 
science projects such as building simple automobiles, electrical circuits, simple compasses, simple 
pendulums, and solar system simulations. Additionally, these students were accustomed to discussing 
problems with their peers to resolve them and hone their problem-solving abilities. 

When the participants evaluated their achievement of the learning objectives, the appropriateness of 
the work generated with the challenge, and the suitability of time and approach with the expected results, 
their HOTS in the evaluation component grew significantly. The increase in creation happened as a result 
of pupils becoming accustomed to creating projects that serve as the output of assignments. At this stage, 
opinions were gathered, clarified, logically reasoned, and expressed to others [46], [47]. During the 
implementation of the model, aspects of problem-solving and judgment were also emphasized at each 
step of learning. For instance, many students struggled when analyzing the motion of objects (wind-
powered automobiles) using Tracker software. Despite the availability of tutorials, some students were 
still unable to complete their work by the deadline. This occurred because some of these students 
technically mishandled the program used for analysis. The lecturer asked students who had successfully 
finished the project to mentor other students at a virtual face-to-face meeting. This accomplishment 
occurred as a result of students’ willingness to experiment with various methods for solving issues, such 
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as using MS Excel for mathematical operations and graph creation. Students who develop strong problem-
solving and judgment skills will develop into self-assured, creative, and self-sufficient thinkers. The 
society produced by these individuals is capable of easily resolving life problems [48]. 

The advantages of the metacognition-integrated learning model are as follows: (1) the model was 
developed using scientific procedures that are quantifiable and involve experts; (2) the model can be 
implemented in normal or pandemic conditions by adjusting the learning activities; 3) the learning 
model’s syntax contains activities that teach students to make decisions, be accountable for decisions, and 
complete complex tasks responsibly; 4) the learning model was designed based on real-world situations; 
5) The inclusion of projects in the learning model enables the creation of open-ended solutions, thereby 
preparing students to be effective problem solvers. 
 

4. Conclusion 

This research contributes to the development of science in the form of an innovative science learning 
model integrated with metacognition strategies. Metacognition can be integrated into online science 
learning through awareness, essential questions, planning, monitoring, evaluating, and reflecting. The 
lesson plans and teaching materials were developed regarding this syntax via instructional activities that 
strengthen metacognitive skills. The expert's judgment was used to determine the model's feasibility, 
which resulted in a high level of practicality. The experimental study showed that the learning model had 
a considerable influence on students' higher-order thinking skills (HOTS), as seen by a 75% (large effect) 
increase in response to the model's implementation. Changes in student behavior and character that 
appeared during the application of the model were very diverse, but we only limited them to HOTS. Other 
unobserved characteristics, such as discipline, responsibility, and independence, are suggested for further 
investigation in the model’s subsequent implementation. The limitation of this study is that the effect of 
this model has only been measured on the HOTS variable in total, further analysis has not been carried 
out on the HOTS aspects separately (logic, reasoning, analysis, evaluation, creation, problem-solving, 
and judgment). Changes in behavior and character that appear during the application of this learning 
model are very diverse, but researchers only limit them to HOTS. Other characters have not been 
observed. 
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 This study aimed to explore the integration of metacognition in online science 
education for college students and tested the feasibility of the learning model 
on students' HOTS. The ADDIE (analyze, design, develop, implement, and 
evaluate) model was employed in this study. A needs analysis was conducted 
through interviews and questionnaire surveys to 21 science lecturers from 
primary school teacher education study programs at seven state universities 
and 14 private universities in Indonesia. Expert validation was conducted with 
seven educational experts using the Delphi technique. The experts came from 
educational technology experts, science education experts, physicists, learning 
evaluation experts, educational science experts, and 2 science lecturers from 
the elementary school teacher education study program. The model’s construct 
validity was evaluated using randomly selected classrooms from two different 
institutions, while the model’s content validity was checked using the Aiken's 
V formula (content-validity coefficient (V)). In the development phase, the 
effectiveness of the model was examined through an experimental study 
involving three groups of students: experimental group (41 students), control 
group 1 (39 students), and control group 2 (39 students). The experimental 
study was performed using the randomized pretest-posttest comparison group 
design. The research hypothesis was investigated using a General Linear 
Model and Multivariate Analysis of Variance (MANOVA), followed by an 
effect size analysis utilizing Cohen's d to ascertain the model's effect on 
students' HOTS. Through awareness-building, essential questioning, planning, 
monitoring, evaluating, and reflecting, this study successfully integrated 
metacognition into online science education. The model's learning syntax 
incorporated both synchronous and asynchronous learning activities. Virtual 
and contextual projects are critical components of this approach because they 
demonstrate how metacognition is regulated. Expert judgment indicated that 
the model under development was highly feasible. The experimental study 
established that the learning model had a considerable effect on students' 
HOTS, which rose by 75% (a large effect) due to the model's implementation. 

Keywords: 

HOTS 
Metacognition  
Online learning 
Science education 
 

Copyright © 2019 Institute of Advanced Engineering and Science.  

All rights reserved. 

Corresponding Author: 

Ika Maryani,  
Jl. Diponegoro No. 8 Sembego RT 13 RW 38 Maguwoharjo, Depok, Sleman, Yogyakarta, 55282. 
Email: ika.maryani@pgsd.uad.ac.id   

 
1. INTRODUCTION  

Science is critical for pre-service elementary teachers. Based on the results of a preliminary study on 
21 primary school teacher education programs in Indonesia, science education is offered through courses that 
emphasize science content and science learning development. These courses are geared toward increasing 
technological pedagogical content knowledge (TPACK). If the students' science content is good, it will have a 
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positive impact on their TPACK. Therefore, content knowledge can support the realization of TPACK [1], [2]. 
Graduates of the primary school teacher education department should be able to master science concepts and 
design learning that takes pedagogic, content, and technological factors into account. Besides TPACK, the 
students from the PSTE department should also develop higher-order thinking skills (HOTS) to deal with the 
complexity of science. Unfortunately, Indonesian students have many misconceptions about scientific 
principles [3], face difficulty learning science [4], and have poor performance in science.  

In addition, the occurrence of the Covid-19 Pandemic requires the delivery of science instruction online, 
which posed a significant threat to professors, who had to experiment with educational technologies. Faculty 
members and students at universities must swiftly adjust to online learning, particularly to experimental and 
live demonstration-based learning. Students must be technologically savvy to accomplish science education 
online. To achieve success in online learning, students need to increase their motivation, autonomy, problem-
solving skills, collaboration skills, decision-making skills, and thinking skills, which are also known as 21st-
century skills.   

The twenty-first-century skills have become a topic of discussion among several educational 
institutions, practitioners, and experts. The 21st century requires the following skills: critical thinking, problem-
solving skills, communication skills, and collaboration skills [5]. In addition, ATC21S (Assessment & 
Teaching of 21st Century Skills) classifies 21st-century skills into four areas; one of which is methods of 
thinking [6]. A cognitive or thinking process involves multiple phases of thought, including remembering, 
understanding, applying, analyzing, and making decisions. This mode of reasoning is known as HOTS (High-
order Thinking Skills). 

The lecturers continue to struggle with teaching HOTS and preparing their students to use higher-order 
thinking in everyday life. Learning that continues to emphasize the development of lower-level thinking skills 
(LOTS) contributes to the poor higher-order thinking skills (HOTS) of teachers in Indonesia [7]. This could be 
due to the instructors' lack of expertise regarding how to hone students' higher-order thinking skills [8]. 
According to studies [9], [10], the LOTS group contains a greater number of future primary school teachers 
students than the HOTS category. Therefore, a learning model in higher education is needed that empowers 
HOTS by involving students mentally and cognitively in every learning process. 

Countless studies indicate that the educational approach used in Education Personnel Education 
Institutions has been ineffective in promoting higher-order thinking skills (HOTS) in students. In Indonesia, 
research continues to be centered on students' HOTS analysis and the creation of HOTS-based assessments. 
The learning models implemented to develop HOTS in students, such as PBL [11], RMS (Reading, Mapping, 
and Sharing) [12], CUPs (Conceptual Understanding Procedures) [13], Constructive Conflict (CC), and 
Modified Free Inquiry (MFI) [14], FILM [15], and Guided Inquiry Laboratory-Based Module (GILM [16] 
mostly focused on the cognitive processes and disregard differences in learning between individuals. Therefore, 
a more-in depth analysis is needed to address the use of learning methods to maximize student autonomy. As 
a result, integrating metacognition into the learning process is the optimal strategy for improving college 
students’ HOTS. 

Metacognition is chosen as an alternative problem-solving strategy which consists of two important 
stages, namely metacognition knowledge and metacognition regulation. The results of the previous studies 
show the advantages of metacognition as a learning strategy, namely that it can: 1) help students monitor their 
progress and control their learning process (through reading, writing, solving problems); 2) contribute to 
students’ learning desire above their intellectual abilities [17], [18]; 3) improve academic achievement across 
age, cognitive abilities, and learning domains [19], [20]; and 4) help students transfer what they learn from one 
context to the next, or from a previous task to a new task. Metacognition optimization is expected to be able to 
maximize students’ thinking skills in overcoming real-world problems. 

Students can engage in metacognitive activities such as 1) reflecting on the thought processes involved 
in the learning process; 2) seeking concrete examples from prior learning experiences and mindsets; 3) 
analyzing the benefits of using the mindset versus the disadvantages of not using it, resulting in an 
understanding of when the strategy should be used; 4) making generalizations and formulating rules about 
these thought patterns; and 5) naming the thought pattern [21]–[23]. This integration is consistent with 
students’ qualities as adult learners who are frequently required to make decisions while studying 
autonomously. 

 
Research Questions 

1. What role does metacognition play in an online learning model? 
2. To what extent is metacognition-integrated online learning effective in promoting students' higher-order 

thinking skills (HOTS) in science? 
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2. METHODS 

The current R&D study used the ADDIE (Analysis, Design, Develop, Implement, dan Evaluate) model 
[24] to develop a feasible and effective metacognition-based science education for college students. The 
research design is presented in Figure 1.  

 
Figure 1. The ADDIE procedure 

 

The urgency of developing the learning model as well as problem analysis was carried out at the Analyze 
stage. A needs analysis was conducted through depth interviews. The depth interview has been carried out by 
involving 21 science lecturers in the elementary school teacher education department 7 state universities and 
14 private universities in Indonesia. The results of the need assessment show that 1) the variability of the 
educational background of primary school teacher education’s students causes the interest and speed in 
understanding science material to vary, 2) the selection of learning models becomes difficult because of this 
diversity factor, 3) students' creativity is still lacking so that their ability to develop ideas is not optimal, 4) 
mastery practice and presentation skills are still lacking, 5) reading interest is lacking so that their ability to 
understand concepts is still low and even has the potential for misconceptions, and 6) students' understanding 
is still at cognitive level 1 (memorization) so it needs to be encouraged to reach a higher level. 

At the Design stage, the product’s design and draft were created. At the Develop stage, the validation 
process, product revision, expert validation, and field try-outs were conducted to ensure that the final product 
was valid in both contents (expert judgment) and construct (experimental study). Content validity is carried 
out to determine the feasibility of the learning model based on expert judgment [25]. Construct validity was 
carried out to determine the effectiveness of the learning model towards increasing HOTS [26], [27]. The 
process of implementing the learning model on a wider scale is carried out at the Implement stage. Content 
validation with the Delphi technique involved 7 experts. The experts came from educational technology 
experts, science education experts, physicists, learning evaluation experts, educational science experts, and 2 
science lecturers from the elementary school teacher education study program. While the construct validity 
was conducted to test the effectiveness of the model through an experimental study by randomized Pretest-
Posttest Comparison Group Design. The construct validity examination was conducted at two universities 
using randomly selected classes from Universitas Ahmad Dahlan, Yogyakarta, Indonesia, and Universitas 
Sarjanawiyata Tamansiswa, Yogyakarta, Indonesia. The effectiveness test involved three homogeneous groups 
to determine the robustness of the metacognitive integrative model. The experimental group was compared 
with two control groups who were given the model treatment commonly used by lecturers, namely problem-
based learning (control 1) and experiment (control 2). The study involved 41 students as the experimental 
group, 39 students as the control group 1, and 39 students as the control group 2.  

Evaluation is carried out at the process stage and the end of the activity, namely from the analysis, design, 
development, and implementation stages. The evaluation stage in this study uses formative and summative 
because it is related to the application of new learning models. The goal is to determine whether the objectives 
of the model are met and determine what is needed to increase the effectiveness of the model. After the 
implementation of the model is complete, a summative evaluation is carried out to determine the impact of 
implementing the model on learning. During the evaluation phase, problems that occur during data learning 
are identified and resolved and research objectives must also be achieved. The evaluation that will be used in 
this study refers to the Kirkpatrick evaluation model [28]  

Aiken’s V (content-validity coefficient (V)) formula was used to examine the content validity test 
findings. This analysis was done by assigning a number between 1 (highly unrepresentative/irrelevant) to 5 
(highly representative/relevant) to the product’s contents being evaluated. The following equation represents 
the content-validity coefficient (V): 

� =
∑�

[���	
�]
     (1) 
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Remarks: 
Io = the lowest validity score (in this case = 1) 
c = the highest validity score (in this case = 5) 
r = expert judgment score 
s = r – Io 
c = number of experts 
V = content-validity coefficient (between 0-1)[29] 
 

To determine the effect of metacognition integration in online science learning on students' HOTS, 
analysis of General Linear Model and Multivariate Analysis of Variance. MANOVA was used to see the effect 
of online science learning on college students’ HOTS. The significance of the effect was then measured by 
calculating the effect size. The effect size metric indicated the standardized difference in scores between the 
control and experimental groups. In this study, the Effect Size used was Cohen’s d, where the effect size shows 
the magnitude of the difference in scores between the control and experimental groups. MANOVA calculates 
effect size using Eta squared, with a standard Eta score of 0.01 for a small effect, 0.3 for a medium effect, and 
0.5 for a large effect [30]–[32]. 

 
3. RESULT AND DISCUSSION 

3.1. Result 

The analysis of open-ended questionnaires distributed to 21 science lecturers in primary school teacher 
education programs at seven public universities and fourteen private universities in Indonesia revealed that the 
students’ varied educational backgrounds resulted in differences in their interest and ability to comprehend 
science material. This variability complicates the process of selecting learning models. Additionally, these 
pupils exhibit a lack of creativity, which impairs their capacity to generate ideas. Students’ mastery of practice 
and presenting skills is still weak, with their comprehension of the material being at the cognitive level 1 
(memorization). Due to the students’ lack of interest in reading, their capacity to comprehend topics remains 
limited and may even result in misconceptions. The urgency of generating a metacognition-integrated science 
learning model to improve students’ HOTS may be seen in the HOTS of students who are still developing and 
in need of improvement.  

The design of the metacognition-integrated science learning model produced in the Design stage is shown 
in Figure 2. The metacognition integrated learning model is made up of the following components: objectives, 
time allocation, syntax, social system, support system, reaction principle, instructional and accompaniment 
impact, and learning outcomes. Metacognitive stages were incorporated into the development of lesson plans, 
modules, worksheets, media, and instruments for assessing students’ higher-order thinking skills (HOTS). The 
lesson plan comprises 14 synchronous and asynchronous online meetings. The module includes a title page, a 
foreword, a table of contents, instructions for using the module, Learning activities 1–7, summative tests, 
answer keys, feedback and follow-up, and the author’s biography and bibliography. Each learning activity 
consists of learning indicators, awareness, mind mapping activity, materials, independent projects, summaries, 
reflections, and formative tests. Attachments to the project include worksheets, media presentations, and 
learning assessments that feature problems and explanations regarding the project. The Student Worksheet 
incorporates metacognitive stages and includes a brief description of the learning activity, a material map, an 
activity guide, a study guide, learning objectives, and a video production project. 
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Figure 2. Online science learning model integrated metacognition 

 
The Develop Stage generated the data on the model’s content and construct validity test results. 
 

Table 1. Expert Judgement on the Model’s Content Validity  

Product Aspect V-Score Criteria 

The Model’s Book Content 0.931 Valid (high) 
 Presentation 0.918 Valid (high) 
 Language Use  0.934 Valid (high) 
Guidebook  Content 0.926 Valid (high) 
 Presentation 0.904 Valid (high) 
 Language Use 0.911 Valid (high) 
Lesson plan  0.877 Valid (high) 
Module  0.853 Valid (high) 
Worksheet   0.907 Valid (high) 
HOTS assessment tool  0.879 Valid (high) 

 
The implementation of the learning model was evaluated by observing the sample class’s synchronous 
and asynchronous learning processes. Observations were made via Google Classroom monitoring to 
efficiently monitor the learning syntax. Each stage of the learning process was conducted online using 
Google Classroom, Google Meet, Google Forms, YouTube, and the PhET simulation. The results of these 
observations showed a score of 92.1 for the implementation of the learning model. According to [33] 
criteria for practicality, the learning model was implemented successfully for the students that participated 
in this study. 

To investigate the extent of the treatment impact, hypotheses were tested using the General Linear 
Model (GLM) and Multivariate of Variance (MANOVA). Four assumptions must be met for this test to 
be valid: 1) an independent observer, 2) a random sample, and 3) normal and homogenous data. 
Methodologically, assumptions 1 and 2 were met, but evaluating assumption 3 resulted in normal data in 
each experimental and control group, but not homogeneous data, as the sig. value in Box’s M was 0.000 
(< 0.05). In an experimental study, the error factor (subject, sample, treatment, etc.) has a large influence 
on the changes in the subject’s score from pre- to post-test. There is no way that all subjects in the 
experimental group will have the identical gain in test scores. This inhomogeneity can be overlooked 
because obtaining the same variation un scores across the three groups subjected to different treatments 
is challenging [34]. The uniformity of data in an experiment can be overlooked [35]. ANOVA is a robust 
test for data heterogeneity disturbances, provided that the number of samples in each group is between 7 
and 15 participants [36]. 
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The results of hypothesis testing using GLM-MANOVA can be seen in the Appendix. The analysis 
of Mauchly’s Test of Sphericity showed that the results were significant. Thus, it was followed by Tests 
of Within-Subjects Effects to see the interaction between variables. There was an interaction between 
time (pre-post-test) and group (experiment-control). The interaction showed that the change in pretest to 
posttest scores in the three groups (experiment-control 1-control 2) was significantly different. The next 
step was to analyze the Mean Different (MD) on Pairwise Comparison which indicated that the MD for 
the experimental group was -17.505 with a sig. value of 0.000 (<0.05). This means that there was a 
significant increase in HOTS in the experimental group. In control group 1, the MD value was -11.069* 
while the sig value was 0.001, indicating a significant increase. Similarly, reported by control group 2, 
the MD value was -14.923 and the sig value was 0.000, which means that there was a significant increase 
in the participants’ HOTS. However, based on the three MD values, the experimental class experienced 
the greatest gain, with a difference of 17.505 between the pretest and posttest mean scores. Additionally, 
the results of the multivariate test were interpreted to establish the model’s efficacy in improving students’ 
HOTS (Table 2). 

Table 2. Multivariate Tests 

Learning model Value F Hypoth
esis df 

Error df Sig. Partial 
Eta 

Squared 
experiment Pillai's trace .745 45.419a 7.000 109.000 .000 .745 

Wilks' 
lambda 

.255 45.419a 7.000 109.000 .000 .745 

Hotelling's 
trace 

2.917 45.419a 7.000 109.000 .000 .745 

Roy's 
largest root 

2.917 45.419a 7.000 109.000 .000 .745 

Control 1 Pillai's trace .354 8.530a 7.000 109.000 .000 .354 
Wilks' 
lambda 

.646 8.530a 7.000 109.000 .000 .354 

Hotelling's 
trace 

.548 8.530a 7.000 109.000 .000 .354 

Roy's 
largest root 

.548 8.530a 7.000 109.000 .000 .354 

Control 2 Pillai's trace .684 33.638a 7.000 109.000 .000 .684 
Wilks' 
lambda 

.316 33.638a 7.000 109.000 .000 .684 

Hotelling's 
trace 

2.160 33.638a 7.000 109.000 .000 .684 

Roy's 
largest root 

2.160 33.638a 7.000 109.000 .000 .684 

Each F tests the multivariate simple effects of time within each level combination of the other effects shown. These tests 
are based on the linearly independent pairwise comparisons among the estimated marginal means. 
a. Exact statistic 

 
The metacognition integrated science online learning model has been found to influence students’ HOTS 
based on the sig values in Table 1. The effective contribution of the treatment can be seen in the Wilks’ 
Lambda column [37]. A partial Eta Squared of 0.745 suggests that the treatment can increase HOTS by 
74.5% in the experimental group, 35.4% in the control group 1, and 68.4% in the control group 2. The 
value of partial eta square indicates the magnitude of the effect size of an action (small effect of 0.01; 
medium effect of 0.3; while the large effect of 0.5) [30]–[32]. The effect size of the metacognition 
integrated learning model on students’ HOTS was quite large because it was more than 50%. The 
metacognition integrated science online learning approach has a considerable effect on students’ HOTS, 
with an effect size of 74.5%. 
 
3.2. Discussion 

This study successfully developed a practical and valid metacognition-integrated science online 
learning model, effective in improving college students’ higher-order thinking skills (HOTS) to solve 
problems and make sound decisions in their life after graduation. Higher-order thinking skills (HOTS) 
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are inextricably linked to technological, pedagogical, and content knowledge (TPACK) [38], [39]. These 
abilities are critical for developing students’ problem-solving abilities [40]. With strong HOTS, students 
may observe and investigate environmental issues objectively, reflect on their experiences to propose 
alternative solutions, and are capable of precisely and quickly solving issues while making decisions. 
Students with a high HOTS score can strengthen their capacity to integrate pedagogical knowledge, 
content, and technology into their learning [41], which is especially critical in elementary school science 
instruction. 

Syntax of the learning model established in this study is the product of metacognition theory 
integration. Metacognition is comprised of knowledge and regulation components. Metacognitive 
knowledge is composed of three components: 1) awareness of knowledge/person factors, 2) awareness of 
thought/task variables, and 3) awareness of thought/strategy variables. Declarative, procedural, and 
conditional knowledge are all examples of metacognitive knowledge [42]. These three elements are 
represented in the learning model’s awareness step. Metacognitive regulation is the subjective internal 
response of an individual to metacognitive knowledge. This response is aimed at developing a strategy to 
resolve an issue. Metacognitive control is the process of observing cognitive activity and ascertaining if 
cognitive objectives are met [43].  

Metacognition activities can be carried out through five activities. The first activity is to reflect on 
the cognitive processes that occur during the learning process. The second exercise is to seek out 
additional tangible instances of previous learning experiences and mental patterns. The third action is to 
weigh the benefits and drawbacks of adopting the mindset. The fourth task is to draw generalizations and 
establish rules about this pattern of reasoning. The last activity is to name the pattern of thinking in the 
form of a learning strategy [21]–[23]. Planning, monitoring, and assessing are all components of 
metacognition [44]. The three are then included in the learning model’s stages, namely planning, 
monitoring, and reflection.  

The metacognition integrated learning model prioritizes students’ independence and freedom of 
thought in solving problems through work-making projects. Students in this study were asked to identify 
contextual learning challenges related to motion and force, work and energy, electricity, magnetism, wave 
and sound vibrations, light and optical instruments, as well as the earth and solar system. Mind mapping, 
contextual projects in the surrounding area, virtual projects employing Tracker, PhET, and sound meter 
software, as well as video presentation projects, are all examples of problem-solving exercises done by 
the students. Each lesson began with activities that help the students identify their strengths and 
limitations (awareness) concerning the notion of science, followed by activities that help them develop 
problem-solving strategies (planning, monitoring, evaluating). 

The increase in the research participants' higher-order thinking skills (HOTS) in terms of logic, 
reasoning, and analysis during the implementation of the learning model can be seen from the students’ 
ability to analyze science problems occurring around them [45]. These students were tasked with the 
responsibility of resolving problems through project-based activities. Each lesson required students to 
complete various projects, including mind-mapping, scientific experiments (contextual and virtual), and 
video presentations. The mind mapping projects encouraged students to read and understand the content 
using logic and reasoning. They were also asked to assess problems throughout the process of completing 
science projects such as building simple automobiles, electrical circuits, simple compasses, simple 
pendulums, and solar system simulations. Additionally, these students were accustomed to discussing 
problems with their peers to resolve them and hone their problem-solving abilities. 

When the participants evaluated their achievement of the learning objectives, the appropriateness of 
the work generated with the challenge, and the suitability of time and approach with the expected results, 
their HOTS in the evaluation component grew significantly. The increase in creation happened as a result 
of pupils becoming accustomed to creating projects that serve as the output of assignments. At this stage, 
opinions were gathered, clarified, logically reasoned, and expressed to others [46], [47]. During the 
implementation of the model, aspects of problem-solving and judgment were also emphasized at each 
step of learning. For instance, many students struggled when analyzing the motion of objects (wind-
powered automobiles) using Tracker software. Despite the availability of tutorials, some students were 
still unable to complete their work by the deadline. This occurred because some of these students 
technically mishandled the program used for analysis. The lecturer asked students who had successfully 
finished the project to mentor other students at a virtual face-to-face meeting. This accomplishment 
occurred as a result of students’ willingness to experiment with various methods for solving issues, such 
as using MS Excel for mathematical operations and graph creation. Students who develop strong problem-
solving and judgment skills will develop into self-assured, creative, and self-sufficient thinkers. The 
society produced by these individuals is capable of easily resolving life problems [48]. 
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The advantages of the metacognition-integrated learning model are as follows: (1) the model was 
developed using scientific procedures that are quantifiable and involve experts; (2) the model can be 
implemented in normal or pandemic conditions by adjusting the learning activities; 3) the learning 
model’s syntax contains activities that teach students to make decisions, be accountable for decisions, and 
complete complex tasks responsibly; 4) the learning model was designed based on real-world situations; 
5) The inclusion of projects in the learning model enables the creation of open-ended solutions, thereby 
preparing students to be effective problem solvers. 
 

4. Conclusion 

This research contributes to the development of science in the form of an innovative science learning 
model integrated with metacognition strategies. Metacognition can be integrated into online science 
learning through awareness, essential questions, planning, monitoring, evaluating, and reflecting. The 
lesson plans and teaching materials were developed regarding this syntax via instructional activities that 
strengthen metacognitive skills. The expert's judgment was used to determine the model's feasibility, 
which resulted in a high level of practicality. The experimental study showed that the learning model had 
a considerable influence on students' higher-order thinking skills (HOTS), as seen by a 75% (large effect) 
increase in response to the model's implementation. Changes in student behavior and character that 
appeared during the application of the model were very diverse, but we only limited them to HOTS. Other 
unobserved characteristics, such as discipline, responsibility, and independence, are suggested for further 
investigation in the model’s subsequent implementation. The limitation of this study is that the effect of 
this model has only been measured on the HOTS variable in total, further analysis has not been carried 
out on the HOTS aspects separately (logic, reasoning, analysis, evaluation, creation, problem-solving, 
and judgment). Changes in behavior and character that appear during the application of this learning 
model are very diverse, but researchers only limit them to HOTS. Other characters have not been 
observed. 

 
 

REFERENCES 

 
[1] A. Tanak, “Designing TPACK-based course for preparing student teachers to teach science with technological 

pedagogical content knowledge,” Kasetsart J. Soc. Sci., vol. 41, no. 1, pp. 53–59, 2020, DOI: 
10.1016/j.kjss.2018.07.012. 

[2] M. J. Koehler, P. Mishra, and M. W. Cain, "What is Technological Pedagogical Content Knowledge, PACK)?:," 
J. Educ., vol. 193, no. 3, pp. 13–19, Dec. 2017, DOI: 10.1177/002205741319300303. 

[3] K. Faizah, “Misconceptions in science learning,” Darussalam J. Pendidik. Komun. dan Pemikir. Huk. Islam, vol. 
8, no. 1, pp. 113–125, 2016. 

[4] I. Maryani, N. N. Husna, M. N. Wangid, and A. Mustadi, "Learning difficulties of the 5th-grade elementary school 
students in learning human and animal body organ," Indones. J. Sci. Educ., vol. 7, no. 1, pp. 96–105, 2018, doi: 
10.15294/jpii.v7i1.11269. 

[5] H. Trisdiono, “Strategi pembelajaran abad 21,” Yogyakarta, 2013. 
[6] I. Suto, "21 st Century skills : Ancient, ubiquitous, enigmatic ?" Cambridge, 2013. 
[7] A. Surya, S. Sularmi, S. Istiyati, and R. F. Prakoso, “Finding HOTS-based mathematical learning in elementary 

school students,” Soc. Humanity. Educ. Stud. Conf. Ser., vol. 1, no. 1, pp. 30–37, Nov. 2018, DOI: 
10.20961/shes.v1i1.24308. 

[8] E. Kuntarto, A. Alirmansyah, and A. R. Kurniawan, “The ability of elementary school teacher educations' students 
to design and implement learning based on high-order of thinking skills,” J. Kiprah, vol. 7, no. 2, pp. 107–116, 
Nov. 2019, doi: 10.31629/KIPRAH.V7I2.1454. 

[9] E. Gradini, F. Firmansyah, and J. Noviani, “Measuring higher-order thinking skills of prospective mathematics 
teachers through the Marzano Taxonomy,” Eduma  Math. Educ. Learn. Teach., vol. 7, no. 2, pp. 41–48, Dec. 
2018, doi: 10.24235/eduma.v7i2.3357. 

[10] T. Wiyoko and A. Aprizan, “Analysis of cognitive abilities of elementary school teacher educations' students in 
basic natural science courses,” IJIS Edu  Indones. J. Integr. Sci. Educ., vol. 2, no. 1, p. 2020, Jan. 2020, doi: 
10.29300/ijisedu.v2i1.2384. 

[11] F. Fakhriyah, “Application of problem based learning in an effort to develop students' critical thinking skills,” J. 

Pendidik. IPA Indones., vol. 3, no. 1, pp. 95–101, 2014, doi: 10.15294/jpii.v3i1.2906. 
[12] R. Diani, A. Asyhari, and O. N. Julia, “The Influence of the RMS Model (Reading, Mind Mapping and Sharing) 

on Students' Higher Order Thinking Ability on the Subject of Impulse and Momentum,” J. Pendidik. Edutama, 
vol. 5, no. 1, p. 31, 2018, doi: 10.30734/jpe.v5i1.128. 

[13] A. Saregar, S. Latifah, and M. Sari, “The Effectiveness of the CUPs Learning Model: The Impact on Higher Order 
Thinking Skills for Students at Madrasah Aliyah Mathla'ul Anwar Gisting Lampung,” J. Ilm. Pendidik. Fis. Al-



109 
Int J Eval & Res Educ.  ISSN: 2252-8822  

 

The title of the manuscript is short and clear, implies research results (First Author) 

Biruni, vol. 5, no. 2, p. 233, 2016, doi: 10.24042/jpifalbiruni.v5i2.123. 
[14] R. D. Pratiwi, “Penerapan Constructive Controversy Dan Modified Free Inquiry Terhadap Hots Mahasiswa,” 

Form.  J. Ilm. Pendidik. MIPA, vol. 4, no. 2, pp. 100–111, 2014. 
[15] R. Anthony, F. Aryani, and T. Wrastari, “The effect of using film as a learning medium on the achievement of 

higher order thinking skills in Psychology students of UNAIR,” J. Psikol. Klin. dan Kesehat. Ment., vol. 03, no. 
1, pp. 40–47, 2014, [Online]. Available: http://journal.unair.ac.id/download-fullpapers-jpkkb65e5e6f32full.pdf. 

[16] W. Prihmardoyo, Sajidan, and Maridi, “Effectiveness of Guided Inquiry Laboratory-Based Module and Indicator 
of Analytical Thinking Skills in the Matter of Respiratory System in Senior High School Wahyu,” Adv. Soc. Sci. 

Educ. Humanity. Res., vol. 158, no. Ictte, pp. 803–813, 2017. 
[17] M. V. J. Veenman, P. Wilhelm, and J. J. Beishuizen, “The relation between intellectual and metacognitive skills 

from a developmental perspective,” Learn. Instr., vol. 14, pp. 89–109, 2004, DOI: 
10.1016/j.learninstruc.2003.10.004. 

[18] M. C. Wang, G. D. Haertel, and H. J. Walberg, “What influences learning? a content analysis of review literature,” 
J. Educ. Res., vol. 84, no. 1, pp. 30–43, Sep. 1990, DOI: 10.1080/00220671.1990.10885988. 

[19] C. Dignath, G. Buettner, and H.-P. Langfeldt, “How can primary school students learn self-regulated learning 
strategies most effectively?: A meta-analysis on self-regulation training programmes,” Educ. Res. Rev., vol. 3, no. 
2, pp. 101–129, Jan. 2008, DOI: 10.1016/J.EDUREV.2008.02.003. 

[20] C. Dignath and G. Büttner, “Components of fostering self-regulated learning among students. A meta-analysis on 
intervention studies at primary and secondary school level,” Metacognition Learn., vol. 3, no. 3, pp. 231–264, 
Dec. 2008, DOI: 10.1007/s11409-008-9029-x. 

[21] A. Zohar and Y. (Yehudit) Dori, Metacognition in science education : trends in current research. Springer, 2012. 
[22] A. Zohar, "Teachers' metacognitive knowledge and the instruction of higher-order thinking," Teach. Teach. Educ., 

vol. 15, pp. 413–429, 1999, Accessed: Sep. 25, 2018. [Online]. Available: 
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.1.2295%7B&%7Drep=rep1%7B&%7Dtype=pdf. 

[23] A. Zohar, "Teachers' metacognitive declarative knowledge and the teaching of higher-order thinking," in Higher 

Order Thinking in Science Classrooms: Students’ Learning and Teachers’ Professional Development, Dordrecht: 
Springer Netherlands, 2004, pp. 177–196. 

[24] R. M. Branch, Instructional Design: The ADDIE Approach. New York: Springer US, 2010. 
[25] A. U. T. Pada, B. Kartowagiran, and B. Subali, “Content Validity of Creative Thinking Skills Assessment,” in 

Proceeding of International Conference On Research, Implementation And Education Of Mathematics And 

Sciences, 2015, pp. 17–19, Accessed: Nov. 11, 2021. [Online]. Available: 
https://core.ac.uk/download/pdf/33519344.pdf. 

[26] R. Heale and A. Twycross, “Validity and reliability in quantitative studies,” Evid. Based. Nurs., vol. 18, no. 3, pp. 
66–67, Jul. 2015, DOI: 10.1136/EB-2015-102129. 

[27] H. Taherdoost, “Validity and Reliability of the Research Instrument; How to Test the Validation of a 
Questionnaire/Survey in a Research,” SSRN Electron. J., Aug. 2016, DOI: 10.2139/SSRN.3205040. 

[28] A. Mohammed Saad, N. Mat, Ö. G. Ulum, A. A. Drozdova, and A. I. Guseva, “No Title,” no. 1, doi: 
10.1016/J.SBSPRO.2017.02.147. 

[29] S. Azwar, Preparation of Psychological Scale, 2nd ed. Yogyakarta: Pustaka Pelajar, 2018. 
[30] J. Cohen, Statistical power analysis for the behavioral sciences, 2nd ed. Hillsdale, NJ: Lawrence Erlbaum 

Associates, Publishers., 1988. 
[31] J. T. Mordkoff, "A Simple Method for Removing Bias From a Popular Measure of Standardized Effect Size: 

Adjusted Partial Eta Squared," https://doi.org/10.1177/2515245919855053, vol. 2, no. 3, pp. 228–232, Jul. 2019, 
DOI: 10.1177/2515245919855053. 

[32] A. Bakker, J. Cai, L. English, G. Kaiser, V. Mesa, and W. Van Dooren, “Beyond small, medium, or large: points 
of consideration when interpreting effect sizes,” Educ. Stud. Math. 2019 1021, vol. 102, no. 1, pp. 1–8, Jul. 2019, 
DOI: 10.1007/S10649-019-09908-4. 

[33] I. W. Koyan, Education statistics and quantitative data analysis techniques. Singaraja: Undhiksa Press, 2012. 
[34] W. Widhiarso, “Mixed ANOVA application for pretest and posttest experimental design,” Yogyakarta, 2011. 

[Online]. Available: http://widhiarso.staff.ugm.ac.id/files/Aplikasi Anava Mixed Design untuk Eksperimen-
revised 2011.pdf. 

[35] M. J. Blanca, R. Alarcón, J. Arnau, R. Bono, and R. Bendayan, “Datos no normales: ¿es el ANOVA una opción 
válida?,” Psicothema, vol. 29, no. 4, pp. 552–557, 2017, doi: 10.7334/PSICOTHEMA2016.383. 

[36] P. . Ramsey, “Factorial design,” in Encyclopedia of measurement and statistics, In Salkind., Thousand Oaks, 
California: Sage Publication, 2007. 

[37] N. Leech, K. Barrett, and G. A. Morgan, “SPSS for intermediate statistics: use and interpretation, third edition,” 
SPSS Intermed. Stat., Jul. 2013, DOI: 10.4324/9781410616739. 

[38] A. M. Ilmi, Sukarmin, and W. Sunarno, “Development of TPACK based-physics learning media to improve HOTS 
and scientific attitude,” J. Phys. Conf. Ser., vol. 1440, no. 1, p. 012049, Jan. 2020, DOI: 10.1088/1742-
6596/1440/1/012049. 

[39] M. Zainuddin, "Integrating TPACK based HOTS-Textbooks : A case study to attest teaching style in primary 
school," vol. 11, pp. 3662–3670, 2021, DOI: 10.48047/rigeo.11.05.253. 

[40] I. Yusuf, W. Widyaningsih, and R. B. Sebayang, “Implementation of e-learning based-STEM on quantum physics 
subject to student HOTS ability,” J. Turkish Sci. Educ., vol. 15, no. Special, pp. 67–75, Dec. 2018, DOI: 
10.12973/tused.10258a. 



110 
                ISSN: 2252-8822 

Int. J. Eval. & Res. Educ. Vol. 8, No. 1, March 2019:  xx - xx 

[41] S. M. Sarkawi, Hana S, Salleh, “Designing lessons using TPACK framework for developing Secondary Science 
Students’ Conceptions and Higher-Order Thinking,” 6th Int. Conf. Lang. Educ. Innov., pp. 63–77, 2016. 

[42] C. Thamraksa, “Metacognition: A Key to Success for EFL Learners,” 2005. Accessed: Oct. 09, 2018. [Online]. 
Available: http://www.bu.ac.th/knowledgecenter/epaper/jan_june2005/chutima.pdf. 

[43] D. C. Berry, “Metacognitive Experience and Transfer of Logical Reasoning,” Q. J. Exp. Psychol. Sect. A vol. 35, 
no. 1, pp. 39–49, Feb. 1983, DOI: 10.1080/14640748308402115. 

[44] G. Dimaggi et al., “Metacognition, symptoms and premorbid functioning in a first episode psychosis sample,” 
Compr. Psychiatry, vol. 55, no. 2, pp. 268–273, Feb. 2014, DOI: 10.1016/J.COMPPSYCH.2013.08.027. 

[45] I. Z. Ichsan, D. V. Sigit, M. Miarsyah, A. Ali, W. P. Arif, and T. A. Prayitno, “HOTS-AEP: Higher Order Thinking 
Skills from Elementary to Master Students in Environmental Learning.,” Eur. J. Educ. Res., vol. 8, no. 4, pp. 935–
942, 2019, Accessed: Sep. 29, 2021. [Online]. Available: http://www.eu-jer.com/. 

[46] D. Sodikova, “Formation of creative relationship through students using the creativity of eastern thinkers,” Ment. 

Enlight. Sci. J. Vol., vol. 2020, no. 1, 2020, Accessed: Oct. 05, 2021. [Online]. Available: 
https://uzjournals.edu.uz/tziuj/vol2020/iss1/44. 

[47] M. D. Mumford and T. McIntosh, “Creative thinking processes: the past and the future,” J. Creat. Behav., vol. 51, 
no. 4, pp. 317–322, Dec. 2017, DOI: 10.1002/JOCB.197. 

[48] N. Özreçberoğlu and Ç. K. Çağanağa, “Making It Count: Strategies for Improving Problem-Solving Skills in 
Mathematics for Students and Teachers’ Classroom Management,” Eurasia J. Math. Sci. Technol. Educ., vol. 14, 
no. 4, pp. 1253–1261, Jan. 2018, doi: 10.29333/EJMSTE/82536. 

 
 
 
BIOGRAPHIES OF AUTHORS 

 

 

Ika Maryani, M.Pd 
 
She is an Assistant Professor of the Elementary School Teacher Education 
Department at Universitas Ahmad Dahlan, Yogyakarta, Indonesia. She is an 
expert in science learning in elementary school, curriculum, and science 
learning innovation. Email: ika.maryani@pgsd.uad.ac.id. 
 
 
 

  

 

 

 
Prof. Dr. Zuhdan Kun Prasetyo, M.Ed. 
 
He is a professor in science education from Yogyakarta State University. His 
areas of expertise are science learning, curriculum, learning innovation, and 
teacher development. Email: zuhdan@uny.ac.id  
 
 

  

 

 
Prof. Dr. Insih Wilujeng, M.Pd. 
 
She is a professor in science education from Yogyakarta State University. Her 
areas of expertise are Science Learning, literacy, curriculum, and teacher 
development. Email: insih@uny.ac.id  
 
 
 

  



111 
Int J Eval & Res Educ.  ISSN: 2252-8822  

 

The title of the manuscript is short and clear, implies research results (First Author) 

 

 
 

 
Siwi Purwanti, M.Pd. 
 
She is an Assistant Professor in the Department of Elementary School Teacher 
Education at Universitas Ahmad Dahlan, Yogyakarta, Indonesia. She is an 
expert in science learning in science learning in elementary school, learning 
innovation, and literacy. Email: siwi.purwanti@pgsd.uad.ac.id 
 

 



International Journal of Evaluation and Research in Education (IJERE) 

Vol. 11, No. 3, Setember 2022, pp. xx~xx 
ISSN: 2252-8822, DOI: 10.11591/ijere.v8.i1.ppxx-xx      101 

  

Journal homepage: http://iaescore.com/journals/index.php/IJERE 

Promoting Higher-order Thinking Skills (HOTS) during Online 

Learning: The Integration of Metacognition in Science for 

Higher Education 
 

 

Ika Maryani1, Zuhdan Kun Prasetyo2, Insih Wilujeng3, Siwi Purwanti4 
1,4Elementary School Education, Faculty of Teacher Training and Education, Universitas Ahmad Dahlan, Yogyakarta, 

Indonesia 
2,3Science Education, Faculty of Mathematics and Natural Sciences, Yogyakarta State University, Yogyakarta, Indonesia 

 
 

Article Info  ABSTRACT 

Article history: 

Received Oct 22, 2021 
Revised Nov 20, 2021 
Accepted Dec 27, 2021 
 

 This study aimed to explore the integration of metacognition in online science 
education for college students and tested the feasibility of the learning model 
on students' HOTS. The ADDIE (analyze, design, develop, implement, and 
evaluate) model was employed in this study. A needs analysis was conducted 
through interviews and questionnaire surveys to 21 science lecturers from 
primary school teacher education study programs at seven state universities 
and 14 private universities in Indonesia. Expert validation was conducted with 
seven educational experts using the Delphi technique. The experts came from 
educational technology experts, science education experts, physicists, learning 
evaluation experts, educational science experts, and 2 science lecturers from 
the elementary school teacher education study program. The model’s construct 
validity was evaluated using randomly selected classrooms from two different 
institutions, while the model’s content validity was checked using the Aiken's 
V formula (content-validity coefficient (V)). In the development phase, the 
effectiveness of the model was examined through an experimental study 
involving three groups of students: experimental group (41 students), control 
group 1 (39 students), and control group 2 (39 students). The experimental 
study was performed using the randomized pretest-posttest comparison group 
design. The research hypothesis was investigated using a General Linear 
Model and Multivariate Analysis of Variance (MANOVA), followed by an 
effect size analysis utilizing Cohen's d to ascertain the model's effect on 
students' HOTS. Through awareness-building, essential questioning, planning, 
monitoring, evaluating, and reflecting, this study successfully integrated 
metacognition into online science education. The model's learning syntax 
incorporated both synchronous and asynchronous learning activities. Virtual 
and contextual projects are critical components of this approach because they 
demonstrate how metacognition is regulated. Expert judgment indicated that 
the model under development was highly feasible. The experimental study 
established that the learning model had a considerable effect on students' 
HOTS, which rose by 75% (a large effect) due to the model's implementation. 
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1. INTRODUCTION  

Science is critical for pre-service elementary teachers. Based on the results of a preliminary study on 
21 primary school teacher education programs in Indonesia, science education is offered through courses that 
emphasize science content and science learning development. These courses are geared toward increasing 
technological pedagogical content knowledge (TPACK). If the students' science content is good, it will have a 
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positive impact on their TPACK. Therefore, content knowledge can support the realization of TPACK [1], [2]. 
Graduates of the primary school teacher education department should be able to master science concepts and 
design learning that takes pedagogic, content, and technological factors into account. Besides TPACK, the 
students from the PSTE department should also develop higher-order thinking skills (HOTS) to deal with the 
complexity of science. Unfortunately, Indonesian students have many misconceptions about scientific 
principles [3], face difficulty learning science [4], and have poor performance in science.  

In addition, the occurrence of the Covid-19 Pandemic requires the delivery of science instruction online, 
which posed a significant threat to professors, who had to experiment with educational technologies. Faculty 
members and students at universities must swiftly adjust to online learning, particularly to experimental and 
live demonstration-based learning. Students must be technologically savvy to accomplish science education 
online. To achieve success in online learning, students need to increase their motivation, autonomy, problem-
solving skills, collaboration skills, decision-making skills, and thinking skills, which are also known as 21st-
century skills.   

The twenty-first-century skills have become a topic of discussion among several educational 
institutions, practitioners, and experts. The 21st century requires the following skills: critical thinking, problem-
solving skills, communication skills, and collaboration skills [5]. In addition, ATC21S (Assessment & 
Teaching of 21st Century Skills) classifies 21st-century skills into four areas; one of which is methods of 
thinking [6]. A cognitive or thinking process involves multiple phases of thought, including remembering, 
understanding, applying, analyzing, and making decisions. This mode of reasoning is known as HOTS (High-
order Thinking Skills). 

The lecturers continue to struggle with teaching HOTS and preparing their students to use higher-order 
thinking in everyday life. Learning that continues to emphasize the development of lower-level thinking skills 
(LOTS) contributes to the poor higher-order thinking skills (HOTS) of teachers in Indonesia [7]. This could be 
due to the instructors' lack of expertise regarding how to hone students' higher-order thinking skills [8]. 
According to studies [9], [10], the LOTS group contains a greater number of future primary school teachers 
students than the HOTS category. Therefore, a learning model in higher education is needed that empowers 
HOTS by involving students mentally and cognitively in every learning process. 

Countless studies indicate that the educational approach used in Education Personnel Education 
Institutions has been ineffective in promoting higher-order thinking skills (HOTS) in students. In Indonesia, 
research continues to be centered on students' HOTS analysis and the creation of HOTS-based assessments. 
The learning models implemented to develop HOTS in students, such as PBL [11], RMS (Reading, Mapping, 
and Sharing) [12], CUPs (Conceptual Understanding Procedures) [13], Constructive Conflict (CC), and 
Modified Free Inquiry (MFI) [14], FILM [15], and Guided Inquiry Laboratory-Based Module (GILM [16] 
mostly focused on the cognitive processes and disregard differences in learning between individuals. Therefore, 
a more-in depth analysis is needed to address the use of learning methods to maximize student autonomy. As 
a result, integrating metacognition into the learning process is the optimal strategy for improving college 
students’ HOTS. 

Metacognition is chosen as an alternative problem-solving strategy which consists of two important 
stages, namely metacognition knowledge and metacognition regulation. The results of the previous studies 
show the advantages of metacognition as a learning strategy, namely that it can: 1) help students monitor their 
progress and control their learning process (through reading, writing, solving problems); 2) contribute to 
students’ learning desire above their intellectual abilities [17], [18]; 3) improve academic achievement across 
age, cognitive abilities, and learning domains [19], [20]; and 4) help students transfer what they learn from one 
context to the next, or from a previous task to a new task. Metacognition optimization is expected to be able to 
maximize students’ thinking skills in overcoming real-world problems. 

Students can engage in metacognitive activities such as 1) reflecting on the thought processes involved 
in the learning process; 2) seeking concrete examples from prior learning experiences and mindsets; 3) 
analyzing the benefits of using the mindset versus the disadvantages of not using it, resulting in an 
understanding of when the strategy should be used; 4) making generalizations and formulating rules about 
these thought patterns; and 5) naming the thought pattern [21]–[23]. This integration is consistent with 
students’ qualities as adult learners who are frequently required to make decisions while studying 
autonomously. 

 
Research Questions 

1. What role does metacognition play in an online learning model? 
2. To what extent is metacognition-integrated online learning effective in promoting students' higher-order 

thinking skills (HOTS) in science? 
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2. RESEARCH METHODS 

The current R&D study used the ADDIE (Analysis, Design, Develop, Implement, dan Evaluate) model 
[24] to develop a feasible and effective metacognition-based science education for college students. The 
research design is presented in Figure 1.  

 
Figure 1. The ADDIE procedure 

 

The urgency of developing the learning model as well as problem analysis was carried out at the Analyze 
stage. A needs analysis was conducted through depth interviews. The depth interview has been carried out by 
involving 21 science lecturers in the elementary school teacher education department 7 state universities and 
14 private universities in Indonesia. The results of the need assessment show that 1) the variability of the 
educational background of primary school teacher education’s students causes the interest and speed in 
understanding science material to vary, 2) the selection of learning models becomes difficult because of this 
diversity factor, 3) students' creativity is still lacking so that their ability to develop ideas is not optimal, 4) 
mastery practice and presentation skills are still lacking, 5) reading interest is lacking so that their ability to 
understand concepts is still low and even has the potential for misconceptions, and 6) students' understanding 
is still at cognitive level 1 (memorization) so it needs to be encouraged to reach a higher level. 

At the Design stage, the product’s design and draft were created. At the Develop stage, the validation 
process, product revision, expert validation, and field try-outs were conducted to ensure that the final product 
was valid in both contents (expert judgment) and construct (experimental study). Content validity is carried 
out to determine the feasibility of the learning model based on expert judgment [25]. Construct validity was 
carried out to determine the effectiveness of the learning model towards increasing HOTS [26], [27]. The 
process of implementing the learning model on a wider scale is carried out at the Implement stage. Content 
validation with the Delphi technique involved 7 experts. The experts came from educational technology 
experts, science education experts, physicists, learning evaluation experts, educational science experts, and 2 
science lecturers from the elementary school teacher education study program. While the construct validity 
was conducted to test the effectiveness of the model through an experimental study by randomized Pretest-
Posttest Comparison Group Design. The construct validity examination was conducted at two universities 
using randomly selected classes from Universitas Ahmad Dahlan, Yogyakarta, Indonesia, and Universitas 
Sarjanawiyata Tamansiswa, Yogyakarta, Indonesia. The effectiveness test involved three homogeneous groups 
to determine the robustness of the metacognitive integrative model. The experimental group was compared 
with two control groups who were given the model treatment commonly used by lecturers, namely problem-
based learning (control 1) and experiment (control 2). The study involved 41 students as the experimental 
group, 39 students as the control group 1, and 39 students as the control group 2.  

Evaluation is carried out at the process stage and the end of the activity, namely from the analysis, design, 
development, and implementation stages. The evaluation stage in this study uses formative and summative 
because it is related to the application of new learning models. The goal is to determine whether the objectives 
of the model are met and determine what is needed to increase the effectiveness of the model. After the 
implementation of the model is complete, a summative evaluation is carried out to determine the impact of 
implementing the model on learning. During the evaluation phase, problems that occur during data learning 
are identified and resolved and research objectives must also be achieved. The evaluation that will be used in 
this study refers to the Kirkpatrick evaluation model [28]  

Aiken’s V (content-validity coefficient (V)) formula was used to examine the content validity test 
findings. This analysis was done by assigning a number between 1 (highly unrepresentative/irrelevant) to 5 
(highly representative/relevant) to the product’s contents being evaluated. The following equation represents 
the content-validity coefficient (V): 

� =
∑�

[���	
�]
     (1) 
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Remarks: 
Io = the lowest validity score (in this case = 1) 
c = the highest validity score (in this case = 5) 
r = expert judgment score 
s = r – Io 
c = number of experts 
V = content-validity coefficient (between 0-1)[29] 
 

To determine the effect of metacognition integration in online science learning on students' HOTS, 
analysis of General Linear Model and Multivariate Analysis of Variance. MANOVA was used to see the effect 
of online science learning on college students’ HOTS. The significance of the effect was then measured by 
calculating the effect size. The effect size metric indicated the standardized difference in scores between the 
control and experimental groups. In this study, the Effect Size used was Cohen’s d, where the effect size shows 
the magnitude of the difference in scores between the control and experimental groups. MANOVA calculates 
effect size using Eta squared, with a standard Eta score of 0.01 for a small effect, 0.3 for a medium effect, and 
0.5 for a large effect [30]–[32]. 

 
3. RESULT AND DISCUSSION 

3.1. Result 

The analysis of open-ended questionnaires distributed to 21 science lecturers in primary school teacher 
education programs at seven public universities and fourteen private universities in Indonesia revealed that the 
students’ varied educational backgrounds resulted in differences in their interest and ability to comprehend 
science material. This variability complicates the process of selecting learning models. Additionally, these 
pupils exhibit a lack of creativity, which impairs their capacity to generate ideas. Students’ mastery of practice 
and presenting skills is still weak, with their comprehension of the material being at the cognitive level 1 
(memorization). Due to the students’ lack of interest in reading, their capacity to comprehend topics remains 
limited and may even result in misconceptions. The urgency of generating a metacognition-integrated science 
learning model to improve students’ HOTS may be seen in the HOTS of students who are still developing and 
in need of improvement.  

The design of the metacognition-integrated science learning model produced in the Design stage is shown 
in Figure 2. The metacognition integrated learning model is made up of the following components: objectives, 
time allocation, syntax, social system, support system, reaction principle, instructional and accompaniment 
impact, and learning outcomes. Metacognitive stages were incorporated into the development of lesson plans, 
modules, worksheets, media, and instruments for assessing students’ higher-order thinking skills (HOTS). The 
lesson plan comprises 14 synchronous and asynchronous online meetings. The module includes a title page, a 
foreword, a table of contents, instructions for using the module, Learning activities 1–7, summative tests, 
answer keys, feedback and follow-up, and the author’s biography and bibliography. Each learning activity 
consists of learning indicators, awareness, mind mapping activity, materials, independent projects, summaries, 
reflections, and formative tests. Attachments to the project include worksheets, media presentations, and 
learning assessments that feature problems and explanations regarding the project. The Student Worksheet 
incorporates metacognitive stages and includes a brief description of the learning activity, a material map, an 
activity guide, a study guide, learning objectives, and a video production project. 
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Figure 2. Online science learning model integrated metacognition 

 
The Develop Stage generated the data on the model’s content and construct validity test results. 
 

Table 1. Expert Judgement on the Model’s Content Validity  

Product Aspect V-Score Criteria 

The Model’s Book Content 0.931 Valid (high) 
 Presentation 0.918 Valid (high) 
 Language Use  0.934 Valid (high) 
Guidebook  Content 0.926 Valid (high) 
 Presentation 0.904 Valid (high) 
 Language Use 0.911 Valid (high) 
Lesson plan  0.877 Valid (high) 
Module  0.853 Valid (high) 
Worksheet   0.907 Valid (high) 
HOTS assessment tool  0.879 Valid (high) 

 
The implementation of the learning model was evaluated by observing the sample class’s synchronous 
and asynchronous learning processes. Observations were made via Google Classroom monitoring to 
efficiently monitor the learning syntax. Each stage of the learning process was conducted online using 
Google Classroom, Google Meet, Google Forms, YouTube, and the PhET simulation. The results of these 
observations showed a score of 92.1 for the implementation of the learning model. According to [33] 
criteria for practicality, the learning model was implemented successfully for the students that participated 
in this study. 

To investigate the extent of the treatment impact, hypotheses were tested using the General Linear 
Model (GLM) and Multivariate of Variance (MANOVA). Four assumptions must be met for this test to 
be valid: 1) an independent observer, 2) a random sample, and 3) normal and homogenous data. 
Methodologically, assumptions 1 and 2 were met, but evaluating assumption 3 resulted in normal data in 
each experimental and control group, but not homogeneous data, as the sig. value in Box’s M was 0.000 
(< 0.05). In an experimental study, the error factor (subject, sample, treatment, etc.) has a large influence 
on the changes in the subject’s score from pre- to post-test. There is no way that all subjects in the 
experimental group will have the identical gain in test scores. This inhomogeneity can be overlooked 
because obtaining the same variation un scores across the three groups subjected to different treatments 
is challenging [34]. The uniformity of data in an experiment can be overlooked [35]. ANOVA is a robust 
test for data heterogeneity disturbances, provided that the number of samples in each group is between 7 
and 15 participants [36]. 
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The results of hypothesis testing using GLM-MANOVA can be seen in the Appendix. The analysis 
of Mauchly’s Test of Sphericity showed that the results were significant. Thus, it was followed by Tests 
of Within-Subjects Effects to see the interaction between variables. There was an interaction between 
time (pre-post-test) and group (experiment-control). The interaction showed that the change in pretest to 
posttest scores in the three groups (experiment-control 1-control 2) was significantly different. The next 
step was to analyze the Mean Different (MD) on Pairwise Comparison which indicated that the MD for 
the experimental group was -17.505 with a sig. value of 0.000 (<0.05). This means that there was a 
significant increase in HOTS in the experimental group. In control group 1, the MD value was -11.069* 
while the sig value was 0.001, indicating a significant increase. Similarly, reported by control group 2, 
the MD value was -14.923 and the sig value was 0.000, which means that there was a significant increase 
in the participants’ HOTS. However, based on the three MD values, the experimental class experienced 
the greatest gain, with a difference of 17.505 between the pretest and posttest mean scores. Additionally, 
the results of the multivariate test were interpreted to establish the model’s efficacy in improving students’ 
HOTS (Table 2). 

Table 2. Multivariate Tests 

Learning model Value F Hypoth
esis df 

Error df Sig. Partial 
Eta 

Squared 
experiment Pillai's trace .745 45.419a 7.000 109.000 .000 .745 

Wilks' 
lambda 

.255 45.419a 7.000 109.000 .000 .745 

Hotelling's 
trace 

2.917 45.419a 7.000 109.000 .000 .745 

Roy's 
largest root 

2.917 45.419a 7.000 109.000 .000 .745 

Control 1 Pillai's trace .354 8.530a 7.000 109.000 .000 .354 
Wilks' 
lambda 

.646 8.530a 7.000 109.000 .000 .354 

Hotelling's 
trace 

.548 8.530a 7.000 109.000 .000 .354 

Roy's 
largest root 

.548 8.530a 7.000 109.000 .000 .354 

Control 2 Pillai's trace .684 33.638a 7.000 109.000 .000 .684 
Wilks' 
lambda 

.316 33.638a 7.000 109.000 .000 .684 

Hotelling's 
trace 

2.160 33.638a 7.000 109.000 .000 .684 

Roy's 
largest root 

2.160 33.638a 7.000 109.000 .000 .684 

Each F tests the multivariate simple effects of time within each level combination of the other effects shown. These tests 
are based on the linearly independent pairwise comparisons among the estimated marginal means. 
a. Exact statistic 

 
The metacognition integrated science online learning model has been found to influence students’ HOTS 
based on the sig values in Table 1. The effective contribution of the treatment can be seen in the Wilks’ 
Lambda column [37]. A partial Eta Squared of 0.745 suggests that the treatment can increase HOTS by 
74.5% in the experimental group, 35.4% in the control group 1, and 68.4% in the control group 2. The 
value of partial eta square indicates the magnitude of the effect size of an action (small effect of 0.01; 
medium effect of 0.3; while the large effect of 0.5) [30]–[32]. The effect size of the metacognition 
integrated learning model on students’ HOTS was quite large because it was more than 50%. The 
metacognition integrated science online learning approach has a considerable effect on students’ HOTS, 
with an effect size of 74.5%. 
 
3.2. Discussion 

This study successfully developed a practical and valid metacognition-integrated science online 
learning model, effective in improving college students’ higher-order thinking skills (HOTS) to solve 
problems and make sound decisions in their life after graduation. Higher-order thinking skills (HOTS) 
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are inextricably linked to technological, pedagogical, and content knowledge (TPACK) [38], [39]. These 
abilities are critical for developing students’ problem-solving abilities [40]. With strong HOTS, students 
may observe and investigate environmental issues objectively, reflect on their experiences to propose 
alternative solutions, and are capable of precisely and quickly solving issues while making decisions. 
Students with a high HOTS score can strengthen their capacity to integrate pedagogical knowledge, 
content, and technology into their learning [41], which is especially critical in elementary school science 
instruction. 

Syntax of the learning model established in this study is the product of metacognition theory 
integration. Metacognition is comprised of knowledge and regulation components. Metacognitive 
knowledge is composed of three components: 1) awareness of knowledge/person factors, 2) awareness of 
thought/task variables, and 3) awareness of thought/strategy variables. Declarative, procedural, and 
conditional knowledge are all examples of metacognitive knowledge [42]. These three elements are 
represented in the learning model’s awareness step. Metacognitive regulation is the subjective internal 
response of an individual to metacognitive knowledge. This response is aimed at developing a strategy to 
resolve an issue. Metacognitive control is the process of observing cognitive activity and ascertaining if 
cognitive objectives are met [43].  

Metacognition activities can be carried out through five activities. The first activity is to reflect on 
the cognitive processes that occur during the learning process. The second exercise is to seek out 
additional tangible instances of previous learning experiences and mental patterns. The third action is to 
weigh the benefits and drawbacks of adopting the mindset. The fourth task is to draw generalizations and 
establish rules about this pattern of reasoning. The last activity is to name the pattern of thinking in the 
form of a learning strategy [21]–[23]. Planning, monitoring, and assessing are all components of 
metacognition [44]. The three are then included in the learning model’s stages, namely planning, 
monitoring, and reflection.  

The metacognition integrated learning model prioritizes students’ independence and freedom of 
thought in solving problems through work-making projects. Students in this study were asked to identify 
contextual learning challenges related to motion and force, work and energy, electricity, magnetism, wave 
and sound vibrations, light and optical instruments, as well as the earth and solar system. Mind mapping, 
contextual projects in the surrounding area, virtual projects employing Tracker, PhET, and sound meter 
software, as well as video presentation projects, are all examples of problem-solving exercises done by 
the students. Each lesson began with activities that help the students identify their strengths and 
limitations (awareness) concerning the notion of science, followed by activities that help them develop 
problem-solving strategies (planning, monitoring, evaluating). 

The increase in the research participants' higher-order thinking skills (HOTS) in terms of logic, 
reasoning, and analysis during the implementation of the learning model can be seen from the students’ 
ability to analyze science problems occurring around them [45]. These students were tasked with the 
responsibility of resolving problems through project-based activities. Each lesson required students to 
complete various projects, including mind-mapping, scientific experiments (contextual and virtual), and 
video presentations. The mind mapping projects encouraged students to read and understand the content 
using logic and reasoning. They were also asked to assess problems throughout the process of completing 
science projects such as building simple automobiles, electrical circuits, simple compasses, simple 
pendulums, and solar system simulations. Additionally, these students were accustomed to discussing 
problems with their peers to resolve them and hone their problem-solving abilities. 

When the participants evaluated their achievement of the learning objectives, the appropriateness of 
the work generated with the challenge, and the suitability of time and approach with the expected results, 
their HOTS in the evaluation component grew significantly. The increase in creation happened as a result 
of pupils becoming accustomed to creating projects that serve as the output of assignments. At this stage, 
opinions were gathered, clarified, logically reasoned, and expressed to others [46], [47]. During the 
implementation of the model, aspects of problem-solving and judgment were also emphasized at each 
step of learning. For instance, many students struggled when analyzing the motion of objects (wind-
powered automobiles) using Tracker software. Despite the availability of tutorials, some students were 
still unable to complete their work by the deadline. This occurred because some of these students 
technically mishandled the program used for analysis. The lecturer asked students who had successfully 
finished the project to mentor other students at a virtual face-to-face meeting. This accomplishment 
occurred as a result of students’ willingness to experiment with various methods for solving issues, such 
as using MS Excel for mathematical operations and graph creation. Students who develop strong problem-
solving and judgment skills will develop into self-assured, creative, and self-sufficient thinkers. The 
society produced by these individuals is capable of easily resolving life problems [48]. 
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The advantages of the metacognition-integrated learning model are as follows: (1) the model was 
developed using scientific procedures that are quantifiable and involve experts; (2) the model can be 
implemented in normal or pandemic conditions by adjusting the learning activities; 3) the learning 
model’s syntax contains activities that teach students to make decisions, be accountable for decisions, and 
complete complex tasks responsibly; 4) the learning model was designed based on real-world situations; 
5) The inclusion of projects in the learning model enables the creation of open-ended solutions, thereby 
preparing students to be effective problem solvers. 
 

4. CONCLUSION 

This research contributes to the development of science in the form of an innovative science learning 
model integrated with metacognition strategies. Metacognition can be integrated into online science 
learning through awareness, essential questions, planning, monitoring, evaluating, and reflecting. The 
lesson plans and teaching materials were developed regarding this syntax via instructional activities that 
strengthen metacognitive skills. The expert's judgment was used to determine the model's feasibility, 
which resulted in a high level of practicality. The experimental study showed that the learning model had 
a considerable influence on students' higher-order thinking skills (HOTS), as seen by a 75% (large effect) 
increase in response to the model's implementation. Changes in student behavior and character that 
appeared during the application of the model were very diverse, but we only limited them to HOTS. Other 
unobserved characteristics, such as discipline, responsibility, and independence, are suggested for further 
investigation in the model’s subsequent implementation. The limitation of this study is that the effect of 
this model has only been measured on the HOTS variable in total, further analysis has not been carried 
out on the HOTS aspects separately (logic, reasoning, analysis, evaluation, creation, problem-solving, 
and judgment). Changes in behavior and character that appear during the application of this learning 
model are very diverse, but researchers only limit them to HOTS. Other characters have not been 
observed. 
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 This study aimed to explore the integration of metacognition in online 

science education for college students and tested the feasibility of the 

learning model on students’ high order thinking skills (HOTS). The analyze, 

design, develop, implement, and evaluate (ADDIE) model was employed in 

this study. A needs analysis was conducted through interviews and 

questionnaire surveys to 21 science lecturers from primary school teacher 

education study programs at seven state universities and 14 private 

universities in Indonesia. In the development phase, the effectiveness of the 

model was examined through an experimental study involving three groups 

of students: experimental group (41 students), control group 1 (39 students), 

and control group 2 (39 students). The experimental study was performed 

using the randomized pretest-posttest comparison group design. The 

research hypothesis was investigated using a general linear model and 

multivariate analysis of variance. Through awareness-building, essential 

questioning, planning, monitoring, evaluating, and reflecting, this study 

successfully integrated metacognition into online science education. The 

model's learning syntax incorporated both synchronous and asynchronous 

learning activities. Virtual and contextual projects are critical components of 

this approach because they demonstrate how metacognition is regulated. 

Expert judgment indicated that the model under development was highly 

feasible. The experimental study established that the learning model had a 

considerable effect on students’ HOTS, which rose by 75% (a large effect) 

due to the model’s implementation. 
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1. INTRODUCTION 

Science is critical for pre-service elementary teachers. Based on the results of a preliminary study on 

21 primary school teacher education programs in Indonesia, science education is offered through courses that 

emphasize science content and science learning development. These courses are geared toward increasing 

technological pedagogical and content knowledge (TPACK). If the students' science content is good, it will 

have a positive impact on their TPACK. Therefore, content knowledge can support the realization of TPACK 

[1], [2]. Graduates of the primary school teacher education department should be able to master science 

concepts and design learning that takes pedagogic, content, and technological factors into account. Besides 

TPACK, the students from the primary school teacher education (PSTE) department should also develop 

higher-order thinking skills (HOTS) to deal with the complexity of science. Unfortunately, Indonesian 

https://creativecommons.org/licenses/by-sa/4.0/
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students have many misconceptions about scientific principles [3], face difficulty learning science [4], and 

have poor performance in science.  

In addition, the occurrence of the COVID-19 pandemic requires the delivery of science instruction 

online, which posed a significant threat to professors, who had to experiment with educational technologies. 

Faculty members and students at universities must swiftly adjust to online learning, particularly to 

experimental and live demonstration-based learning. Students must be technologically savvy to accomplish 

science education online. To achieve success in online learning, students need to increase their motivation, 

autonomy, problem-solving skills, collaboration skills, decision-making skills, and thinking skills, which are 

also known as 21st-century skills.  

The 21st century skills have become a topic of discussion among several educational institutions, 

practitioners, and experts. The 21st century requires the following skills: critical thinking, problem-solving 

skills, communication skills, and collaboration skills [5]. In addition, assessment and teaching of 21st century 

skills (ATC21S) classifies 21st-century skills into four areas; one of which is methods of thinking [6].  

A cognitive or thinking process involves multiple phases of thought, including remembering, understanding, 

applying, analyzing, and making decisions. This mode of reasoning is known as HOTS.  

The lecturers continue to struggle with teaching HOTS and preparing their students to use higher-

order thinking in everyday life. Learning that continues to emphasize the development of lower-level 

thinking skills (LOTS) contributes to the poor HOTS of teachers in Indonesia [7]. This could be due to the 

instructors' lack of expertise regarding how to hone students' higher-order thinking skills [8]. According to 

studies [9], [10], the LOTS group contains a greater number of future primary school teachers students than 

the HOTS category. Therefore, a learning model in higher education is needed that empowers HOTS by 

involving students mentally and cognitively in every learning process. 

Countless studies indicate that the educational approach used in Education Personnel Education 

Institutions has been ineffective in promoting HOTS in students. In Indonesia, research continues to be 

centered on students' HOTS analysis and the creation of HOTS-based assessments. The learning models 

implemented to develop HOTS in students, such as problem-based learning (PBL) [11], reading, mapping, 

and sharing (RMS) [12], conceptual understanding procedures (CUPs) [13], constructive conflict (CC), and 

modified free inquiry (MFI) [14], film [15], and guided inquiry laboratory-based module (GILM) [16] mostly 

focused on the cognitive processes and disregard differences in learning between individuals. Therefore, a 

more-in depth analysis is needed to address the use of learning methods to maximize student autonomy. As a 

result, integrating metacognition into the learning process is the optimal strategy for improving college 

students’ HOTS. 

Metacognition is chosen as an alternative problem-solving strategy which consists of two important 

stages, namely metacognition knowledge and metacognition regulation. The results of the previous studies 

show the advantages of metacognition as a learning strategy, namely that it can: i) help students monitor their 

progress and control their learning process (through reading, writing, solving problems); ii) contribute to 

students’ learning desire their intellectual abilities [17], [18]; iii) improve academic achievement across age, 

cognitive abilities, and learning domains [19], [20]; and iv) help students transfer what they learn from one 

context to the next, or from a previous task to a new task. Metacognition optimization is expected to be able 

to maximize students’ thinking skills in overcoming real-world problems. 

Students can engage in metacognitive activities, such as: i) Reflecting on the thought processes 

involved in the learning process; ii) Seeking concrete examples from prior learning experiences and 

mindsets; iii) Analyzing the benefits of using the mindset versus the disadvantages of not using it, resulting in 

an understanding of when the strategy should be used; iv) Making generalizations and formulating rules 

about these thought patterns; and v) Naming the thought pattern [21]–[23]. This integration is consistent with 

students’ qualities as adult learners who are frequently required to make decisions while studying 

autonomously. Hence, the research questions for this study were: i) What role does metacognition play in an 

online learning model?; ii) To what extent is metacognition-integrated online learning effective in promoting 

students’ HOTS in science? 

 

 

2. RESEARCH METHOD 

The current research and development (R&D) study used the Analysis, Design, Develop, 

Implement, dan Evaluate (ADDIE) model [24] to develop a feasible and effective metacognition-based 

science education for college students. The research design is presented in Figure 1. 
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Figure 1. The ADDIE procedure 

 

 

The urgency of developing the learning model as well as problem analysis was carried out at the 

analyze stage. A needs analysis was conducted through depth interviews. The depth interview has been 

carried out by involving 21 science lecturers in the elementary school teacher education department seven 

state universities and 14 private universities in Indonesia. The results of the need assessment show that:  

i) The variability of the educational background of primary school teacher education’s students causes the 

interest and speed in understanding science material to vary; ii) The selection of learning models becomes 

difficult because of this diversity factor; iii) Students' creativity is still lacking so that their ability to develop 

ideas is not optimal; iv) Mastery practice and presentation skills are still lacking; v) Reading interest is 

lacking so that their ability to understand concepts is still low and even has the potential for misconceptions; 

and vi) Students' understanding is still at cognitive level 1 (memorization) so it needs to be encouraged to 

reach a higher level. 

At the Design stage, the product’s design and draft were created. At the Develop stage, the 

validation process, product revision, expert validation, and field try-outs were conducted to ensure that the 

final product was valid in both contents (expert judgment) and construct (experimental study). Content 

validity is carried out to determine the feasibility of the learning model based on expert judgment [25]. 

Construct validity was carried out to determine the effectiveness of the learning model towards increasing 

HOTS [26], [27]. The process of implementing the learning model on a wider scale is carried out at the 

Implement stage. Content validation with the Delphi technique involved seven experts. The experts came 

from educational technology experts, science education experts, physicists, learning evaluation experts, 

educational science experts, and two science lecturers from the elementary school teacher education study 

program. While the construct validity was conducted to test the effectiveness of the model through an 

experimental study by randomized pretest-posttest comparison group design. The construct validity 

examination was conducted at two universities using randomly selected classes from Universitas Ahmad 

Dahlan and Universitas Sarjanawiyata Tamansiswa, Indonesia. The effectiveness test involved three 

homogeneous groups to determine the robustness of the metacognitive integrative model. The experimental 

group was compared with two control groups who were given the model treatment commonly used by 

lecturers, namely problem-based learning (control 1) and experiment (control 2). The study involved 41 

students as the experimental group, 39 students as the control group 1, and 39 students as the control group 2.  

Evaluation is carried out at the process stage and the end of the activity, namely from the analysis, 

design, development, and implementation stages. The evaluation stage in this study uses formative and 

summative because it is related to the application of new learning models. The goal is to determine whether 

the objectives of the model are met and determine what is needed to increase the effectiveness of the model. 

After the implementation of the model is complete, a summative evaluation is carried out to determine the 

impact of implementing the model on learning. During the evaluation phase, problems that occur during data 

learning are identified and resolved and research objectives must also be achieved. The evaluation that will 

be used in this study refers to the Kirkpatrick evaluation model [28]  

Aiken’s V (content-validity coefficient (V)) formula was used to examine the content validity test 

findings. This analysis was done by assigning a number between 1 (highly unrepresentative/irrelevant) to 5 

(highly representative/relevant) to the product’s contents being evaluated. The (1) represents the content-

validity coefficient (V): 

 

V =
∑𝐬

[𝐧(𝐜−𝟏)]
 (1) 
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Remarks: 

Io = the lowest validity score (in this case=1) 

c = the highest validity score (in this case=5) 

r = expert judgment score 

s = r – Io 

c = number of experts 

V = content-validity coefficient (between 0-1) [29] 

 

To determine the effect of metacognition integration in online science learning on students' HOTS, 

analysis of general linear model and multivariate analysis of variance. MANOVA was used to see the effect 

of online science learning on college students’ HOTS. The significance of the effect was then measured by 

calculating the effect size. The effect size metric indicated the standardized difference in scores between the 

control and experimental groups. In this study, the effect Size used was Cohen’s d, where the effect size 

shows the magnitude of the difference in scores between the control and experimental groups. MANOVA 

calculates effect size using Eta squared, with a standard Eta score of 0.01 for a small effect, 0.3 for a medium 

effect, and 0.5 for a large effect [30]–[32].  

 

 

3. RESULTS AND DISCUSSION 

3.1.  Results 

The analysis of open-ended questionnaires distributed to 21 science lecturers in primary school 

teacher education programs at seven public universities and fourteen private universities in Indonesia 

revealed that the students’ varied educational backgrounds resulted in differences in their interest and ability 

to comprehend science material. This variability complicates the process of selecting learning models. 

Additionally, these pupils exhibit a lack of creativity, which impairs their capacity to generate ideas. 

Students’ mastery of practice and presenting skills is still weak, with their comprehension of the material 

being at the cognitive level 1 (memorization). Due to the students’ lack of interest in reading, their capacity 

to comprehend topics remains limited and may even result in misconceptions. The urgency of generating a 

metacognition-integrated science learning model to improve students’ HOTS may be seen in the HOTS of 

students who are still developing and in need of improvement.  

The design of the metacognition-integrated science learning model produced in the Design stage is 

shown in Figure 2. The metacognition integrated learning model is made up of the following components: 

objectives, time allocation, syntax, social system, support system, reaction principle, instructional and 

accompaniment impact, and learning outcomes. Metacognitive stages were incorporated into the 

development of lesson plans, modules, worksheets, media, and instruments for assessing students’ HOTS. 

The lesson plan comprises 14 synchronous and asynchronous online meetings. The module includes a title 

page, a foreword, a table of contents, instructions for using the module, learning activities 1–7, summative 

tests, answer keys, feedback and follow-up, and the author’s biography and bibliography. Each learning 

activity consists of learning indicators, awareness, mind mapping activity, materials, independent projects, 

summaries, reflections, and formative tests. Attachments to the project include worksheets, media 

presentations, and learning assessments that feature problems and explanations regarding the project. The 

Student Worksheet incorporates metacognitive stages and includes a brief description of the learning activity, 

a material map, an activity guide, a study guide, learning objectives, and a video production project. The 

Develop Stage generated the data on the model’s content and construct validity test results. 

The implementation of the learning model was evaluated by observing the sample class’s 

synchronous and asynchronous learning processes. Observations were made via Google Classroom 

monitoring to efficiently monitor the learning syntax. Each stage of the learning process was conducted 

online using Google Classroom, Google Meet, Google Forms, YouTube, and the physics education 

technology (PhET) simulation. The results of these observations showed a score of 92.1 for the 

implementation of the learning model. According to Koyan [33], criteria for practicality, the learning model 

was implemented successfully for the students that participated in this study. Expert judgement on the 

model’s content validity is shown in Table 1.  
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Figure 2. Online science learning model integrated metacognition 

 

 

Table 1. Expert judgement on the model’s content validity 
Product Aspect V-Score Criteria 

The model’s book Content 0.931 Valid (high) 

 Presentation 0.918 Valid (high) 

 Language use 0.934 Valid (high) 
Guidebook  Content 0.926 Valid (high) 

 Presentation 0.904 Valid (high) 

 Language use 0.911 Valid (high) 
Lesson plan  0.877 Valid (high) 

Module  0.853 Valid (high) 

Worksheet   0.907 Valid (high) 
HOTS assessment tool  0.879 Valid (high) 

 

 

To investigate the extent of the treatment impact, hypotheses were tested using the general linear 

model (GLM) and multivariate of variance (MANOVA). Four assumptions must be met for this test to be 

valid: an independent observer, a random sample, also normal and homogenous data. Methodologically, 

assumptions 1 and 2 were met, but evaluating assumption 3 resulted in normal data in each experimental and 

control group, but not homogeneous data, as the sig. value in Box’s M was 0.000 (<0.05). In an experimental 

study, the error factor (subject, sample and treatment) has a large influence on the changes in the subject’s 

score from pre- to post-test. There is no way that all subjects in the experimental group will have the identical 

gain in test scores. This inhomogeneity can be overlooked because obtaining the same variation un scores 

across the three groups subjected to different treatments is challenging [34]. The uniformity of data in an 

experiment can be overlooked [35]. ANOVA is a robust test for data heterogeneity disturbances, provided 

that the number of samples in each group is between 7 and 15 participants [36]. 

The results of hypothesis testing using GLM-MANOVA can be seen in the Appendix. The analysis 

of Mauchly’s Test of Sphericity showed that the results were significant. Thus, it was followed by tests of 

within-subjects’ effects to see the interaction between variables. There was an interaction between time (pre-

post-test) and group (experiment-control). The interaction showed that the change in pretest to posttest scores 

in the three groups (experiment-control 1-control 2) was significantly different. The next step was to analyze 

the mean different (MD) on Pairwise Comparison which indicated that the MD for the experimental group 

was -17.505 with a sig. value of 0.000 (<0.05). This means that there was a significant increase in HOTS in 

the experimental group. In control group 1, the MD value was -11.069* while the sig value was 0.001, 

indicating a significant increase. Similarly, reported by control group 2, the MD value was -14.923 and the 

sig value was 0.000, which means that there was a significant increase in the participants’ HOTS. However, 

based on the three MD values, the experimental class experienced the greatest gain, with a difference of 

17.505 between the pretest and posttest mean scores. Additionally, the results of the multivariate test were 

interpreted to establish the model’s efficacy in improving students’ HOTS as shown in Table 2. 
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Table 2. Multivariate tests 
Learning model Value F Hypothesis df Error df Sig. Partial eta squared 

experiment Pillai's trace .745 45.419a 7.000 109.000 .000 .745 
Wilks' lambda .255 45.419a 7.000 109.000 .000 .745 

Hotelling's trace 2.917 45.419a 7.000 109.000 .000 .745 

Roy's largest root 2.917 45.419a 7.000 109.000 .000 .745 
Control 1 Pillai's trace .354 8.530a 7.000 109.000 .000 .354 

Wilks' lambda .646 8.530a 7.000 109.000 .000 .354 

Hotelling's trace .548 8.530a 7.000 109.000 .000 .354 
Roy's largest root .548 8.530a 7.000 109.000 .000 .354 

Control 2 Pillai's trace .684 33.638a 7.000 109.000 .000 .684 

Wilks' lambda .316 33.638a 7.000 109.000 .000 .684 
Hotelling's trace 2.160 33.638a 7.000 109.000 .000 .684 

Roy's largest root 2.160 33.638a 7.000 109.000 .000 .684 

Each F tests the multivariate simple effects of time within each level combination of the other effects shown. These 
tests are based on the linearly independent pairwise comparisons among the estimated marginal means. 

a. Exact statistic 
 

The metacognition integrated science online learning model has been found to influence students’ 

HOTS based on the sig. values in Table 1. The effective contribution of the treatment can be seen in the 

Wilks’ Lambda column [37]. A partial Eta Squared of 0.745 suggests that the treatment can increase HOTS 

by 74.5% in the experimental group, 35.4% in the control group 1, and 68.4% in the control group 2. The 

value of partial eta square indicates the magnitude of the effect size of an action (small effect of 0.01; 

medium effect of 0.3; while the large effect of 0.5) [30]–[32]. The effect size of the metacognition integrated 

learning model on students’ HOTS was quite large (more than 50%). The metacognition integrated science 

online learning approach has a considerable effect on students’ HOTS, with an effect size of 74.5%. 

 

3.2.  Discussion 

This study successfully developed a practical and valid metacognition-integrated science online 

learning model, effective in improving college students’ HOTS to solve problems and make sound decisions 

in their life after graduation. HOTS are inextricably linked to knowledge TPACK [38], [39]. These abilities 

are critical for developing students’ problem-solving abilities [40]. With strong HOTS, students may observe 

and investigate environmental issues objectively, reflect on their experiences to propose alternative solutions, 

and are capable of precisely and quickly solving issues while making decisions. Students with a high HOTS 

score can strengthen their capacity to integrate pedagogical knowledge, content, and technology into their 

learning [41], which is especially critical in elementary school science instruction. 

Syntax of the learning model in this study is the product of metacognition theory integration. 

Metacognition is comprised of knowledge and regulation components. Metacognitive knowledge is 

composed of three components: i) Awareness of knowledge/person factors; ii) Awareness of thought/task 

variables; iii) Awareness of thought/strategy variables. Declarative, procedural, and conditional knowledge 

are all examples of metacognitive knowledge [42]. These three elements are represented in the learning 

model’s Awareness step. Metacognitive regulation is the subjective internal response of an individual to 

metacognitive knowledge. This response is aimed at developing a strategy to resolve an issue. Metacognitive 

control is the process of observing cognitive activity and ascertaining if cognitive objectives are met [43]. 

Metacognition activities can be carried out through five activities. The first activity is to reflect on 

the cognitive processes that occur during the learning process. The second exercise is to seek out additional 

tangible instances of previous learning experiences and mental patterns. The third action is to weigh the 

benefits and drawbacks of adopting the mindset. The fourth task is to draw generalizations and establish rules 

about this pattern of reasoning. The last activity is to name the pattern of thinking in the form of a learning 

strategy [21]–[23]. Planning, monitoring, and assessing are all components of metacognition [44]. The three 

are then included in the learning model’s stages, namely planning, monitoring, and reflection.  

The metacognition integrated learning model prioritizes students’ independence and freedom of 

thought in solving problems through work-making projects. Students in this study were asked to identify 

contextual learning challenges related to motion and force, work and energy, electricity, magnetism, wave 

and sound vibrations, light and optical instruments, as well as the earth and solar system. Mind mapping, 

contextual projects in the surrounding area, virtual projects employing Tracker, PhET, and sound meter 

software, as well as video presentation projects, are all examples of problem-solving exercises done by the 

students. Each lesson began with activities that help the students identify their strengths and limitations 

(awareness) concerning the notion of science, followed by activities that help them develop problem-solving 

strategies (planning, monitoring, evaluating). 

The increase in the research participants’ HOTS in terms of logic, reasoning, and analysis during the 

implementation of the learning model can be seen from the students’ ability to analyze science problems 

occurring around them [45]. These students were tasked with the responsibility of resolving problems 



                ISSN: 2252-8822 

Int J Eval & Res Educ, Vol. 11, No. 4, December 2022: 1980-1988 

1986 

through project-based activities. Each lesson required students to complete various projects, including mind-

mapping, scientific experiments (contextual and virtual), and video presentations. The mind mapping projects 

encouraged students to read and understand the content using logic and reasoning. They were also asked to 

assess problems throughout the process of completing science projects such as building simple automobiles, 

electrical circuits, simple compasses, simple pendulums, and solar system simulations. Additionally, these 

students were accustomed to discussing problems with their peers to resolve them and hone their problem-

solving abilities. 

When the participants evaluated their achievement of the learning objectives, the appropriateness of 

the work generated with the challenge, and the suitability of time and approach with the expected results, 

their HOTS in the evaluation component grew significantly. The increase in creation happened as a result of 

pupils becoming accustomed to creating projects that serve as the output of assignments. At this stage, 

opinions were gathered, clarified, logically reasoned, and expressed to others [46], [47]. During the 

implementation of the model, aspects of problem-solving and judgment were also emphasized at each step of 

learning. For instance, many students struggled when analyzing the motion of objects (wind-powered 

automobiles) using Tracker software. Despite the availability of tutorials, some students were still unable to 

complete their work by the deadline. This occurred because some of these students technically mishandled 

the program used for analysis. The lecturer asked students who had successfully finished the project to 

mentor other students at a virtual face-to-face meeting. This accomplishment occurred as a result of students’ 

willingness to experiment with various methods for solving issues, such as using MS Excel for mathematical 

operations and graph creation. Students who develop strong problem-solving and judgment skills will 

develop into self-assured, creative, and self-sufficient thinkers. The society produced by these individuals is 

capable of easily resolving life problems [48]. 

The advantages of the metacognition-integrated learning model are: i) The model was developed 

using scientific procedures that are quantifiable and involve experts; ii) The model can be implemented in 

normal or pandemic conditions by adjusting the learning activities; iii) The learning model’s syntax contains 

activities that teach students to make decisions, be accountable for decisions, and complete complex tasks 

responsibly; iv) The learning model was designed based on real-world situations; v) The inclusion of projects 

in the learning model enables the creation of open-ended solutions, thereby preparing students to be effective 

problem solvers. 

 

 

4. CONCLUSION 

This research contributes to the development of science in the form of an innovative science 

learning model integrated with metacognition strategies. Metacognition can be integrated into online science 

learning through awareness, essential questions, planning, monitoring, evaluating, and reflecting. The lesson 

plans and teaching materials were developed regarding this syntax via instructional activities that strengthen 

metacognitive skills. The expert's judgment was used to determine the model's feasibility, which resulted in a 

high level of practicality. The experimental study showed that the learning model had a considerable 

influence on students’ HOTS, seen by 75% (large effect) increase in response to the model’s implementation. 

Changes in student behavior and character that appeared during the application of the model were very 

diverse, but we only limited them to HOTS. Other unobserved characteristics, such as discipline, 

responsibility, and independence, are suggested for further investigation in the model’s subsequent 

implementation.  

The limitation of this study is that the effect of this model has only been measured on the HOTS 

variable in total, further analysis has not been carried out on the HOTS aspects separately (logic, reasoning, 

analysis, evaluation, creation, problem-solving, and judgment). Changes in behavior and character that 

appear during the application of this learning model are very diverse, but researchers only limit them to 

HOTS. As a recommendation, further research is needed to observe other characters that appear during the 

implementation of this model. Each individual has a different style of learning which has an impact on 

different metacognition. Lecturers need to facilitate these individual differences so that each student feels 

treated fairly in learning. 
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Promoting higher-order thinking skills during online learning:
The integration of metacognition in science for higher education
Ika Maryani, Zuhdan Kun Prasetyo, Insih Wilujeng, Siwi Purwanti

Abstract

This study aimed to explore the integration of metacognition in online science education for college students and tested
the feasibility of the learning model on students’ high order thinking skills (HOTS). The analyze, design, develop,
implement, and evaluate (ADDIE) model was employed in this study. A needs analysis was conducted through
interviews and questionnaire surveys to 21 science lecturers from primary school teacher education study programs at
seven state universities and 14 private universities in Indonesia. In the development phase, the effectiveness of the
model was examined through an experimental study involving three groups of students: experimental group (41
students), control group 1 (39 students), and control group 2 (39 students). The experimental study was performed
using the randomized pretest-posttest comparison group design. The research hypothesis was investigated using a
general linear model and multivariate analysis of variance. Through awareness-building, essential questioning,
planning, monitoring, evaluating, and reflecting, this study successfully integrated metacognition into online science
education. The model's learning syntax incorporated both synchronous and asynchronous learning activities. Virtual and
contextual projects are critical components of this approach because they demonstrate how metacognition is regulated.
Expert judgment indicated that the model under development was highly feasible. The experimental study established
that the learning model had a considerable effect on students’ HOTS, which rose by 75% (a large effect) due to the
model’s implementation.
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