Available online at http://journal.um.ac.id/index.php/jps

P-ISSN: 2338-9117  E-ISSN: 2442-3904 J urnal Pendidikan Sains

DOAJ-SHERPA/RoMEO-Google Scholar Volume 11, Number 3, September 2023, pp. 92—102

EXPLORING THE CORRELATION BETWEEN
METACOGNITIVE SKILLS AND COGNITIVE
LEARNING OUTCOMES ACROSS VARIOUS BIOLOGY
LEARNING MODELS IN HIGH SCHOOLS

Ninik Kristiani®*"*] Herawati Susilo®"?, Aloysius Duran Corebima®"’, Fatchur Rohman©"*
@ SMA Negeri 5 Malang, JI. Tanimbar 24, Malang, 65117, Indonesia
b Department of Biology, Faculty of Mathematics and Natural Sciences, Universitas Negeri Malang, 1. Semarang 5, Malang, 65145, Indonesia
! ninife_sma5mlg@yahoo.co.id*; 2 herawati.susilo. fmipa@um.ac.idy > duran.corebima.fipa@um.ac.idy * fatchur.robman.fripa@um.ac.id
*Corresponding author
DOI: 10.17977/jps.v11i32023p092
ARTICLE INFO ABSTRACT
Article History: In Malang City, a notable observation within the realm of high school biology education
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pronounced impact observed within the Inquiry-PBMP class setting, indicating its
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subsequently augmenting students' cognitive learning achievements.
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INTRODUCTION

Conventional pedagogical methodologies continue to predominate within the biology education landscape of Malang City High
Schools. This conventional approach, characterized by its teacher-centric nature, fails to fully harness the latent potential of students.
The realization of students’ capabilities hinges upon the educational processes they undergo, with particular emphasis on the learning
models employed by teachers. Central to this discourse is the imperative of fostering meaningful learning experiences for students,
defined as those which prioritize the cultivation of metacognitive abilities and the acquisition of self-directed learning strategies.
Meaningful learning not only nurtures students’ autonomy in the learning process but also fosters the development of their
metacognitive competencies. The significance of metacognition in academic achievement is underscored by Kruger and Dunning
(1999), wherein it was demonstrated that students with heightened metacognitive skills consistently exhibit superior scholastic
performance. Thus, it is imperative for educational stakeholders to prioritize the implementation of pedagogical approaches that
facilitate meaningful learning, thereby empowering students to realize their academic potential to the fullest extent.

Based on empirical observations conducted among high school biology teachers in the municipality of Malang, it is evident that a
meager fraction, less than 10%, endeavor to cultivate students’ metacognitive prowess. This deficiency in metacognitive cultivation is
largely attributed to teachers’ limited acquaintance with the concept of metacognition. As posited by Borich (2007), teachers’ awareness
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of metacognitive principles significantly informs their selection of instructional methodologies. Regrettably, the effective integration
of metacognitive strategies by students, contingent upon their acclimatization to the instructional paradigms espoused by teachers,
remains markedly inadequate. Consequently, students remain inadequately equipped to engage in accurate self-assessment of their
cognitive abilities and exhibit diminished capacity to regulate and oversee their cognitive functions, thereby yielding suboptimal
cognitive learning outcomes. Hence, it is discernible that the metacognitive acumen of instructors substantially influences the
pedagogical models they adopt, whereby the preferred modality of instruction prioritizes the cultivation of students’ metacognitive
faculties, thereby facilitating the attainment of commendable cognitive learning outcomes.

The diminished cognitive learning outcomes observed in high school biology education STEM from a multitude of contributory
factors, chief among them being: (1) the deficiency in teachers’ comprehension and utilization of metacognitive principles within the
context of biology instruction, (2) the nascent development of students’ metacognitive competencies, (3) students’ paucity of
foundational knowledge exacerbated by diminished interest in reading, (4) the persistence of untresolved learning impediments,
particularly in the realm of junior high school biology curriculum, and myriad others. Yamin (2008) underscores the pivotal role of
students’ initial knowledge as the cornerstone upon which subsequent knowledge is erected, emphasizing the necessity of a robust
foundational understanding to facilitate meaningful knowledge acquisition.

The aforementioned learning challenges are commonly encountered within the landscape of high school biology education in
Malang City. Kiristiani (2015) research findings underscore the pervasive nature of suboptimal cognitive learning outcomes, with a
substantial 62.5% of students failing to meet the minimum completeness criteria (Kriteria Kompetensi Minimum - KKM) threshold.
This deficiency in achievement is attributed to students’ inadequate self-awareness of their cognitive abilities and their limited capacity
to regulate and oversee these cognitive faculties, consequently yielding diminished cognitive learning outcomes. Therefore, in
accordance with Corebima (2009) assertions, fostering critical thinking and metacognitive competencies is imperative to imbue
students with the autonomy necessary for effective self-directed learning and the attainment of their educational objectives.

In light of identified challenges, the imperative for high school biology teachers in Malang City is to possess metacognitive expertise.
This cognitive awareness holds significant implications for the selection of appropriate pedagogical approaches capable of nurturing
students’ metacognitive capabilities. As posited by Kristiani (2009), an teacher’s possession of metacognitive proficiency facilitates the
effective instillation of metacognitive processes in students through the employed instructional strategies. Thus, it is incumbent upon
teachers to familiarize themselves with metacognitive principles and integrate them judiciously into their selection of pedagogical
methodologies aimed at fostering students’ metacognitive development.

Theoretical frameworks consistently suggest a significant association between metacognitive skills and cognitive learning outcomes.
A plethora of research endeavors corroborates this assertion. For instance, studies by Bahri (2010) and Kristiani (2009) have
underscored the correlation between metacognitive proficiency and students’ cognitive learning achievements. Furthermore,
investigations by Dunning et al. (2003) and Kruger and Dunning (1999) have highlighted the pivotal role of metacognitive skills in
augmenting student learning outcomes. In alighment with these findings, Kristiani et al. (2015) elucidated the influence of
metacognitive abilities and scientific attitudes on students’ cognitive learning outcomes across various instructional paradigms. Notably,
the preeminent determinant driving cognitive learning outcomes in these analyses was identified as metacognitive skills. These
collective findings underscore the imperative of prioritizing the cultivation of students’ metacognitive capacities within the domain of
biology education, as they demonstrably impact the attainment of cognitive learning objectives.

Employing an appropriate biology learning model can effectively nurture students’ metacognitive proficiencies. As asserted by
Borich (2007), metacognitive competencies are acquirable through instruction. Research findings indicate that students who undergo
explicit instruction in metacognitive skills demonstrate enhanced learning outcomes and exhibit proficiency in higher-order cognitive
processes. Moreover, Boyle et al. (2005), Duffy et al. (1988), and Dunlosky and Metcalfe (2008) emphasize that metacognitive
frameworks are best imparted to students through mental modeling techniques. Mental modeling facilitates the internalization of
problem-solving strategies across diverse content domains. This process becomes imperative when students are tasked with tackling
intricate assignments demanding advanced cognitive abilities to bolster their learning outcomes.

Moreover, Kristiani (2008), Sabilu (2009), and Syamsuri (2017) assert that biology, as a fundamental branch of science, embodies
knowledge acquisition through systematic stages, commonly referred to as the scientific method. This pedagogical approach
underscores the significance of discovery, akin to the principles of inquiry-based learning. Inquiry learning is characterized by the
systematic construction of understanding, where students integrate novel information with pre-existing knowledge in an organized
manner (Kristiani, 2005). It epitomizes constructive learning paradigms. According to Kanselaar (2002), learning grounded in
constructivist principles is an active endeavor, wherein students actively construct new ideas or concepts based on their experiences
and prior knowledge. Similarly, inquiry-based learning represents a student-centric methodology, encouraging learners to leverage their
existing knowledge and experiences to explore inquiries and construct their understanding (Kahn & O’Rourke, 2005).

Corebima and Bahri (2011) highlights another effective pedagogical approach that enhances students’ cognitive abilities, including
metacognitive skills, known as the problem based metacognitive pedagogy (PBMP) pattern. Extensive empirical investigations,
encompassing both standalone utilization and integration with other instructional models, have examined the efficacy of PBMP
learning patterns through experimental research and classroom action research (penelitian tindakan kelas - PTK). Notably, Kristiani
(2009) study elucidated that the PBMP-TPS (think pair share) learning model significantly enhanced cognitive learning outcomes
among lower academic groups. This amalgamation demonstrated the remarkable capacity to elevate the performance of lower academic
cohorts to the level commensurate with their higher-academic counterparts. These findings underscore the discernible advantages
associated with PBMP pattern learning, further validating its efficacy in educational settings.
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Both the inquiry-based and PBMP learning patterns boast distinct advantages and disadvantages. Inquiry learning offers the
advantage of fostering systematic and sequential thinking akin to the scientific method, facilitating a structured approach to problem-
solving. Conversely, the PBMP pattern excels in cultivating thinking patterns through a structured series of questions, prompting
students to develop reasoning skills by treating questions as problems to solve.

The integration of these two learning models holds considerable promise, capitalizing on the strengths of each to maximize student
potential. By amalgamating inquiry-based systematicity with the question-centric approach of PBMP, students can benefit from a
comprehensive learning experience. This integration empowers students to engage in systematic thinking while constructing their
understanding through the iterative process of questioning. Consequently, students are equipped not only to think critically but also
to develop a deep and nuanced comprehension of the subject mattet.

The educational material examined in this study lacks demonstrative elements, resulting in the absence of a conclusive section
within the PBMP pattern. This deficiency is perceived as a notable shortcoming of the PBMP methodology, as the absence of closure
may lead to a sense of incompleteness. However, this limitation can be mitigated by leveraging the strengths of the inquiry-based
learning approach, particularly its emphasis on drawing conclusions within the final synthesis. While inquiry-based learning is inherently
question-driven, its scope may be restricted, representing another imperfection.

The integration of these two pedagogical frameworks yields a novel hybrid model termed inquiry-PBMP. This innovative approach
combines the structured questioning framework of PBMP with the conclusive synthesis characteristic of inquiry-based learning. By
intertwining these methodologies, the limitations inherent in each approach are addressed, resulting in a more comprehensive and
effective instructional model. Thus, the inquiry-PBMP model capitalizes on the strengths of both paradigms while mitigating their
respective weaknesses, offering a promising avenue for optimizing student learning experiences.

The utilization of various biology learning models is anticipated to yield distinct associations between metacognitive skills and
cognitive learning outcomes. Building upon previous research findings, it becomes imperative to elucidate these relationships within
the context of three distinct biology learning models: inquiry-based, inquiry-PBMP hybrid, and standard learning models. Furthermore,
it is essential to scrutinize the disparities in the relationships between metacognitive skills and cognitive learning outcomes stemming
from the implementation of these diverse pedagogical frameworks.

The findings derived from this investigation hold considerable merit, as they provide valuable insights for teachers in selecting the
most appropriate biology learning model. Not only can such insights enhance cognitive learning outcomes, but they also hold the
potential to fortify students’ metacognitive proficiencies. By discerning the nuanced relationships between metacognitive skills and
cognitive learning outcomes within each learning model, teachers can make informed decisions regarding instructional strategies,
thereby optimizing the learning experiences of their students. Ultimately, this study aims to equip teachers with the requisite knowledge
to foster both cognitive and metacognitive development effectively within the realm of biology education.

METHOD

This study adopts a correlational research design aimed at elucidating the relationship between students’ metacognitive skills, serving
as predictors, and their cognitive learning outcomes, acting as criteria. Spanning a one-year duration, the research focused on class X
high school students within the Malang City region. Sample selection encompassed three classes, each instructed using distinct learning
models: the inquiry learning model, inquiry-PBMP model, and standard learning model.

Data collection employed an essay test integrated with cognitive learning outcomes, serving to gauge both metacognitive skills and
cognitive learning outcomes. Prior to implementation, rigorous validation of the assessment instrument was conducted. Hypothesis
testing commenced with a prerequisite assessment to ascertain the normal distribution of data. Subsequently, data analysis explored
the relationship between students’ metacognitive skills and cognitive learning outcomes within each learning model through simple
linear regression. This analysis was further complemented by a comparison of regression equations to delineate similarities and
disparities across models, ultimately identifying the learning model exhibiting the strongest correlation between metacognitive skills
and cognitive learning outcomes.

RESULTS

Correlation Between Metacognitive Skills and Cognitive Learning Outcomes

The outcomes of the data analysis pertaining to the correlation between metacognitive skills and cognitive learning outcomes
within the framework of the inquiry learning model are systematically delineated across Table 1, Table 2, and Table 3. The regtession
summary in Table 1 serves as a pivotal tool for quantifying the extent to which metacognitive skills influence students’ cognitive
learning outcomes in the inquiry learning model. Meanwhile, the ANOVA summary in Table 2 is employed to ascertain the significance
and magnitude of the computed I value. Furthermore, the significance value and regression coefficient are utilized to establish the
regression equation governing the inquiry learning model delineated in Table 3.

Upon scrutinizing the data presented in Table 2, it is evident that the I value stands at 49.387, accompanied by a significance value
of 0.000, which is less than the critical threshold of 0.05. Consequently, the null hypothesis is unequivocally refuted, thus affirming the
acceptance of the research hypothesis. This indicates a substantive relationship between metacognitive skills and students’ cognitive
learning outcomes within the pedagogical framework of the inquiry learning model. The derived regression equation from the data
analysis manifests as y = 0.647x + 19.607, exhibiting a reliability coefficient of 0.655. This implies that metacognitive skills contribute
significantly, encompassing 65.5% of the variance in students’ cognitive learning outcomes, while the remaining 34.5% can be
attributed to other factors. Visual representation of this correlation is depicted in Figure 1.
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Table 1. Regression summary of the correlation between metacognitive skills and student cognitive learning outcomes
in the inquiry learning model.

Model R R Square Adjusted R Square Std. Error of the Estimate
Inquiry learning 0.809 0.655 0.642 5.48094

Table 2. ANOVA summary of the correlation between metacognitive skills and cognitive learning outcomes
in the inquiry learning model.

Model Sum of Squares Df  Mean Square F Sig.
Inquiry learning ~ Regression 1483.612 1 1483.612 49.387  0.000
Residual 781.058 26 30.041

Total 2264.670 27

Table 3. Regression coefficient of the correlation between metacognitive skills and student cognitive learning
outcomes in the inquiry learning model.

Unstandardized Standardized
Model Coefficients Coefficients T Sig.
B Std. Error Beta
Inquiry learning  (Constant) 19.607 3.581 5.475  0.000
KetMetalnquiry 0.647 0.092 0.809 7.028  0.000
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Figure 1. Correlation between metacognitive skills and cognitive learning outcomes in the inquiry leearning model.

Moreover, the findings from the regression analysis concerning the correlation between metacognitive skills and students’ cognitive
learning outcomes within the inquiry-PBMP learning model are elucidated across Table 4, Table 5, and Table 6. The regression
summary in Table 4 serves as a means to gauge the extent of metacognitive skills” influence on students’ cognitive learning outcomes
in the inquiry-PBMP learning model. Similarly, the ANOVA summary in Table 5 aids in assessing the significance and magnitude of
the F value. While also providing insights into the regression coefficients utilized to establish the regression equation within the inquiry-
PBMP learning model delineated in Table 6.

Analysis of Table 5 reveals that the F value stands at 50.015, accompanied by a significance value of 0.000, which falls below the
critical threshold of 0.05. Consequently, the null hypothesis is decisively rejected, affirming the acceptance of the research hypothesis.
This underscores a substantial relationship between metacognitive skills and students’ cognitive learning outcomes within the
instructional context of the inquiry-PBMP learning model. The derived regression equation from the data analysis is represented as y
= 0.721x + 20.319, demonstrating a reliability coefficient of 0.704. This suggests that metacognitive skills contribute significantly,
constituting 70.4% of the variance in students’ cognitive learning outcomes, while the remaining 29.6% can be attributed to other
factors. Figure 2 provides a graphical depiction of this relationship within the framework of the inquiry-PBMP learning model.
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Table 4. Regression summary of the correlation between metacognitive skills and student cognitive learning outcomes
in the inquiry-PBMP learning model.

Model R R Square Adjusted R Square Std. Error of the Estimate
Inquiry-PBMP learning 0.839 0.704 0.690 5.03618

Table 5. Anova summary of the correlation between metacognitive skills and cognitive learning outcomes
in the inquiry-PBMP learning model.

Model Sum of Squares Df  Mean Square F Sig.
Inquiry-PBMP learning ~ Regression 1268.542 1 1268.542  50.015  0.000
Residual 532.626 21 25.363
Total 1801.169 22

Table 6. Regression coefficient of the correlation between metacognitive skills and student cognitive learning
outcomes in the inquiry-PBMP learning model.

Unstandardized Standardized
Model Coefficients Coefficients T Sig.
B Std. Error Beta
Inquiry-PBMP learning  (Constant) 20.319 4.881 4.163  0.000
KetMetalngPBMP 0.721 0.102 0.839 7.072  0.000
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Figure 2. Correlation between metacognitive skills and cognitive learning outcomes in the inquiry-PBMP learning model.

The summary of the regression analysis pertaining to the association between metacognitive skills and students’ cognitive learning
outcomes in standard learning, as depicted in Table 7, Table 8, and Table 9. The regression summary in Table 7 serves as a tool for
assessing the extent of metacognitive skills’ impact on students’ cognitive learning outcomes in standard learning model. Additionally,
the ANOVA summary in Table 8 provides insights into the significance and magnitude of the computed F value, while also offering
information on the regression coefficients employed to establish the regression equation within the standard learning model delineated
in Table 9.

The data analysis from Table 8 indicates a notable F value of 30.381, coupled with a significance value of 0.000, which is below
the threshold of 0.05. Consequently, the null hypothesis is decisively refuted, leading to the acceptance of the research hypothesis.
This confirms a significant relationship between metacognitive skills and students’ cognitive learning outcomes in standard learning
settings. The derived regression equation, y = 0.493x + 20.377, based on the data analysis, reveals a reliability coefficient of 0.549. This
suggests that metacognitive skills contribute substantially, accounting for 54.9% of the variance in students’ cognitive learning
outcomes, while the remaining 45.1% can be attributed to other factors. Figure 3 visually represents this relationship within the context
of standard learning.
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Table 7. Regression summary of the correlation between metacognitive skills and student cognitive learning outcomes
in the standard learning model.

Model R R Square Adjusted R Square Std. Error of the Estimate
Standard learning 0.741 0.549 0.531 5.70606

Table 8. Anova summary of the correlation between metacognitive skills and cognitive learning outcomes
in the standard learning model.

Model Sum of Squares Df  Mean Square F Sig.
Standard learning ~ Regression 989.189 1 989.189  30.381  0.000
Residual 813.978 25 32.559
Total 1803.167 26

Table 9. Regression coefficient of the correlation between metacognitive skills and student cognitive learning
outcomes in the standard learning model.

Unstandardized Standardized
Model Coefficients Coefficients T Sig.
B Std. Error Beta
Standard learning  (Constant) 20.377 2.504 8.139  0.000
KetMetaStandar 0.493 0.090 0.741 5.512  0.000
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Figure 3. Correlation between metacognitive skills and cognitive learning outcomes in the standard learning model.

Differential Regression Test of the Relationship between Metacognitive Skills and Cognitive Learning Outcomes

The findings from various regression analyses investigating the correlation between metacognitive skills and cognitive learning
outcomes across three distinct biology learning paradigms are synthesized in Table 10. Notably, the coefficients b3 and b5 exhibit
values greater than 0.05, indicating a statistically significant relationship, while coefficients b2, b3, b4, and b5 are less than 0.05, denoting
further significance. This delineates that the regression equations governing the interplay between metacognitive skills and cognitive
learning outcomes within the Inquiry learning model, inquiry-PBMP, and standard learning model are distinct and non-coincident.
These relationships are explicated graphically in Figure 4, which portrays the divergences in the association between metacognitive
skills and cognitive learning outcomes across the aforementioned learning paradigms.

As depicted in Figure 4, the regression analysis reveals that the line representing the relationship between metacognitive skills and
students’ cognitive learning outcomes in classes instructed via the inquiry-PBMP model is positioned above those of the other two
learning models. This distinction is underscored by a notable regression coefficient value of 0.721, indicating a stronger association
compared to alternative instructional approaches.
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Table 10. Summary of tests for differential of regression on the correlation between metacognitive skills and cognitive learning
outcomes across different biology learning models

Model Sum of Squares Df Mean Square F Sig.
Regression 9 374.578 5 1 874.916 63.447  0.000
b3, b5 90.177 2 45.088 1.526  0.311
b2, b3, b4, b5 628.376 4 157.094 5316  0.001
Residual 2 127.662 72 29.551
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Figure 4. Correlation between metacognitive skills and cognitive learning outcomes

DISCUSSION

Analysis of Correlation between Metacognitive Skills and Cognitive Learning Outcomes

This study prioritizes an examination of the correlation between metacognitive skills and cognitive learning outcomes within the
context of three distinct biology learning model: the inquiry learning, inquiry-PBMP, and standard learning model. Through meticulous
data analysis, it becomes evident that a statistically significant relationship exists between metacognitive skills and cognitive learning
outcomes across all three learning models. Specifically, the regression analysis reveals a positive correlation, as indicated by the positive
regression coefficient values associated with each learning model. This suggests that an augmentation in metacognitive skill scores
corresponds with heightened cognitive learning outcomes. Consequently, these findings underscore the significance of nurturing
students’ metacognitive abilities in the realm of biology education, as these skills demonstrably influence cognitive learning outcomes.

This discovery aligns with previous research findings as reported by Ardila (2013), Atunasikha (2010), Coutinho (2007), Kristiani
(2009), and Mustaqgim et al. (2013), all of which assert a discernible relationship between metacognitive skills and cognitive learning
outcomes. Furthermore, the present study demonstrates that metacognitive skills exert a substantial influence on cognitive learning
outcomes across the three distinct learning models. This observation is consistent with the findings of Kristiani (2015), through
multiple regression analysis, concluded that the contribution of metacognition to cognitive learning outcomes significantly outweighs
that of scientific attitudes, particularly within the framework of the TEQI (think empowerment by questioning and inquiry) model.

These findings are corroborated by the research findings of Ainley et al. (2006) and Camahalan (2006), who affirm a significant
positive correlation between academic achievement and the application of the self-regulated model in learning. Moreover, it is well-
established that self-regulation in learning serves as a potent tool for enhancing academic performance, as underscored by studies
conducted by Howse et al. (2003) and Perry et al. (2007). Kosnin (2007) further supports this assertion, highlighting a substantial
relationship between SRL (self-regulated learning) and academic achievement. Similarly, the work of Zimmerman and Pons (1986)
elucidates that the self-regulated learning model correlates positively with academic achievement among K-12 students, thereby
emphasizing the intrinsic link between self-regulated learning and academic success.

Moreover, Livingston (2003) posited that metacognitive activities, such as planning task completion, monitoring comprehension,
and evaluating progress, serve as active mechanisms for regulating students’ cognitive processes. Students endowed with high
metacognitive skills are thus poised to attain superior cognitive learning outcomes. Similarly, Amnah (2011) documented that imparting
training utilizing a metacognitive model effectively cultivates metacognitive control, thereby enhancing students’ comprehension.
Additionally, Listiani et al. (2014) underscored the impact of metacognitive learning on students’ academic achievement. Sabilu (2009),
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drawing from Gagne’s framework, delineated learning achievement as the culmination of students’ learning endeavors, manifested
through observable learning performances. Consistent with this notion, Mardana (2011) asserted that learning achievement correlates
with an individual’s mastery of specific knowledge or skills within a subject domain, often quantified by test scores or teacher-assigned
ratings.

Sabilu (2009) delineates the factors influencing learning achievement into two categories: those amenable to modification and those
immutable. The former category includes variables such as teaching methods, curriculum design, and assessment models, while the
latter encompasses aspects such as students’ backgrounds, intelligence levels, socioeconomic status, learning styles, and goal
orientations. Furthermore, Sabilu (2009) asserts the existence of five distinct types of learning outcomes: verbal information,
intellectual skills, cognitive models, attitudes, and skills. Notably, these learning outcomes are susceptible to the influence of modifiable
factors, including the various learning models employed within educational contexts.

Metacognition stands as a pivotal facet of learning, serving as a robust predictor of academic attainment (Dunning et al., 2003;
Kruger & Dunning, 1999). Notably, considerable individual variance exists in metacognitive abilities, with individuals characterized by
lower levels of metacognition often deemed “incompetent” relative to their peers (Kruger & Dunning, 1999). Augmenting students’
metacognitive capacities correlates positively with heightened learning outcomes (Baran & Maskan, 2011), as evidenced by the superior
academic achievement demonstrated by students possessing strong metacognitive skills. El-Anzi (2005) posits academic achievement
as a hallmark of success within the academic domain, a sentiment echoed by O’Neil and Abedi (1996), who underscore the profound
impact of metacognitive skills across various dimensions on performance appraisal. This assertion aligns with Taylor (1999) assertion
that metacognition entails a nuanced understanding of one’s existing knowledge and the requisite skills needed for efficient and
effective application in diverse contexts. Moreover, Lin (2001) elucidates metacognition as the faculty to comprehend and monitor
one’s cognitive processes, including the underlying assumptions and implications inherent in one’s actions. As an endeavor that
regulates and guides cognition, metacognition, as Livingston (2007) contends, shares commonalities with cognitive models, thereby
affirming its integral role in facilitating effective learning and performance.

Flavell (1976) defines metacognition as an individual’s comprehension of their cognitive operations. Metacognitive aptitude
denotes a student’s capacity to recognize and oversee their own learning procedures (Peters, 2000). Cultivating metacognitive
competencies can foster autonomy in learners, consequently enhancing learning outcomes. These metacognitive skills constitute a
crucial element of the knowledge domain essential for comprehending procedural methodologies (Rivers, 2001; Schraw, 1998). Such
competencies are imperative for nurturing intellectually adept individuals, aligning with the requisites of the contemporary global
(Permendikbud No. 59 Tahun 2014).

Variations in the Association Between Metacognitive Skills and Cognitive Learning Outcomes

The secondary objective of this study is to investigate variations in the association between metacognitive skills and cognitive
learning outcomes across diverse biology learning models. Analysis across multiple studies reveals that the regression equations
depicting students’ metacognitive skills and cognitive learning outcomes within the three learning models are parallel yet distinct. This
suggests that while the rate of improvement in cognitive learning outcomes remains consistent across the three learning models, the
extent of enhancement in cognitive learning outcomes differs from one model to another. Thus, the occurrence of augmented
cognitive learning outcomes attributable to metacognitive skills is evident across all three types of biology learning models utilized,
albeit with varying degrees of magnitude. Comparable findings were documented by Siswati (2014), illustrating that while the rate of
enhancement in learning outcomes among students with differing academic abilities remains uniform across various learning models,
the magnitude of improvement in student learning outcomes varies across these models.

The observed discrepancies in the magnitude of enhanced cognitive learning outcomes are attributable to the utilization of distinct
learning models. This assertion finds validation in the literature highlighting the variability in relationships between variables under
different conditions (Baran & Maskan, 2011; Collins & Miller, 1994; Skaalvik & Skaalvik, 2010). Graphical representations of regression
equations from various studies elucidate that within the realm of three distinct learning models, inquiry-PBMP learning consistently
emerges as superior. Specifically, it occupies the apex position in relation to the other two biology learning models. This positioning
signifies that inquiry-PBMP learning exhibits greater efficacy in fostering metacognitive skills, thereby concomitantly enhancing
students’ cognitive learning outcomes.

These findings underscore the pivotal role played by inquiry learning, particularly when coupled with the PBMP approach. The
integration of these models has consistently demonstrated heightened efficacy in enhancing both metacognitive skills and cognitive
learning outcomes, as expounded upon in preceding sections. Such outcomes can be attributed to the distinctive nature of the inquiry-
PBMP model, which incorporates the PBMP pattern—a feature absent in the other two learning models. Within the PBMP model,
students engage with meticulously structured questions presented through worksheets. These questions are designed to be hierarchical
and logically sequenced, thereby effectively guiding students’ cognitive processes. Corebima and Bahri (2011) affirms that the questions
structured within the PBMP pattern facilitate critical thinking among students, thereby facilitating mastery of conceptual understanding.

Indeed, the inquiry-PBMP model not only incorporates the PBMP pattern but also integrates inquiry-based learning, which shares
several common attributes with PBMP. Inquiry learning accentuates the development of critical thinking skills through investigative
processes, while the PBMP pattern fosters critical thinking via structured and logically sequenced questioning. Consequently, both
approaches serve to enhance students’ cognitive abilities. As highlighted by Beyer (1997) and Dantonio and Beisenherz (2001),
questions serve as a predominant technique for cultivating thinking skills, stimulating curiosity, and promoting mental engagement
throughout the inquiry process. Moreover, Cuevas et al. (2005) suggest that questions play a pivotal role in consolidating material. This



100 Jurnal Pendidikan Sains, V'olume 11, Number 3, September 2023, pp. 92—102

underscores the intrinsic relationship between questions and comprehension of material. The understanding garnered through an
investigative process guided by systematically structured questions culminates in superior learning outcomes.

The regression analysis indicates that inquiry-based learning serves as the primary determinant in the relationship between students’
metacognitive skills and second-order cognitive learning outcomes. Inquiry-based learning is characterized by students’ active
construction of understanding, wherein they integrate new information with existing knowledge in a structured and systematic manner.
Kristiani (2005) elucidates that inquiry learning unfolds systematically, following a logical progression throughout the investigative
process. This systematic approach inherent in inquiry-based learning aligns closely with the development of metacognitive skills.
Consequently, inquiry-based learning serves as a platform for nurturing students’ metacognitive abilities, thereby facilitating their
contribution to enhanced cognitive learning outcomes.

The regression analysis reveals that the standard learning model serves as the primary determinant in the relationship between
students’ metacognitive skills and third-order cognitive learning outcomes. This model, characterized by its simplicity compared to
inquiry learning and the inquiry-PBMP model, is commonly categorized as standard learning. Its sequential learning steps typically
include observation, questioning, data collection, analysis, and communication, akin to the scientific method. The enduring prominence
of the scientific method in shaping educational practices underscores its efficacy in cultivating both teachers’ and students’
understanding of scientific inquiry (Bencze & Bowen, 2001; Simmons et al., 1999; Palmquist & Finley, 1997). Thus, the standard
learning model effectively facilitates the development of students’ metacognitive skills, consequently enhancing their cognitive learning
outcomes.

CONCLUSION

Based on the research findings and ensuing discussions, several conclusions can be drawn. Firstly, there exists a positive correlation
between metacognitive skills and cognitive learning outcomes across classes employing the Inquiry, Inquiry-PBMP, and standard
learning models. However, the magnitude of metacognitive skills’ contribution to cognitive learning outcomes varies among these
models. Notably, the most substantial contribution is observed in classes utilizing the Inquiry-PBMP learning model. This model
stands out as superior in enhancing metacognitive skills, consequently exerting a pronounced positive impact on students’ cognitive
learning outcomes.
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