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ABSTRACT

Understanding the concept of genetics needs to be balanced with
high-level thinking and excellent metacognitive skills. However,
efforts to measure the correlation between these two factors are
still carried out partially. This study aims to determine the
correlation between critical thinking, metacognitive skills, and
cognitive learning outcomes in genetic. This study is
correlational that measures the relationship between variables of
students’ critical thinking skills (X1), metacognitive skills (X2),
and students’ cognitive learning outcomes (Y). As much as 118
students who took the genetic course were involved as the
population as well as research subjects. Data collection
instruments in this study consisted of tests of critical thinking
skills and metacognitive skills tests as well as students' cognitive
assessment sheets. The results showed that the achievement of
student cognitive learning outcomes was influenced by 94% of
the dependent variables examined in this study, while other
variables influenced the remaining 6%. The conclusion of this
study recommends that the regression models and coefficients
used in this regression can be used to predict cognitive learning
outcomes.
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INTRODUCTION

Genetics is an essential subject that needs to be mastered to understand the context and
biological problems (Murray-Nseula, 2011; Wahyono, Hindun, Muizzudin, & Miharja, 2016).
Various phenomena related to life can be explained by concepts and genetic studies (Al khawaldeh,
2013; Fauzi & Ramadani, 2017). Genetic studies are widely used as a basis for the development of
research with molecular and biotechnological approaches (Pearson & Hughes, 1986a, 1986Db). Thus,
understanding the concepts of right and comprehensive genetics is essential for students
(Nyamupangedengu & Lelliott, 2018).

However, various previous studies has shown the opposite. Students tend to face difficulties
because they do not have a good understanding of concepts (Nusantari, 2012). Fauzi and Fariantika
(2018) report that genetics, including subjects that are classified as difficult to understand. In line
with the results of the research reported by Murray-Nseula (2011), Mustika, Hala, and Arsal (2014)
which states that many students experience difficulties because of the characteristics of genetic
concepts that tend to be complicated and abstract. Some of the strong reasons that arise on the
question of why genetics is difficult to understand are the abtract trait of genetics (Topgu & Sahin-
Pekmez, 2009). Genetic discussion topics such as gametes and chromosomes (Murray-Nseula, 2011)
also genes and DNA (Duncan & Reiser, 2007) are substances that require molecular-microscopic
observation to study them. With these unique characteristics, studying genetics involves an
understanding of tiered and interrelated concepts (Kili¢ & Saglam, 2014).

Genetic learning in higher education needs to be designed and developed by accommodating
the uniqueness of the concepts learned (Carlson & Marshall, 2009; Murray-Nseula, 2011;
Nyamupangedengu & Lelliott, 2018). Development carried out needs to consider material
characteristics (Al khawaldeh, 2013; Topgu & Sahin-Pekmez, 2009), indicator (Prayogi, Yuanita, &
Wasis, 2017), goals (Freidenreich, Duncan, & Shea, 2011), and selection of appropriate learning
models (Yilmaz, Tekkaya, & Sungur, 2011). Several studies have been conducted to improve genetic
lectures, among others, by restructuring concepts (Orcajo & Aznar, 2005; Pearson & Hughes, 1986b)
implementing of collaborative learning and lesson study (Wahyono et al., 2016), and developing
teaching material (Ardiansyah, Corebima, & Rohman, 2017).

Also, teachers need to identify factors correlate with students' conceptual understanding (Orcajo
& Aznar, 2005). Metacognitive (Dwyer, Hogan, & Stewart, 2014) and critical thinking skills (Arslan,
2015; Choy & Cheah, 2009; Leach, 2011) are indicated to be closely related to learning achievement
and conceptual understanding. Metacognitive is needed to sort, choose, analyze, and internalize the
concepts that have been owned (Jagals & Walt, 2016; Panchu, Bahuleyan, Seethalakshmi, & Thomas,
2016). On the other hand, critical thinking skills in genetic learning are closely related to the ability
to identify, understand, and draw conclusions on certain phenomena (Naimnule & Corebima, 2018;
Reece, 2005).

The study of critical thinking skills, metacognitive skills, and their impact on learning outcomes
has been done previously (Arslan, 2015; Bensley & Spero, 2014; Ramdiah, Abidinsyah, Royani, &
Husamah, 2019). These studies took subjects in secondary schools, among others, in junior secondary
schools (Akyol, Sungur, & Tekkaya, 2010; Liu, He, & Li, 2015) and senior high schools (Naimnule
& Corebima, 2018; Tzohar-Rozen & Kramarski, 2014). However, no studies has examined the two
possible correlations with the results of studying genetics in universities. Whereas, information
regarding critical thinking skills, metacognitive skills, and cognitive learning outcomes is essential to
be mapped to analyze the achievements of genetic learning and make further improvements.
Therefore, this study aimed to determine the correlation between critical thinking, metacognitive
skills, and cognitive learning outcomes in genetic studies.
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METHODS

Design of the Study

This study was correlational survey to find out the relationship between two independent
variables on the dependent variable (Figure 1). The independent variables in this study are critical
thinking skills (X1) and metacognitive skills (X2), while the dependent variable is student cognitive
learning outcomes (). The study was conducted for one semester in the 2017/2018 school year.

Figure 1. Correlational research design

Participant

The entire student population in this study was involved as a subject. The population of this
study was 118 students of the fourth semester Department of Biology Education, Universitas
Muhammadiyah Malang (UMM), who were taking Genetics lectures in the odd semester of 2017-
2018 consisting of 98 women and 20 men. In more detail, 118 students consisting of 39, 40, and 39,
were divided into three classes in sequence.

Procedure

In this study, all research subjects followed the Genetics lectures for half semester. During the
study, Genetics lectures were set up as natural Genetics course activities, which are usually held at
UMM (presentations and discussions activities). After that, data retrieval was conducted using test
instruments that have been prepared. The allocation of test time was 60 minutes and carried out
simultaneously in all three classes.

Instrument

There were three types of data taken in this study, and all of these data were collected through
atest instrument. The test instrument consisted of five open-ended question items. Furthermore, using
the rubric developed by Zubaidah, Corebima, & Mistianah (2015) and Corebima (2009), data on
critical thinking skills and metacognitive skills were collected consecutively. On the other hand,
cognitive learning outcomes data were collected by scoring students’ answers through a Likert scale.
Likert scale used consists of three scales, i.e., 1 = wrong answer (both answers and reasons are
wrong), 2 = almost correct (only the answer is correct, the reason is wrong), and 3 = correct answer
(both answers and reasons are correct).

Data Analysis

The collected data were analyzed using Pearson Correlation and multiple linear regression
analysis. Pearson correlation was used to determine whether there is a correlation between each
predictor (critical thinking and metacognitive skills) on criterium (learning outcomes) or not.
Meanwhile, multiple linear regression was used to predict learning outcomes achievement of
predictor variables. The significance level used in the analysis was 5%.

RESULTS AND DISCUSSION

The analysis results show that both of the predictor variables (critical thinking skills and
metacognitive skills) has a significant correlation with cognitive learning outcome (Table 1).
Variables of critical thinking skills have a correlation of 96% on the acquisition of cognitive learning
outcomes, while metacognitive skills influence the achievement of learning outcomes by 66%.
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Table 1.
The correlation test parameters for critical thinking and metacognitive skills with cognitive learning
outcomes

Predictors Pearson Correlation Sig. (1-tailed)
Critical thinking skills .968 <.05
Metacognitive skills .663 <.05

The combination of the two variables shows a strong correlation with learning outcomes.
Simultaneously, critical thinking skills and metacognitive skills had an effect of 94% on student
cognitive learning outcomes. These indicate that only 6% of student learning outcomes are affected
by other factors out of the two variables. The correlation between the two variables is explained in
Table 2.

Table 2.

Prediction of the correlation between the two independent variables on learning outcomes

Model R R Square Adjusted R Square Std. Error of the Estimate
1 .969a .940 .938 2.83478

The combination of the two variables on the learning outcomes shows the significance of the
regression equation F = 893,083 with significance < 0.05 (Table 3). These indicate that the regression
models of the two independent variables can be used to predict the achievement of cognitive learning
outcomes.

Table 3.
The independent variable regression model of learning outcomes
Model Sum of Squares df Mean Square F Sig
1 Regression 14353.627 2 7176.813 893.083 <.05
Residual 924.140 115 8.036
Total 15277.767 117

The regression model can be used to create a regression equation that describes the relationship
of the two independent variables to the dependent variable (Table 4) These results indicate that the
equation Y =-5.019 + 1.110X1 - 0.087Xz2 can predict the dependent variable.

Table 4.
The independent variable regression coefficient model of learning outcomes
Unstandardized Standardized
Coefficients Coefficients Sig.
Model B Std. Error Beta t
1 (Constant) -5.019 .846 -5.933 <.05
Critical thinking skills 1.110 .036 1.020 30.810 <.05
Metacognitive skills -.087 .040 -.073 -2.195 <.05

The correlation of critical thinking skills and partial metacognitive skills to the success of
cognitive learning reinforces the results of previous studies (Choy & Cheah, 2009; Jagals & Walt,
2016; Kono & Mamu, 2016; Liu et al., 2015; Tamsyani, 2016). The results of this study indicate that
critical thinking skills and metacognitive skills have a significant role in predicting achievement of
cognitive learning (Arslan, 2015), especially in understanding the concept of genetics (Kili¢ &
Saglam, 2014). Optimizing high-level thinking skills is seen as an effective way to understand a
genetic phenomenon (Murray-Nseula, 2011). By activating critical thinking skills, students can see
broader in analyzing a phenomenon. These will have an impact on mental, social, and even spiritual
maturity so that students become more mature in their efforts to understand the concept (Zubaidah et
al., 2015).
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Besides, strengthening students’ critical thinking skills is essential in the 21st Century learning
in higher education (Stupple et al., 2017) and the development of genetic science (Stern &
Kampourakis, 2017). These are followed by the increasing number of recent discoveries that require
students to associate these findings with existing concepts and understandings (Kili¢ & Saglam, 2014;
Orcajo & Aznar, 2005). Herein lies the challenge, so that the urgency of optimizing students' critical
thinking skills is at a level that deserves attention (Murray-Nseula, 2011). Students need to be
accustomed with high-level thinking to map problems, provide analysis from a variety of different
perspectives, provide solutions, and set them (Dwyer et al., 2014; Scott, 2015).

The results of this study also illustrate that simultaneously critical thinking and metacognitive
skills are factors that can predict cognitive learning outcomes. The combination of these two skills
becomes a fundamental and complex strategy used to process information input (Akyol et al., 2010;
Jagals & Walt, 2016; Miri, David, & Uri, 2007). The combination of both has been implemented in
various intellectual activities including elaboration, organizing, and regulating concepts that have
slices with genetics such as molecular biology (Carlson & Marshall, 2009), biochemistry (Pearson &
Hughes, 1986a), ecology (Duncan & Reiser, 2007), even evolution (Orcajo & Aznar, 2005; Yilmaz
etal.,, 2011).

However, although both have a strong correlation with the success of cognitive learning,
constructive efforts are needed to help students improve critical thinking skills and metacognitive
skills (Duncan & Reiser, 2007; Kili¢ & Saglam, 2014). According to some relevant literature, both
are influenced by various internal and external students’ factors (Naimnule & Corebima, 2018;
Stupple et al., 2017; Tzohar-Rozen & Kramarski, 2014). Internal factors in question include
knowledge already owned (Al khawaldeh, 2013; Tsui & Treagust, 2005) and gender
(Nyamupangedengu & Lelliott, 2018), while external factors include appropriate learning media
(Stern & Kampourakis, 2017) and the way teachers teach (Al khawaldeh, 2013; Topgu & Sahin-
Pekmez, 2009).

These factors, in the implementation of learning, need to be considered to optimize the
empowerment of critical thinking and student metacognitive. The results of this study can be used as
a basic strategy for conducting lecture development (Amin & Adiansyah, 2018; Bensley & Spero,
2014). Teachers can develop genetic lectures by innovating such as the use of collaborative learning
models (Guleker, 2015), learning strategies that facilitate the development of thinking skills
(Ghanizadeh, 2017), and the use of media and learning resources that are relevant to student
characteristics (Duncan & Reiser, 2007; Murray-Nseula, 2011).

CONCLUSION

The results showed that the regression model and the coefficients in this study could be used as
predictors in line with critical thinking skills and metacognitive skills, which simultaneously
positively correlate with cognitive learning outcomes. These results need to be interpreted by carrying
out various innovative and integrative efforts in the learning process, so that differences in internal
and external factors that affect both can be used as a basis for efforts to empower critical thinking
skills and students’ metacognitive skills.
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