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instrument as many as 17 items involving 97 students. Data
collection was carried out from November to December 2021.
The sampling technique used was cluster random sampling.
The research data was tested using a Two-Way ANOVA
analysis. The results showed that gender did not have a
significant effect on genetic literacy, while class level has
significant effect. Furthermore, gender and class level did not
have a significant interaction. Further research that examines
the effect of other variables on genetic literacy needs to be
done.
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INTRODUCTION

In today’s modern era, genetic literacy is an important competency that should not be
underestimated. Almost all aspects of life have been influenced by the development of genetics
(Bernardo, 2020; Castiblanco & Anaya, 2015; Dumache & Enache, 2016). Responding to these
conditions, genetics learning in schools must provide learning that makes students understand
the concept of genetics well (Hidayat, 2020). However, there are many problems when genetics
is taught in schools. Some of these problems, among others students, have difficulty
synthesizing knowledge into a deeper understanding (Machova & Ehler, 2021), many of them
are afraid of genetics (Paul, 2018), high misconceptions about genetics (Vickova et al., 2016),
and the the low quality of teachers (Grace, 2021).

Another problem faced by students when studying genetics is the implementation of
distance learning that is currently being carried out. Until now distance learning had to be
carried out due to the COVID-19 pandemic (Dhawan, 2020; Verma et al., 2020). Some of these
problems, among others, students are burdened by many tasks while the quality of teaching
teachers decreases (Gonzalez et al., 2020), the emergence of economic and pedagogical barriers
(Lassoued et al., 2020), incompatibility with learning styles and increased stress on students
(Agaton & Cueto, 2021), as well as the difficulty of conditioning collaborative learning
(Rannastu-Avalos & Siiman, 2020). However, apart from these various problems, the
empowerment of students’ genetic literacy should be carried out optimally.

Genetic literacy is related to one’s ability to use scientific thinking related to genetics
(Chapman et al., 2017). This literacy is part of scientific literacy (Boerwinkel et al., 2017) that
can direct someone to make the right decisions regarding the discussion of applications and
genetic technology (Cebesoy & Oztekin, 2018). Measurement of genetic literacy needs to be
done regularly considering the importance of this competency in the current era. In addition,
an analysis of the factors that affect this literacy needs to be done because the information is
still limited (Fauzi etal., 2021).

The demographic factors that need to be analyzed for their influence on genetic literacy
are gender and grade level. Gender includes an identity, role, personality, and behavior of a
person that affects an individual’s interaction with other individuals, decision-making, and
response given to a particular condition. (Oertelt-Prigione, 2020). Gender causes brain
biological differences between men and women (Dilla et al.,, 2018). Furthermore, in general,
women are better at speaking and writing, women also have a mindset that is focused on things
that are emotional, concrete, personal, and practical. Men generally have better numeracy skills
and have an intellectual, rational and, objective mindset. On the other hand, the grade level is
related to the level of development of students and the level of complexity of the material
provided by educators to students (Yoenanto & Jati, 2013). At the high-grade level in high
school, the material obtained by students will be more complex, so differences in grade levels
have the potential to affect student literacy (Deli¢, 2020).

Based on previous research conducted by Gericke et al. (2017) and Fitzgerald-butt et al.
(2017), age can affect genetic literacy. Age affects genetic literacy because as age increases,
factual and conceptual knowledge about genetic literacy will increase. The increase is obtained
from the experience of a person obtained from the level of education that has been taken. In
further research conducted by Swandayani et al. (2021), gender, specialization (department)
and location of educational institutions affect genetic literacy. From these various studies, no
research focuses on examining the effect of gender and class level on genetic literacy. In
addition, the discussion of genetic literacy is still very rarely found in publications in the field
of science education. Therefore, this study aims to determine the effect of gender and grade
level on students’ genetic literacy in the pandemic era. This research will provide data on the
genetic literacy of students in Malang so that this research can be used as a source of
information for future research that wants to explore genetic literacy more. The lack of research
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related to genetic literacy causes the high urgency of the existence of these data.

METHODS
Research Design

This quantitative research was conducted from November 22 to December 14, 2021, at
one of high schools in Malang Regency. This research was conducted through survey activities
using statement instruments distributed using the Google Form platform. The sampling
technique used in this research was cluster random sampling. The variables in this study
consisted of 2 independent variables, i.e. gender and class level, while the dependent variable
was genetic literacy.

Population and Sampel

The population in this study were all students of Mathematics and Natural Sciences at one
of the state senior high schools in Malang Regency. The sample in this study involved students
from X MIPA 1, XI MIPA 5, and XII MIPA 3 that were chosen by cluster random sampling
technique. In total, as many as 97 students were involved as the sample of this study.

Instrument

The genetic literacy questionnaire was used as a data collection instrument in this study.
The instrument was developed based on Bowling et al. (2008) which refers to Hott et al. (2002).
This instrument consists of 17 statement items regarding genetics with 4 answer choices. The
four options are: (1) this statement is correct; (2) this statement is incorrect; (3) I once knew
this, but I forgot; and (4) I don't know it at all. The seventeen items are derived from six
indicators, namely literacy on genetic material, transmission of genetic material, processes of
genetic expression, genetic regulation, the concept of evolution, and the relationship between
genetics and society. The instrument has passed face validity and content validity. The
instruments have been evaluated by a content expert, assessment expert, linguist, and
educational practitioners. After revising the instrument based on expert input, the instrument
was used as a data collection instrument.

Procedure

The procedure in this study consisted of 2 stages, namely research preparation and
research implementation. The research preparation stage consists of (1) determining the
school where the research will be conducted, (2) taking care of licensing to the education and
school offices, (3) preparing tools in the form of computers, browsers, and google forms, and
(4) preparing research instruments in the form of questionnaires. genetic literacy. Meanwhile,
at the research implementation stage, it consisted of: (1) asking for students’ approval, (2)
distributing genetic literacy instrument questionnaires using Google Forms, (3) giving
directions to students when students were going to fill out questionnaires, (4) students filling
out questionnaires and sending them, and (5) analyze the data that has been obtained.

Data Analysis Techniques

The data that has been collected from respondents who have filled out the questionnaire
will be analyzed using the Two-Way ANOVA test. The Two-Way ANOVA test itself has several
tests that must be met first. The test consists of the data normality test using the Shapiro-Wilk
test and the data homogeneity test using Levene’s Test. After the normality and homogeneity
of the data have been met (the p-value from the Shapiro-Wilk test for each sample group was
0.955, 0.128, 0.425, 0.308, 0.575, and 0.559, while the p-value from Levene's test was 0.650),
the Two-Way ANOVA test can be performed. If the ANOVA test obtained significant results (p <
0.05), the analysis was continued to the Least Significant Difference (LSD) Test.
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RESULTS AND DISCUSSION

The instruments that have been distributed for three weeks have been filled out by 97
students. There are 34 students in class X MIPA 1 consisting of 26 girls (76.47%) and 8 boys
(23.52%). There are 34 students in class XI MIPA 5 consisting of 17 girls (50%) and 17 boys
(50%). There are 29 students in class XII MIPA 3 consisting of 18 girls (62%) and 11 boys
(37.93%). The results of descriptive statistics on student scores are presented in Table 1.

Table 1
Descriptive statistics results of students’ genetic literacy data
Gender Class Mean Star_ldz}rd N Maximal Minimal
Deviation
XMIPA 1 5.87 2.58 8 10 2
Male XI MIPA 5 6.76 2.92 17 12 0
XII MIPA 3 9.09 3.01 11 15 4
Total 7.27 3.07 36
XMIPA 1 6.65 3.01 26 12 0
Female XI MIPA 5 6.11 1.96 17 9 3
XII MIPA 3 8.66 3.18 18 14 2
Total 7.09 2.96 61
XMIPA 1 6.47 2.90 34
Total XI MIPA 5 6.44 2.47 34
XII MIPA 3 8.82 3.07 29
Total 7.16 2.99 97

Based on Table 1, the highest mean of genetic literacy was male students in XII MIPA 3
class with a mean value 0f 9.09. The lowest mean came from male students in the X MIPA 1 class
with a mean value of 5.87. The maximum score obtained by male students in XII MIPA 3 class
is 15 correct answers from 17 statement questions. The minimum score is obtained by male
students in XI MIPA class 5 and female students in X MIPA 1 class with correct answers 0 out of
17 statement questions.

After the descriptive statistical analysis was carried out, the normality and homogeneity
of the data were analyzed. Based on the results of the Shapiro-Wilk test, the data of male
students in X MIPA 1 class [W(8) = 0.978, p = 0.955], female students in X MIPA 1 class [W(26)
=0.939, p =0.128], male students in XI MIPA 5 class [W(17) = 0.948, p = 0.425], female students
in XI MIPA 5 class [W(17) = 0.939, p = 0.308], male students in XII MIPA 3 class [W(11) = 0.45,
p = 0.575], and female students in XII MIPA 3 class [W(18) = 0.958, p = 0.559] were normally
distributed. Furthermore, Levene’s test results inform that the variance of genetic literacy data
is homogeneous [F(5,91) = 0.666, p = 0.650. Thus, the Two-Way ANOVA test can be performed
(Table 2).

Table 2
Summary of two-way ANOVA test results
Source Type Il Sum of df Mean Square F Sig. Partial Eta Squared
Squares

Gender 0.200 1 0.200 0.025  0.875 .000
Class level 117.872 2 58936 7.282  0.001 138
Interaction 7.884 2 3942 0487 0616 011
Error 736.492 91 8.093
Total 5839.000 97
Corrected Total 859.361 96

Based on Table 2, gender did not have a significant effect on genetic literacy [F (1,91) =
0,025, p > 0,875, np? = 0,001]. The difference in class level has a significant effect on genetic
literacy [F (2,91) = 7.282, p < 0.001, np? = 0.138]. Furthermore, the two factors did not show a
significant interaction [F (2,91) = 0.487, p > 0.616, np?= 0,011].

Based on the results of ANOVA, gender did not have a significant effect on students’ genetic
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literacy. This finding is in line with Hermawan et al., (2018) who reported that male and female
students did not have a significant difference in making decisions about biological problems in
life, especially genetics. Other research conducted by Sulistiyawati, (2017) found that gender
did not have a significant difference in critical thinking skills and student learning outcomes in
biology subjects. However, the findings of this study are not in line with the results of research
conducted by Yanti et al., (2019) who reported that the ability to think, draw conclusions, and
reason in biology lessons on blood circulation material had significant differences between
male and female students.

Gender is a person’s identity that distinguishes between men and women (Oertelt-
Prigione, 2020). The ability to think, personality, and decision-making between men and
women is influenced by the environment, experience, and education so that in general men and
women have a difference (Vleuten et al.,, 2016). Based on Zaidi (2010), Women generally have
a larger hippocampus than men, potentially leading to better long-term memory storage.
Therefore, women have a superior ability in the process of remembering. However, in decision-
making skills, there is no difference between men and women.

Another factor that causes no significant difference between gender and genetic literacy
is the COVID-19 pandemic. Based on Yunitasari, (2020) the Covid-19 pandemic has reduced
student interest in learning because online learning is considered less effective because
students are bored. These conditions affect students’ understanding and learning outcomes.
One way to improve student understanding is to use the right online learning platform (Rodiah
& Sopandi, 2021). The selection of fun and educational learning platforms will increase
students’ interest in learning. In addition, another way that can improve students’
understanding is the appropriate learning method used by the teacher. Teachers and learning
methods play an important role in online or distance learning because the teacher is someone
who can recognize the characteristics of students (Lowes et al, 2016). Based on teacher
knowledge about student characteristics, teachers can provide learning with the right method,
so that it will improve student understanding and learning outcomes.

Based on the results of the ANOVA test (Table 2), grade level has a significant effect on
genetic literacy. The results obtained are in line with research conducted by O'Reilly, (2007)
who reported that higher grade level affects the level of science knowledge and literacy ability
of students. Another report also found that grade level influenced on students’ understanding
(Lukitasari et al., 2020).

In this study, the grade level has a significant effect, so it is necessary to carry out the BNT
test (Table 3). Based on Table 3, the genetic literacy’s mean of class X students was the lowest
but is not significantly different from class XI students. The genetic literacy of class XII students
was the highest but not significantly different from students of class XI as well. However, the
mean of class XII students was significantly higher than that of class X students.

Table 3
Summary of LSD test results
Class level Mean Standard Deviation LSD notation
X 6.26 2.90 a
XI 6.44 2.47 ab
XII 8.87 3.07 b

The class level is related to a person’s age, the older a person is, the more knowledge he
has in achieving better learning outcomes. In addition, the ability to reason and understand a
problem is different between students of high and low class (Deli¢, 2020). The high class has a
high curiosity and social way, which affects the way students think and study. The low class has
low curiosity and often makes social adaptations that affect students’ mindsets. In addition, the
material and assignments between the high and low class have differences, high class is
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generally given assignments and more complex materials while the low class is not. This affects
students’ knowledge.

Another factor that causes differences in genetic literacy in high and low classes is the
learning carried out during the COVID-19 pandemic. The COVID-19 pandemic has caused all
learning activities that were initially carried out face-to-face to be transferred to online
learning. Online learning has the advantage that students can find wider information by
utilizing the internet (Hamid et al., 2020). The students in high and low classes students have
different abilities in analyzing information obtained from the internet (Hart et al.,, 2019). High-
class students have better abilities due to greater curiosity than low-classes students. In
addition, the ability of students to understand the material provided by the teacher with certain
online learning methods differs between high and low class. In addition, high-class students
have a higher ability to absorb material than low-class students (Almendingen et al., 2021).

Furthermore, the results of the ANOVA test also reported that gender and class level
differences did not interact significantly. This finding is in line with research conducted by
Aguillon et al. (2020) who reported that the interaction of gender and grade level had no effect,
because each student’s cognitive abilities, learning styles and learning experiences were
different.. Research conducted by Yu, (2021) also in line with the findings obtained. The
research conducted found that gender and grade level did not have a significant effect on
students’ knowledge if the learning method applied did not have a difference between gender
and grade level.

Gender and class level is a differences between students in a school. Gender shows the
difference between the sexes, while the class level shows the difference in grade level. A
person’s knowledge is not determined by gender, the factors that cause differences in one’s
knowledge are the learning process carried out by an individual, the environment, social
interactions, and experiences that support one’s knowledge (Bryant & Hoon, 2006). However,
grade level influences on one’s knowledge. Class levels at the education level can be categorized
into several levels, namely high, medium, and low. The material given at each level is different,
the material given in the high class is more complex than in the middle- and low-class levels.
The learning experience that students go through at each grade level is different, the high class
has received learning experience from the middle and low-level classes so that the knowledge
of students in the high class is much different from that of the middle and low classes. (Kurthen,
2014). Therefore, there is no interaction between gender and grade level because the
knowledge possessed by male and female students is influenced by the learning process
experienced by each individual.

Despite the interesting findings obtained in this study, several limitations need to be
informed. First, this study involved only one school. If the researcher wants to get a broader
picture of the population, then sampling involving various schools needs to be designed for
further research. Second, the survey was conducted with the help of online questionnaire. The
use of online instrument has actually become the best recommendation in conducting surveys
during the pandemic. However, further research is expected to use printed questionnaires and
be carried out after the pandemic is over. Third, this research only focuses on two demographic
variables. Therefore, further research that also analyzes the influence of other demographic
variables needs to be designed and carried out.

CONCLUSION

The results of this study concluded that gender had no significant effect on students’
genetic literacy. On the other hand, grade level has a significant influence on other literacy.
Furthermore, the two variables did not show a significant interaction. Research related to
genetic literacy is still rarely done, especially in Indonesia. Therefore, further studies that also
analyze genetic literacy are highly recommended. It is hoped that researchers will be able to
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analyze various other demographic variables as well as reveal other factors that can affect
students’ genetic literacy.
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