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1. INTRODUCTION

Indonesia has a very diverse and abundant biodiversity. This is caused by the geographical location
between regions in Indonesia which are separated and have different environments. However, over time, that
diversity began to decline due to the destruction of many environments. Approximately 22.8 million ha of
conservation areas in Indonesia, and around 2.7 million ha have been damaged (Qodriyatun, 2019). This diversity
is not only in land ecosystems, but also in aquatic ecosystems, especially in the oceans. Approximately 75% of
Indonesia’s territory is in the form of oceans and coastal areas with diverse biodiversity potential, one of which is
the diversity of coral reefs. As much as 16% of the world's coral reef population is found in Indonesia (Ridona,
2015). Coral reef areas are the habitat of microorganisms to small organisms. Just like on the mainland, around
45.28% of the coral reef population in Indonesia is in a state of severe damage (Arisandi et al., 2018). One of the
factors that causes this is human activity in carrying out work for daily survival without regard to habitat
conservation and the species found in the environment (Arsyad, 2017). This shows that Indonesian people still
have low conservation awareness.

In fact, the Indonesian government has stated the importance of biodiversity conservation activities in
Indonesia in Law no. 5 of 1990. However, government regulations alone are insufficient to raise awareness of
conservation in the minds of the people. Thus, conservation education is needed in biology learning at the high
school level as a basis for raising conservation awareness. Learning biology has material that is closely related to
conservation, namely biodiversity and environmental change. In this case, students learn about the importance of
conserving a group of species that have an important role for the environment and other living things, but not
many people know about it. One example of such a group of species is phytoplankton.
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Phytoplankton is a type of aguatic microorganism that has the ability to absorb a greater amount of carbon
compared to plants on land and produces the most oxygen on earth (Vallina et al., 2017). Another interesting fact
is that phytoplankton has a role as a pump for carbonate compounds in the carbon cycle which can help the
calcification process of sedimentary rocks in the sea (Firdaus & Wijayanti, 2019). However, this information is
not well disseminated in society. For the general public, phytoplankton are only bio-indicators of water pollution
by looking at the abundance of species in it (Rasyid et al., 2018). In addition, the habitat for phytoplankton is
found in coral reefs. According to the explanation above which says that almost 46% of coral reefs in Indonesia
are in a damaged condition, so this also has an impact on the presence of phytoplankton. Therefore, we need a
learning that can disseminate information about phytoplankton from the results of learning that have been obtained
in schools.

So far, learning related to conservation only aims to determine the level of students' knowledge about
conservation and conservation behaviour after learning, without changing students' perceptions regarding the
importance of conservation. This learning model is based on the moral character of conservation which only looks
at students' learning motivation regarding conservation, and does not see changes in students' perceptions of
conservation (Nisa et al., 2021). Through this learning, it has not had a significant impact on changing perceptions
in a person. Therefore, a learning model is needed that can have a significant impact on changing perceptions,
namely by using advanced technology and engineering in biology learning models for SDGs.

Advanced technology and engineering in biology learning model for SDGs is a technology and
engineering-based biology learning model for disseminating solutions to problems that have been discussed in
class. This learning model is considered suitable to be applied to raise students' conservation awareness because
it presents problems related to the impact of an imbalance of species groups on the surrounding environment based
on existing facts. Presentation of the problem is then discussed to get the best solution. In reaching the best
solution, students will begin to have thoughts about the importance of conserving a group of species for the balance
of the surrounding ecosystem. This solution is linked to the SDGs regarding climate change which can have a
global impact. Apart from that, the solutions from this learning can also be linked to other aspects of the SDGs in
accordance with the learning objectives to be achieved. This learning is applied to grade 10 using the independent
curriculum.

The purpose of having an independent curriculum is very compatible with this learning, namely to increase
student creativity through the use of technology (Hasanah et al., 2022). In line with research conducted by
(Suriyana & Novianti, 2021), it shows that the application of technology and engineering-based learning provides
significant increases in students' inquiry, exploration and communication abilities. Based on the explanation
above, it is necessary to carry out this research considering that research on the application of learning based on
advanced technology and engineering in biology learning models for SDGs is very useful, especially in biology
subjects related to environmental problems.

2. RESEARCH METHOD

This research was conducted from August 2022 to November 2022 at the State Senior High School of
Turen Malang. The population for this study was 10th grade students at State Senior High School of Turen Malang
for the academic year 2022/2023. Sampling used a purposive sampling method, namely a sampling method by
determining certain criteria (Rosdianto et al., 2017). In this case, the samples taken were 10th grade students at
State Senior High School of Turen Malang for the 2022/2023 academic year with a total of 36 students. All
students in this research use pseudonyms.

This research approach uses a mixed method, namely combining a quantitative approach with a qualitative
approach which will produce a better understanding, making it suitable for researching someone's perceptions
(Dawadi et al., 2021). In this case, the type of mixed method used is an embedded design which prioritizes
quantitative data as the main data and is supported by qualitative data using data triangulation techniques
(Vebrianto et al., 2020) as shown in figure 1.

Quantitative data collection and
analysis (75%b)

Qualitative data collection Interpretation
and data analysis (25%o)

- J
Figure 1. Embedded Design
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The advanced technology and engineering in biology learning model for SDGs learning design is a
development of a problem based learning model that is integrated with the STEAM approach (science, technology,
engineering, the arts and mathematics) and the principles of transformative learning (self knowing, relational
knowing, social knowing, visionary knowing, and practical knowing) (Taylor, 2013). Advanced technology and
engineering in biology learning model for SDGs has 9 learning stages including introductory concept; ethical and
rhetorical questions; organization in learning; human-nature relationship; scientifically and statistically
information; cultural application in historical perspective; prospective applications; effectiveness evaluation; and
innovative persuasion.

At the beginning of the lesson students were introduced to a problem that is currently happening that is
related to sustainable development or SDGs. Furthermore, students are given dilemma questions to build the basic
concept of students' perceptions of the problem. After that, students carry out investigative activities in groups to
find solutions to the problem. Solutions from each group are evaluated to get the best solution. The results of the
solutions are poured into persuasive works and disseminated through social media to attract wider public
awareness. This learning design is applied to the material on biodiversity and environmental change which has
the goal of learning outcomes in the affective domain in the form of changes in students' conservation perceptions
and increasing learning outcomes in the cognitive and psychomotor domains which can be seen in figure 2.
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Figure 2. Design of Advanced Technology and Engineering in Biology Learning Model for SDGs

Quantitative Methods

The type of quantitative research used is pre-experimental using a research design in the form of a one-
group pretest-posttest design to determine the state of the subjects at the beginning and end of learning
(Wahyuningrum, dkk., 2021). In this case, each material is given a pre-test and post-test that measure the subject's
cognitive level, both material on biodiversity and global warming. The following is the one-group pretest-posttest
design in table 1.

Table 1. One Group Pretest-Posttest Design

Pre-test Treatment Post-test

O, X 0
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o]} : Pre-test conducted before the subject was given treatment

X : The treatment is in the form of Advanced Technology and Engineering in Biology Learning Model
for SDGs

02 : Post-test conducted after the subject was given treatment

In addition to the pre-test and post-test, this research also used a conservation awareness questionnaire to
measure the subject's perception of conservation in the affective domain. Conservation perceptions are developed
based on three principles, namely the principles of protection, preservation, and utilization (Rusch et al., 2022)
and (Westermann & von Oheimb, 2021). Each principle has ten indicators which are developed into statement
items. These indicators include genetic diversity, species diversity, ecosystem diversity, functional diversity,
human impact, symbols, language, norms, values, and artifacts which are components of biodiversity
(Westermann & von Oheimb, 2021). On the other hand, this research also measures the psychomotor domain
which is devoted to student’s communication and collaboration skills using communication and collaboration
observation sheets.

The results of the conservation awareness questionnaire and the pretest-posttest were tested for the validity
of the Pearson Product Moment, reliability test, Kolmogorov-Smirnov normality test, homogeneity test, and
difference test. After testing the validity, reliability, normality, and homogeneity tests, the results of the pretest-
posttest on biodiversity material were carried out with a different test using the Wilcoxon test, while the results
of the pretest-posttest on environmental change using a paired T-test. In addition, the results of the conservation
awareness questionnaire were also subjected to a different test using the Chi-Square test. After the different tests
were carried out, the pre-test and post-tests results were tested for the N-gain score to determine the effectiveness
of the application of learning using the formula which can be seen in below.

Posttest Score — Pretest Score

N — Gain Score = -
Maximum Score — Prestest Score

The results of the N-Gain score analysis is then interpreted based on the N-Gain grouping criteria which
can be seen in table 2.

Table 2. N-Gain Grouping Criteria

N-Gain Score Criteria
<04 Ineffective
0,4-0,6 Less effective
0,6 -0,7 Quite effective
>0,7 Effective

Source: (Hake, 1999)

As for the data from the conservation awareness questionnaire, it was analyzed using a likert scale
descriptive analysis technique with several questionnaire indicator criteria that can be seen in table 3.

Table 3. Questionnaire Indicator Criteria

Likert Scale Criteria
<40 Very weak
40 - 60 Weak
61 —80 Strong
81-100 Very strong

Source: (Sugiyono, 2010)

Qualitative Methods

The qualitative data collection technique of this study used reflective essays that were done by the subject
in the first pre-learning material, namely biodiversity material and the second post-learning, namely
environmental change material. Reflective essays are used to find out the learning experiences that students have
gained after going through learning (Habibi et al., 2018). The development of this reflective essay is based on the
problems raised in learning. This reflective essay data supports the conservation perception data that has been
obtained from the conservation awareness questionnaire. The data analysis technique used is thematic analysis
which is applied by going through the process of understanding the data, compiling the code, and grouping it into
certain themes (Junaid, 2016).
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3. RESULT AND DISCUSSION

Based on the results of students' pre-test and post-test work, it is known that the application of the advanced
technology and engineering learning model to the biology learning model for SDGs at 10th grade SMAN 1 Turen
shows a proportion of an N-gain score of 0.7 in the biological swing material, while in the environmental change
material it shows the proportion of 0.62 which can be seen in Table 4. According to the criteria in Table 2 from
(Hake, 1999), the effectiveness of applying this learning is quite effective in improving learning outcomes in the
cognitive domain.

Table 4. N-Gain Score of Advanced Technology and Engineering in Biology Learning Model for SDGs in the
Material of Biodiversity and Environmental Change

Material N-Gain Score Criteria
Biodiversity 0,7 Quite effective
Environmental changes 0,62 Quite effective

In accordance with research (Handarini & Wulandari, 2020), there are several factors for the effectiveness
of a lesson, namely self-learning skills and the effectiveness of learning time. Self-learning skills are one of the
factors in the learning effectiveness of advanced technology and engineering in biology learning model for SDGs.
In this case students will search, find and conclude for themselves the knowledge they have learned during
learning. In addition to self-study skills, another factor is the effectiveness of learning time. According to (Dista
& Marta, 2022) that the learning time which is quite short with material that students have just heard is an
important factor that causes the effectiveness of learning to only reach quite effectively.

The application of advanced technology and engineering learning in biology learning model for SDGs also
causes student learning outcomes in the cognitive domain to increase after following the advanced technology
and engineering learning model in biology learning model for SDGs steps. This is consistent with research (Pratiwi
et al., 2022), which shows that the presence of technology and engineering in classroom learning can increase
student learning independence because students can explore sources from anywhere. This can foster students'
curiosity to learn by themselves. In line with research (Suwono et al., 2019) which shows that technology and
engineering-based learning can improve students' self-learning skills also have an effect on increased cognitive
learning outcomes.

Apart from the cognitive domain, advanced technology and engineering in biology learning model for
SDGs learning is also quite effective in increasing learning outcomes in the affective domain in the form of
conservation perceptions. Based on the results of a conservation awareness questionnaire by 10th grade students,
it showed an increase in each indicator of genetic diversity, species diversity, ecosystem diversity, functional
diversity, human impact, symbols, language, norms, values, and artifacts from each principle. The highest increase
was in the protection principle of the functional diversity indicator which increased by 38%, while the lowest
increase was in the principle of preservation of the artifacts indicator which increased only by 18% which can be
seen in figure 4.

Percentage Increase

40%
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Figure 4. Increasing Students' Biodiversity Conservation Awareness based on Indicators of Each Principle

Effectiveness of Advanced Technology and Engineering in Biology (Ghauts Mannah Aji Abdillah)
24



BIOEDUKASI: Jurnal Biologi dan Pembelajarannnya Vol. 22 No 1, February 2024, page 20-27
e-ISSN: 2580-0094; p-ISSN:1693-3931

Based on the results of the reflective essay work, students' opinions regarding phytoplankton can be
grouped into 4 themes, namely awareness of the existence of phytoplankton, perceptions of the role of
phytoplankton, awareness of phytoplankton conservation, and interest in conserving phytoplankton:

Awareness of the existence of phytoplankton is the trigger for students to know the true meaning of
phytoplankton microorganisms. According to the 10th grade students, they just discovered that zooplankton and
phytoplankton are different.

“Before, I had heard about plankton organisms, but I just found out that plankton is divided into 2 types,
namely phytoplankton and zooplankton. | just found out about the role of phytoplankton, namely as primary
producers in the ocean, while zooplankton are the first consumers that connect with biota at a higher trophic
level. ”Acha

Further more, students who already know the existence of phytoplankton in the ocean, have perceptions of
the role of phytoplankton. These perceptions can be classified into 2, namely positive and negative perceptions.
As many as 22% of students said that the presence of phytoplankton had many important roles for ecosystems and
humans.

"The presence of phytoplankton in the aquatic environment has many ecological functions such as
providing oxygen in the waters and as an indicator of water quality, both fresh and seawater. In addition, the
amount of oxygen produced is also the most on earth, and another important role of phytoplankton is to carry out
biocalcification which is very important in the carbon cycle. Janeta.

On the other hand, negative perceptions can be interpreted from students' negative appreciation of the
existence of phytoplankton. This form of appreciation can be seen from the opinions of students who mentioned
the existence of phytoplankton which is detrimental to the surrounding ecosystem.

"The existence of several types of phytoplankton such as Coscinodiscus sp. can cause the death of
thousands of ocean fish. This is due to the population explosion of this type of phytoplankton whose existence
requires a lot of oxygen levels as well, causing dissolved oxygen levels to deplete and affecting the presence of
fish in these waters." Sivana.

After students have perceptions about the role of phytoplankton, both positive and negative, students
become aware of the importance of phytoplankton conservation. This is shown from the opinion of students who
say that it is necessary to do phytoplankton conservation. The students' opinions can be grouped into three
principles of conservation awareness, namely the principles of protection, preservation and utilization. On the
principle of protection, students argue that this group of phytoplankton species needs to be protected on the
grounds that the existence of phytoplankton has many important roles in the life cycle of ecosystems.

"The existence of phytoplankton in aquatic ecosystems has many important roles for other living things on
earth. This role is to produce the most oxygen on earth, perform biocalcification, and many other things.
Therefore, phytoplankton must be protected for the balance of the ecosystem. Trisna.

On the other hand, there are students who think that phytoplankton also needs to be conserved because of
its importance for aquatic and terrestrial ecosystems.

"The occurrence of an explosion in the phytoplankton population can cause thousands of fish to die
because of population density which results in reduced oxygen. However, the decline in the population of
phytoplankton has also caused oxygen levels on earth to decrease and the balance of the ecosystem to be
disrupted, so the preservation of phytoplankton is needed so that it can balance the ecosystem again.” Pinka

The opinion of other students said that the existence of phytoplankton needs to be utilized because it has
many ecological functions for both aquatic and terrestrial ecosystems.

"The many ecological functions of phytoplankton can be utilized for the continuation of the life cycle on
earth. For example, the function of phytoplankton is as a biocalcification agent that creates calcification on coral
reefs and sedimentary rocks which can later be used by humans in their daily lives, such as souvenirs and
construction that requires limestone.” Viki

After gaining conservation awareness related to phytoplankton, it turns out that there are students who
have thoughts of doing phytoplankton conservation in the future. For example, one of the students, let's call him
Naswa, had the thought of conserving phytoplankton because it relates to his daily life.

"After knowing that phytoplankton is very important on earth, | want to do phytoplankton conservation
because it is very related to my own life. | want to apply the conservation effort that | can do at this time, namely
disseminating information related to phytoplankton through social media. That way, the public can get to know
the phytoplankton even further.” Naswa.

In line with research (Goswami, et al., 2017), that functional diversity is a variety of ecological roles that
are owned by a species and affect several aspects of other functions in the ecosystem. The existence of this role
makes students aware of the importance of conserving phytoplankton by protecting it and students become
interested in doing conservation. This is supported by the student's opinions in working on their reflective essays
which say the role of this very large amount of phytoplankton must be properly protected so that the ecosystem
balance is maintained. This student's opinion shows that a new conservation perception has arisen within the
students regarding the group of phytoplankton species.

Effectiveness of Advanced Technology and Engineering in Biology (Ghauts Mannah Aji Abdillah)
25



BIOEDUKASI: Jurnal Biologi dan Pembelajarannnya Vol. 22 No 1, February 2024, page 20-27
e-ISSN: 2580-0094; p-ISSN:1693-3931

In line with research (Sulastri, 2019), the presence of high motivation to learn can foster a new perception
in student psychology. Technology and engineering-based learning can increase students' motivation and interest
in learning. This is because in this lesson students are given the freedom to find sources from anywhere (Lathif,
et al., 2019). In addition, students can also grow their creativity according to the guidelines of this lesson. Thus
the application of advanced technology and engineering in biology learning model for SDGs is quite effective in
changing students' perceptions of conservation.

4. CONCLUSION

The conclusion of the research that has been carried out show that the application of advanced technology
and engineering in biology learning models for SDGs is quite effective in changing students' perceptions of
conservation with a percentage of 70% on biodiversity material and 62% on environmental change material. This
change in the perception of conservation is based on the factor of functional diversity on the principle of protection
which creates a new perception for conservation. Based on the students' opinion, said that the protection of
phytoplankton is very necessary to fulfill the needs of the life cycle on earth.
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