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Abstract. The lack of practices of Curriculum Merdeka cause science 
teachers to worry about the results, especially related to environmental 
awareness. As such, this study aimed at exploring the role of 
biotechnology learning with embedded sustainable development goals 
(SDGs) to accomplish the academic purposes of the curriculum. In doing 
so, Pre-service Science Teachers (PSTs) were required to develop 
projects in biotechnology as well as problem-solving skills to be induced 
into their teaching competencies. This study used one-group pre-test 
and post-test design and involved twenty PSTs as participants. The 
parameters were perception, knowledge, and development of scientific 
projects. The instruments consisted of questionnaire, paper-pencil test, 
and rubrics. The data were then analysed in a descriptive manner. The 
results showed that most students perceived that biotechnology learning 
provides access to sustainability in human life. Also, there is a 
significant increase of student knowledge about innovating science with 
P-value of 0.00<0.05. For scientific projects, students in groups 
successfully created five titles in relation to SDGs issues, such as food 
nutrients, agricultural pests, fish-pond management, dengue fever 
control, and water quality. In terms of learning outcomes and themes, 
the contents within PSTs projects are relevant to two learning outcomes 
and four different project themes of Curriculum Merdeka, including 
lifestyle for sustainability, technology to support Indonesia, 
entrepreneurship, and local wisdom. Therefore, there is potential to 
bring PSTs projects to practice Curriculum Merdeka.   
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1. Introduction  
The curriculum plays a vital role in education for sharpening and forming not 
only student knowledge, but also attitudes in line with the development of 
science and technology (Almutairi et al., 2014; Hubers et al., 2022; Ring-Whalen 
et al., 2018). Following the rapid changes in science and technology, Indonesia, 
through the Ministry of Education, Culture, Research, and Technology, launched 
the latest curriculum, Curriculum Merdeka [Independent Curriculum]. In the 
industrial era, they believe the curriculum can accommodate multiple 
perspectives of knowledge (Nanggala & Suryadi, 2022), enjoyment of learning, 
student potentials, and attitudes to achieve 21st century skills (Maipita et al., 
2021; Restu et al., 2022).   
 
In fact, however, the implementation of Curriculum Merdeka has caused teachers 
to worry about the results of the learning process. Zakiyyah et al. (2021) found 
that teachers still perceived themselves as the source of information rather than a 
facilitator of learning; therefore, making them unsure as to whether they already 
provide sufficient learning or not. Others showed that school facilities do not 
meet the requirements for projects in Curriculum Merdeka (Yudhawasthi & 
Christiani, 2022) and still need some innovation to realise the projects (Rahayu et 
al., 2022; Supriati et al., 2022). However, innovation is typically hindered by 
cultural workload in schools and limited access to communication with other 
academic staff (Davis, 2003; Marx et al., 1994). Moreover, such burden is 
increasing along with the use of technology that requires fast innovation 
capabilities (Fernández-Batanero et al., 2021). Observation proved that there are 
two factors influencing the success of implementation of Curriculum Merdeka: 
learning atmosphere and independent learners (Restu et al., 2022), supported by 
the system within institutions (Maipita et al., 2021).  
 
To solve the problems, teachers should use multidisciplinary subjects which 
entail multiple perspectives of knowledge. One of which is biotechnology, which 
requires various disciplines such as botany, zoology, and ecology. In the light of 
research, biotechnology can elevate student participation and actively induce 
positive attitude while learning (Aqil et al., 2020; Ketpichainarong et al., 2010; 
Klop et al., 2010). Teachers can also freely modify the lesson by incorporating 
experiments for making products (Aqil et al., 2020), introducing aspects whereby 
students can learn to manipulate variables and get closer to real-world problems 
(Marklin Reynolds & Hancock, 2010; Membrillo-Hernandez et al., 2019). 
Moreover, according to Limson (2021), biotechnology affords opportunities for 
teachers to make modifications in their learning tools since it offers debatable 
issues such as cloning, genetic modification, and stem cells for health treatment. 
This ultimate point benefits schools which have lack of laboratories. Moreover, 
environment issues become prominent in biotechnology due to its significance in 
leveraging the quality of human life, which depends on sustainability, 
emphasising both societal and natural aspects (Asveld et al., 2019; Cornelissen et 
al., 2021; Fröhling & Hiete, 2020; Matthews et al., 2019). 
 
Considering the aforementioned findings, learning biotechnology is relevant for 
realising the essence of Curriculum Merdeka. Not only does it provide 
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opportunities for teachers to innovate their teaching and learning materials and 
processes, but it also deals with the issues of sustainability. The latter is in line 
with two of the seven themes of projects in the curriculum, namely, lifestyle 
with sustainability and innovating technology to develop a better future for 
Indonesia. These projects also are in scope of the sustainable development goals 
(SDGs) which are of significant concern today because all countries face the 
same ecological problems, such as deforestation, fire, and climate change, which   
potentially increase the risk of diseases (Frumkin & Haines, 2019; Ryan et al., 
2019; Zinsstag et al., 2018) and failure in farm productivity (Khan et al., 2020; 
Malhi et al., 2021). Since its launch in 2021, few studies have talked about these 
connections, with most describing the conception of the curriculum (Maipita et 
al., 2021; Sopiansyah et al., 2021; Suryaman, 2020; Yulianto, 2022), the school 
readiness in terms of facilities and teacher competencies to employ student 
mastery of concepts and the learning process (Baharullah, 2022; Rozi et al., 2021). 
However, this study focuses not only on the interconnection between teaching 
competencies and projects, but also proposes SDGs as a central evaluation of 
projects as well. By incorporating SDGs into the teaching and learning processes 
of Curriculum Merdeka it will result in strengthening knowledge, attitude, and 
awareness of environmental problems (Hogan & O’Flaherty, 2021).  
 
As this study worked with pre-service science teachers (PSTs), this article 
provides an analysis of to what extent learning biotechnology with embedded 
SDGs can assist PSTs to initially develop innovative teaching material for 
Curriculum Merdeka through scientific projects. The research questions of this 
study are 1) to what extent biotechnology learning with embedded SDGs affects 
PSTs perception and knowledge of science innovation as a foundation of 
Curriculum Merdeka? and 2) What is the alignment of PSTs scientific projects to 
support an initial effort to design teaching materials for Curriculum Merdeka?    
 

2. Literature Review 
2.1 Curriculum Merdeka 

Currently Indonesia has developed  a new curriculum, known as Curriculum 
Merdeka [Independent Curriculum] (Kusumastuti, et al., 2021; Neina & 
Qomariyah, 2021) which gives students freedom of thought and encourages 
teachers to be able to shift their educational paradigm from a traditional to 
contemporary one (Telaumbanua et al., 2022). The Indonesian government 
promotes the idea of "Merdeka" as an effort to achieve independence in students 
to be creative, critical, and collaborative (Yulianto et al., 2021). In addition, the 
Curriculum Merdeka differs from the previous curriculum in terms of projects, 
introducing issues of sustainability, local wisdom, ideology, Indonesian spirit, 
democracy, innovating technology, and entrepreneurship (Tjaija, 2022). Through 
these projects, students are expected to achieve 21st century skills in line with 
the uniqueness of the country. In practice, teachers must choose three themes of 
the projects in a year and dedicate 30% of their teaching to completion of the 
projects.  
 
Unlike the previous curriculum, Curriculum 2013, Curriculum Merdeka attempts 
to filter the essential contents and, therefore, students can deepen their 



409 

 

http://ijlter.org/index.php/ijlter 

understanding and strengthen their competencies (Nurani et al., 2022). To 
implement the curriculum, The Ministry of Education, Culture, Research, and 
Higher Education categorises three statuses for schools, that is, Mandiri Belajar 
[Independent Learning], Mandiri Berubah [Independent Change] and Mandiri 
Berbagi [Independent Sharing] (Nurani et al., 2022). Each different status 
determines the implementation of Curriculum Merdeka. Mandiri Belajar still uses 
Curriculum 2013; Mandiri Berubah partly practises Curriculum Merdeka by 
employing a learning package from the school unit; and Mandiri Berbagi 
conducts a self-modified learning package to implement Curriculum Merdeka 
(Inayati, 2022). This last part requires teachers to be creative and skilled in 
creating teaching materials and projects independently. In the Merdeka 
curriculum, the completeness of learning outcomes is no longer measured by the 
KKM [Completeness Criteria Minimum] in the form of a quantitative value. 
Formative assessment of learning is done to identify the achievement of learning 
objectives. Teachers are given the freedom to determine criteria achievement of 
learning objectives in accordance with the characteristics of competence on 
learning objectives and learning activity. In addition, students can continue to 
the class above it according to their achievement of the learning objectives 
(Purwananto, 2022).               
 
2.2 Sustainable Development Goals in Indonesia 
The Sustainable Development Goals (SDGs) are a  substantial   development 
framework  to encourage development in a global context (Akanle et al., 2022). 
Seventeen SDGs are targeted for acquisition to support the implementation of 
the 2030 development agenda (Anderson et al., 2017) and Indonesia is 
committed to successfully implementing SDGs by achieving such agenda 
(Bappenas, 2019). The SDGs were established by the UN General Assembly in 
2015 (Zeng et al., 2020) to achieve environmental and human development 
(Czvetko et al., 2021). The objectives of the SDGs are in line with the challenges 
of primary, secondary, and tertiary education. Research in Indonesia about 
SDGs shows a tendency towards the energy sector (Santika et al., 2020); 
improving quality of sanitation, cleanliness and availability of clean water 
(Chalil et al., 2018); and capacity for health. Thus, educational institutions are 
required to be able to integrate a variety of key issues of sustainable 
development in the learning process, one of which is through multidisciplinary 
lessons, such as biotechnology. 
 
2.3 Biotechnology Learning 
Biotechnology is the application of technologies that use biological systems, 
living beings or their derivatives, to create or modify products or processes for 
special use without neglecting the ethics (Savova et al., 2014; Thieman & 
Palladino, 2013). Others define biotechnology as the process of increasing 
human life quality using biological agents (Crawford, 2018). In other words, 
biotechnological practices fall within the scope of what people need to escalate 
and make their life easier without disregarding health issues. For instance, 
biotechnology has been used to improve nutrients in various foods to overcome 
malnutrition worldwide (Lee et al., 2013). The development of biotechnology 
reflects the rapid changes in scientific research, progress of technology (Yeh et 
al., 2012), and economic growth (Chabalengula et al., 2011). Indonesia 
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participates in the OECD's work programme on biotechnology and biosafety 
(OECD, 2018) as a form of participation in the international arena. In line with 
this, applying biotechnology is then one of the main agendas in 2020 to create a 
variety of sustainable products (Mohamed et al., 2014). Nevertheless, 
biotechnology has also been criticised for its application and its unknown impact 
on human health and the environment (Amin et al., 2011).  
 
2.4 Pre-service Science Teachers (PSTs) 
Pre-service Science Teachers (PSTs) are university students that become 
prospective science teachers in junior high school. During the study, they learn 
pedagogical courses such as Curriculum, Assessment, Learning Theories, and 
Innovative Teaching. In the context of science, they link those courses to the 
study of environment, animals, and plants from physical, chemical, and 
biological perspectives. In terms of level of cognition, they need to master 21st 
century skills and bring them to their teaching capabilities. Thus, preparing 
these skills is the key to reform education (Heinrichs, 2016). Also, they are 
considered as an agent for change  in some of the current global trends and 
challenges in the field of science education, including scientific literacy 
(UNESCO, 2017b), standards for science teachers (NSTA, 2012), STEM education 
(UNESCO, 2017a), and survival skills. At university level, PSTs are considered 
able to demonstrate competencies in terms of applying theoretical and practical 
skills in science teaching and doing critical and analytical thinking, which, 
according to the ASEAN Qualification Reference Framework, are in the sixth 
level. For instance, when conducting teaching practices, they can analyse the 
learning model alongside with learning theories and make an appropriate 
assessment. 
    

3. Methods 
3.1 Research Design and Procedures 
This study was carried out using the one-group pre-test and post-test. It is 
relevant to one group of participants which was not equal to the other groups. 
The design identifies the effect of treatment from the difference of pre-test and 
post-test (Fraenkel et al., 2012): if there is difference between pre-test and post-
test, it will conclude that the result is due to the treatment. This study was 
conducted in four meetings. At the first meeting, the lecturer administered the 
pre-test. Following this, PSTs were then introduced to the video of how different 
wavelengths elevate the sweetness of fruits 
https://www.youtube.com/watch?v=-rxM2QnZqQc. From this activity, PSTs 
are asked six questions about 1) the topic of the video, 2) where the research 
takes place, 3) why the research is conducted, 4) how the research is done, 5) 
what the research contribution is, and 6) what makes the research unique. 
Afterwards, PSTs and the lecturer had a discussion to narrow and sharpen the 
answer to the questions. In the second meeting, PSTs in groups of four were 
given the second worksheet by which they had to formulate their own ideas of 
scientific projects. Five aspects adapted from Heath and Heath (2008) were 
addressed to assist PSTs, namely, simplicity, uniqueness, urgency, applicability, 
and credibility. The third meeting required PSTs to present their scientific ideas 
in the form of both oral and written posters. The lecturer gave his feedback, 

https://www.youtube.com/watch?v=-rxM2QnZqQc
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whereas the other PSTs stuck their comments on the posters. The PSTs who 
presented their projects collected and analysed the feedback from the others. In 
the final meeting, the group wrote down the revision in the form of a summary 
of their projects based on the feedback of the other PSTs and lecturer and did the 
post-test.          
  
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1: A flowchart of research 

 
3.2 Participants  
The participants of this research were selected using purposive sampling. 
Twenty PSTs from “Kelas Unggulan” (the class where the lecturers use English 
as language of instruction), who took the biotechnology course in Department of 
Science, Faculty of Mathematics and Natural Sciences, Universitas Negeri 
Surabaya, academic year of 2022/2023 were involved. To be a member of this 
class, the PSTs must pass the prerequisite in terms of competencies of English 
and GPA, and, therefore, the PSTs have similar level of knowledge and skills. 
The reason of selecting this class as the group of participants is that all the 
members have equal competencies and mostly outperform students from the 
other classes. In other words, what they did can be examples for the other 
students.  The participants consisted of seventeen females and three males aged 
between 20 to 21 years old. The PSTs had never experienced writing any 
scientific proposal before biotechnology learning took place. They also come 
from a similar province, East Java, and thus, have no different cultural 
background. In this study, economic background was disregarded because the 
students are in the same category of paying tuition fees.       

 
3.3 Research Instruments 
This study developed three instruments: questionnaire, paper-pencil test, and 
rubric to measure perception, knowledge of innovation, and scientific projects, 
respectively. Adapted from Afroz and Ilham (2020), the questionnaire consisted 
of ten items asking about student perception towards the integration of 
biotechnology in society such as vaccine, food processing, PCR, gene transfer, 
and stem cells to support sustainability in human life. The items were organised 
from the least to the most familiar. Gutmann scale was applied to observe strong 
preferences from participants (Niemi & Weisberg, 1974) and eliminate the 
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Meeting I 

Meeting I 
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2nd task 
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possibility that participants will misuse the midpoint (Chyung et al., 2017). To 
make the items understandable for participants, the items were translated to 
Indonesian language and the content of biotechnology was inserted to the items.  
    
Paper-pencil test comprised twenty items with five indicators, namely, 1) linking 
the role of biotechnology to support food supply, 2) identifying the benefits of 
biotechnology to improve environmental hygiene, 3) analysing relevant 
biotechnology projects to be applied to problems in Indonesia, 4) explaining the 
direction of SDGs in Indonesia through biotechnology, and 5) applying the 
principles of bioethics used in biotechnology to support the SDGs. These 
indicators were formulated to be relevant to the role of PSTs in the future as 
science teachers; they need to understand the phenomenon and use it to 
facilitate student learning. Paper-pencil test was carried out as pre-test and post-
test to measure PSTs’ knowledge of innovation. Before use, paper-pencil test was 
validated by three experts. The comments and assessment of each expert can be 
seen in Table 1 and Table 2.  
 

Table 1: Validators’ comments for biotechnology pre-test and post-test questions 

Experts Comments 

I 1. Question No 1: The options, B, C, and D, are homogeneous, but choice 
A is less homogeneous because it is not in accordance with the SDGs 
aspect, namely Clean Water and Sanitation. 

2. Problem No 2: The stimulus presented must function properly, 
namely the fermentation technique should be presented simply with 
pictures, no need to use long illustrations. 

3. Problem No. 20: Questions that lead to the form of negation should be 
avoided. 

II 1. The question grid is needed to make it easier for readers to know the 
categorisation of the cognitive domain and the suitability of the 
indicators with the questions. 

2. The sentence should be written concisely, for questions no. 2 and 3. 

III For question number 4, improvement in the content needs to be done in 
the case of a person (illustrated model) who wants to solve problems 
through thinking of biotechnology concepts.  

 
Table 2: Validator assessment results on biotechnology pre- and post-test questions 

Experts 
Aspects 

Material Construction Language 

I 3 3 4 

II 3 4 4 

III 3 3 4 

Modus 3 3 4 

 
Table 1 and Table 2 illustrate that the instrument was valid based on expert 
judgements. However, some revisions were conducted in terms of homogeneity 
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of answer option, function of question stimulus, length of questions, and 
content.      
 
A rubric of scientific projects was developed to measure to what extent the 
scientific projects meet the requirements for innovation. Five aspects of 
observation consisting of simplicity, uniqueness, urgency, applicability, and 
credibility were used to describe the innovation of the projects. Likert scale 
entailed the determination of the quality of each aspect, ranging from a score of 
1 to 4. Criteria for each scale were made by considering total relevant keywords 
which appeared in the posters and summaries.   
 
3.4 Data Collection Technique and Analysis 
The data were collected before, after, and during the learning process. Paper-
pencil test was in the form of pre-test and post-test. PSTs were given forty 
minutes to do each test. The test was printed and was administered to PSTs one 
by one. Before the test, the PSTs were randomly assigned to different seats to 
reduce cheating. Unlike the paper-pencil test, a questionnaire was given in the 
second meeting in which students partly learnt about the concept of 
biotechnology, and, therefore, were ready to give their perception. Online 
format was used for the questionnaire to produce faster responses. Scientific 
projects were scored during and after PSTs presentation using rubric. Keywords 
were noted and underlined for more precise measurement.  
 
After data collection, the researchers analysed pre-test and post-test data 
descriptively and reconfirmed the results of the statistical calculation with the 
help of Minitab version 21.2 to see the significance of student knowledge 
acquisition before and after biotechnology learning with SDGs. This helps the 
researcher to ensure that the result is due to the treatment (Creswell, 2012). 
Questionnaire data were presented in the form of mean with standard deviation. 
On the other hand, scientific projects data were analysed using both content 
analysis and the score of rubrics.          
 

4. Results 
This part describes findings alongside both quantitative and qualitative analysis 
regarding the role of biotechnology learning with SDGs to influence PSTs in 
formulating scientific projects for their teaching practices in the implementation 
of Curriculum Merdeka. The subheadings follow the research questions under 
the respective sections.     
 
4.1 PSTs’ Perception 
According to Table 3, PSTs gave various responses to each item in the 
questionnaire. The absolute preference of perception is determined by more than 
80% of PSTs who selected “yes” answer or mean 8.0. The two strongest 
preferences of the perception include consumption of processed food and aspect 

of SDGs (mean  SD = 1.00  0.00), which means PSTs absolutely agree that 
biotechnology can help to reduce hunger. The knowledge of food security 
contributes to the absolute belief that biotechnology can sustain food availability 
using food fermentation and gene transfer, as stated in items number 5 and 8 
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with a mean  SD of 8.5  0.40. Likewise, PSTs perceive that biotechnology 
assists in providing clean energy and maintaining health. However, PSTs show 
weak perception in the use of PCR technique to prevent the spread of viruses 
and the production of methane to achieving SDGs through managing sanitation 
with a lower mean than 0.8. In this sense, PSTs seem to have lack of knowledge 
of the way the PCR helps in identifying genetic molecules of viruses and how 
bacteria change faeces into methane in anaerobic pathways. 
 

Table 3: Student perception towards implementation of biotechnology to support 
sustainability in human life 

No Items Mean  SD 

1 I have heard of the term Sustainable Development Goals (SDGs). 1.00  0.00 

2 In my opinion, the use of biotechnology can reduce hunger in 
developing countries.  

1.00  0.00 

3 In my opinion, vaccines are important to support human health. 0.90  0.30 

4 In my opinion, the concept of sustainability is the main concept in 
the field of biotechnology. 

0.90  0.30 

5 In my opinion, transgenic plants can increase productivity and 
help to create zero hunger. 

0.85  0.40 

6 In my opinion, the use of stem cells can maintain health of the 
human body. 

0.95  0.20 

7 In my opinion, fermentation can support clean energy. 0.85  0.40  

8 In my opinion, the protein of Tempe is easily absorbed by human 
body and helps to relieve kwashiorkor. 

0.90  0.30 

9 In my opinion, PCR can identify genetic material and is ideal to 
reduce initial spread of viruses. 

0.70  0.46 

10 In my opinion, methane can be used to help achieving SDGs on 
sanitation. 

0.65  0.50 

 
4.2 Student Knowledge of Innovation 
The descriptive statistical results of student knowledge of innovation before and 
after the learning process and normalised gain datasets are presented in Table 4. 
 

Table 4: Descriptive statistics of students’ innovation knowledge 

Parameter Pre-test Post-test 
Normalised Gain 

(%) 

Mean 51.00 82.25 62.99 

Median 52.50 80.00 65.15 

Mode 55.00 75.00 66.67 

Maximum 80.00 95.00 90.91 

Minimum 15.00 70.00 25.00 

SD 17.29 8.34 16.07 

 
Biotechnology project learning activities that are embedded with SDGs values 
indicate that they can increase students' knowledge of innovation. The students' 
knowledge of innovation before the treatment seems to be lacking and varied 
(mean ± SD = 51.00 ± 17.29). This is also reinforced by the range of values and 
the mode of the pre-test scores. After the treatment, students' knowledge of 
innovation increased significantly, and the data variation was better than the 
pre-test results (mean ± SD = 82.25 ± 8.34). The results of the average normalised 
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gain also show good results, namely 62.99% ± 16.07% and in the 66.67% mode. 
Normalised gain for all students is at the sufficiently level. It is not enough just 
to use normalised gain; to measure the effectiveness of the treatment, inferential 
statistical tests will be used. 
 
Prior to the inferential statistical test, it was necessary to check the normal 
distribution and homogeneity of the pre-test and post-test datasets. To check the 
distribution of the precision dataset, it is necessary to test the data outliers first. 
The outlier test used is the Grubbs test, as in Table 5. 

 
Table 5: Grubbs test for outlier data 

Dataset N G P-value Interpretation 

Pre-test 20 2.08 0.565 No outlier data at the 5% 
level of significance  
(P-value > 0.05) 

Post-test 20 1.58 1.000 

 
Based on the data in Table 5, all pre-test and post-test data are not excluded from 
the normal distribution checking test and the homogeneity of the pre-test and 
post-test datasets. The Anderson-Darling (AD) test was employed to check the 
distribution of the pre-test and post-test datasets. AD test results are shown in 
Table 6. The results of the AD test show that both datasets do not follow the 
normal distribution, namely post-test data (Table 6), so, for the homogeneity test 
of both datasets, Levene's test is used, because it is valid for various continuous 
distributions. The results of Levene's test on the post-test and pre-test datasets 
are presented in Table 7. 
 

Table 6: Dataset normality distribution test 

Dataset AD P-value (α = 5%) Interpretation 

Pre-test 0.175 0.911 (P-Value > 0.05) Dataset follows normal 
distribution 

Post-test 0.678 0.065 (P-Value < 0.05) Dataset does not follow 
normal distribution 

 
Table 7: Homogeneity of dataset’s variance test 

Test 
Statistic 

df1 df2 
P-value (α = 

5%) 
Interpretation 

6.68 1 38 0.014 Pre-test and post-test dataset do 
not have equal   variance  
(P-value < 0.05). 

 
Based on the data in Table 6 and Table 7, to find out the statistical difference 
between the pre-test and post-test datasets, a non-parametric test was used, 
namely the Wilcoxon Signed Rank Test. Before this was conducted, the 
differences between the pre-test and post-test data for each student were first 
looked for. The results of the Wilcoxon Signed Rank Test of student knowledge 
data are presented in Table 8. 
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Table 8: Result of Wilcoxon Signed Rank Test 

N 
Wilcoxon 
Statistic 

P-value (α = 
5%) 

Interpretation 

20 210.00 0.000 Statistical significance between 
the pre-test and post-test 
dataset (P-value < 0.05) 

 
Referring to the data in Table 8, it is concluded that the interventions carried out 
can increase PSTs' knowledge of innovation about biotechnology projects 
embedded with SDGs values. This result is also coherent with the average 
normalised gain in Table 4, which is also positive and is at the sufficient level. 
 
4.3 Science Projects 
As stated in the research procedure, at the first meeting the lecturer introduced a 
video to PSTs talking about how different wavelengths of light can induce 
different sweetness in strawberries. In the science concept, strawberries have 
colour pigments that can capture light to further promote photosynthesis. 
Consequently, sugar produced during Calvin cycle increases the flavour of 
strawberries. PSTs then modified the variables of the research, and successfully 
created five project titles. The analysis of innovation is shown in Table 9.  

Table 9: Analysis of innovation of project titles 

No Project Titles 
Aspects of innovation 

SDGs 
S U U A C 

A 
The effect of 
light wavelength 
to nutrient level 
in local carrot 

Local 
carrots are 
abundant.  

The use of 
wavelength 
of light 

To increase 
local 
commodity 

The use of 
light with 
different 
colour 

Biology and 
physics 

Zero 
hunger, 
good 
health and 
wellbeing 

B The use of 
different light to 
attract insects 
and protect 
plants 

Lamp is 
set up 
alongside 
with insect 
trap. 

The use of 
wavelength 
to attract 
insects and 
change their 
behaviour 

Many chili 
plants are 
attacked by 
pests. 

The use of 
insect trap 
alongside 
with LED.  

Entomology, 
biology, and 
physics 

Life on 
land 

C The effect of 
light wavelength 
to the lifespan 
and growth of 
goldfish 

Goldfish is 
abundant; 
LED can 
be used as 
a source of 
light. 

The use of 
light can be 
used to affect 
the lifespan 
of goldfish 
juveniles 
within 
aquarium. 

Many 
juveniles are 
not able to 
continue 
their life due 
to diseases.  

It can be 
applied at 
home to 
protect 
juveniles 
from 
diseases.  

Animal 
anatomy and 
physio-logy, 
biology, and 
physics 

Life below 
water 

D MOLAR 
(Mosquito laser 
UV-R) to the 
growth of 
mosquito larvae 
of Dengue 

The 
materials 
are easy to 
set up; 
easy to 
handle 

It can help 
reduce the 
use of 
fogging; use 
different 
wavelength 

Many cases 
of dengue 
fever and 
pollution due 
to fogging 

It can be 
applied in 
endemic area 
but needs 
power 
supply. 

Biological 
knowledge, 
mosquito life 
cycle, and 
environment 

Good 
health and 
wellbeing 

E The effect of 
light wavelength 
to increase water 
quality in 
Surabaya 

The water 
is ample. 

The use of 
wavelength 
to influence 
bacterial 
growth in 
water 

The need of 
clean water 
in dense 
urban  

The tools are 
easy to 
modify and 
organise. 

Knowledge 
of water 
quality 

Clean 
water and 
sanitation 
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Indicators of innovation (SUUAC) 
S: simplicity: easy access to tools and materials 
U: Uniqueness:  not many people use it yet 
U: Urgency: urgent need 
A: Applicability: ease of use of the tool 
C: Credibility: knowledge need for the projects 
 

Table 9 shows that PSTs   created five different project titles in groups from a 
single independent variable, wavelength. The problems they raise are closely 
related to plantation, insects, fishing, and water quality, with which PSTs are 
familiar. The breakdown of the title shows aspects of innovation, including 
simplicity, uniqueness, urgency, applicability, and credibility. From the 
simplicity aspect, most of the titles are based on easiness and abundance. This 
benefits to the continuation of the projects. Since the idea comes from the same 
sources, the uniqueness of the ideas depends on the use of wavelengths, which   
seem to be effective in affecting small organisms and cells. Hence, the subjects 
PSTs use, consisting of insects, juveniles, microbes, and plants. In terms of 
urgency, PSTs see how useful their research ideas are to human beings, such as 
increasing food productivity and lowering the risk of diseases. From the table, 
all the ideas are applicable to solve problems and mostly involve biology and 
physics to deliver the ideas to scientific evidence. The scientific projects fall 
within different purposes of SDGs, like zero hunger, good health and wellbeing, 
life on land, life below water, and clean water and sanitation. To sum up, all the 
projects of the PSTs are successful to bring about the essence of SDGs from the 
perspective of what they learn.  

 

Figure 2: Poster of science project ideas using wavelengths of light to A. modify the 
nutritional content of carrots, B. ward off garlic pests, C. modify the habitat of 

goldfish, D. reduce the resistance of mosquito larvae, and E. improve water quality 
 
 

Figure 2 shows that each poster receives feedback from the other PSTs after 
presentation, leaving questions (red cards) and supports (green cards). Poster D 
obtains most red cards, meaning that many other PSTs are very curious towards 
the project about the use of wavelength to affect the life cycle of mosquitos. The 
second place is poster A talking about how to increase flavour as well as 
nutrients in local carrot. The least number of red cards is in poster E. PSTs in 
Department Faculty of Mathematics and Natural Sciences, Universitas Negeri 
Surabaya, were familiar with the parameter of freshwater quality when they 
programmed the Ecology course, including dissolved oxygen, biochemical 

A B C D E 
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oxygen demand, and biodiversity of plankton. This experience does not make 
them curious enough about project E.  
 

Table 10: Results of review and assessment of scientific projects 

No Title Review 

A The effect of light 
wavelength to nutrient 
level in local carrot 

• The idea raised is very good to increase local 
commodities. 

• All aspects studied are in accordance with the idea. 

B The use of different 
light to attract insects 
and protect plants 

• The title has not yet been formed, but the idea is 
very good. Insect trap with light is implemented to 
protect cultivated plants, namely chillies. 

• All aspects of SUUAC are in accordance with the 
idea review. 

C The effect of light 
wavelength to the 
lifespan and growth of 
goldfish 

• The idea is good, that is, wavelengths of light are 
used to increase fish resistance from the aspect of 
algae and bacterial growth. 

• The SUUAC aspect has been well-analysed. 

D MOLAR (Mosquito 
laser UV-R) to the 
growth of mosquito 
larvae of dengue 

• The title is very good. In the aspect of applicability, 
however, there is problem considering the light 
being used has a short wavelength with large 
energy that can harm genes.  

• Other aspects are appropriate. 

E The effect of light 
wavelength to increase 
water quality in 
Surabaya 

• The idea is very good, but still limited to biological 
indicators. Not yet in the realm of chemistry. 

• Aspects of credibility should be added to the 
science of biology and physics. 

• Other aspects are appropriate. 

 
As seen in Table 10, all scientific projects are sufficient to accommodate local 
issues as the source of problems. The use of wavelength as an independent 
variable is relevant to form influences on dependent variables. However, a few 
revisions should be made in terms of safety and knowledge needed for applying 
projects. The highest score of projects is D, whereas the lowest one is B due to 
not making the title (Figure 3).  
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 

Figure 3: Score of each scientific project made by PSTs 
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4.4 Formulating Teaching Practices for Curriculum Merdeka 

After conducting the presentation, students were asked to align their scientific 
projects to Curriculum Merdeka, taking into consideration learning outcomes and 
project themes of Merdeka Belajar (freedom of learning). 
 

Table 11: Mapping projects for science learning in Curriculum Merdeka 

No Science Projects 
Appropriate Learning 
Outcomes to Achieve 

Relevant Project Themes 
for Curriculum Merdeka  

1 
The effect of light 
wavelength to 
nutrient level in local 
carrot 

Students identify the 
application of 
biotechnology in everyday 
life. 

Lifestyle for sustainability, 
technology to build 
Indonesia, 
entrepreneurship, and local 
wisdom 

2 The use of different 
light to attract insects 
and protect plants 

1. Students identify 
interactions between 
living things and their 
environment. 

2. Students identify the 
application of 
biotechnology in 
everyday life. 

Lifestyle for sustainability, 
technology to build 
Indonesia; local wisdom 

3 The effect of light 
wavelength to the 
lifespan and growth 
of goldfish 

Students identify the 
application of 
biotechnology in everyday 
life. 

Lifestyle for sustainability, 
technology to build 
Indonesia; 
entrepreneurship 

4 MOLAR (Mosquito 
laser UV-R) to the 
growth of mosquito 
larvae of Dengue 

1. Students identify 
interactions between 
living things and their 
environment. 

2. Students identify the 
application of 
biotechnology in 
everyday life. 

Lifestyle for sustainability 
and technology to build 
Indonesia 

5 The effect of light 
wavelength to 
increase water 
quality   in Surabaya 

1. Students identify the 
application of 
biotechnology in 
everyday life. 

2. Students design efforts 
to prevent and 
overcome pollution 
and climate change. 

Lifestyle for sustainability 
and technology to build 
Indonesia 

 
Table 11 presents the alignment of science projects, learning outcomes, and 
project themes of Curriculum Merdeka. The data reveal that all projects 
contribute to the theme of sustainability and technology application. Only those 
which are close to agriculture and fishery support the theme of local wisdom 
and entrepreneurship. These themes are related to the value of products and 
how farmers plant crops using “Tumpangsari” [intercropping technique]. For 
learning outcomes, all scientific projects are in line with the learning outcomes of 
biotechnology since the projects have purposes to extend human life from the 
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view of the use of technology to affect insect behaviour, increase nutrient and 
growth and quality of water from the perspective of microorganisms. By 
knowing this, it is helpful for teachers to prepare their teaching and learning 
module of Curriculum Merdeka using biotechnology projects. Looking at the 
same technique to solve different problems will help teachers innovate their 
teaching materials for students. 
 

5. Discussion 
The findings revealed that PSTs give their perception after experiencing learning 
about concepts in biotechnology (see Table 3). Ten items of the questionnaire 
asked about PSTs’ personal opinions towards the biotechnology that supports 
human health and environmental cleanliness (Chalil et al., 2018), so that their 
perception relies on knowledge and attitudes (Dawson, 2007; Usak et al., 2009) 
to use biotechnology products such as vaccine, genetic modified crops (plant 
transgenic), processed food, and biofuel. It is not surprising then that many 
people positioned their positive expectation on biotechnology due to its 
significance to increase productivity of farming (Borlaug, 2000; Serageldin, 1999). 
From Table 3, eight items received more positive feedbacks from PSTs, while 
two of the items (item 9 and 10) had lower positive responses. However, these 
items are displayed on PSTs works as in Table 9, in that PSTs accommodate the 
role of microorganisms and cleanliness of water. In other words, what PSTs are 
less familiar with can be a positive construct to them in determining the decision 
of widening the area of learning (Figure 5). Previous research supported this 
finding since the perception can influence student decision-making of what to 
choose and what to do (Marcus & Velardi, 2022).   
     
Regarding the knowledge of innovation, biotechnology learning offers PSTs 
opportunities to modify the material they learn. The statistical analysis reveals 
that biotechnology learning with SDGs influences PSTs to increase their 
knowledge of innovation (see Table 8) P-value < 0.05 (0.000 < 0.005). The success 
of this treatment is driven by the characteristics of biotechnology itself. First, as 
an interdisciplinary subject, biotechnology allows students to immerse 
themselves in the areas in which most people are interested in or feel challenged 
(Aqil et al., 2020; Dunham et al., 2002; Frumkin & Haines, 2019; Ketpichainarong 
et al., 2010). For instance, learning biotechnology integrated with technology can 
help to learn molecules (Daniels et al., 2020); produce products, manipulate 
variables (Ketpichainarong et al., 2010), and communicate ethical dilemmas 
(Harfouche, n.d.; Harfouche & Nakhle, 2020). Second, unlike learning other 
subjects in the biological field, biotechnology is central to practical activities 
rather than theoretical activities, so that students can have opportunities to 
practise scientific methods while creating projects from surrounding problems 
(Marklin Reynolds & Hancock, 2010; Matthews et al., 2019; Membrillo-
Hernandez et al., 2019). Third, finding problems as a source of learning produces 
myriad impact to students as they grow with experience of facing difficulties 
(Corlu & Aydin, 2016; Jiménez-Cabré et al., 2019; Newman et al., 2015). 
Innovation often comes with a problem and a solution at the end, and, therefore, 
it reinforces in them that the projects they work on characterise their hard work. 
The acquisition of knowledge escalates what PSTs learn in modifying ideas of 
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scientific projects by the four indicators below (see Figure 4) except the indicator 
about applying the principles of bioethics (below 70%) since it is not displayed 
explicitly in the PSTs’ works (Table 9).       
 
 
 
 
 
 
 
 
 
 
  
 
 
  
 
 
 
 

Figure 4: The percentage of right answers per indicator 

 
The results support the effectiveness of learning biotechnology to innovate 
science through the aspect of SDGs, as students in groups successfully practised 
modification of the strawberries experiment with different wavelengths of light 
(see Figure 2). Every poster gets questions (curiosity) and comments that can be 
used to refine the ideas of projects. Presenting their own projects, asking 
questions, and giving feedback clearly depict activities of learning about 
decision-making (Helle et al., 2006; Morgan, 1983). It implies the fundamental 
aspects of the highest status of school of Mandiri Berbagi (Independent Sharing) 
at which teachers can innovate teaching materials (Inayati, 2022). Moreover, this 
benefits the PSTs when they teach, in that the innovation they produce can be 
used to support students where not all schools possess sufficient facilities of 
laboratories. Returning to the first research question, it can be implied from the 
results of analysis and the above explanation that learning biotechnology with 
embedded SDGs can effectively assist PSTs not only to have positive perception 
towards the use of biotechnology products and services to enhance the quality of 
human life, but also acquire knowledge about how to innovate or modify a 
single variable to generate various types of scientific projects by elaborating to 
different situations. This relates to Piaget’s theory about assimilation and 
accommodation. What PSTs are familiar with can help them to raise mental 
processing to scientifically implement the same treatment to other occurrences, 
as Özgelen (2012) found in his work with sixth and seventh graders. However, 
what PSTs need to do for further refinement of their scientific projects (Table 10 
and Figure 3) is to consider the relevancy of basic sciences to the problems and 
the safety for human life where it may relate to the data of Figure 4 in that some 
students do not successfully answer questions or problems with bioethics.       
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To date, Curriculum Merdeka offers seven themes for students to choose. These 
vary in terms of content, namely, sustainability issue, local wisdom, ideology, 
diversity, citizenship, technology, and entrepreneurship. In line with the core of 
science, the themes   selected to be used in science learning must be inherent 
with inquiry. Singer et al. (2010) contended that designing teaching materials in 
the form of projects must instruct students to formulate questions, measure or 
observe data, collect, and interpret data, and communicate the results. These 
essences remain vital to Curriculum Merdeka since it demands student skills to 
do observation, measurement, interpretation, and communication. According to 
Table 9, five titles of projects include the scientific method, starting from 
generating research problems, building hypotheses, measuring the data, 
analysing the results, and presenting the final products. Ika et al. (2022) found 
that Curriculum Merdeka consists of more than 80% of scientific content, which 
means that students are practically more familiar with the work of science. They 
can embed it to the themes even though they may not be directly related. In 
addition, the contents of Curriculum Merdeka are associated with the Nature of 
Science (NOS) in which it comprises tentativeness, subjectivity, empirical 
evidence, and scientific method. However, according to the results of analysis 
conducted by Ika et al. (2022), students in Indonesia still rely in their work on 
empirical evidence and scientific method. This finding also points out that PSTs’ 
ideas of scientific projects are still consistently practising such an approach and 
becomes the limitation of this study by not incorporating the value of 
tentativeness. For subjectivity, however, since PSTs modify their scientific 
projects with their own ideas, it seems that they do not disregard their own 
point of view.  
 
To answer the second research question, it can be seen from the data in Table 11 
in which all scientific project titles are relevant to four themes of projects, that is, 
lifestyle for sustainability, technology to build Indonesia, entrepreneurship, and 
local wisdom. The relevancy comes from the content of the titles. For instance, 
title 1 is in line with four themes altogether. The title “The effect of light 
wavelength to nutrient level in local carrot” accommodates issues like increasing 
food productivity, the use of simple technology, and supporting traditional 
farming. In terms of sustainability, Head et al. (2020) found that the awareness of 
bringing up the ideas of SDGs into what people learn, do or work is related to 
the experiences and involvements towards science activities. PSTs, in this sense, 
as university students in response to independent learning (Merdeka Belajar), are 
regularly participating in science activities both inside and outside campus, such 
as lab works, scientific fairs, and community services. Therefore, it is not 
surprising that those experiences provide access to students to create   projects 
which are in line with SDGs (Agirreazkuenaga, 2019) and the essence of 
Curriculum Merdeka. The following shows a flowchart of how biotechnology 
learning with SDGs can help PSTs align their ideas of scientific projects to the 
themes of Curriculum Merdeka.  
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Figure 5: A flowchart of the alignment of projects towards themes of Curriculum 
Merdeka  

 
The flowchart describes how biotechnology learning with SDGs can help PSTs 
align their ideas of scientific projects to the curriculum. The shaded boxes are the 
themes that match to the PSTs projects. According to Nugroho et al. (2018), the 
issues about tradition, sustainability, the use of technology, and 
entrepreneurship are vital aspects to sustain the development of areas in 
Indonesia, such as Pekalongan, Yogyakarta, and Surakarta. The boxes are 
matched to what Nugroho et al. (2018) found. By considering such a relevancy, 
PSTs can design teaching packages for students in junior high school through 
looking at learning outcomes in terms of understanding, science process skills, 
and project themes. Understanding refers to the mastery of science concepts 
including biology, physics and chemistry. Science process skills consist of 
observing phenomena, asking questions, planning and conducting experiment, 
analysing data, evaluating findings, and communicating the results 
(Kemdikbud, 2021). From these two parts of the curriculum, it can be seen the 
results of this study are placed at the initial effort for assisting PSTs in creating 
projects to plan implementation of Curriculum Merdeka. Project ideas fulfil 
understanding of science concepts and some parts of science process skills, such 
as observing phenomena, asking questions, and planning an experiment.  
 

6. Conclusion 
From the above explanation, it concludes that biotechnology learning effectively 
enhances PSTs’ perception, knowledge to innovate science and create scientific 
projects for supporting Curriculum Merdeka. Most students perceive that 
learning biotechnology mostly relates to the issues of food and health, whereas 
the process of making products or services obtains a lower score of perception. 
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However, the items of perception which have lower scores can be used to 
describe what students choose to learn in creating ideas for scientific projects. 
This is due to the response of PSTs after receiving initial learning of 
biotechnology with SDGs. In terms of knowledge of innovating science, the 
treatment reveals significant results, 0.000 < 0.05, to effectively help students 
understand the area of innovation which involves concepts of wavelength of 
light. It is tested using Wilcoxon Signed Rank Test. This result affects PSTs to be 
mostly successful in generating five ideas of scientific projects. When aligned 
with project themes and learning outcomes, the project can be useful as an initial 
effort for PSTs in planning implementation of Curriculum Merdeka. In other 
words, learning biotechnology can be useful to support teaching skills, 
especially in preparing project themes and achieving learning outcomes, in 
Curriculum Merdeka.     
 
Acknowledgement 

We would like to thank Directorate of Research, Technology, and Community 
Service, Directorate General of Higher Education, Research and Technology for 
the research Grant under the scheme of National Competitive Basic Research 
(DRTPM) No. 126/E5/PG.02.00.PT/2022. Also, we thank Universitas Negeri 
Surabaya for providing opportunities and research facilities to complete all the 
procedures for this research.   
 

7. References 
Agirreazkuenaga, L. (2019). Embedding sustainable development goals in education. 

teachers’ perspective about education for sustainability in the Basque 
autonomous community. Sustainability, 11, 1-17. https://doi:10.3390/su11051496  

Afroz, N, A, & Ilham, Z. (2020). Assessment of knowledge, attitude and practice of 
university students towards Sustainable Development Goals (SDGs). The Journal 
of Indonesia Sustainable Development Planning, 1(1), 31–44. 
https://doi.org/10.46456/jisdep.v1i1.12 

Akanle, O., Kayode, D., Abolade, I., & Serpa, S. (2022). Sustainable development goals 
(SDGs) and remittances in Africa. Cogent Social Sciences, 8(1), 1-6. 
https://doi.org/10.1080/23311886.2022.2037811 

Almutairi, A., Everatt, J., Snape, P., & Fox-Turnbull, W. (2014). Exploring the 
relationship between science and technology in the curriculum. Australasian 
Journal of Technology Education, 1, 49–63. https://doi.org/10.15663/ajte.v1i1.16 

Amin, L., Hamdan, M. F., Hashim, R., & Samani, M. C. (2011). Enhancing biotechnology 
education through annotated bibliographies. Procedia - Social and Behavioral 
Sciences, 15, 3389-3393. https://doi.org/10.1016/j.sbspro.2011.04.306 

Anderson, K., Ryan, B., Sonntag, W., Kavvada, A., & Friedl, L. (2017). Earth observation 
in service of the 2030 agenda for sustainable development. Geo-spatial Information 
Science, 20(2), 77-96. https://doi.org/10.1080/10095020.2017.1333230 

Aqil, D. I., Hudaya, A., & Wulansari, L. (2020). Learning innovation through 
biopreneurship to improve the interest of entrepreneurs of madrasah aliyah 
students based on boarding school. Journal of Education and Learning (EduLearn), 
14(1), 47–54. https://doi.org/10.11591/edulearn.v14i1.13605 

Asveld, L., Osseweijer, P., & Posada, J. A. (2019). Societal and ethical issues in industrial 
biotechnology. In M. Fröhling & M. Hiete (Eds.), Sustainability and Life Cycle 
Assessment in Industrial Biotechnology (Vol. 173, pp. 121–141). Springer 
International Publishing. https://doi.org/10.1007/10_2019_100 



425 

 

http://ijlter.org/index.php/ijlter 

Baharullah, Satriani, S., Arriah, F., & Hidayah, A. (2022). Implementation of the merdeka 
belajar curriculum through the application of project-based learning models to 
improve student learning outcomes in mathematics learning. MaPan: Jurnal 
Matematika dan Pembelajaran, 10(2), 334-347. 
https://doi.org/10.24252/mapan.2022v10n2a6 

Bappenas. (2019). Roadmap of SDGs. Ministry of National Development Planning 

Borlaug, N. E. (2000). Ending world hunger. the promise of biotechnology and the threat 
of antiscience zealotry. Plant Physiology, 124(2), 487–490. 
https://doi.org/10.1104/pp.124.2.487 

Chabalengula, V. M., Mumba, F., & Chitiyo, J. (2011). Elementary education preservice 
teachers' understanding of biotechnology and its related processes. Biochem Mol 
Biol Educ, 39(4), 321-325. https://doi.org/10.1002/bmb.20505 

Chalil, D., Belinawati, R. A. P., Soesilo, T. E. B., Asteria, D., Harmain, R., Sidique, S. F., & 
Fatoni, M. I. (2018). Sustainability: Citarum River, government role on the face of 
SDGs (water and sanitation). E3S Web of Conferences, 52(1), 1-7. 
https://doi.org/10.1051/e3sconf/20185200038 

Chyung, S. Y., Roberts, K., Swanson, I., & Hankinson A. (2017). Evidence-based survey 
design: The use of a midpoint on the Likert scale. Performance Improvement, 
56(10), 15-23. https://doi.org/10.1002/pfi.21727 

Corlu, M. A., & Aydin, E. (2016). Evaluation of learning gains through integrated STEM 
projects. International Journal of Education in Mathematics, Science and Technology, 
4(1), 20-29. https://doi.org/10.18404/ijemst.35021 

Cornelissen, M., Małyska, A., Nanda, A. K., Lankhorst, R. K., Parry, M. A. J., Saltenis, V. 
R., Pribil, M., Nacry, P., Inzé, D., & Baekelandt, A. (2021). Biotechnology for 
tomorrow’s world: Scenarios to guide directions for future innovation. Trends in 
Biotechnology, 39(5), 438–444. https://doi.org/10.1016/j.tibtech.2020.09.006 

Crawford, C. A. (2018). Principles of Biotechnology. Salem Press. 

Creswell, J. W. (2012). Educational research: Planning, conducting, and evaluating quantitative 
and qualitative research (4th ed). Pearson. 

Czvetko, T., Honti, G., Sebestyen, V., & Abonyi, J. (2021). The intertwining of world 
news with Sustainable Development Goals: An effective monitoring tool. 
Heliyon, 7(2), 1-21. https://doi.org/10.1016/j.heliyon.2021.e06174 

Daniels, A. L., Calderon, C. P., & Randolph, T. W. (2020). Machine learning and 
statistical analyses for extracting and characterizing “fingerprints” of antibody 
aggregation at container interfaces from flow microscopy images. Biotechnology 
and Bioengineering, 117(11), 3322–3335. https://doi.org/10.1002/bit.27501 

Davis, K. S. (2003). “Change is hard”: What science teachers are telling us about reform 
and teacher learning of innovative practices. Science Education, 87(1), 3–30. 
https://doi.org/10.1002/sce.10037 

Dawson, V. (2007). An exploration of high school (12–17 year old) students’ 
understandings of, and attitudes towards biotechnology processes. Research in 
Science Education, 37(1), 59–73. https://doi.org/10.1007/s11165-006-9016-7 

Dunham, T., Wells, J., & White, K. (2002). Biotechnology education: A multiple 
instructional strategies approach. Journal of Technology Education, 14(1), 65-81. 
https://doi.org/10.21061/jte.v14i1.a.5 

Fernández-Batanero, J. M., Román-Graván, P., Reyes-Rebollo, M. M., & Montenegro-
Rueda, M. (2021). Impact of educational technology on teacher stress and 
anxiety: a literature review. International Journal of Environmental Research and 
Public Health, 18(2), 1-13. https://doi.org/10.3390/ijerph18020548 

Fraenkel, J. R., Wallen, N. E., & Hyun, H. H. (2012). How to Design and Evaluate Research 
in Education (8th ed). McGraw-Hill 

https://doi.org/10.1051/e3sconf/20185200038


426 

 

http://ijlter.org/index.php/ijlter 

Fröhling, M., & Hiete, M. (2020). Sustainability and life cycle assessment in industrial 
biotechnology: A review of current approaches and future needs. In M. Fröhling 
& M. Hiete (Eds.), Sustainability and Life Cycle Assessment in Industrial 
Biotechnology (Vol. 173, pp. 143–203). Springer International Publishing. 
https://doi.org/10.1007/10_2020_122 

Frumkin, H., & Haines, A. (2019). Global environmental change and noncommunicable 
disease risks. Annual Review of Public Health, 40(1), 261–282. 
https://doi.org/10.1146/annurev-publhealth-040218-043706 

Harfouche, A. L. (2021). Promoting ethically responsible use of agricultural 
biotechnology. Trends in Plant Science, 26(6) 546-559. 
https://doi.org/10.1016/j.tplants.2020.12.015 

Harfouche, A. L., & Nakhle, F. (2020). Creating bioethics distance learning through 
virtual reality. Trends in Biotechnology, 38(11), 1187–1192. 
https://doi.org/10.1016/j.tibtech.2020.05.005 

Head, J. S., Crockatt, M. E. Didarali, Z., Woodward, M-J., & Emmett, B. A. (2020). The 
role of citizen science in meeting SDG targets around soil health. Sustainability, 
12, 1-20. https://doi:10.3390/su122410254  

Heath, C., & Heath, D. (2008). Made to stick: Why Some Ideas Survive and Others Die (2008 
Random House hardcover edition). Random House. 

Heinrichs, C. R. (2016). Exploring the influence of 21st century skills in a dual language 
program: A case study. International Journal of Teacher Leadership, 7(1), 37-57. 
Retrieved from https://eric.ed.gov/?id=EJ1137667 

Helle, L., Tynjälä, P., & Olkinuora, E. (2006). Project-based learning in post-secondary 
education – theory, practice and rubber sling shots. Higher Education, 51(2), 287–
314. https://doi.org/10.1007/s10734-004-6386-5 

Hogan, D., & O’Flaherty, J. (2021). Addressing education for sustainable development in 
the teaching of science: The case of a biological sciences teacher education 
program. Sustainability, 13(21), 1-22. https://doi.org/10.3390/su132112028 

Hubers, M. D., D.Endedijk, M., & Van Veen, K. (2022). Effective characteristics of 
professional development programs for science and technology education. 
Professional Development in Education, 48(5), 827–846. 
https://doi.org/10.1080/19415257.2020.1752289 

Inayati, U. (2022). Konsep dan implementasi Kurikulum Merdeka pada pembelajaran abad-21 di 
SD/MI: 2nd ICIE: International Conference on Islamic Education, 293-304. 
http://proceeding.iainkudus.ac.id/index.php/ICIE 

Rosmiati, I., Agustina, N.S., Maulana, Y., & Widodo, A. (2022). Analysis of the nature of 
science in the “merdeka” curriculum and elementary science books and their 
comparison between countries. Jurnal Penelitian PendidikanIPA, 8(3), 1618–1626. 
https://doi.org/10.29303/jppipa.v8i3.1701 

Jiménez-Cabré, E., Moreno-Pérez, S., Bailen-Andrino, M., Santos-Moriano, P., 
Rodríguez-Gómez, M. D. P., Bressa, C., Flores-Aguilar, A., Mattera, M., 
Martínez-Martínez, M., Rivera-Torres, J., Perona-Requena, A., Del Arco-Arrieta, 
J., Gil-Dones, F., Hormigo-Cisneros, D., Fernández-Lucas, J., López-Fontal, R., & 
Moral-Dardé, V. (2019). Integrating Subjects through Project-Based Learning 
Methodologies: A Novel Academic Model in the Degree of Biotechnology at Universidad 
Europea. 10561–10566, https://doi.org/10.21125/iceri.2019.2595 

Ketpichainarong, W., Panijpan, B., & Ruenwongsa, P. (2010). Enhanced learning of 
biotechnology students by an inquiry-based cellulase laboratory. 169–187. Retrieved 
from https://eric.ed.gov/?id=EJ884417. 

Khan, I., Lei, H., Shah, I. A., Ali, I., Khan, I., Muhammad, I., Huo, X., & Javed, T. (2020). 
Farm households’ risk perception, attitude and adaptation strategies in dealing 

https://doi:10.3390/su122410254
https://doi.org/10.29303/jppipa.v8i3.1701


427 

 

http://ijlter.org/index.php/ijlter 

with climate change: Promise and perils from rural Pakistan. Land Use Policy, 91, 
(104395), 1-11. https://doi.org/10.1016/j.landusepol.2019.104395 

Klop, T., Severiens, S. E., Knippels, M. P. J., van Mil, M. H. W., & Ten Dam, G. T. M. 
(2010). Effects of a Science Education Module on Attitudes towards Modern 
Biotechnology of Secondary School Students. International Journal of Science 
Education, 32(9), 1127–1150. https://doi.org/10.1080/09500690902943665 

Kusumastuti, Y. S., Parlina, N., Anugrahsari, S., & Adrianus Sihombing, A. (2021). 
Merdeka Belajar in an Online Learning during The Covid-19 Outbreak: Concept 
and Implementation. Asian Journal of University Education, 17(4), 35-48. 
https://doi.org/10.24191/ajue.v17i4.16207 

Lee, M. C., Field, L., Schmidt, J., Scritchfield, R., & Toner, C. (2013). Food biotechnology: A 
communicator’s guide to improving understanding. International Food Information 
Council Foundation. 

Limson, J. (2021). Putting responsible research and innovation into practice: A case study 
for biotechnology research, exploring impacts and RRI learning outcomes of 
public engagement for science students. Synthese, 198(S19), 4685–4710. 
https://doi.org/10.1007/s11229-018-02063-y 

Maipita, I., Dalimunthe, M. B., & Sagala, G. H. (2021). The Development Structure of the 
Merdeka Belajar Curriculum in the Industrial Revolution Era: International 
Conference on Strategic Issues of Economics, Business and, Education (ICoSIEBE 
2020), Medan, Indonesia. https://doi.org/10.2991/aebmr.k.210220.026 

Malhi, G. S., Kaur, M., & Kaushik, P. (2021). Impact of Climate Change on Agriculture 
and Its Mitigation Strategies: A Review. Sustainability, 13(3), 1-21. 
https://doi.org/10.3390/su13031318 

Marklin Reynolds, J., & Hancock, D. R. (2010). Problem‐based learning in a higher 
education environmental biotechnology course. Innovations in Education and 
Teaching International, 47(2), 175–186. 
https://doi.org/10.1080/14703291003718919 

Markus, R. D. & Velardi, S. H. (2022). Perceptions of genetically modified and 
bioengineered organisms and corresponding food labels among undergraduate 
students at Binghamton University. Renewable Agriculture and Food Systems, 38(7) 
1-11. https://doi.org/10.1017/S1742170522000400  

Marx, R. W., Blumenfeld, P. C., Krajcik, J. S., Blunk, M., Crawford, B., Kelly, B., & Meyer, 
K. M. (1994). Enacting Project-Based Science: Experiences of Four Middle Grade 
Teachers. The Elementary School Journal, 94(5), 517–538. 
https://doi.org/10.1086/461781 

Matthews, N. E., Cizauskas, C. A., Layton, D. S., Stamford, L., & Shapira, P. (2019). 
Collaborating constructively for sustainable biotechnology. Scientific Reports, 
9(1), 1-15. https://doi.org/10.1038/s41598-019-54331-7 

Membrillo-Hernandez, J., Munoz-Soto, R. B., Rodriguez-Sanchez, A. C., Diaz-Quinonez, 
J. A., Villegas, P. V., Castillo-Reyna, J., & Ramirez-Medrano, A. (2019). Student 
Engagement Outside the Classroom: Analysis of a Challenge-Based Learning 
Strategy in Biotechnology Engineering. 2019 IEEE Global Engineering Education 
Conference (EDUCON), 617–621. 
https://doi.org/10.1109/EDUCON.2019.8725246 

Mohamed, N. B., Suryawati, E., & Osman, K. (2014). Students’ biotechnology literacy: 
The pillars of STEM education in Malaysia. EURASIA Journal of Mathematics, 
Science & Technology Education, 10(3), 195-207. 
https://doi.org/10.12973/eurasia.2014.1074a 

Morgan, A. (1983). Theoretical aspects of project-based learning in higher education. 
British Journal of Educational Technology, 14(1), 66–78. 



428 

 

http://ijlter.org/index.php/ijlter 

Nanggala, A., & Suryadi, K. (2022). Realizing the Philanthropy Movement through 
Citizenship Education Learning at Independent Campuses: Annual Civic Education 
Conference (ACEC 2021), Bandung, Indonesia. 
https://doi.org/10.2991/assehr.k.220108.001 

Neina, Q., & Qomariyah, U. u. (2021). The Identification of Merdeka Belajar (Freedom of 
Learning) Values Through the Development of Portfolio Assessment Instruments in 
Secondary Schools. Paper presented at the Proceedings of the 9th UNNES Virtual 
International Conference on English Language Teaching, Literature, and 
Translation, ELTLT 2020, 14-15 November 2020, Semarang, Indonesia.  

Newman, J. L., Dantzler, J., & Coleman, A. N. (2015). Science in action: How middle 
school students are changing their world through STEM service-learning 
projects. Theory Into Practice, 54(1), 47–54. 
https://doi.org/10.1080/00405841.2015.977661 

Niemi, R. G., & Weisberg, H. F. (1974). Single-peakedness and Guttmann scales: Concept 
and measurement. Public Choice, 20(1), 33–45. 
https://doi.org/10.1007/BF01718176 

NSTA. (2012). Professional Development: NSTA Standards for Science Teacher 
Preparation. Retrieved from http://bit.ly/2DmZIi1 

Nugroho, P., Artiningsih A., Tyas, W. P. Asyfa, I. (2018). Sustainable development goals 
(sdgs) and the emergence of creative cities in Indonesia: Comparative studies 
from Pekalongan, Yogyakarta, and Surakarta during the Covid-19 pandemic. 
IOP Conf. Series: Earth and Environmental Science, 1082, 1-17. 
https://doi:10.1088/1755-1315/1082/1/012018 

Nurani, D., Anggraini, L., Misiyanto, & Mulia, K. R. (2022). Serba-Serbi Kurikulum 
Merdeka: Kekhasan Sekolah Dasar. Tim Pusat Kurikulum dan Pembelajaran 
(Puskurjar), BSKAP. 

OECD. (2018). “Indonesia”, in Education at a Glance 2018: OECD Indicators. OECD 
Publishing. 

Ozgelen, S. (2012) Students’ science process skills within a cognitive domain framework. 
Eurasia Journal of Mathematics, Science & Technology Education, 8(4), 283-292. 
http://dx.doi.org/10.12973/eurasia.2012.846a 

Purwananto, A. T. (2022). Perencanakan pembelajaran bermakna dan asesmen 
Kurikulum Merdeka. Journal Pedagogy, 15(1), 75-94. 
http://www.jurnal.staimuhblora.ac.id/index.php/pedagogy/article/view/116  

Rahayu, R., Rosita, R., Rahayuningsih, Y. S., Hernawan, A. H., & Prihantini, P. (2022). 
Implementasi Kurikulum Merdeka Belajar di Sekolah Penggerak. Jurnal Basicedu, 
6(4), 6313–6319. https://doi.org/10.31004/basicedu.v6i4.3237 

Restu, R., Sriadhi, S., Gultom, S., & Ampera, D. (2022). Implementation of the Merdeka 
Belajar-Kampus Merdeka Curriculum based On the RI 4.0 platform at Universitas 
Negeri Medan. 6(6), 10161–10176. 

Ring-Whalen, E., Dare, E., Roehrig, G., Titu, P., & Crotty, E. (2018). From conception to 
curricula: The role of science, technology, engineering, and mathematics in 
integrated STEM units. International Journal of Education in Mathematics, Science 
and Technology, 343–362. https://doi.org/10.18404/ijemst.440338 

Rozi, F., Prawijaya, S., & Ratno, S. (2021). Development of Interactive E-Modules Based on 
Google Docs in Basic Concepts of Biology Curriculum MBKM UNIMED FIP PGSD 
Study Program: Proceedings of the 6th Annual International Seminar on 
Transformative Education and Educational Leadership (AISTEEL 2021). 
https://dx.doi.org/10.2991/assehr.k.211110.193 

Ryan, S. J., Carlson, C. J., Mordecai, E. A., & Johnson, L. R. (2019). Global expansion and 
redistribution of Aedes-borne virus transmission risk with climate change. PLOS 

http://www.jurnal.staimuhblora.ac.id/index.php/pedagogy/article/view/116


429 

 

http://ijlter.org/index.php/ijlter 

Neglected Tropical Diseases, 13(3), e0007213. 
https://doi.org/10.1371/journal.pntd.0007213 

Santika, W. G., Anisuzzaman, M., Simsek, Y., Bahri, P. A., Shafiullah, G. M., & Urmee, T. 
(2020). Implications of the sustainable development goals on national energy 
demand: The case of Indonesia. Energy, 196(1), 1-15. 
https://doi.org/10.1016/j.energy.2020.117100 

Savova, A., Mitov, K., Stoimenova, A., Manova, M., & Petrova, G. (2014). Pharmaceutical 
biotechnology education in the pharmacy curriculum at European Universities. 
Biotechnology & Biotechnological Equipment, 26(4), 3187-3191. 
https://doi.org/10.5504/bbeq.2012.0054 

Serageldin, I. (1999). Biotechnology and Food Security in the 21st Century. Science, 
285(5426), 387–389. https://doi.org/10.1126/science.285.5426.387 

Singer, J., Marx, R. W., Krajcik, J., & Chambers, J. C. (2010). Constructing Extended 
Inquiry Projects: Curriculum Materials for Science Education Reform. 
Educational Psychologist, 35(3), 165-178. 
http://doi.org/10.1207/S15326985EP3503_3 

Sopiansyah, D., Masruroh, S., Zaqiah, Q. Y., Erihadiana, M. (2021). Konsep dan 
Implementasi Kurikulum MBKM (Merdeka Belajar Kampus Merdeka). Reslaj: 
Religion Education Social Laa Roiba Journal, 4(1), 34-41. 
https://doi.org/10.47467/reslaj.v4i1.458  

Supriati, R., Royani Dewi, E., Triyono, Supriyanti, D., & Azizah, N. (2022). 
Implementation framework for Merdeka Belajar Kampus Merdeka (MBKM) in 
higher education academic activities. IAIC Transactions on Sustainable Digital 
Innovation (ITSDI), 3(2), 150–161. https://doi.org/10.34306/itsdi.v3i2.555 

Suryaman, M. (2020). Orientasi pengembangan kurikulum merdeka belajar. Prosiding 
Seminar Daring Nasional: Pengembangan Kurikulum Merdeka Belajar, 13-28. 

Telaumbanua, Y., Yalmiadi, Y., & Ritmi, T. (2022). The MECRI Nadiem Makarim’s 
“Freedom of Learning”: A critical study of John Dewey’s pragmatic philosophy. 
Modality Journal: International Journal of Linguistics and Literature, 2(1), 1-15. 
https://doi.org/10.30983/mj.v2i1.5392 

Thieman, W. J., & Palladino, M. A. (2013). Introduction to Biotechnology (3rd ed.). Pearson. 

Tjaija, A. (2022). Implementation of ‘Freedom to Learn, Independent Campus’ (MBKM) 
policy. AL-ISHLAH: Jurnal Pendidikan, 14(1), 319-328. 
https://doi.org/10.35445/alishlah.v14i1.2115 

Usak, M., Erdogan, M., Prokop, P., & Ozel, M. (2009). High school and university 
students’ knowledge and attitudes regarding biotechnology: A Turkish 
experience. Biochemistry and Molecular Biology Education, 37(2), 123–130. 
https://doi.org/10.1002/bmb.20267 

UNESCO. (2017a). Cracking the code: Girls’ and women’s education in science, technology, 
engineering and mathematics (STEM). United Nations Educational, Scientific and 
Cultural Organization. 

UNESCO. (2017b). Reading the past, writing the future: Fifty Years of Promoting Literacy. 
United Nations Educational, Scientific and Cultural Organization 

Yeh, Y. F., Jen, T. H., & Hsu, Y. S. (2012). Major strands in scientific inquiry through 
cluster analysis of research abstracts. International Journal of Science Education, 
34(18), 2811-2842. https://doi.org/10.1080/09500693.2012.663513 

Yulianto, B., Sujarwanto, S., Harmanto, H., Martadi, M., Sueb, S., & Subekti, H. (2021). 
Synergy of industrial sector for the implementation of MBKM curriculum: 
Where innovators and investors meet. Advances in Social Science, Education and 
Humanities Research, 627(1), 1-5. https://doi.org/10.2991/assehr.k.211229.053 

https://doi.org/10.1126/science.285.5426.387
http://doi.org/10.1207/S15326985EP3503_3
https://doi.org/10.47467/reslaj.v4i1.458
https://doi.org/10.34306/itsdi.v3i2.555
https://doi.org/10.2991/assehr.k.211229.053


430 

 

http://ijlter.org/index.php/ijlter 

Yulianto, H. (2022). Implementation of Learning Assessment Model on The Curriculum 
of Merdeka Belajar. Technical and Vocational Education International Journal 
(TAVEIJ), 2(2), 22 – 34. https://doi.org/10.556442/taveij.v2i2 

Yudhawasthi, C. M., & Christiani, L. (2022). Challenges of higher educational 
documentary institutions in supporting Merdeka Belajar Kampus Merdeka 
Program. Khizanah Al-Hikmah: Jurnal Ilmu Perpustakaan, Informasi, Dan Kearsipan, 
9(2), 193. https://doi.org/10.24252/kah.v9cf2 

Zakiyyah, Z., Cahyani, M. D., & Fatnah, N. (2021). Readiness of the Science Education 
Study Program in the Implementation of the ‘Merdeka Belajar—Kampus Merdeka’ 
(MBKM) Curriculum. Scientiae Educatia, 10(2), 160-168. 
https://doi.org/10.24235/sc.educatia.v10i2.9243 

Zeng, Y., Maxwell, S., Runting, R. K., Venter, O., Watson, J. E. M., & Carrasco, L. R. 
(2020). Environmental destruction not avoided with the Sustainable 
Development Goals. Nature Sustainability, 3(10), 795-798. 
https://doi.org/10.1038/s41893-020-0555-0 

Zinsstag, J., Crump, L., Schelling, E., Hattendorf, J., Maidane, Y. O., Ali, K. O., 
Muhummed, A., Umer, A. A., Aliyi, F., Nooh, F., Abdikadir, M. I., Ali, S. M., 
Hartinger, S., Mäusezahl, D., de White, M. B. G., Cordon-Rosales, C., Castillo, D. 
A., McCracken, J., Abakar, F., … Cissé, G. (2018). Climate change and one health. 
FEMS Microbiology Letters, 365(11), 1-9. https://doi.org/10.1093/femsle/fny085 

 

Appendix 1 

Instrument of Student Perception 

No Items 
Response 

Yes No 

1 I have heard of the term Sustainable Development 
Goals (SDGs). 

  

2 In my opinion, the use of biotechnology can reduce 
hunger in developing countries.  

  

3 In my opinion, vaccines are important to support 
human health. 

  

4 In my opinion, the concept of sustainability is the 
main concept in the field of biotechnology. 

  

5 In my opinion, transgenic plants can increase 
productivity and help to create zero hunger. 

  

6 In my opinion, the use of stem cells can maintain 
health of the human body. 

  

7 In my opinion, fermentation can support clean 
energy. 

  

8 In my opinion, the protein of Tempe is easily 
absorbed by human body and helps to relieve 
kwashiorkor. 

  

9 In my opinion, PCR can identify genetic material 
and is ideal to reduce initial spread of viruses. 

  

10 In my opinion, methane can be used to help 
achieving SDGs on sanitation. 
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Appendix 2 

Sample of Paper-Pencil Test Items 

 

No. Indicators Questions 

1 Linking the role of 
biotechnology to 
support food 
supply. 

Look at the following graph! 

Here is the data related to the vitamin deficiency. 
Most people in the country consume a little number 
of fruit and much amount of carbohydrate 
containing food.  

 

 

 

 

 

 

 

 

 

 

Figure: a graph showing the cases of vitamin 
deficiency. 

 

According to the data above, the solution that is 
applicable is …. 

A. The use of gene insertion to induce the 
production of new nutrient. 

B. The use of modified pollinators to help seed 
production. 

C. The use of hydroponics with enhanced 
macronutrients. 

D. The application of biopesticides to lower the 
population of bugs. 

E. The use of organic fertilizer to enhance the 
nutrients in crops.   

2 Identifying the 
benefits of 
biotechnology to 
improve 
environmental 
hygiene 

Read the following title of the project below: 

“The use of biodiversity of bacteria on arabica dried 
leaves as the solution to reduce moler disease 
impact level in onion”.  

If you want to apply the project to solve 
environmental issue, the strength of the title can be 
inferred from …. 

A. the dried leaves that people get rid of.  

B. the diseases in onion. 

C. the biodiversity of bacteria. 

D. the reduction of disease impact level. 
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No. Indicators Questions 

E. both bacteria and the dried leaves.    

3 Analysing 
biotechnology 
projects to be 
applied to problems 
in Indonesia 

Indonesia has focused to point out the issue of 
bioethics to support SDGs. The following idea that 
seems to be the most urgent and relevant to the 
statement is …. 

A. The effect of cengkih leaves on mice’s lungs 
exposed to cigarettes. 

B. The use of multi-layered soils to induce the 
speed of composting. 

C. The use of nanoparticles from active 
compounds of belimbing wuluh as the 
indicator for mercury.  

D. The use of chitosan to protect fruits from 
decaying process.  

E. Instability of gene tetM which codes antibiotic 
resistance of Lactobacillus casei. 

4 Explaining the 
direction of SDGs in 
Indonesia through 
biotechnology 

Indonesia has complex issues. One of which is 
environmental cleanliness. The issue is already the 
focus of SDGs. The following aspect that best 
describes the relevancy of biotechnology towards 
SDGs is that biotechnology …. 

A. supports soil fertility through bioremediation. 
B. increases the water quality through the control 

of mosquitos.  
C. reduces water pollution through the use 

hydrocarbon-degrading bacteria.  
D. helps to reduce pollutants in soils through the 

application of transgenic plants. 
E. helps water cleanliness by using enhanced E. 

coli.  

5 Applying the 
principles of 
bioethics  

Indonesia has focused to point out the issue of 
bioethics to support SDGs. The following idea that 
seems to be the most urgent and relevant to the 
statement is …. 

A. The effect of cengkih leaves on mice’s lungs 
exposed to cigarettes. 

B. The use of multi-layered soils to induce the 
speed of composting. 

C. The use of nanoparticles from active 
compounds of belimbing wuluh as the 
indicator for mercury.  

D. The use of chitosan to protect fruits from 
decaying process. 

E. Instability of gene tetM which codes antibiotic 
resistance of Lactobacillus casei. 
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Appendix 3 

Rubric for science project ideas 

Aspects 
Scale 

1 (poor) 2 (acceptable) 3 (good) 4 (very good) 

 Simplicity The ideas are 
complex and 
incomprehensible. 

The ideas are 
complex but still 
understandable. 

The ideas are 
simple and 
understandable. 

The ideas are 
simple, 
understandable, 
and easy to 
remember. 

Uniqueness Ideas are easy to 
find on google 
scholar, more 
than 8 pieces of 
information 
appeared on the 
front page. 

Ideas are easy to 
find on google 
scholar, between 
6 -7 pieces of 
information 
appeared on the 
front page. 

Ideas are easy to 
find on google 
scholar, between 
3 – 5 pieces of 
information on 
the front page. 

Ideas can be 
found on google 
scholar, between 
1 – 3 pieces of 
information 
appeared on the 
front page. 

Urgency The ideas that 
emerge do not 
have a clear 
urgency. 

The ideas that 
emerge have a 
clear urgency 
but are limited 
to small or local 
scales of interest. 

The ideas that 
emerge have a 
clear urgency 
and influence on 
a broader scale 
of interest. 

The ideas that 
emerge have a 
clear urgency on 
a wider 
community, and 
focus on the 
sustainability 
issues. 

Applicability The idea is 
difficult to 
implement. 

Ideas are 
potential to be 
implemented. 

The idea created 
can be carried 
out with PSTs 
competencies. 

The idea created 
can be carried out 
with PSTs 
competencies and 
have predictable 
results. 

Credibility Ideas are difficult 
to apply with the 
science 
knowledge of 
PSTs. 

Ideas are 
applicable with 
at least one field 
of science 
knowledge of 
PSTs.  

Ideas are 
applicable with 
at least two 
fields of science 
knowledge of 
PSTs. 

Ideas are 
applicable with at 
least three fields 
of science 
knowledge of 
PSTs.  

 


