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1. Introduction

The global issue that is being discussed at this time is environmental damage, both in the form
of air, water and soil pollution, as well as land and intentional damage. Environmental damage
today is not only about pollution, but increased carbon emissions that can cause an increase in
earth's temperature and ecosystem imbalance due to global warming (Rauland, et al. 2019).
Actions to prevent environmental damage have been taken, one of which is by conserving the
environment, implementing the 3Rs (Reduce, Reuse, Recylce) with a plastic bag diet, laws on the
use of electric vehicles, and improving the quality of vehicle fuel (octane) to reduce the amount of
carbon emissions exposed to the wild so that there can be sustainable environmental development,
so that future generations can still enjoy and utilize the natural resources around them.
Environmental damage today is not only about pollution, but the increase in carbon emissions that
can cause an increase in earth's temperature and ecosystem imbalance due to global warming.
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Sustainable environmental development in Indonesia today has only explored the legislation,
economic and manufacturing stages. Meanwhile, in education, it is still limited to Environmental
education subjects with material that has not been updated on current issues and is only limited to
material that is explained by measuring cognitive evaluation alone. Meanwhile, what is needed for
sustainable environmental development is literacy from students and college students so that it can
beimplemented in their daily lives. One of the effective solutions to tackle environmental problems
is through educational programs, including at the university level (Farwati, et al. 2018). Student
literacy is very important to be explored so that their understanding of something, especially the
environment, can be passed on and implemented to their students at school later and in the
surrounding environment, considering that students are agents of change.

Literacy itself is a person's ability to identify, understand, interpret, communicate, create, and
implement their knowledge in various contexts (OECD, 2018). Literacy in education already has
evaluation results as stated in the PISA test which is an OECD international assessment program
for 15-year-old students by measuring reading, mathematics, and science literacy, both in
knowledge and skills. The results of reading literacy, math, and science in the 2018 PISA test,
Indonesia ranked 69 out of 79 participating countries (OECD, 2018). This proves that the literacy
of Indonesian students still needs improvement. Likewise with environmental literacy, the results
of which have not seen a significant increase (Nasution, 2016).

STEM learning has been widely adapted and implemented in learning, especially science.
STEM has also been included in the learning curriculum from kindergarten to college. STEM in
science learning has many forms of approaches such as PJBL (Project Based learning) (Kristian, et
al. 2017), PBL (Problem Based Learning) (Putri, et al. 2020), and DBL (Design Based Learning)
(Bozkurt Altan, & Tan, 2020). In addition to approaches, there are also media and teaching
materials such as STEM-based E-modules that can improve student learning performance
(Nurramadhani, et al. 2020). Based on these approaches and media in science learning, there are
measurable results, namely better student learning outcomes (Meyric, 2011), students' critical
thinking skills that are increasingly formed (Mutakinati, et al. 2018) and student questioning skills
that have a slight increase (Nurramadhani, & Permana, 2020) In addition to the skills that can be
honed with STEM learning, there are also student literacy that increases when STEM learning is
applied, such as STEM literacy (Aninda, et. al. 2019) and science literacy (Kusumastuti, et al.
2019). Based on the results of the above research, it can be seen that by implementing STEM
learning in science learning, it can foster several essential skills such as critical thinking skills, and
other high-level skills, and can foster student literacy.

Accordingto (Nasution,2016), changes inliteracy, especially environmental literacy, are largely
influenced by classroom learning. The learning provided by teachers in terms of materials,
methods, models, and learning media greatly affects students' environmental literacy. There are
already several ways of learning outlined in the results of research to improve environmental
literacy, such as: 1) using practicum method (Harness & Drossman, 2011); 2) using project-based
model (Farida, et al. 2017); 3) using discussion method (Sephard, et al. 2014); and 4) using one-
way media such as videos and movies (Kostova, & Vladimirova,2018). However, no one has used
kamishibai learning media in the STEM approach to explore students' environmental literacy.
Kamishibaiitselfis a traditional paper puppet art in the form of theater and stories originating from
Japan. Kamishibai has been used in some learning besides science, such as language learning. The
use of kamishibai is generally intended for children. The purpose of this research is to analyze how
students' environmental literacy in STEM-based learning by making Kamishibai learning media.

2. Method
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Kamishibai is a paper puppet medium that originated in Japan. Initially, this media was
intended as propaganda for World War II. However, as time changed, this media was used to
provide understanding and new concepts related to the surrounding life, social, and others to
children by telling stories based on the pictures made. The relevance of this research to kamishiabai
media is that environmental literacy can be introduced in various ways, not only by providing
material, but also through stories or fairy tales that are not only favored by children but adolescents
and adults. Kamishibai media is also made by students by determining environmental problems
first, then packaging them on the media. Making kamishibai media in learning is included in
project-based learning with a STEM approach. They still make the stage, script, pictures, with
precise size calculations, then the technology they use is when making pictures, some of them use
digital applications, engineering is done by them when making the kamishibai stage itself, and
science is done by them as the basis of the story material in it related to the environment. The
kamishibai media that they have made is displayed and can also be used by them during teaching
practice at school with their students later.

The location of this research is located in the Science Education study program at Pakuan
University Postgraduate School, Bogor. The research subjects in this study were postgraduate
students of the science education program. with a total of 20 students divided into 4 groups. Each
group makes a kamishibai project by determining environmental problems first, then thinking
about what is the best solution to overcome these environmental problems. Then, in this study,
students were given a google form containing environmental literacy instruments that they had to
do after displaying kamishibai. This research design uses a qualitative research method with a
descriptive design (Astalin,2013). That is, explaining in detail and clearly about a phenomenon
related to research. Usually this method is used to find out the initial conditions as a preliminary
study for subsequent research, in order to determine the right treatment so that certain skills can
increase. Data collection techniques and instruments in this study will be described in the table
below.

Table 1. Data collection techniques and research instruments

Data Data Collection Technique Instumens
Engineering Desain Product Observation Observation sheets and Students
(STEM) video recording
Environmental Knowledge Multiple choices Questions Questions about environmental
concept
Environmental Attitude Likert Scale Likert Scale Questionnaire

The data that has been obtained will then be analyzed, processed using the RASCH Model and
quantitative description. Environmental literacy will be analyzed based on indicators of each
dimension of environmental literacy (competence, knowledge, and attitude) based on an
instrument adapted from (Farwati, et al. 2018).

3. Result and Discussion

The results of the research obtained for students' understanding of environmental literacy,
based on the results of the analysis using the RASCH model approach, show that the reliability or
consistency of students' answers is still weak with a person meassure value of 0.42, while the
reliability of the quality of the questions is in sufficient criteria with a meassure item value of 0.76.
Overall, the instrument developed has sufficient reliability consistency with a value of 0.75. As
shown in figure 1.
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SUMMARY OF 28 MEASURED PERSON

INFIT OQUTFIT
MNSQ  ZSTD  MNSQ  ZSTD

.98 -.83 1.es .15
.85 .18 13 .22
.23 .79 .57 .96
.23 .81 .58 .99

1.39  1.22 2.94 2.56
.55 -1.94 47 -1.57
REAL RMSE .72 TRUE SD .55 SEPARATION .77 PERSON RELIABILITY .37

MODEL RMSE .69 TRUE SD .59 SEPARATION .86 PERSON RELIABILITY .42
S.E. OF PERSON MEAN = .21

ERSON RAW SCORE-TO-MEASURE CORRELATION = 1.08 (approximate due to missing data)

"RONBACH ALPHA (KR-28) PERSON RAW SCORE "TEST™ RELIABILITY = .42 SEM = 1.53 (approximate due to missing data)

STANDARDIZED (5@ ITEM) RELIABILITY = .75

SUMMARY OF 12 MEASURED ITEM

TOTAL MODEL INFIT OUTFIT
SCORE COUNT MEASURE S.E. MNSQ  ZSTD  MNSQ  ZSTD
MEAN 10.1 20.0 ae .54 99 -.88 1.e8 .e1
SEM 1.2 .8 34 .82 .07 .32 .14 .36
P.SD 4.1 .8 1.12 .87 22 1.86 L6 1.18
§.sD 4.3 .8 1.17 .88 23 111 .48 1.24
MAX. 16.@ 20.0 2.47 .76 1.44 2,87 2.81 2.66
MIN. 2.0 20.0 -1.62 .49 64 -2.18 .58 -1.92
REAL RMSE .57 TRUE SD .97 SEPARATION 1.76 ITEM  RELIABILITY .74
MODEL RMSE .55 TRUE SD .98 SEPARATION 1.80 ITEM  RELIABILLITY .76
S.E. OF LTEM MEAN = .34

[TEM RAW SCORE-TO-MEASURE CORRELATION 1.00 (approximate due to missing data)
ilobal statistics: please see Table 44.
JMEAN=.000@ USCALE=1.0008

Figure 1. Summary statistic of student’s environmental literacy

According to students' abilities and the level of difficulty of the items, it can be explained
that for students' understanding of environmental literacy, students 12P and 9P (female) have the
highest ability or ability to answer questions. Meanwhile, student 4L (male) has the lowest ability
in answering questions because it is outside the lower limit of standard deviation. This is
strengthening by the observations results that the female students is the most active and take their
initiative during the lesson by using STEM approach to make kamishibai project from the
beginning, determine the topic until making the project based on environmental topics. Female
students more focus to concept, science, story related to the environmental cases, and design. While
the male students more focus to how build the stage of kamishibai, digitalize the performance, and
calculate the measurement of kamishibai stages. So, this is similar with others research that female
students are not to interested and have difficulties in technical, calculating, and spatial which means
in STEM, there are mathematics, engineering, and technology (Bottia, et al. 2015; Kulturel-K onak,
et al. 2011; Daniela, et al. 2022). In the item test, it is shown that question Q4 is a very difficult
question, because none of the students can answer the question correctly. Problem Q2 is the easiest
problem. As shown in the results of Figure 2. From the overall results, that students can answer
the questions and understand related to environmental concepts. That means learning by using
kamishibai project with STEM approach could construct students’ environmental concept and
understanding. Because, STEM asked them to do the project with several steps that make the
students engaged with the learning itself. Kamishibai also as a new project that students ever done.
Environmental topics and cases are constructed as theatrical story which is fun, challenging, and
dynamics learning. So, this is in a line with several previous research that said demonstrated

92



learning or something new way in the learning can improve students understanding, because they
are motivated and refreshment in their learning (Muhlisin, 2019; Novak, 2003; Triepels, 2020).
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Figure 2. Wright map of students' environmental literacy understanding

Based on students' attitudes data towards the environment, the students are positive about
the environment generally. However, there are some deviations in answering statements in the
likert questionnaire related to environmental literacy, namely students tend to avoid extreme
choices such as always and never if the statement they do not understand. For example, statement
Q14 related to "Riding a motorcycle with high acceleration to get to the destination quickly" almost
most of students answered the middle option, namely sometimes. This is because students do not
understand the concept of integration between acceleration and fuel usage. The faster the vehicle
is driven, the more fuel is wasted. The data can be seen in the scalogram diagram in Figure 3.
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Figure 3. Scalogram of student attitude toward the environment scale

Based on the students' attitude toward environment data, students have a positive attitude
toward the environment, one of which is due to several factors, namely student awareness built by
environmental learning using kamishibai through the STEM approach. So far, environmental
learning has only been done by learning as in general, for instance discussion, making posters, and
presentations (Ichsan, et al. 2019; Lai, 2018). Based on the results of interviews with students, they
are very happy to do learning by using kamishibai through STEM. Before making the kamishibai
media, they were asked to collaboratively identify environmental problems around them. Then,
they were asked to critically think about what solutions are suitable forthe problem. Then, students
creatively designed the kamishibai media as a medium to convey the environmental problems
raised and their solutions, so that other students understand and increase their awareness of the
environmental problems raised. Kamishibaiis a visual and audio communication medium that can
improve student communication. As described in figure 4 that students’ make figure and script for
kamishibai perform about one of the environmental topics that is chosen by their group. They tried
to make it and perform in front of their friends to know the awareness of environmental problem.
They made it as creative as they can for their students at school. Awareness and attitude towards
the environment can be formed if students have an understanding and motivation related to the
environment. A good learning environment is a physical or virtual space that supports the process
of acquiring, developing, and applying knowledge. The main characteristics of a good learning
environment are designed to be engaging and provides opportunities for learners to engage in
meaningful and active interactions with one another. Environmental learning is an act of
communication. So, this research learning is appropriate by using kamishibai that emphasis
communications and through STEM approaches which is engaged students higher order thinking
skills such as critical thinking, creativity, communications, and collaborations. This is in a line with
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other research that shows all the learning material, teaching learning media that is not higher order
thinking skills based are not develop students environmental concept understanding and attitude
(Ichsan, et.al., 2019; Garcia, 2015), so it is appropriate while teaching learning science by using
higher order thinking skills-based material and learning media to develop students’ understanding
and attitude toward environment (Komala, et.al., 2020; Lestari, etr.al., 2021; Alharbi, et.al., 2022).

Figure 4. Students’ Kamishibai script for environmental learning

4. Conclusion

The conclusion of this research is that students' environmental literacy tends to be good and in
a positive direction, both in terms of their competence or knowledge related to the environment, as
well as related to their attitudes towards the environment through learning using Kamishibai media
and the STEM (Science, Technology, Engineering, and Mathematics) approach. They
environmental understanding and attitudes are developed by the learning process that higher order
thinking skills-based in material, process, and also media. The higher order thinking that are
implemented in this learning are critical thinking, creativity, communications, and collaborations.
Thos skills are covered in environmental learning process by using kamishibai learning media
through STEM approaches.
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