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This study aimed to analyze students’ thinking skills through integrating dilemmas stories with a Science,
Technology, Engineering, and Mathematics-Project-Based Learning (STEM-PBL) in polymers topic. The
participants were 47 Grade 12 students from a public senior high school in West Java Province. The
research employed a qualitative method to obtain data through classroom observations, reflective journals,
interviews, and a concept test. Students’ thinking skills were assessed using Hess” Cognitive Rigor Matrix,
which combines Bloom’s taxonomic and Webb’s depth of knowledge. The results show that most
students reach level C2 of Bloom’ taxonomy and level 1 of Webb’s depth of knowledge, meaning that
most students understand and recall the information. The results indicate that integrating dilemmas stories
with STEM-PBL enables students to explain using simple sentences and prior knowledge. In addition, this
approach provides an opportunity for students to develop their critical thinking, creativity, and
argumentation skills through problem-solving and project making,
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1. Introduction

Educational institutions have responded to the rapid increase of science and technology by focusing on
improving students’ thinking skills to ensure they can compete globally in the 21st century. The shift of
the industrial economy toward an era of information technology is forcing the education system to
prepare graduates with the necessary skills and competencies (AlMaadeed & Ponnamma, 2020; Lewis,
2018; Sima, Gheorghe, Subi¢ & Nancu, 2020). Basic knowledge and skills are no longer enough; students
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must have the future skills such as information and data processing skills (Fleaca & Stanciu, 2019), creative
and critical thinking (Qadir, Yau, Ali Imran & Al-Fuqaha, 2020; Rodriguez, Diez, Pérez, Bafios & Carrid,
2019), and thinking skills such as system thinking and integrating traditional thinking to future thinking
(Pacis & VanWynsberghe, 2020). Therefore, the main objective of education to develop and improve
students’ high-level thinking skills (Altanis, Retalis & Petropoulou, 2018) and deeper levels of learning
(Lourie, 2020). Thus, across boundaries learning as contextual learning needs to be carried out in order to
students do not only recall the information but also put conceptual understanding into context (Lourie,
2020).

In their study on learning model to develop students” higher-order thinking skills, Fanani and Kusmaharti
(2018) state that many Indonesian students have a low ability to understand complex information,
theorize, analyze, solve problems, use tools, follow procedures, and conduct investigations. In 2013, The
Government of Indonesia sought to improve students’ thinking skills by replacing the Kurikulum Tingkat
Satuan Pendidikan (KTSP) curriculum that had been in place since 2006. The 2013 curriculum was
designed to develop students’ character traits and 21st-century skills, such as critical thinking and
problem-solving, collaboration, creativity, and communication (Ministry of Education and Culture, 2018).
However, Indonesia’s national exam results of 2015 indicated low levels of thinking skills among
Indonesian students in areas such as reasoning, analyzing, and evaluating (Ministry of Education and
Culture, 2017). In addition, the demand for mastering sufficiently dense learning material is also a problem
in the Indonesian education system (Sukasni & Efendy, 2017). Based on the results of teacher interviews
conducted at State Senior High School (SMAN) 4 Tambun Selatan, West Java, researchers found that the
development of higher-order thinking skills was not a top priority due to competing demands; the
students are required to master 15 subjects and prepare for the national exam. The national exam is a
requirement of the Indonesian education system, and is a key focus, particularly for Grade 12 students
(usually aged 17-18); studying national exam questions takes precedence over the development of
students’ thinking skills in mastering and applying concepts to solve problems in daily life.

Students’ thinking skills can be developed through different approaches to the learning process, such as
the use of dilemmas stories. Based on a previous study, dilemmas stories provide students the opportunity
to make decisions and solve problems (Taylor, Taylor & Chow, 2013). The dilemmas approach can spur
students to think critically, provide critical judgments on various arguments, and transform their
perspectives; it is part of transformative learning (Settelmaier, 2004). Dilemmas stories can be applied to
science learning, especially when discussing socio-cultural issues related to sustainable development
(Taylor, Taylor & Hill, 2019).

Another contextual approach to learning is project-based Science, Technology, Engineering, and
Mathematics (STEM). STEM integrated PBL can increase students’ interest in learning (Campbell,
Speldewinde, Howitt & MacDonald, 2018; Wan, So & Zhan, 2020; Ziacefard, Miller, Rastgaar &
Mahmoudian, 2017), provide meaningful learning experiences (Awad & Barak, 2018; Campbell et al.,
2018; EL-Deghaidy, Mansour, Alzaghibi & Alhammad, 2017), enhance students’ creativity and critical
thinking (Blackley, Rahmawati, Fitriani, Sheffield & Koul, 2018; Rahmawati, Ridwan, Hadinugrahaningsih
& Soeprijanto, 2019; Rahmawati, Ridwan, Mardiah & Afrizal, 2020), and give more chance for them to
apply STEM knowledge to solve real-life problems (Cook & Bush, 2018; Lin, Hsiao, Williams & Chen,
2020). In addition, PBL provides challenges and motivates students to think critically and analytically,
which improves their higher-order thinking skills (Capraro, 2013).

This study seeks to determine whether integrating dilemmas stories with STEM project-based learning

(STEM-PBL) is effective in developing students’ thinking skills in chemistry learning;

2. Methodology

The research method used is a qualitative method. Qualitative research methods are based on text or
image analysis, have certain steps in data analysis, and various research strategies. Qualitative research uses
all perspectives in analyzing research data (Creswell, 2009).
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2.1. Research Design

The research conducted with a group of 47 students made up of 10 male and 30 female year 12
secondary students in West Java, Indonesia with polymer as the topic of chemistry learning. Polymers are
one of the topics in chemistry learning that have wide applications in everyday life. Polymer learning aims
to increase students’ insight and awareness about the problems of polymer such as plastics waste.
Participants were selected based on the suitability of the teaching material to the class level and the desire
to participate in the research. Data collection was carried out through various techniques, such as
interviews, reflective journals, observation, STEM project assessments, and open-ended test questions on
polymer topics.

The research was conducted in three stages, namely the preliminary stage, implementation, and the final
stage. The research flow is shown in Figure 1.

At the preliminary stage, the researcher compiled an interview protocol for teacher and students to obtain
information related to chemistry learning in school and students’ thinking skills. At this stage, the
researchers also compiled a lesson plan using STEM-PBL, developed dilemmas stories about
biodegradable plastics, and compiling research instruments such as observation sheets, reflective journals,
students’ worksheets, the preparation and validation of open-ended polymer test questions.

The research implementation was carried out through the STEM-PBL learning stages developed by
Laboy-Rush (2010) and integrated dilemmas stories into it. The five learning stages are described in
Figure 2.

In this study, students are given the opportunity to make two products that have differences in the design
procedure and the level of reagents (glycerin, acetic acid, and chitosan) so they can analyze the function of
reagents and determine the appropriate product design to get maximum results. During the lesson,
students are given worksheets and reflective journals, while the teacher, assisted by two observers, made
observations to analyze the effectiveness of integrating dilemma stories in the STEM project and their
impact on the development of students’ thinking skills.

Preparation of the research
instrument, such as interview
protocols, concept test and
reflective journal questions, Preliminary Stage
draft of dilemmas stories, and
students’ activity sheets

Preparation of the lesson plan
for the implementation of
dilemmas stories on STEM
project in polymer learning

v

Polymer learning using STEM-
PBL through five stages
(reflection, research, discovery, Implementation Stage
application, and
communication). During the
lesson, students divided into
ten groups consisting 4-5
students of each group

Data collections: classroom
observation, reflective
journals, and students’

worksheet

!

Data collections: open-ended
test and interview to obtain the
information about students’
perspectives of the learning
process and their thinking skills
development

Analysis of the data collections Final Stage
based on Hess’s Cognitive Rigor

Matrix to draw the conclusions

Figure 1. Research Flow and Data Collections
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Reflection Research
The teacher outlines the learning objectives of the The students are divided into
polymer lesson and reads the dilemmas stories. The > groups to discuss the problems
students are then asked with the STEM project. The highlighted in the dilemmas
objective of this stage is to create enthusiasm among stories and search for information
the students on biodegradable plastics

4

Communication
The students present their
project to the class in
groups and discuss how o
they implemented the
process to create
biodegradable plastic

Application
The students
complete the STEM
project by making
biodegradable
plastics in the
school laboratory

Discovery
The students create a plan
and timeline to make
biodegradable plastic and
modify the plan based on the
results of trials conducted at
home or at school

Figure 2. The five stages of integrating dilemmas stories with STEM project

At the final stage, students are given open-ended tests to assess their understanding on polymer topic and
their thinking skills. Researchers conducted the interviews to get the information about students’
perspective on the integration of dilemmas stories on STEM project and students’ thinking skills
development. Then researchers analyzed the research data using Hess’s Cognitive Rigor Matrix which
describes the attainment of Bloom’s taxonomy level and Webb’s DOK level (Webb’s depth of knowledge).
The Bloom Taxonomy level explains the level of students’ cognitive processes and Webb’s DOK level
explains the depth or complexity of students’ understanding of concepts to answer a question (Hess,
Jones & Walkup, 2009).

2.2. Data Collection

The research data were obtained using multiple collection such as interviews, reflective journals,
observation, STEM project assessments, and open-ended test questions on polymer topics.

2.2.1. Interviews

Interviews were conducted with teachers and students. The teacher interview aimed to find out how
teacher usually carried out polymer learning, the problems that occur in chemistry learning, and to find
out students’ thinking skills. The student interviews were conducted with 9 people based on the results of
the analysis of reflective journals and student involvement in learning. Student interviews aimed to collect
information about students’ impressions of the learning that has been carried out and observe the
development of students’ thinking skills by asking questions related to the learning process such as their
communication and collaboration in groups to solve problems in dilemmas stories through the
development of a STEM project. The following is an example of interview question asked of students.

What materials does your group use as a base for making biodegradable plastics? What is the reason?

2.2.2. Reflective Journals

The students completed reflective journals during the learning process, precisely at the end of each
meeting, Reflective journal is used to collect data related to students’ reflections on the level of
involvement and difficulties encountered during the application of dilemmas stories in the STEM project
on polymer learning. The example of questions in a reflective journal is:

What do you think about today’s learning in relation to thinking skills development?
Write your reflection in the column provided

2.2.3. Observations Sheet

Observations were made to understand the conditions of learning in the classroom and the development
of students’ thinking skills. Observations by researchers assisted by two observers were carried out during
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the learning process to ensure that the application of learning was by the STEM-PBL learning steps by
Laboy-Rush (2010), students’ thinking skills, conceptual understanding, and students’ involvement in learning,

2.2.4. Polymer Open-Ended Test

The open-ended test aimed to determine students’ thinking skills as an implication of integrating the
dilemmas stories in the STEM project. This test consisted of five essay with 14 total item questions
compiled by researchers based on polymer learning indicators in the 2013 curriculum namely analyzing the
structure, nomenclature, properties and classifications of macromolecules (such as polymer) and
reasoning about the manufacture of a product from macromolecules. The distribution of items based on
indicators that have been compiled by researchers can be observed through the following Table 1.

In this study, open-ended questions were validated by 5 experts consisting of 4 Chemistry Lecturers and
Chemistry Education Lecturers at Universitas Negeri Jakarta and 1 high school chemistry teacher in
grade 12. The test was conducted at the end of the polymer topic lesson. The following is one of the
questions being tested.

No. Indicators Question Item Number

Describing the monomer structure of a polymer la

2| Writing the names and polymerization reactions (addition and condensation) 2a
of the monomers

3 | Differentiating the classification of polymers on the basis of origin, type of 2b
constituent, polymerization reactions and properties to heat

4 | Explaining the use of synthetic polymers in everyday life 1lc

5 | Analyzing polymer properties based on the structure and the constituent 1b, 2c, 3a, 4a, 4b
monomers
Evaluating the process and impact of polymer formation 3b, 3¢, 5a
Creating a polymer impact mitigation plan 5b, 5¢

Table 1. Distribution of Polymer Concept Test Question Based on Learning Indicators

Natural rubber comes from rubber tree sap which chemically contains isoprene polymer.

/CH3 /CH3 CHy
HC=—=C HC=—=C HC=—=C
/ / /
CH, H,C——CH, H,C——CH, H.C

n

Natural rubber is a liguid, stiff when beated and sticky when cold. In 1839 Charles Goodyear conducted
experiments on natural rubber which was heated and added with sulfur to find the Rubber Tires we use today.
Following is the structure of the polymer rubber tires:

CHa CHgz
H3C—C=—=CH—CH—CHp—C=—CH—CHj
$
$

H3C—C—CH—CH—CH;—C—CH—CH3

CHs CHs

a) Write the polymerization reaction of isoprene to polyisoprene. b) Are the two polymers the same based on their
classification? Excplain your reasons! And ¢) Based on your analysis, explain the purpose of adding sulfur to the
experiment!
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2.3. Data Analysis

Qualitative data analysis techniques are carried out through the stages of data reduction, display data, and
conclusion drawing/verification (Miles & Huberman, 1994). The data obtained duting the study through
interviews, observations, reflective journals, and polymer open-ended tests were reduced by selecting data
that was under the focus of students’ thinking skills. At the data display stage, the data that has been
reduced is then presented in the form of a matrix or coding based on the Hess’ Cognitive Rigor Matrix
indicator so that data verification can be carried out and conclusions can be drawn.

To draw the conclusion and verified the data, credibility criteria are used including prolonged engagement,
persistent observation, progressive subjectivity, and member checking (Miles & Huberman, 1994) to test
the validity and trustworthiness of the data (Guba & Lincoln, 1989). The prolonged engagement was
carried out during the study (December 2018 - July 2019) to understand the context of the study, explore
incidents to explain in detail the research situation and participant involvement, and integrated dilemmas
stories in the STEM project for 5 weeks in polymer learning. Persistent observation is carried out to
explore various phenomena by involving tresearchers directly in the learning process. In making
continuous and in-depth observations, the researcher was assisted by two observers to analyze the learning
process and the development of students’ thinking skills. Progressive subjectivity is carried out to monitor
research results with all notes obtained during the study based on the characteristics of students’ thinking
skills. Member checking is done to ensure the accuracy of the data obtained from students as data
providers regarding the various research results. All data obtained, both in the form of hard paper copies
and interview transcripts, were kept privately by the researcher for the privacy of participants and
confidentiality.

3. Results and Discussion
3.1. The Integration of Dilemmas Stories with a STEM Project in Chemistry Learning

The dilemmas stories highlight a problem to be solved using a STEM project (Laboy-Rush, 2010) in five
stages as referred before.

3.1.1. Reflection

In the first stage, students are given initial questions about the concept being studied and the problems
raised in the dilemmas stories read by the teacher. The dilemmas of plastic are raised in the stories because
plastic is one example of polymers that are widely used and easily found in everyday life. Plastic is flexible,
elastic, strong, and durable and is ubiquitous in today’s society, commonly used for food and beverage
packaging, household appliances, and office equipment. People use plastic because it is cheap, practical,
strong, and easy to obtain; however, the demand for plastic causes environmental problems because it is
not easily biodegradable (Ganesh, Anjana, Hinduja, Sujitha & Dharani, 2020). According to statistical data,
14% (5.4 million tons/year) of waste production in Indonesia is plastic (Handayani & Wijayanti, 2015).
Synthetic polymers are widely used and they are non-biodegradable; therefore, the environmental
implications of their use must be considered (Aripin, Saing & Kustiyah, 2017). Therefore, the topic of
plastics is raised in the stories to increase students’ interest and encourage them to solve plastic problems
based on the polymer concepts that have been studied. The dilemmas stories share experiences and
information providing various perceptions and perspectives so students can think according to their
cultural background, increase their self-awareness, and combine thoughts, emotions, and actions (Morais,
2015). Table 2 provides a summary of the issues and descriptions raised in the dilemmas stories.

The plastic dilemmas stories are accompanied by questions that seck to involve the students in
overcoming the dilemmas presented. The students work individually at this stage to encourage critical
thinking, enhance their motivation to be actively involved in learning, and increase their curiousity
(Adriyawati, Utomo, Rahmawati & Mardiah, 2020). Students then discuss their answers in groups and
collaborate to agree on a single solution for the group to progress into the next stage.
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No. Issue Description

The story tells of a mother and child who sell cakes using black plastic for packaging,
The mother and child also often re-use plastic soft drink bottles as drinking
containers. The child is a student in high school and, while learning the vatious types
of polymer material, learns of the dangers and suggested uses of polymers. The child
realizes the health impacts of using plastic and begins to worry about the mother’s
health; the mother is thought to have suffered from uterine cancer so her health is
impaired. The child explains the issues to the mother and asks the mother to use an
alternative to plastic, but the mother feels worried that it will affect their income.

The danger of using
1 | plastic bags on
health

The story tells of a father who has worked in a factory for 25 years to support his
wife and five children. The story is told from the perspective of one of the children
who is a high school student. The child watches the news on TV about a dead whale
stranded on Wakatobi Island and found with plastic waste in its stomach. Shortly
after the news, political parties begin supporting the reduction and even the
prohibition of the use of plastic in some areas. The Government of Jakarta is in the
process of ratifying the ban on the use of plastic in the capital. The child’s friend at
school explains that plastic is bad for the environment and living things; however, the
child is worried about his father’s work. The father must continue to work to support
his family. and is of an advanced age, which makes it difficult to find other jobs.

Impact of the policy
2 | on the prohibition
of using plastics

Table 2. Summary of the Plastic Dilemmas Stories

This is an example of student’s perception of the integration of dilemmas stories on the learning process:
Problems in a plastic dilemma require problem solving that are not easy, it is necessary to consider both sides
which are equally difficult fo solve. But it is very effective in expressing the opinions and creative side of
students.

(Interview of Student 17, 22 February 2019)

The interview excerpt shows that solving problems can hone students’ creative and critical thinking skills.
Creative thinking is demonstrated by the students agreeing on a solution when different proposals are
presented. Critical thinking is shown when students consider the dilemmas, understand the negative and
positive impacts on different actors in the stories, and consider solutions based on their values. The use of
dilemmas stories in the classroom shows that students can reflect their values on assumptions and
decisions and improve their ability to think critically and apply science (Werth, 2017).

3.1.2. Research

At this stage, the students research solutions to the problem and plan their biodegradable plastic project.
At first, students individually look for information about solutions to the problems presented in the
dilemmas stories. The students then discuss their findings in groups (see Figure 3). The students are
expected to exchange information and argue their proposal effectively with members of their group. It is
also expected that the students can agree on the best solution to the problem through group discussion.

Figure 3. Classroom discussion about the plastic dilemmas
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Figure 3 shows that the discussion between groups is an active process. This was noted by the classroom
observer:

At the end of the dilemmas story application, students are triggered to criticize the opinions of others and
look very enthusiastic when doing so. The opinion given is also related to the project fo be carried ont about
biodegradable plastics

(Classroom Observation, 1 February 2019)

During this process, students learn to listen and respect the opinions of others. The students’ cognitive
levels are reflected by being able to explain their proposals and arriving at a group solution. The students
must analyze each other’s opinions. This is in accordance with previous research by Heriyanti (2015),
whereby students ask each other questions and evaluate by expressing their opinions on the solution. The
dilemmas story approach allows students to think critically and creatively. Students first analyze,
synthesize, and evaluate information; then they identify the issue, search and organize information,
generalize ideas, estimate possibilities, and determine actions; and finally, they reflect their findings
through discussion and action (Werth, 2017).

In discussions, students look for deeper information about biodegradable plastics to defend their
opinions. This shows that the information literacy of students has developed; that is, the ability to
selecting, utilizing, applying, managing, and exchanging information (van Laar, van Deursen, van Dijk &
de Haan, 2017). This was reflected in the student interviews, for example:

Student 15:  Biodegradable plastic is environmentally friendly, because it is easier and faster to decompose on the ground. 1
propose it becanse the plastic is more environmentally friendly than conventional plastic.
Teacher: Why is biodegradable plastic easier to decompose than conventional plastic?

Student 15:  Because the main ingredient is plants or natural polymers. Plants and animals are easy to decompose by
0rganisms.

(Student Interview, 22 February 2019)

The interviews excerpt shows that the student understands the concept of biodegradable plastics and can
explain why they easily decompose. The student’s understanding aligns with the literature; biodegradable
plastic made from biopolymer can be degraded by microbes (bacteria and fungi) producing carbon
dioxide, methane, and water molecule that are not harmful to the environment (Roohi, Bano, Kuddus,
Zaheer, Zia, Khan et al. (2017). Biodegradable plastic can be decomposed 20 times faster than
conventional plastic and are derived from sustainable sources (Ebnesajjad, 2013).

3.1.3. Discovery

The students draw up plans and procedures within their group for making biodegradable plastics, with
different raw materials provided to each group. The students also make a timeline for completing their
projects. Figure 4 provides an example of a timeline designed by the students.

Students then explain their procedures to the class through group presentations (see Figure 5). This stage
is undertaken to determine the readiness and extent to which students understand plastic manufacturing
procedures.

The presentations revealed that the students used YouTube, blogs, and online articles as sources of
information. Although the teacher suggests using articles, students prefer to find tutorial videos on
YouTube because they find them easier to understand. The selection of vatious sources of information
remains under the supervision of the teacher. The variety of sources shows how easily information is
obtained by students utilizing technology; students are accustomed to using technology to facilitate
learning, promote students’ autonomy and learning motivation (Ahmadi, 2018).
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Project Timeline

February 5, 2019 Buy materials to make biodegradable plastic
February 6, 2019 Make starch from sweet potatoes
February 7, 2019 Ask Mr. Andri aboutthe availability of tools

and solutions available in the laboratory that
will be usedin makingthe project

February 8, 2019 Gather allthe tools and materials needed
February 9 and 10, 2019 Trials of making biodegradable plastics

Figure 4. Project timeline for completing a biodegradable plastic project

Figure 5. Students presenting their plans for making biodegradable plastic

In the discovery stage, students also conduct trials on procedures that have been presented previously.
Students are allowed to conduct trials at school or at home, which are then discussed with the teacher. The
excerpt below is an example of how the teacher monitored progress throughout the trial process.

Student 23:  We have smoothed the straw, but when we add water, it does not blend, why is that, ma'am?
Teacher: The straw is hard to smooth, 1 guessed it would be difficult. Why did you choose straw?
Student 23:  Because straw is rich in cellulose and cellulose can be made into plastic.

Teacher: If yon want, try using what has become powder, such as rice bran.

Student 23: 1] find ont later, 1 tried blending straw with a blender since yesterday, but it’s not yet smooth, ma’am.

Teacher: Have you tried other ways? For example, dried and pounded it?
Student 23: 1 have oven dried, then I add more water to be blended with a blender.
Teacher: Then what is the aim of the oven, if it is given more water?

Student 23:  Ob yes ma’am, 1 try to like others’ grouplike other groups, but I don’t know yet whether it will settle
(Classroom Observation, 9 February 2019)

In this example, the student tried various ways of smoothing straw to make biodegradable plastic. This
shows a high level of interest and motivation to complete the project successfully (Rosenzweig &

Wigfield, 2016); STEM-based learning can increase student motivation while providing experience in the
product manufacturing process (Kuo, Tseng & Yang, 2019).
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3.1.4. Application

In the fourth stage, the students apply the knowledge gained to complete the biodegradable plastic
project. The students were interested and engaged, and all group members worked together effectively on
the project. This can be observed through the following reflective journal entries:

My group collaboration is done well becanse the communication continues well and each member complements
the materials

(Reflective Jonrnal of Student 28, 22 February 2019)

I like my group because each other reminds each other and helps in evaluating each experiment for the
excperiment

(Reflective Jonrnal of Student 12, 22 February 2019)

The results indicate that PBL stimulates effective group collaboration. Students communicate and work
together to solve problems, test ideas, and evaluate the outcomes. The implementation of project making
can be observed in Figure 6.

In addition to group collaboration, students also conduct several experiments using variations in the
concentration of materials to get the best plastic results. The results of this process support previous
research stating that the application of project-based STEM encourages students to be more active and
improves the learning experience (Lou, Chou, Shih & Chung, 2017). Students’ motivation and interest is
increased with the new experience. This is supported by Tseng, Chang, Lou and Chen (2013), who found
that the activity of designing and implementing a project increases engineering students’ interest in learning,

Figure 6. Students working on a biodegradable plastic making project

3.1.5. Communication

In the final stage, students present the results of biodegradable plastic products made during the
practicum through group presentations. This stage aims to improve students’ delivery of the results of
their experiments. Students briefly explain how they made the plastic, display the results, and evaluate the
outcome (Figure 7).
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Figure 7. Students presenting their results

Jackfruit Seed Sweet Potato Starch Bran Potato Pineapple
r— | ——

Banana Peel Cornstarch

i
Figure 8. Biodegradable plastic products produced by the students

The students presented pictures of the results of their experiments (see Figure 8) and explained the
difference in the process of making the two products both in terms of the design procedure and the level
of reagents (glycerin, acetic acid, and chitosan) used. This process of information sharing encourages
students to build their knowledge through investigation and discussion to solve problems and achieve
their goals (Tseng et al., 2013).

This process also provides new motivation for students with less-successful outcomes, as shown in the
following reflective journal entries:

Not satisfied, becanse we have not gotten the plastic as desired. The plan is to keep trying until we get the
desired plastic

(Reflective Journal of Student 3, 22 February 2019)
I am not satisfied with the result; the next step is to find more complete information about making
biodegradable plastics so that we are more adept at making it and reduce non-biodegradable plastic waste
(Reflective Jonrnal of Student 20, 22 February 2019)
STEM-PBL allows students to apply their knowledge to produce a tangible outcome. This study
demonstrates that students become increasingly active in learning about the biodegradable plastic

manufacturing process. Some students expressed their opinions of STEM-PBL, as shown in the following
reflective journal entry:
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In my opinion learning with the STEM project is very good becanse students besides being able to hone
knowledge can also practice creativity like in plastic making, students will do a lot of excperiments

(Reflective Jonrnal of Student 13, 22 February 2019)

This entry demonstrates that the student is interested and motivated to undertake several expetiments to
achieve a good biodegradable plastic product. Students gain new experiences in STEM-PBL, which
generates motivation and interest (Kuo et al., 2019).

3.2. Assessing Students’ Thinking Skills based on Hess’ Cognitive Rigor Matrix (CRM)

Students’ thinking skills are explained qualitatively based on the Hess” CRM which is a matrix that
combines Bloom’s taxonomy level with Webb’s depth of knowledge (DOK). Bloom’s Taxonomy level
explains the level of cognitive processes, while Webb’s DOK explains the depth or complexity of
understanding required to answer a problem (Hess et al., 2009). Students’ thinking skills are described
through the achievement of Bloom’s taxonomy level and Webb’s depth of knowledge (DOK) level based
on Hess’s Cognitive Rigor Matrix. The revised Bloom’s taxonomy consists of 6 levels in sequence, namely
C1 (remembering), C2 (understanding), C3 (applying), C4 (analyzing), C5 (evaluating) and C6 (creating).
Webb’s DOK consists of 4 levels in sequence, namely level 1 (recall), level 2 (skills and concepts), level 3
(strategic thinking) and level 4 (extended thinking).

Based on the results of students’ answers to the concept test with five open-ended questions, the
percentage of students’ thinking skill levels that appear on each indicator (as referred before) is shown in
the following Table 3.

The percentage that appears on each indicator is then analyzed using Hess’s Cognitive Rigor Matrix to
find out the overall students’ thinking skills level. The analysis result is shown in the Table 4.

Level Indicators
(Webb’s DOK-
Bloom’s Taxonomy) 1 2 3 4 5 6 7
1-C1 17.02% 17.02% 19.14% 10.64% 8.91% 6.25% 5.71%
1-C2 80.85% 89.36% 27.28% 63.19% 50.48%
2-C2 82.98% 18.60% 30.56% 22.86%
1-C3 82.98%
2-C3 20.95%
1-C4 27.38%
2-C4 17.82%
Table 3. Level of Students’ Thinking Skills on Each Indicator
Webb’s Depth of Knowledge
Level 1 Level 2 Level 3 Level 4
Bloom’s Taxonomy Recall Skills and Concepts Strategic Thinking Extended Thinking
Remembering (C1) 9.88%
Understanding (C2) 47.42% 23.56%
Applying (C3) 5.92% 1.67%
Analyzing (C4) 8.05% 3.5%
Evaluating (C5)
Creating (C6)

Table 4. Students’ thinking skills based on the Polymer Concept Test using Hess” Cognitive Rigor Matrix
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The results of the concept test demonstrate that students’ thinking skills reach four levels of Bloom’s
Taxonomy: remembering, understanding, applying, and analyzing; and the level of depth of students’
understanding reaches 2 levels of Webbs DOK: recall and skills and concepts. The level of Cl
(remembering) only appears with a depth of level 1 (Recall), whereas the levels of (C2) understanding,
(C3) applying, and (C4) analyzing reach levels 1 (Recall) and 2 (Skills and concepts).

The results also show the highest percentage of students were in level 1-C2 (47.42%), indicating that
47.42% of the students understand and can explain a concept that they have learned. The smallest
percentage of student achievement is at level 2-C3 (1.67%), indicating that only 1.67% of students can
apply a procedure or formula to answer the related test questions.

The level of thinking skills that emerged based on the analysis with the Hess” CRM is explained in detail
below.

3.2.1. Remembering

Bloom’s taxonomy level C1 (remembering) level appears only with Webb’s DOK level 1 (Recall). This level
of thinking skills illustrates that students can remember, recognize, or identify knowledge sourced from
their long-term memory. An example is as follows:

Problem 4a: Excplain how the structure affects the polymer density.
Student Answer: Linear polymers have bigher densities such as HDPE than branched polymers.

(Concept Test Answer of Student 1)

Problem 4a requires students to explain how the structure of high-density polyethylene (HDPE) and
low-density polyethylene (LDPE) affect the density of the polymer. The answer shows that the student
does not explain how the structure affects the density of the polymer, so the researcher can assume that
the student partially remembers the explanation in class about the possible arrangement of polymer
structures. The literature states that LDPE has a branched polymer structure, and the presence of
branches causes irregularity so crystallinity decreases, volume increases, and density decreases. HDPE,
however, has a linear structure and the intermolecular force is greater, which increases crystallinity and
density (Brown, 2012; Carraher, 2003).

The cognitive process of remembering comes from aspects of long-term memory such as knowing and
mentioning (Tikkanen & Aksela, 2012). The process of recalling, recognizing, and identifying facts or
characteristics is included in the evaluation of thinking skills (Hess et al., 2009).

Level 1-C1 thinking skills can also be observed through the following extracts:

The chain starch is unbranched, while the amylopectin is branched

(Interview of Student 4, 10 March 2019)

We have learned about polymer, macromolecule, and carbobydrate

(Reflective Journal of Student 7, 1 February 2019)
These statements align with the literature; starch is composed of D-glucose with a linear structure while
amylopectin is composed of D-glucose with a branched structure (Catraher, 2003) and the students’

display the thinking skills of recall and remembering, Students demonstrating level 1 (Recall) thinking
skills can directly answer questions without the need for problem-solving (Hess, 2010).
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3.2.2. Understanding

Based on the results, Bloom’s taxonomy level C2 (understanding) appears on all indicators except indicator
of write the naming of polymers and the depiction of polymerization reaction such as addition and
condensation. Webb’s DOK levels 1 (Recall) and 2 (Skill and Concepts) are evident. Level 1-C2 shows that
students can explain concepts such as understanding polymers and can explain the meaning of symbols,
while level 2-C2 indicates that students can explain causality, draw conclusions, and use concepts to solve a
problem. Level 1-C2 thinking skills are demonstrated in the following answer:

Problem 4a: Explain how the structure affects the polymer density.
Student Answer: Becanse these polymers bind to one another so that it gives a density effect.
(Concept Test Answer of Student 32)

The student has shown that they understand and can explain that the bonds between polymers influence
their density. This aligns with the literature; the more crosslinked, the higher the polymer density (Brown,
2012; Carraher, 2003). However, the student’s answer does not address the question’s intent, which is to
explain the effect of HDPE (linear) and LDPE (branched) polymer structures. This is likely due to the
student not understanding the question.

Students’ understanding at level 1-C2 is also shown in the following classroom observation and reflective
journal entries:

Peptide bonds structures include condensation reactions because there are 2 functional groups and the reaction
releases H,O

(Classroom Observation, 1 February 2019)

Different properties in various polymers are causes by the manufacturing material, manufacturing process,
composition of the material used and the procedures performed

(Reflective Journal of Student 37, 4 February 2019)

These results indicate that students understand and can explain condensation reactions and differences in
nature using knowledge retained in their memory. This is because the teacher has explained the
condensation reaction and the differences in the properties of polymers with linear, branched, or
crosslinked structures. The classroom observation aligns with the literature; the formation of peptide
bonds includes condensation reactions because in their reactions they release small H,O molecules
(Chang, 2005). The reflective journal statement suggests that the student is unable to explain how
different kinds of polymers differ based on the previously taught polymer concept. This is similar to the
results of previous research by Nursa’adah, Kurniawati and Yunita (2016), where students could explain
the concepts but had difficulty explaining the context related to the concepts. Therefore, it can be
concluded that the student’s understanding is only at level 1-C2.

However, level 2-C2 was also observed through the following concept test result:

Problem 4a: Explain how the structure affects the polymer density

Student Answer: Between linear polymers and branched polymers, the density level is higher in linear
pobymers because if the linear polymers are united, the structure will be denser and not hollow at all

(Concept Test Answer of Student 41)

The student answers by explaining the structural arrangement of linear polymers versus branched
polymers. The answer shows that the student can identify and explain how the density of a polymer is
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based on a linear and branched structure, which aligns with the literature; the presence of branches on the
polymer structure causes the volume to increase and reduce the density of the polymer (Carraher, 2003).

Students’ understanding at level 2-C2 can also be shown in the following reflective journals entry:

The difference in polymer properties lies in the type of polymer arrangement. When the arrangement is
linear, it is elastic when the arrangement is crosslinked, then it is strong and stiff. Besides it lies in the
composition of its constituent ingredients, the mixture of chitosan and glycerin affects the plastic tensile
strength

(Reflective Journal of Student 17, 4 February 2019)

This student understands and can explain how structure affects the properties of polymers and can
explain the effect of the addition of glycerin and chitosan, based on experiments that have been
conducted. This shows that the student can make conclusions and explain the relationship between
concepts, which is an indication of level 2-C2 thinking skills (Hess et al., 2009).

3.2.3. Applying

Students reach thinking level 1-C3 when they can apply formulas, simple procedures, or methods that
originate from long-term memory to answering questions ot solve problems, while level 2-C3 illustrates
that students can answer questions by applying several steps, formulas, or concepts. Level 1-C3 thinking
skills are demonstrated in the following answer:

Problem 2a: write down the isoprene polymerization reaction to polyisoprene

Student Answer: Lsoprene is the basis of polyisoprene, so the reaction is as follows

CHs= CHsz

ety I
SHaCLCECHYCHR® — £ HaC-C=CH-CH2 }
I |

(Concept Test Answer of Student 13)

The student predicted addition reactions because of the double bonds and wrote down the reaction to the
formation of polyisoprene. This answer aligns with the literature; polyisoprene is formed through the
addition of polymerization reaction (Chang, 2005). The student was able to identify the information
needed and write the reaction according to the steps in writing the reaction, demonstrating level 1-C3
thinking skills.

Level 2-C3 thinking skills are demonstrated in the following answer:

Problem 5b: Make a stage plan that can be done by the Government to overcome the problem of plastic
waste in the discourse.

Student Answer: Give tax to conventional plastic companies, then the money is used to belp research bio-
Plastics and make plastics near corn/ cassava fields so that distribution costs are lower. In addition to that,
conducting counseling to the community to use bio-plastic, make sophisticated waste processing machines, and
clean up trash in the Indonesian ocean.

(Concept Test Answer of Student 15)

The student demonstrates an understanding of the problem and proposes a staged plan to solve it. The
student also mentions waste processing machines that are already widely used abroad; however, the
student does not provide a detailed plan to overcome the problem of plastic waste in Indonesia. Answers
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that describe several steps or plans based on criteria or problems indicate an application of level 2-C3
thinking skills (Hess et al., 2009).

Students’ understanding at levels 1-C3 and 2-C3 are also shown in the following classroom observation
and reflective journal entries:

How to identify aldehydes that are reacted with tollens will form a silver mirror

(Classroom Observation, 1 February 2019)

Based on the results of biodegradable plastic from milk that is elastic and bouncy, my future plan will be to
matke biodegradable plastic toys so they can be sold and produce economic value

(Reflective Jonrnal of Student 10, 22 February 2019)

The classroom observation shows that students can apply a procedure to identify aldehydes (Tikkanen &
Aksela, 2012), as per the literature on Tollens reagents containing silver (I) diamin ion or Ag(NH;)**. Silver
(I) diamin ion will oxidize aldehyde to carboxylic ion, while silver ion will be reduced to form silver
deposition (silver mirror) (Solomons & Fryhle, 2011). The observation shows thinking skills at level 1-C3,
meaning that the student can apply a simple procedure. The reflective journal entry shows that Student 10
can make plans based on the nature of biodegradable plastic products that result from bounce
experiments. This shows that the student’s understanding is at level 2-C3, it means the student can
implement steps or plans based on certain criteria.

3.2.4. Analyzing

The data show that some students reach the thinking skill level 1-C4, which illustrates in answering or
solving problems, students use and identify data contained in text or graphics. Level 2-C4 illustrates that
students use data processing techniques, such as classifying data based on certain criteria or comparing
images with data (Hess et al., 2009). Level 1-C4 thinking skills are shown in the following answer:

Problem 2¢: Based on your analysis, what causes polyisgprene cross links to form and how do these changes

affect the properties of the polymer?

Student Answer: Caused by the mixing of sulfur. The sulfur forms a covalent bond with the polymer so that
it forms a crosstink and becomes thermosetting

(Concept Test Answer of Student 17)

The student understands and can explain the nature of a polymer but has not explained the purpose of
the sulfur addition. The literature states that the addition of sulfur to heated polyisoprene (rubber) is
called vulcanization, which causes the formation of crosslinked polyisoprene (Carraher, 2003). The
existence of crosslinked structures causes the polymer to be thermosetting because the crosslinked bonds
hold the polymer form when heated so that when the thermosetting polymer is heated it does not melt
(Brown, 2012). The student’s statement shows that they can find and use information to answer questions
and can undertake a simple analysis based on information from text or images and knowledge in their
long-term memory. Using information to answer or solve problems is a demonstration of level 1-C4
thinking skills (Hess et al., 2009).

Level 2-C4 thinking skills can be found in the following answer:

Problem 4a. Explain how the structure affects the polymer density!

Student Answer: Higher densities are found in linear polymers because if they are bound to one another, they
will be denser such as HDPE, while branched polymers will lower density becanse they have branches such as
LDPE

(Concept Test Answer of Student 23)
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This answer shows that the student can analyze information to recognize patterns or relationships,
demonstrating cognitive processes at level 2-C4 (Anderson & Krathwohl, 2001). At this level, students can
identify information and use that information to answer questions. They can apply a simple analysis based
on information from text or images using knowledge in their long-term memory.

The results show that integrating dilemmas stories with STEM-PBL is effective in enhancing critical
thinking and in actively engaging students in learning about polymer materials. This process was a new
experience for the students; they were challenged to make difficult decisions and implemented interesting
solutions. The STEM approach is still not widely applied in Indonesia, but it has been proven to enhance
interest in learning chemistry and develop resilience and innovation in students. STEM education
encourages students to actively solve real-life problems by learning complex concepts and apply them,
developed students’ thinking skills, and provide the current competitive and skills-based job market
(Mater, Haj Hussein, Salha, Draidi, Shaqour, Qatanani et al., 2020).

4. Conclusions

The approach of integrating dilemmas stories with a STEM project received positive responses from
students. The process of collaborating to solve the problems raised in the stories and implementing
projects increased students’ skills in argumentation, critical thinking, and creativity and increases
motivation. The students’ thinking skills applied to learning about polymer materials were assessed by
analyzing test results using Hess” CRM rubric. Students demonstrated four levels of Bloom’s Taxonomy,
namely, C1 (remembering), C2 (understanding), C3 (applying) and C4 (analyzing). In addition, students’
depth of understanding of concepts appears at two levels of Webb’s DOK, namely, level 1 (Recall) and
level 2 (Skill and concepts). The results of the analysis show that the majority of students achieved
thinking skills at level 1-C2 when given five questions covering the classification of polymers, the use of
polymers, the effect of structure on the properties of polymers, the evaluation of the processes and
impacts of polymers, and the polymer impact management plan.
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