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RESUMO

O pensamento critico € a capacidade de pensar racional e reflexivamente sobre o que deve ser feito ou
acreditado. Essa habilidade permite tomar decisdes l6gicas, com base nas informacgdes obtidas e processadas
de acordo com a habilidade. O desenvolvimento de habilidades de pensamento critico na aprendizagem é
importante porque permite que os alunos lidem efetivamente com problemas sociais, cientificos e praticos.
Portanto, esta pesquisa teve como objetivo descrever a efetividade da aprendizagem baseada em problemas
para melhorar as habilidades de pensamento critico dos alunos para lidar com informagfes fraudulentas em
guimica. Esta pesquisa foi realizada utilizando um grupo controle e outro experimental. Os dados foram coletados
de 60 alunos do 11° ano do ensino médio da provincia de Lampung, na Indonésia, e analisados pelo SPSS
versdo 23.0. A efetividade da aprendizagem baseada em problemas foi mensurada com base no ganho n. O
valor de ganho n das classes experimental e controle foi de 0,709 (alto) e 0,332 (médio), respectivamente. Os
resultados indicaram que a aprendizagem baseada em problemas facilitou e é eficaz para melhorar as
habilidades de pensamento critico dos alunos.

Palavras-chave: habilidades de pensamento critico; informac¢des fraudulentas; aprendizagem baseada em
problemas; aprendizagem pratica

ABSTRACT

Critical thinking is the ability to think rationally and reflectively about what must be done or believed. This
skill allows one to make logical decisions based on information obtained and processed according to ability. The
development of critical thinking skills in learning is essential because they enable students to deal effectively with
social, scientific, and practical problems. Therefore, this research aimed to describe the effectivity of problem-
based learning to improve students’ critical thinking skills to deal with hoax information in chemistry. This research
was carried out through the control and experimental groups. Data were collected from 60 the 11t-grade students
of the State High School in Lampung Province, Indonesia, and analyzed by using SPSS version 23.0. The
effectivity of problem-based learning was measured based on the n-gain. The n-gain value of experimental and
control classes was 0.709 (high) and 0.322 (medium), respectively. The results indicated that problem-based
learning has facilitated and effective to improve students’ critical thinking skills.
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1. INTRODUCTION:

The world is now in the era of the industrial
revolution of 4.0. In this era, there was a rapid
development of science and technology, both
censorship, interconnection, and data analysis,
thus bringing up ideas to be integrated into various
fields of industry. Due to the fast development of
science and technology, the problems faced are
increasingly numerous and complex. On the other
hand, the 4.0 industrial revolution will affect not
only the industry, but also the labor market (Van
den Bergh et al., 2006; Lowden et al., 2011;
Danczak, Thompson, and Overton, 2020).
Workforce needs have been transformed from
routine work to shift to non-routine work (Trilling
and Fadel, 2009). Because of this, a problem
solver is needed to overcome them.

As a problem solver, knowledge alone is
not enough to deal with increasingly complex
problems in the current disruptive era. The
contemporary job market demands the production
of someone who can work in a disruptive and ill-
defined environment, face non-routine and
abstract work processes, make decisions, take
responsibility, and work in teams (Van den Bergh
et al., 2006; Baygin et al.,, 2016; Diawati et al.,
2017; Diawati et al., 2018; Fadiawati, Diawati, and
Syamsuri, 2019). This ability is related to skills
demanded in the 21st century, one of which is
critical thinking skills (CTS).

Critical thinking (CT) is rational and
reflective thinking with an emphasis on making
decisions about what to believe and do (Norris and
Ennis, 1989). Based on the Delphi Report, CT is
self-regulation in deciding which has goals that
produce interpretations, analyzes, evaluations and
inferences as well as concrete, conceptual
explanations, as well as having methods, criteria
or contextual considerations on which these
decisions are based (Facione, 1990; Dwyer,
Hogan, and Stewart, 2014; Stephenson and
Sadler-McKnight, 2016).

The development of CTS has been the
main focus of several researchers (Halpern, 2014;
Moore, 2015; Butler and Halpern, 2020; Danczak,
Thompson, and Overton, 2020). CTS is important
because they enable students “to deal effectively
with social, scientific, and practical problems”
(Shakirova, 2007). Some cognitive psychology
researchers report that CTS could be developed
within a variety of discipline areas to make
knowledge retrieval easier. McMillan (1987)
argued that standalone and integrated courses
were equally successful in developing CTS. On
the other hand, Ennis (1990) accepted that CTS

also could be effectively improved with or without
discipline-specific areas. Davies (2013) agreed
that CTS is a fundamental skill at the basis of all
disciplines of knowledge. CTS can be a need to
accommodate the discipline-specific needs in
higher education. CTS could be transferred to
situations encountered in daily life (Butler and
Halpern, 2020); one of them is about hoax
information circulating through social networks.

Facebook, Youtube, WhatsApp, dan
Instagram are social networks that are widely
accessed by internet users. Among social
networks, Facebook users number 2.414 billion,
while Youtube with 2 billion active users,
WhatsApp users number 1.6 billion, and
Instagram with 1 billion active users (Clement,
2020). Fellow social networks users share a
variety of news broadcasts dan information. Other
users can quickly see both.

However, not only real news and
information but also fake and mislead (hoax) news
and information shared. Hoax information was
made based on individual opinions that cannot be
accounted for, and they shared in a chain through
social networks. Related to circulating hoax
information, CTS is needed in media literacy.
Some learning models which suggested to
developing CTS in chemistry are problem-based
(Kek and Huijser, 2011; Martyn et al., 2014), open-
ended practical (Klein and Carney, 2014), and
inquiry (Gupta et al., 2015).

In this article, it is described the results of
developed CTS dealing with hoax information by
using problem-based learning (PBL). Fogarty
(1997) defines PBL as a learning model that deals
with real-life or real-world problems that are ill-
structured, open-ended, and ambiguous. In these
learning, students are faced with hoax information
problems related to some food and drinks
circulating through social networks. For example,
hoax information received by the public is related
to noodles and carbonated water. Based on
information flowing, noodles and carbonated water
are considered poisonous and dangerous. This is
because if noodles with iodine drop, they will turn
purple. On the other hand, carbonated water
contains high levels of acid so that it can dissolve
bones and teeth.

This corresponds with the outbreak of hoax
information in Indonesia has become a national
problem. The survey results of the Indonesian
Telematics Society (2019) that a variety of hoax
information that is often accepted by the public.
Some of them are issues about health by 40.70%,
issues about food and drinks by 30.00%, and
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issues about science and technology by 20.00%.
As a result of the circulation of the hoax
information, the community became restless and
was overtaken by excessive fear (Zuria and
Suyanto, 2018). On the other hand, noodles and
carbonated water producers suffer losses due to
competition and trademark pollution (Apriyani,
Fadiawati, and Syamsuri, 2017).

Furthermore, based on the hoax
information in circulation, students look for
information from reliable sources, conduct

investigations, and use their knowledge and to be
analyzed and confirm whether the information can
be trusted or not. Therefore, this research aimed
to describe the effectivity of PBL to improve
students’” CTS to deal with hoax information in
chemistry.

2. MATERIALS AND METHODS:

This research is a quasi-experimental and
carried out in the State High School in Lampung
Province, Indonesia, by using nonequivalent
control-group design (Creswell and Creswell,
2017). The population of this research is the 11'"-
grade students totaling 200 students. By using
purposive sampling obtained 60 students, and
every one declares to agree to participate in this
research. Furthermore, students are grouped into
experimental and control classes. Purposive
sampling is done with consideration to obtain
samples with the same or relatively similar
characteristics based on prior information of a
population (Fraenkel, Wallen, and Hyun, 2011).

Before the intervention, both the
experimental and control classes were given
pretest Norris-Ennis’s CTS in the form of open-
ended questions (Appendix 1). Next is the
intervention stage by applying PBL in the
experimental class and conventional learning in
the control class.

Learning begins by orienting students to
the hoax information problems. In the organized
students' phase, students are asked to gather
information related to the problem. Furthermore,
students make investigation design and apply it to
confirm whether or not the hoax information is
being faced. Data obtained are then presented. In
the last phase, students will be asked and
answered on the work between groups to bring up
various opinions or ideas. The learning process is
guided by student worksheets to match the PBL
syntax. During the learning process, student
performance is also assessed. At the end of the
learning, both classes were given a post-test
Norris-Ennis’s CTS in the form of open-ended

guestions.

Statistical testing with SPSS version 23.0
was carried out on the results of the pretest
through normality (One Sample Kolmogorov-
Smirnov’'s Test), homogeneity of variance
(Levene’s Test), and independent sample t test .
Increasing the score of each class (n-gain) also
statistically tested through normality and One Way
ANOVA. The n-gain categorized as high, medium,
or low (Hake, 1998).

3. RESULTS AND DISCUSSION:
3.1. Results

Average scores of the pretest and post-test
students’ CTS were presented in Figure 1. Table
1 informed the results of the statistical analysis of
the pretest score where the significance value (sig.
> 0.05) indicates that average scores of the pretest
come from populations that were normally
distributed and have homogeneous variances.
Based on the significance value (sig. > 0.05) on
the independent sample t-test results obtained
information that there was no difference between
average scores of the pretest in the two classes.
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Figure 1. The average scores of pretest and
post-test students’ CTS.

The average n-gain of the experimental
and control classes was presented in Figure 2.
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Figure 2. The average n-gain students’ CTS.

Based on Table 2, normality test results for
n-gain indicate that the significance value obtained
(sig.) was greater than 0.05. This indicates that the
average n-gain of CTS comes from a normally
distributed population. One Way ANOVA test
results show the significance value obtained was
less than 0.05. Thus it could be said that there is a
difference between the average n-gain of CTS
between the experimental and control classes.
Based on the significance value (sig. <0.05) on the
independent sample t-test results obtained
information that n-gain average of the
experimental class was higher than the control
class.

3.2. Discussion

The above description informs that the PBL
model was effective in improving students’ CTS
compared to conventional learning. Students’ CTS
were trained at each stage of problem-based
learning guided by student worksheets.

3.2.1 Phase 1, Student Orientation to the Problems

At this phase, students were faced with a
problem related to hoax information circulating in
the community packaged into the discourse. The
discourse contains information that instant
noodles contain poisons that harm the body. If
noodles with iodine drop, they will turn purple. In a
different discourse also informed that carbonated
water contains acids that can clean the toilet and
iron rust. When taken by mouth, the acid content
is illustrated will mix and react with gastric acid in

the stomach. This makes people who used to
consume both noodles and carbonated water
uneasy. Regarding their information and
understanding of discourse were presented in
Figures 3 and 4 (the authentic source was
availabled in Appendix 2). Based on this, this
phase trains students’ CTS.

Q: What information do you know based on
the discourse above?

A: 1) Instant noodles contain free radicals which
are proven by changes in color when dipped
in iodine solution
2) Instant noodles are dangerous because
they are made from chemicals

Q: What information do you not know based
on the discourse above?
A: The content of instant noodles

Figure 3. Students’ understanding of the
discourse of the danger of noodles.

Q: What information do you know based on
the discourse above?

A: 1) Carbonated water are dangerous to
consume because they contain acids that can
clean iron rust and toilets
2) Carbonated water added to glasses filled
with clear liquid turn into chocolate foam, it is
possible the same thing happens in our
stomach

Q: What information do you not know based
on the discourse above?
A: The content of carbonated water

Figure 4. Students’ understanding of the
discourse of the danger of carbonated water.

After students understand the problem
critically, students were asked to formulate the
main questions critically. Based on discourse,
students should first consider the truth of the
information. In the 1% worksheet, several students
wrote question statements that do not fit the
content of the discourse. A similar thing happened
in the 2" worksheet. Some students were not
confident and were doubtful about the formulation
of the questions they asked. The following were
some of the questions written by students in
Figures 5 and 6 (the authentic source was
available in Appendix 2).

In learning, the formulation of the main
gquestions raised was not appropriate to the
problems listed in the discourse. Related to this,
the teacher guided the students to determine the
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main question of the air following late to the
content of the discourse. Based on the direction
was given by the teacher, students improved the
statement of question formulation in the 1t and 2"
worksheets, as shown in Figure 7 and Figure 8
(the authentic source was available in Appendix
2).

Question Statement

1) Why instant noodles are still being sold in the
market?

2) Why did the instant noodles dip in iodine
solution turn purple?

Figure 5. Question statement in the 1 worksheet
is not appropriate to the content.

Question Statement

1) Why carbonated water are still being sold in
the market?

2) Why carbonated water can be used to clean
toilets?

Figure 6. Question statement in the 2™
worksheet is not appropriate to the content.

Question Statement

1) Is it true that instant noodles are dangerous if
consumed?

2) What are the ingredients of instant noodles?

3) Why do instant noodles turn purple when
dipped in an iodine solution?

4) What chemicals are contained in instant
noodles?

5) Do instant noodles contain free radicals?

Figure 7. Question statement in the 1%
worksheet, which has been fixed.

Question Statement

1) Is it true that carbonated water are harmful to
the body?

2) lIs it true that information that carbonated
drinks can be used to clean toilets?

3) What are the compositions contained in
carbonated water?

4) Why carbonated drinks can clean iron rust?

5) What acid compounds are contained in
carbonated water?

Figure 8. Question statement in the 2"
worksheet, which has been fixed.

Based on the improvement of the question

statement raised information obtained that
students could critically determine the problems
that exist in the discourse. Besides, students were
increasingly skilled in making questions related to
discourse.

In this study, the skills to understand the
problems given critically could be said to increase.
An increase in skills to understand the problem
critically was also supported by student activities
in learning. Students were frequently seen asking
guestions and giving their opinions. Therefore,
PBL could increase information literacy, one of
which was identifying issues or problems faced
(Chu, Tse, and Chow, 2011).

3.2.2 Phase 2, Organize Students

To answer the questions that have been
asked, students were asked to gather information
from various sources relevant to the discourse. In
its completion, students were guided by an
assignment sheet. There were two activities,
namely defining the problem and organizing
learning tasks related to discourse, as well as
gathering appropriate information so that they can
submit hypotheses. Students in groups were given
three days to define the problem and collect
information along with the source. The same thing
was done in the 2" worksheet.

By teacher’s guide, students answered the
formulation of questions by finding and gathering
information related to the problem, including: (1)
the content contained in instant noodles and
beverage drinks; (2) information about the color
changes that occur in instant noodles after dipped
in a solution of iodine and pH in carbonated drinks;
(3) information about any food ingredients that
have a content that is not much different from
instant noodles or drinks or solutions that have a
pH not much different from carbonated drinks.
Through these activities, students were expected
to be able to sort out relevant and trusted
information in  solving problems carefully.
Accordingly, this phase trains the skills to gather
relevant information. The results of the
assignments were presented in Figures 9 and 10
(the authentic source was available in Appendix
2).

During these activities, students were
asked to report the results of the task to the
teacher periodically. The teacher evaluated the
assignment and given direction when there was
less relevant information, and the source was not
credible. For this advice, students made
improvements and obtain information on the 1%
worksheet, among others: (1) the content
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contained in instant noodles, (2) the content
contained in the iodine, (3) carbohydrate testing,
and (4) the cause of the occurrence discoloration
of instant noodles after dipping the solution of
iodine. On the other hand, information obtained in
the 2" worksheet includes: (1) the content
contained in carbonated water, (2) the acidity of
carbonated water, (3) buffering solutions in the
blood, and (4) metal corrosion.

Assignment Sheet

Q: Find information from various sources
regarding the content of instant noodles!

A: content of instant noodles: carbohydrates, fats,
proteins, cholesterol, sodium, vitamins,
calcium, iron

Q: Find information from various sources
regarding the color change in iodine-
dripped instant noodles!

A: discoloration of instant noodles that are
dropped with iodine indicates carbohydrate
content

Q: Find information from various sources
about some food ingredients that have the
same content as instant noodles!

A: rice, bread, corn, potatoes

Figure 9. Information obtained by students
related to instant noodles.

Assignment Sheet

Q: Find information from various sources
regarding the composition of Cola!

A: content of cola: carbonated water, sugar,
caramel coloring, phosphoric acid, caffeine,
citric acid

Q: Find information on the pH of carbonated
water!
A: Carbonated water has a pH = 3

Q: Find information on types of drinks or
solutions whose pH is the same as
carbonated water!

A: lime juice, vinegar, tamarin juice, lemon juice

Figure 10. Information obtained by
students related to carbonated water.

Based on observations, at first, students
still found it difficult to sort out credible and

relevant information, especially if it was connected
with chemical material. Most of the students'
answered contain general things and not following
the learning objectives, as well as information
questions about food in the form of
macromolecules that are absorbed by the
nutritional content, students answer “protein and
carbohydrate” without knowing that there are still
many nutrients that are absorbed by the body. This
might be due to a lack of understanding of
problems and questions and accustomed to taking
information from web blog sources, news, or
literature whose clarity has not been proven.

To overcome this, a discussion was held
for 25 minutes, in turn, eight groups consulted
about students' answers with the teacher, so that
information was obtained following problem-
solving. In consultation activities, the teacher
directed students’ answers to solutions related to
chemical materials, and the answers obtained
were the nutrient content absorbed by the body,
including “glucose, amino acids, vitamins and
minerals, and water.” To convince students, then
the teacher invited students to conduct a literature
study on other people's research related to the
nutrient content absorbed by the body. This
activity could indirectly train students’ CTS,
especially on indicators considering the credibility
of the source.

CTS could be done by figuring out what to
believe or what to do and doing it reflectively and
reasonably (Ennis, 1990). Therefore, to obtain
reliable information, students must conduct
investigative activities to obtain appropriate
conclusions so that meaningful construction of
knowledge does not occur.

3.2.3 Phase 3, Individual and Group Research
Guide

In the 1% worksheet, an experiment was
carried out on a carbohydrate test on several foods
with a solution of iodine. Investigation activities
require students to be actively involved and train
students in their opinions to get explanations and
problem-solving. Something that is not much
different was done in the 2" worksheet regarding
the removal of rust on iron with a solution or drink
that has the same pH or almost the same as
carbonated water.

Before investigation activities were carried
out through experimental activities, students were
required to make experimental designs. The
intended experimental design includes: (1)
identifying variables; (2) controlling variables; (3)
compile experimental procedures; (4) identifying
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tools and materials used; and (5) design an
observation table (Fadiawati and Syamsuri, 2016;
2018). The experimental design was then
consulted with the teacher. Based on the direction
given by the teacher, students improved the
design of the experiment.

Furthermore, students conducted
experiments based on the results of experimental
designs. In the 15 worksheet, students were asked
to compare colors in instant noodles before and
after dipping in iodine solution. In the 2"
worksheet, students were directed and guided to
conduct experiments, ranging from measuring the
volume of each solution as much as 10 mL, match
by using universal indicators, comparing the
amount of rust on nails that have been immersed
in each solution for 10 minutes. Investigative
activities through practicum make the learning
process of students more meaningful (Hodson,
1990; Garnett, Garnett and Hacking, 1995;
Hofstein and Lunetta, 2004; Hofstein and Mamlok-
Naaman, 2007; Abrahams and Millar, 2008).

Faced this situation, students were
required to be critical and careful in observing
each process and the results obtained during the
experiment to be able to conclude precisely and
reasonably. On the other hand, through this
activity students will get used to working together
in groups so that it will foster a disciplined, honest,
and thorough attitude in conducting learning
activities and group discussions. Diawati et al.
(2018) suggest that when students are assigned
to work on worksheets and undertake learning
activities and group discussions, students practice
working together between group members to
discuss the tasks contained in worksheets.
Through this group discussion, students exchange
opinions, assess the views of friends regarding
problems correctly.

3.2.4 Phase 4, Develop and Present the Work

After conducting an investigation and
experiment, students were then asked to develop
and present their work in the form of observations
during the experiment which are then submitted to
the teacher. Furthermore, students wrote the
experimental data, answered questions that were
challenging related to the experimental data to be
able to develop ideas or ideas by linking the results
obtained during the experiment with various
information that they have obtained from various
sources, and reported the solution obtained as a
work.

In the initial phases of developing and
presenting the results of an experiment, students
have not been very active in discussions to

analyze the results of experiments and draw
conclusions. To overcome this, the teacher
provided guidance and checks the work of
students in each group if there are difficulties. At
the next meeting, it was seen that students were
increasingly actively discussing and even asking
critical questions to the teacher. Students'
inference skills have improved.

In this condition, when students were
assigned to work on a worksheet with their study
groups, students practiced being able to work
together between group members to discuss the
tasks contained in worksheets. Through
discussion  activities, students exchanged
opinions, assess the opinions of friends, or reject
or accept the opinions of friends so that they are
expected to be able to give the right conclusions.
Thus, student activities in doing assignments,
working together, and discussing supported the
improvement of students’ CTS.

Syamsuri and Fadiawati (2019) revealed
that inference means identifying and obtaining the
elements needed to draw acceptable conclusions.
Inference skills can be trained in the stage of
developing and presenting work. At this stage
students also do information processing to find the
linkage of one information with other information,
so students can conclude the linkages of that
information.

3.2.5 Phase 5, Analyze and Evaluate the Problem-
Solving Process

In the last phase, student learning
outcomes were evaluated in terms of the material
learned and ask each group to communicate their
work. In this way, students will be asked and
answered on the work between groups to bring up
various opinions, or ideas, such as the use of used
plastic cups instead of chemical cups. Thus they
will be understood the problem more deeply and
can be developed ideas more broadly.

Through PBL, students were trained to be
able to formulate the main questions. Students
were also required to gather the information
needed to confirm the truth of information
circulating based on discourse. In searching for
information, students were trained to choose
sources that are relevant and credible, so that the
information they get could be trusted, and then
students can make inferences (Syamsuri and
Fadiawati, 2019). Through investigation activities,
students could determine what actions should be
taken to confirm the truth of information circulating
based on discourse. In presenting the work, could
bring up various ideas. Students were also able to
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communicate their work to others. With this
learning phase, students' CTS could certainly be
trained (Dehkordi and Saeed, 2008; Fadiawati,
Diawati, and Syamsuri, 2019; Hung and Amida,
2020).

4. CONCLUSIONS:

By using PBL to deal with the circulating
hoax information, students look for information
from reliable and credible sources, conduct
investigations, and use their knowledge and to be
analyzed and confirm whether the information can
be trusted or not. Additionally, the n-gain value of
the experimental class in high categorized, while
the n-gain value of the control class in medium
categorized. Therefore, it could be said that PBL
applied in this research has facilitated and
effective in improving students’ CTS.

5. REFERENCES:

1. Abrahams, |, and Millar, R. (2008). Does
practical work really work? A study of the
effectiveness of practical work as a teaching
and learning method in school science.
International Journal of Science Education,
30(14), 1945-1969.

2. Apriyani, T.D., Fadiawati, N., and Syamsuri,
M.M.F. (2019). The Effectiveness of Problem-
Based Learning on the Hoax Informations to
Improve Students’ Critical Thinking Skills
(Related to Some Foods and Beverages).
International Journal of Chemistry Education
Research, 3(1), 15-22.

3. Baygin, M., Yetis, H., Karakose, M., and Akin,
E. (2016, September). An effect analysis of
industry 4.0 to higher education. In 2016 15th
international conference on information
technology based higher education and
training (ITHET) (pp. 1-4). IEEE.

4. Butler, H.A., and Halpern, D.F. (2020). Critical
Thinking Impacts Our Everyday Lives. Critical
Thinking in Psychology, 152.

5. Chu, S.K.W.,, Tse, S.K., and Chow,K. (2011).
Using collaborative teaching and inquiry
project-based learning to help primary school
students develop information literacy and
information skills. Library and Information
Science Research, 33(2), 132-143.

6. Clement, J. (2020). Global social networks
ranked by number of users 2020, Retrived
from
https://www.statista.com/statistics/272014/g|

obal-social-networks-ranked-by-number-of-
users/, accessed March 28™.

7. Creswell, JW., and Creswell, J.D. (2017).
Research design: Qualitative, quantitative,

and mixed methods approaches. Sage
publications.

8. Danczak, S.M., Thompson, C.D., and
Overton, T.L. (2020). Development and

validation of an instrument to measure
undergraduate chemistry students’ critical
thinking skills. Chemistry Education Research
and Practice, 21(1), 62-78.

9. Davies, M. (2013). Critical thinking and the

disciplines reconsidered. Higher Education
Research and Development, 32(4), 529-544.

10. Dehkordi, A.H and Saeed, M.H. (2008). The
effects of problem-based learning and
lecturing on the development of Iranian
nursing students’ critical thinking. Pak J Med
Sci, 24(5).

11. Diawati, C., Liliasari, Setiabudi, A., and
Buchari. (2017, May). Students’ construction
of a simple steam distillation apparatus and
development of creative thinking skills: A
project-based learning. In AIP Conference
Proceedings (Vol. 1848, No. 1, p. 030002).
AIP Publishing LLC.

12. Diawati, C., Liliasari, Setiabudi, A. and
Buchari. (2018). Using Project-Based
Learning to Design, Build, and Test Student-
Made Photometer by Measuring the Unknown
Concentration of Colored Substances.
Journal of Chemical Education, 95(3), 468-
475.

13. Dwyer, C.P., Hogan, M. J., and Stewart, I.
(2014). An integrated critical thinking
framework for the 21st century. Thinking Skills
and Creativity, 12, 43-52.

14. Ennis, R.H. (1990). The extent to which critical
thinking is subject-specific: Further
clarification. Educational researcher, 19(4),
13-16.

15. Facione, P. (1990). Critical thinking: A
statement of expert consensus for purposes
of educational assessment and instruction
(The Delphi Report).

16. Fadiawati, N., Diawati, C., and Syamsuri,
M.M.F. (2019). Constructing a simple
distillation apparatus from used goods by
using project-based learning, Periodico Tche
Quimica, 32(2), 207-213.

17. Fadiawati, N. and Syamsuri, M.M.F. (2016).

Periédico Tché Quimica. ISSN 2179-0302. (2020); vol.17 (n°35)
Downloaded from www.periodico.tchequimica.com

127


https://www.statista.com/statistics/272014/global-social-networks-ranked-by-number-of-users/
https://www.statista.com/statistics/272014/global-social-networks-ranked-by-number-of-users/
https://www.statista.com/statistics/272014/global-social-networks-ranked-by-number-of-users/

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Merancang Pembelajaran Kimia di Sekolah.
Berbasis Hasil Riset Pengembangan.
Yogyakarta: Media Akademi.

Fadiawati, N. and Syamsuri, M.M.F. (2018).
Perancangan Pembelajaran Kimia.
Yogyakarta: Graha limu.

Fogarty, R. (1997). Problem-based learning
and other curriculum models for the multiple
intelligences classroom. South Clearbrook
Drive, Arlington Heights: IRI/Skylight Training
and Publishing, Inc.

Fraenkel, J. R., Wallen, N. E., and Hyun, H.
H. (2011). How to design and evaluate
research in education. New York: McGraw-
Hill Humanities/Social Sciences/Languages.

Garnett, P.J., Garnett, P.J., and Hackling,
M.W. (1995). Refocusing the chemistry lab: A
case for laboratory-based investigations.
Australian Science Teachers Journal, 41(2),
26-32.

Gupta, T., Burke, K.A.,, Mehta, A.,, and
Greenbowe, T.J. (2015). Impact of guided-
inquiry-based instruction with a writing and
reflection emphasis on chemistry students’
critical thinking abilities. Journal of Chemical
Education, 92(1), 32-38.

Halpern, D.F. (2014). Critical thinking across
the curriculum: A brief edition of thought and
knowledge. Routledge.

Hake, R.R. (1998). Interactive-engagement
versus traditional methods: A six-thousand-
student survey of mechanics test data for
introductory physics courses. American
journal of Physics, 66(1), 64-74.

Hodson, D. (1990). A critical look at practical
work in school science. School Science
Review, 71(256), 33-40.

Hofstein, A., and Lunetta, V.N. (2004). The
laboratory in science education: Foundations
for the twenty-first century. Science
education, 88(1), 28-54.

Hofstein, A., and Mamlok-Naaman, R. (2007).
The laboratory in science education: the state
of the art. Chemistry education research and
practice, 8(2), 105-107.

Hung, W., and Amida, A. (2020). Problem-
Based Learning in College Science. In Active
Learning in College Science (pp. 325-339).
Springer, Cham.

Indonesian Telematics Society. (2019).
Results of the 2019 National HOAX Outbreak
Survey. Retrived from https://mastel.id/hasil-

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

survey-wabah-hoax-nasional-2019/ accessed
Mei 28™.

Kek, M.Y.C.A., and Huijser, H. (2011). The
power of problem-based learning in
developing critical thinking skills: preparing
students for tomorrow’s digital futures in
today’s classrooms. Higher Education
Research and Development, 30(3), 329-341.

Klein, G.C., and Carney, J.M. (2014).
Comprehensive approach to the development
of communication and critical thinking:
Bookend courses for third-and fourth-year
chemistry majors. Journal of Chemical
Education, 91(10), 1649-1654.

Lowden, K., Hall, S., Elliot, D., and Lewin, J.
(2011). Employers’ perceptions of the
employability skills of new graduates. London:
Edge Foundation.

Martyn, J., Terwijn, R., Kek, M.Y., and Huijser,
H. (2014). Exploring the relationships
between teaching, approaches to learning
and critical thinking in a problem-based
learning foundation nursing course. Nurse
education today, 34(5), 829-835.

McMillan, J.H. (1987). Enhancing college
students' critical thinking: A review of studies.
Research in higher education, 26(1), 3-29.

Moore, T. (2015). Knowledge, disciplinarity
and the teaching of critical thinking. The
Routledge International Handbook  of
Research on Teaching Thinking, 243-253.

Norris, S.P., and Ennis, R.H. (1989).
Evaluating Critical Thinking. The Practitioners'
Guide to Teaching Thinking Series. Critical
Thinking Press and Software, Box 448, Pacific
Grove.

Shakirova, D.M. (2007). Technology for the
shaping of college students' and upper-grade
students' critical thinking. Russian Education
and Society, 49(9), 42-52.

Stephenson, N.S., and Sadler-McKnight, N.
P. (2016). Developing critical thinking skills
using the science writing heuristic in the
chemistry laboratory. Chemistry Education
Research and Practice, 17(1), 72-79.

Syamsuri, M.M.F. and Fadiawati, N. (2019).
Revealing pre-service chemistry
teachers’conceptions of hydrogen atomic
orbitals using open-ended tests: a case study
in indonesia. Periddico Tché Quimica, 16(32),
250-256.

Trilling, B., and Fadel, C. (2009). 21st century

Periédico Tché Quimica. ISSN 2179-0302. (2020); vol.17 (n°35)
Downloaded from www.periodico.tchequimica.com

128


https://mastel.id/hasil-survey-wabah-hoax-nasional-2019/
https://mastel.id/hasil-survey-wabah-hoax-nasional-2019/

41.

skills: Learning for life in our times. John Wiley
and Sons.

Van den Bergh, V., Mortelmans, D., Spooren,
P., Van Petegem, P., Gijbels, D., and
Vanthournout, G. (2006). New assessment
modes within project-based education-the
stakeholders.  Studies in  educational

42.

evaluation, 32(4), 345-368.

Zuria, F.S., and Suyanto, T. (2018). Kajian
keterampilan intelektual mahasiswa UNESA
dalam mengenali berita hoax di media sosial.
Kajian Moral dan Kewarganegaraan, 6(2):
565-580.

Table 1. Statistical testing result of average score of the pretest

Experimental Class

Control Class

Normality test

Kologorov-Smirnov Z

Significance value

0.125
0.200

0.155
0.063

Homogeneity test

F value 1.059
Significance value 0.308
Independent sample t-test

t value -0.255
Significance value 0.800

Table 2. Statistical testing result of average n-gain

Experimental Class

Control Class

Normality test

Kologorov-Smirnov Z
Significance value

0.138
0.147

0.104
0.200

One way ANOVA test

F value 114.636
Significance value 0.000
Independent sample t-test

t value 10.707
Significance value 0.000
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APPENDIX 1
Pretest Questions

DISCOURSE 1
Read the following discourse to answer the questions below!

Have you ever seen a viral video on Youtube (https://www.youtube.com/watch?V=dUGndfBS5Fk)
about an experiment of instant noodles with iodine drop? What will happen after a few minutes? It
turns out that instant noodles immediately change color to purple.

The following information is obtained from Facebook
(https:/iwww.facebook.com/91201988700/posts/temanstaukah-kalian-kalau-mie-instan-mandung-
radikal-bebas-yang-sangat-berbah/10153784538233701/) In the news was informed that instant
noodles contain free radicals which are very dangerous for the body. This is proven by dipping instant
noodles in the iodine solution. The result is a color change in instant noodles to purple. The change in
color indicates that instant noodles contain negative toxins derived from chemicals.

Based on this discourse, answer the following questions!

1. CTSindicator: understanding the problems critically.
Do you believe the information in the discourse above? Explain with reasons!
2. CTSindicator: making the questions.
Ask guestions related to the discourse above, regarding:
a. main question
b. questions besides the main questions
3. CTS indicator: collecting and considering the pieces of information.
What information do you need to answer the questions you ask

DISCOURSE 2
Read the following discourse to answer the questions below!

Coke Cola is a carbonated drink that tastes good when thirsty. Almost all people like this drink. But
lately, there has been information circulating on social media such as Youtube, Whatsapp, Facebook,
Twitter, and Instagram that illustrates the dangers of carbonated drinks when mixed with stomach
acid. On social media Youtube (https://www.youtube.com/watch?v=ISGJKAL1T8fY), a video is
displayed when a colorless liquid in a glass container is added with carbonated drinks. When the two
are mixed, it turns out to react to form a blackish-brown froth which over time looks solid. The
uploader of the video illustrates the same thing would happen if carbonated drinks in the stomach
were mixed with gastric acid.

Periédico Tché Quimica. ISSN 2179-0302. (2020); vol.17 (n°35)
Downloaded from www.periodico.tchequimica.com
130


https://www.youtube.com/watch?V=dUGndfBS5Fk
https://www.facebook.com/91201988700/posts/temanstaukah-kalian-kalau-mie-instan-mandung-radikal-bebas-yang-sangat-berbah/10153784538233701/
https://www.facebook.com/91201988700/posts/temanstaukah-kalian-kalau-mie-instan-mandung-radikal-bebas-yang-sangat-berbah/10153784538233701/
https://www.youtube.com/watch?v=lSGJkA1T8fY
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There are also other videos on social media Youtube (https://www.youtube.com/watch?v=Zj1MXEZ-
90M) that shows the use of carbonated drinks as a toilet cleaner. On social media Youtube
(https:/iwww.youtube.com/watch?v=KYcVJt6_cSQ) also shows videos related to the use of carbonated
drinks to clean iron rust. The use of carbonated beverages as a toilet cleaner and iron rust is associated
with the acid content in the drink.

The videos then spread sequentially through Whatsapp, Facebook, Twitter, and Instagram. The
distribution of the videos is accompanied by information that illustrates the dangers of carbonated
drinks. As a result, many people assume that carbonated cola drinks are very dangerous for the body
because they are made from hazardous chemicals.

Based on this discourse, answer the following questions!

4. CTS indicator: understanding the problems critically.
Do you believe the information in the discourse above? Explain with reasons!
5. CTS indicator: making the questions.
Ask questions related to the discourse above, regarding:
a. main question
b. questions besides the main questions
6. CTS indicator: collecting and considering the pieces of information.
What information do you need to answer the questions you ask

Periédico Tché Quimica. ISSN 2179-0302. (2020); vol.17 (n°35)
Downloaded from www.periodico.tchequimica.com
131


https://www.youtube.com/watch?v=Zj1MXEZ-90M
https://www.youtube.com/watch?v=Zj1MXEZ-90M
https://www.youtube.com/watch?v=KYcVJt6_cSQ

APPENDIX 2
The authentic source of Figures 3 to 10

Need (e hnow

1. Informasi apa yang kalian ketahui dari wacana di atas?
L'me  Whan mengangua radikal bebag _y_qgg_mc(‘\buhﬁ‘kan

2. Informasi apa yang tidak kalian ketahui dari wacana di atas?
¥andungan  mie Wnftan, SBeartal,  Mmie nrtan berﬁal\a’ya?

............................................................................................

Source for Figure 3

Need to know

1. Informasi apa yang kalian ketahui dari wacana di atas?
I mmuman  berkarbonast 'oer\oo.kaya c‘lkmfumu karena VthgaV\Jvhj

alam  yang alapa+ Mymberyh kan kal'-u!, karot  befi
1. Mnumdn Yerkarbonasi yang ditambakkan  Kedalam geias beny-

Cn Tk bLerwarra akan membentule buil b (ud. Hol G rama

Fer[odi bodon TORBURG ExFe " MiRGRaR  BeFEs r hokan fim
2. Informasi apa yang tidak kalian ketahui dari wacana di atas? oML o Kt

Bohan 7 kendungan minuman berkacbonasi
Apakah berjta ru Cudoh  benar 7

Source for Figure 4

Pertanyaan
1.Mengapa_rie Todon mash sda dgw) dipssacan’
2.[Vlengapa....Mie. Instan_yang_ cliceluptan ke dalam_larutan, ohat meh berodin

Source for Figure 5

Setelah kamu membaca dan memahami wacana diatas, ajukanlah pertanyaan
mengenai hal yang belum kalian mengerti!

Pertanyaan

Source for Figure 6
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Pertanyaan

foakah benar Mie Ingdon berbahaya sika_dilkongumes ?

1ol
2. Anasoje Kanduengan  Edmposisy car
C 1%? h' “menjodi berwarha Un v?

Source for Figure 7

| Petanyaan |

Aoakah _minuman berkarbenag benor bgrhl}n(/a boai tuboh ponura?
2 Apakah benar Nforfhol_ mmithan “bkarbenas  dapat Trem berrhkan Koo
s.Apsore . Kompogei  yong Terkandyny fade miniman  berkarbonas: >
o Jenope. thinuman berlarbonas; dapat Memberfihkon karad bes,?
s..kandungan  Mam apa Yong Terdapat dalam . mmuman berka
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Source for Figure 8

. Lembar Denugasan

1. Carilah informasi dari berbagai sumber mengenai kandungan mie instan !
karbohdre b, Lerok,

&\’m&wgﬂ Jﬁ oo e B, Lotrum, 22t bem

P’”’M" lhotestecol , ZodMum Vitawo

2. Carilah informasi dari berbagai sumber mengenai perubahan warna pada mie

instan yang diberi larutan obat merah beriodin!
\

AXAE\ ahaga W3 M’ Wvu: e 2@'\
w:r a‘:;)vmh lporiodin Wetsfjion - &lory
l,(gma,wj@"\ korbold @t .

3. Carilah informasi dari berbagai sumber mengenai beberapa bahan makanan yang

memiliki kandungan yang sama!

Source for Figure 9
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Lembar Penugasan

Carilah informasi mengenai komposisi dari minuman bersoda jenis cola dari

berbagai sumber!
A karbonasc , Solo, .
ACam FO({O&, kofe,m , asam ScHraT .

peworno karamel ,

>. Carilah informasi mengenai pH minuman bersoda!

po =

3. Carilah informasi minuman atau larutan yang memiliki pH sama dengan pH
minuman bersoda! Minimal 3 jenis minuman!

~ Air Jervle Nipis
— Aom Coka
— M ACQrn dOU.AJO"

- Air lemon

Source for Figure 10
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