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Critical thinking skills has to be sharpened particulatly during the COVID-19 pandemic. This
circumstance leads to the lack of student’s passion to apply their thinking skills in doing something
necessary. Therefore, it requires a learning improving critical thinking skills. This study aims to describe
the critical thinking skills of chemistry education students taking part in the lecture of Team Project
Based STEM-metacognitive skills. The method utilized is a Pre-Experimental Design One-Shot Case
Study consists of 130 chemistry education students taking part in 3rd and 5th semester. The 3rd
semester students attend lectures on the development of chemistry learning programs (P3K) and the
5th semester students attend lectures on the basics of analytical chemistry (DDKA). The instruments
utilized in this research are learning scenarios, worksheets, critical thinking test instruments, critical
thinking skill assessment rubrics, and project implementation feasibility observation sheets. There are
three critical thinking skills very well demonstrated by students in P3K and DDKA subjects, consist of
(1) strategies and tactics, (2) providing simple explanations, and (3) providing further explanations. Two
other skills, namely concluding and building basic skills shown by students in the good category. The
results of this study contribute to chemistry learning in the future, thus efforts are inevitably required to
train critical thinking skills for prospective chemistry teachers in order to produce teachers having good
thinking skills.

Keywords — Covid-19 pandemic era, Critical thinking skills, Team project based-STEM, Metacognitive
skills.
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1. Introduction

The Covid-19 pandemic that has occurred in Indonesia since 2020 has caused changes in all aspects of
people’s lives. As well as in the field of education. To prevent the spread of covid-19, the Minister of
Education and Culture of the Republic of Indonesia issued an order regarding learning to be carried out
online and working from home (Kemdikbud, 2020). Students are not allowed to go to campus and
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lectures are conducted online (Kompas, 2020). This condition affects the critical thinking ability of
students who have to adapt to attending lectures with the new system to continue to follow all learning.

Critical thinking skills can be applied, trained, and developed through learning process and assessment.
Critical thinking skills are defined as an intellectual disciplinary process that reflects consistency in
thinking and doing (Davies & Barnett, 2015). Critical thinking aims to achieve a logical and reflective
assessment of what should be believed, accepted, or done (Astleitner, 2002). In a learning process, there
are needs for pedagogy activities which will enable all students to become critical and creative thinkers
(Larkin, 2016). Teachers who serve as a mediator and facilitator, should design and apply certain methods,
models, or strategies that can train and develop students’ critical thinking skills. Critical thinking skills are
important not only for students to have a good performance at schools, but also for people in general in
the workplace as well as in social and interpersonal contexts in which right decisions should be made
care-fully and independently on a daily basis (Ku, 2009). In some countries including the United States, the
United Kingdom, and Australia, critical thinking is one of the main skills to be developed and assessed in
higher education (American Association of Colleges and Universities, 2005; Australian Council for
Educational Research, 2002). In addition to some Western countries, Asian countries including Hong
Kong and Japan, have also encouraged the development of critical thinking skills. Similarly, in Indonesia, it
is highly recommended to develop critical thinking skills through learning and to include these skills in the
school curriculum (K-13). Therefore, it is crucial to identify students’ critical thinking skills in a learning
that stimulates students’ thinking skills.

Team Project-Based STEM-metacognitive skills learning is a project-oriented learning that is performed
in groups in which metacognitive skills are used and integrated in STEM. This learning is based on
several studies (Guo, Saab, Post & Admiraal, 2020), showing that a project-based learning model can
improve the quality of learning in higher education. This learning model offers an opportunity to
students to participate in real problem solving and knowledge construction which require students to
deal with real problems and questions that are relevant to the learning topic (Milentijevic, Ciric &
Vojinovic, 2008). The results of another study (Cifrian, Andrés, Galan & Viguri, 2020) showed that
during learning, students who work on a project are able to perform self-monitoring and
self-management effectively. In addition, it is possible to independently create active communication
between students or between students and lecturers, as well as to create a conducive learning
atmosphere (Requies, Agirre, Barrio & Graells, 2018). Involving students in real-life projects could train
students to actively learn as well as demonstrate critical thinking, science process skill, problem-solving
skills, increase students’ interests, experiences, and participation in learning, and boost motivation and
problem-solving skills (Apriwanda, Mahanan, Ibrahim, Surif, Osman & Bunyamin, 2021; Chiang & Lee,
2016; Rambocas & Sastry, 2017; Uziak, 2016).

STEM was first coined by the National Science Foundation (NSF) in 1990 as an acronym for Science,
Technology, Engineering, and Mathematics, but the concept started to gain popularity in 2003
(Yllana-Prieto, Jeong & Gonzalez-Gémez, 2021). Science is the systematic study of the nature and
behavior of material and physical universe, based on observations, experiments, and measurements, and
the formulation of laws to describe facts in general (White, 2014). Technology is as human innovations
that are utilized to modify the nature in a way that it can meet human needs and desires. Engineering is
defined as the knowledge and skills to acquire and apply scientific knowledge. Meanwhile, mathematics is
a group of related sciences, including algebra, geometry, calculus, numbers, size, shape, and space as well
as their correlation using special notations. Several previous studies have revealed that learning using
STEM approaches can improve academic learning processes and outcomes, problem solving skills, critical
thinking skills, collaborative thinking skills, and integrity (Perignat & Katz-Buonincontro, 2019). Besides,
STEM can also promote students’ understanding, creativity, and problem-solving skills, foster creative
thinking, creative skills, creative processes, innovation, and developing both hard and soft skills (Bequette
& Bequette, 2012; Glass & Wilson, 2016; Herro & Quigley, 2016; Preciado-Babb, Takeuchi, Yafiez,
Francis, Gereluk & Friesen, 2016; Sharapan, 2012; Yakman & Lee, 2012).
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Metacognitive skills are the skills of a person that control his/her ability to organize, monitor, and
re-examine his/her understanding and actions in problem solving (ljirana & Supriadi, 2018). In relation to
metacognitive skills, there are three regulation skills that play an important role in organizing the
problem-solving learning process of students, namely planning, monitoring, and evaluation skills (Schraw,
2001). Planning skills are related to selecting appropriate strategies and resource allocation that may affect
the performance of a person. Performance management and monitoring skills direct students to an
aware-ness of understanding the tasks that they should deal with. Several studies have shown the
relationship between metacognitive skills and critical thinking skills, showing that there is a relationship
between metacognitive skills with critical thinking skills (Magno, 2010; Malahayati, Corebima & Zubaidah,
2015), and that metacognitive skills can develop students’ independent learning and critical thinking
(Shabani & Mohammadian, 2014), and that people with good critical thinking skills are engaged in many
metacognitive activities, especially high-level planning and high-level evaluation strategies (Ku & Ho,
2010). Based on the abovementioned results of previous studies, there is a relationship between team
project-based STEM-metacognitive skills learning with critical thinking skills. Thus, it is crucial to conduct
a study that answers questions regarding students’ critical thinking skills in team project-based
STEM-metacognitive skills learning

2. Method Research

This was a Pre-Experimental study with One-Shot Case Study design. All the sample groups were given
the same treatment and the results were observed. The treatment was in the form of team project-based
STEM-metacognitive skills learning as the independent variable and critical thinking skills as the
dependent variable (Creswell, 2014). The subjects consisted of 130 chemistry education students at
Tadulako University, in which 63 of them were third semester students and the remaining 67 were fifth
semester students. Thus, the number of the samples was the same as the number of the population.
These students were taught using the same learning model in different courses, namely the basics of
analytical chemistry (DDKA) and chemistry learning development (P3K) courses. The research flowchart
is shown in Figure 1.

The project was implemented by giving structured assignments in groups and one semester independent
learning. The Team Project-Based STEM-Metacognitive Skills Learning was done in four main steps,
namely: 1) reflection, 2) research, 3) discovery, 4) application and communication. The detailed learning
activities of the Team Project-Based STEM-Metacognitive Skills learning can be seen in Table 1.

! =
Development of Not valid
research instrument
Lesson plan (RPS) and scenario | Lesson plan (RPS) and scenario of
of the Basi.cs of Analytical the Basics of Chemistry Learning Research
Chemistry course Development course E 1 B
Identification of Student Worksheets ] Student Worksheets validaton
rasearch topic
Critical thinking skills test Critical thinking skills test
instrument, answer keys, and instrument, answer keyvs, and A
assessment rubric assessment rubric Valid
Decision Making Data analysis Data collection

Figure 1. Research flow
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Learning

. Lecturer and Student Activities Schedule
Steps/Facilities

1. Conducting a course contract with the students and discussing all course-
related matters/rules.

2. Giving the descriptions of the activities to be done in the learning for 16

Reflection weeks.

(synchronous/zoom) | 3. Giving the desctiptions of the learning outcomes, the matetials, the
schedule for synchronous/asynchronous activities.

4. Assigning problems to each group in the Worksheet (LK) and giving
motivation for problem solving.

1 meeting

1. The lecturers greeted and monitored student participation on the
https://Ims.fkip.untad.ac.id/ discussion forum in each group.

2. Each group of students demonstrated their activeness in collecting
information from various relevant sources and presenting the results on 2" and 3+
https://lms.fkip.untad.ac.id meetings

3. The students actively discussed in their groups with the lecturers; the
lecturers then reinforced the discussions and helped/guided students who
encountered problems when working on the assignments.

Research
(Asynchronous/
Imsfkip.untad.com)

1. Each of the student groups had found a suitable design for the

implementation of the project.

2. The student groups presented their project designs in turn. The lecturers
monitored student participation in the class discussions, and gave directions
through zoom rooms. 9% to 120

. Other students gave feedbacks, asked questions, discussed, and reflected on meetings
the results obtained.

4. The students continued the discussion through the

https://lms.fkip.untad.ac.id/ discussion forum to reinforce learning
outcomes.

Discovery
(synchronous/zoom 3
and asynchronous)

1. Each of the student groups applied the results of their designs (practicum
for the basics of analytical chemistry course and teaching for the P3K
course), assessed the results of their designs and correlated the designs with
other sciences. The students made a video and uploaded it on Youtube.

Application and 2. The student groups presented their products in turn. The lecturers

communication provided reinforcement/direction/rewatrd, measuted competency 10" to 16™
(synchronous/zoom achievement, assessed the students’ assingments on the worksheets, and meetings
and asynchronous) measured the results of other groups.

3. The students continued the discussion through the
https://Ims.fkip.untad.ac.id/ discussion forum to reinforce learning
outcomes

4. Evaluating the results and giving reinforcement.

Table 1. Team project-based STEM-metacognitive skills learning activities

The instruments used in this research consisted of learning scenarios, worksheets, critical thinking skills
test instruments, critical thinking skills assessment rubrics, assessment sheets of the feasibility of the
project implementation results that were observed through video because learning was done online due to
the covid-19 pandemic, and student questionnaires which contain questions and statements on both
courses. All the research instruments were validated by several experts from the university and from other
universities. Valid instruments were then used for the data collection. The critical thinking skills
assessment rubrics for each indicator can be seen in Table 2, while the critical thinking skills were
calculated using the following formula:

Total Score Obtained

Maximum Score

Critical Thinking Skills =

The data obtained were then analyzed descriptively quantitatively using the rubrics and criteria as shown in
Table 2 and Table 3. Meanwhile, the data obtained from the student questionnaires were analyzed
descriptively qualitatively.
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Range of Score Categories
85 < Score Excellent
75 =< Score < 85 Very Good
60 < Score <75 Good
40 < Score < 60 Poor
Score < 40 Very Poor

Table 2. Assessment criteria (Linn & Gronlund, 1995)

Critical thinking
skills indicators Assessment criteria Score

Identifying problems, deciding on appropriate actions based on the students’ 4
conditions and logical solutions to problems, and drawing conclusions
Writing down the problems, deciding on appropriate actions based on the students’ 3

Strategies and conditions and logical solutions to problems

tactics/determinin: . - - N N

actions/ g Writing down the problems, deciding on appropriate actions based on the students 5
conditions
Writing down the problems 1
No response 0
Writing down the problems in the form of questions, mechanisms of making an 4
authentic assessment, problem-solving strategies, and drawing conclusions
Writing down the problems in the form of questions, mechanisms of making an 3

Developing basic authentic assessment, problem-solving strategies, and drawing conclusions

skills/observing The students have the ability to write down the problems in the form of questions 5
and the mechanisms of making an authentic assessment
The students have the ability to write down the problems in the form of questions 1
No response 0
Assessing the use of appropriate media/materials, selecting other media/materials 3
that can be used, and providing logical explanations correctly

Inferring/making and Assessing the use of approptiate media/materials, selecting other media/matetials 5

evaluating statements that can be used
Assessing the use of appropriate media/matetials 1
No response 0
Assumption-based decision making, providing elementary clarifications, 4
conducting an assessment, and providing advanced clatifications

Providing further Assumption-based decision making, providing elementary clarifications, and 3

explanation/identifying conductmg an assessment

assumptions Assumption-based decision making and providing elementary clarifications 2
Assumption-based decision making 1
No response 0
Estimation-based decision making, selecting appropriate methods, making 3

Providing elementary assessment, and giving elementary clatification

clarification/focusing Estimation-based decision making, selecting appropriate methods 2

questions Estimation-based decision making 1
No response 0

Table 3. Critical thinking skills assessment rubric in team project-based STEM-metacognitive
skills learning (Ennis & Weir, 1985)

3. Results and Discussion

Team Project-Based STEM-Metacognitive Skills Learning was done in four main steps, namely: 1) reflection,
2) research, 3) discovery, 4) application and communication (Laboy-Rush, 2010). In the first step, the
lecturer gave a project theme to each group, for those taking the P3K course, the theme was the design of
innovative learning instrument by integrating TPACK and HOTS, according to the basic competencies in
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each class based on the 2013 high school curtriculum. Meanwhile, the theme for the DDKA course was a
qualitative analysis of elements, ions, and compounds in a sample. The two courses were taught by different
lecturers, and the themes of the project were given in the student worksheet. The projects developed by
students in the P3K course are high school learning instruments in the form of documents of lesson plans,
worksheets, teaching materials, learning media, and assessment instruments. Each group was given different
projects. Meanwhile, the projects developed by the students taking the DDKA course were designing,
implementing, and reporting the data based on the results of flame tests, cation tests, anion tests, as well as
experiment on preservatives and dyes using materials that could be found in the surrounding environment.
In this step, the students started to explore some ideas relevant to the projects. In the second step, each of
the students in the groups searched the literature to help them gain more understanding about their projects,
determined the learning context in which they started to understand the given tasks, and made observations
of the surrounding environment to look for materials and tools that could be used for the completion of the
projects. The results obtained were then discussed in the groups to determine the next steps to complete the
project. In the third step, students make plans, develop learning tools done by students in P3K courses, make
experimental designs done by students in DDKA courses, and conduct asynchronous group discussions.
Finally, in the fourth step, the activities consisted of monitoring the design results through synchronous class
discussions, giving recommendations on the design results, applying the design results, documenting its

implementation in the form of a video uploaded on YouTube, and conducting synchronous evaluation. One
of the project results reported by students in the form of a video is on the link
https://drive.google.com/file/d /1 XfkPR-Q45M1ZtyCl0vx VO0GI2VhmemdZ /viewrusp=sharin

for DDKA courses and https://youtu.be/tFObwCKRbSc for P3K courses and is shown in Figures 2 and 3.
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Figure 2. Results of projects done by students in groups for P3K Course
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Figure 3. Results of projects done by students in groups for DDKA Course
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There were two reasons behind the implementation of this activity. First, due to the Covid-19 pandemic,
the lecturers were unable to directly see the implementation of the project activities. The lecturers were
only able to make assessments through the video displayed. Second, due to the need to train students to
improve their technology skills. Based on the results of the assessment, another class discussion was held
to give feedback, direction, and rewards.

3.1. Assessment of Students’ Critical Thinking Skills

The critical thinking skills of the chemistry education students who took the P3K course and the DDKA
course were assessed using the Team Project-Based STEM-Metacognitive Skills learning, The students’
critical thinking skills were assessed based on the assessment rubrics as shown in Table 2. The assessment
results are presented in Tables 4 and 5.

Average score Score
Critical Thinking Skills Class A | Class B | Class A | Class B | Average | Category
Strategies and tactics 2.9 3.4 71.3 84.3 77.8 | Excellent
Development of basic skills 2.7 3.2 68.5 80.6 74.6| Good
Inferring/making and assessing statements 2.1 2.4 69.1 79 741| Good
Providing advanced clarification 3.12 3.30 78.0 82.5 80.3 | Excellent
Providing elementary clarification 2.45 2.50 81.7 80.0 82.8 | Excellent

Table 4. Students’ critical thinking skills in chemistry learning development (P3K) course

Average score Score
Critical Thinking Skills Class A | Class B | Class A | Class B | Average | Category
Strategies and tactics 3.0 3.1 74.2 77.8 76.0 | Excellent
Development of basic skills 2.7 3.1 66.9 76.4 71.7|  Good
Inferring/making and assessing statements 2.1 2.4 68.8 79.6 742  Good
Providing advanced clarification 2.8 33 71.0 81.9 76.5 | Excellent
Providing elementary clarification 2.5 2.5 81.7 83.3 82.5| Excellent

Table 5. Students’ critical thinking skills in basics of analytical chemistry course

Based on the data shown in Tables 4 and 5, the following is the results of the statistical tests to determine
whether there was a significant difference in the critical thinking skills of the students who took the P3K
and DDKA courses, using the following hypotheses.

Ho: there is no difference in the critical thinking skills of chemistry education students in classes A and B
H;: there is a difference in the critical thinking skills of chemistry education students in class A and B

The results of the statistical tests using SPSS are presented in Table 7 for P3K and Table 9 for DDKA,
while the results of the normality tests are shown in Tables 6 and 8.

Kolmogorov-Smirnov Shapiro-Wilk
Class Statistic df Sig. Statistic df Sig.
KBK
P3KA 176 27 032 954 27 262
P3KB 159 33 .033 957 33 .209

Table 6. Results of data normality test on critical thinking skills of chemistry education
students in class A and B of P3K coutse
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Levene’s Test for
Equality of
Variances t-test for Equality of Means
95% Confidence
Interval of the
Sig. Mean Std. Error Difference
F Sig. t df (2-tailed) | Difference | Difference | Lower | Upper
Equal variances 8.719 005 1.132 58 262 3.579 3161 2749 9.908
assumed
Equal variances 1184 54.418 242 3.579 3.022| 2479 9.638
not assumed
Table 7. T-test result of critical thinking skills of chemistry education
students in class A and B of P3K coutrse
Kolmogorov-Smirnov Shapiro-Wilk
KBK Class Statistic df Sig. Statistic df Sig.
DDKB 246 32 .060 .873 32 .061
DDKC .200 18 .056 .840 18 .006

Table 8. Results of data normality test on critical thinking skills of chemistry education
students in class A and B of DDKA course

Levene’s Test for
Equality of
Variances t-test for Equality of Means
95% Confidence
Interval of the
Sig. Mean Std. Error Difference

F Sig. t df (2-tailed) | Difference | Difference | Lower | Upper
Equal variances 3.877 055 -.581 48 564 -1.579 2718|  -7.045  3.885
assumed
Hqual variances -662|  47.556 511 -1.579 2386| -6379 3219
not assumed

Table 9. T-test result of critical thinking skills of chemistry education
students in class A and B of DDKA course

Based on the results shown in Tables 6 and 8, the data of the critical thinking skills of the students who
took the P3K and DDKA courses were normal, so t-test was conducted with a significance (p) > 0.05.
Based on the results of the statistical tests, both class A and class B of the P3K and DDKA courses had
the same critical thinking skills in the team project-based stem-metacognitive skills learning. In addition,
the data in Table 4 and 5 show that the critical thinking skills of the students in the P3K and DDKA
courses based on the critical thinking indicators fell in the excellent and good categories. On average, the
students were excellent at formulating strategies and tactics as well as giving elementary and advanced
clarifications, and they were good at developing basic skills and inferring, In general, findings in this
research indicate that learning with the Team Project-Based STEM-Metacognitive Skills applied
asynchronously via https://lms.fkip.untad.acid and synchronously via zoom during the covid-19
pandemic can improve students’ critical thinking skills. Because students can access subject matter widely
and discuss it with lecturers and other students in their groups through LMS. Students complete the
assignments in groups but are self-reliant, so it forces them to develop strategies, tactics, and skills to make
decisions in problem-solving, These findings are relatively the same as other previous studies (Ariawan,
2020) that revealed blended learning during the pandemic is good in accommodating students’ critical
thinking. Because students can freely access study materials that are available online, and discuss them with
teachers and other students outside of class hours.
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3.2. Ability to Formulate Strategies and Tactics

For this indicator, the results showed that the students were categorized as good in terms of formulating
strategies and tactics for problem solving. In fact, 60% of the students who took the P3K course and 90%
of those who took the DDKA course were good at formulating tactics and strategies. This means that
most chemistry education students had the ability to identify problems as well as decide on appropriate
actions and logical solutions to problems in both class A and class B when they were given the problems,
ie., chemistry learning at schools for the students taking the P3K course and problems related to flame
test, cation test, anion test, preservatives, and dyes for those taking the DDKA course. On the other hand,
in terms of the ability to make inference, only a small number of students had this ability. Based on the
data, it can be said that the students’ ability to identify problem is an initial step after an analysis of the
problem statement. This ability serves as the basis for students to be able to determine which action
should be taken if they find a problem and how to solve it. This finding is supported as stated in (Ku,
2009) that analysis skills are the skills of breaking down a structure into components to help a person
know the organization of the structure. This aims to enable this person to understand a global concept by
describing or breaking down the global concept into more detailed components.

Several opinions that are in line with this finding were given by, as stated in (Sosu, 2013) critical thinking
skills dimension implies the ability to understand problems and develop solutions to the problem, such as
analysis, interpretation, and drawing conclusions (Chan, 2019). The dispositional dimension refers to the
willingness to apply these skills when encountering a problem and finding a solution to it or when faced
with decision making (Alvarez-Huerta, Muela& Larrea, 2022). Ref (Sosu, 2013) also argued that there are
two dispositional dimensions of critical thinking, namely critical openness and reflective skepticism.
Critical openness is a reflection of the tendency to be open to new ideas, to critically assess them, and to
be prepared to change someone’s views. This study also found that the students demonstrated a tendency
to openness to new ideas by providing an alternative action and the best solution to chemistry learning
problems.

3.3. Ability to Provide Elementary Clarification and Advanced Clarification

The data in Tables 4 and 5 also show that, in general, the students who learned using the team
project-based STEM-metacognitive skills learning demonstrated excellent ability in providing elementary
and advanced clarifications in both P3K and DDKA courses. A total of 60% of the chemistry education
students who took the P3K course had the ability to provide elementary clarification with an average score
of 82.8 and 90% of them had the ability to give advanced clarification with an average score of 80.3. In
the DDKA course, 77% of the students had the ability to provide elementary clarification with an average
score of 82.5 and 87% of them had the ability to provide advanced clarification with an average score of
76.5. This implies that the students who took the course had the ability for assumption-based decision
making and the ability to determine appropriate learning media and methods, but they did not have the
ability to assess and give a satisfying explanation of the media or methods used. Similarly, in terms of the
ability to formulate tactics and strategies, the students who had the ability to decide on actions and
solutions to a problem also had an excellent ability for decision making related to the selection of learning
methods. This way, it can be said that a person with critical thinking will train him/herself to be creative
and productive to properly direct his/her mind. In other words, a person who has critical thinking skills
has an awareness of making the right decision whenever encountering a problem. Critical thinking is a
higher order thinking which includes having awareness, having inquiry skills, making judgments,
conducting evaluation, being open minded, and having the ability to use oral and written language
effectively (Islek & Hiirsen, 2014). Critical thinking also serves as a self-regulatory assessment to produce
interpretations, analysis, evaluation, and inference, as well as clarifications of evidential, conceptual,
methodological, criteriological, or contextual considerations that helps students have initiative in thinking,
make self-evaluation based on the assessments of learned knowledge, accuracy, processes, theories,
methods, backgrounds, and arguments, resulting in logical decision-making about what they do and what
they believe (Hart, Da Costa, D’Souza, Kimpton & Ljbusic, 2021; Qing, Ni & Hong, 2010). Therefore, it
is crucial to develop these skills continuously through this learning.
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3.4. Ability to Develop Basic Skills and Make Inferences

In fact, 38% of the students who took the P3K course had the ability to develop basic skills and 37% of
them had the ability to make inference, while among the chemistry education students who took the DDKA
course, only 47% of them had the ability to develop basic skills and 25% had the ability to make inference
through the team project-based STEM-metacognitive skills learning. This indicates that only a small number
of students had the ability to write down problems in the form of questions, make authentic assessments,
formulate problem-solving strategies, and make inference on the problem-solving although they were taught
using the team project-based STEM-metacognitive skills learning model. This study supports the findings of
(Niu, Behar-Horenstein & Garvan, 2013) that there is an effect of critical thinking learning on students, but
the effect is insignificant, i.e., only around 0.20 standard deviation of score improvement using a standard
critical thinking test. In other words, a particular treatment given to develop students’ critical thinking skills
does not always have the same effect for all the critical thinking skills indicators. Similarly, other previous
studies (Qing et al., 2010) on the effect of the application of task-based learning on critical thinking skills
also showed the same results. Such teaching approaches provide an effective way for teachers to develop
students’ critical thinking disposition, but students do not achieve higher order thinking, making it not
significantly different in terms of the sub-scales of systematicity, open-mindedness, truth-seeking, analyticity,
inquisitiveness, and maturity. However, another study (Nugraha, Suyitno & Susilaningsih, 2017) revealed that
critical thinking skills are significantly related to science process skills and student learning motivation, and
this was done in a study that applied SjBL learning to measure students’ critical and creative thinking skills
(Rusmini, Suyono & Agustini, 2021). Therefore, it is important to conduct further research to analyze the
development of critical and creative thinking skills using a problem-solving-based learning with a project
problem-solving approach in advanced chemistry learning.

4. Conclusion

The regulation of the Indonesia Minister of Education and Culture concerning emphasizing team
project-based learning in higher education serves as the basis of conducting this study. This study aims to
describe the critical thinking skills of students in the chemistry education program in Team Project-Based
STEM-metacognitive skills learning, This study found that, in chemistry learning including the field of
pure chemistry and chemistry education, it is beneficial to apply STEM-based project that is done in
groups. Because these two fields are one of the graduate learning outcomes of the chemistry education
program, especially at Tadulako University, i.e., mastering both pure chemistry and chemistry education to
be a qualified prospective chemistry school teacher. Although this learning was carried out during the
Covid-19 pandemic and carried out online by combining asynchronous and synchronous, it turned out to
help students develop their critical thinking skills in completing projects. In addition, developing critical
thinking skills is also a goal of education in Indonesia in general. The critical thinking skills indicators
which fell in the excellent category are student’s ability to formulate strategies and tactics as well as provide
elementary and advanced clarifications, while the indicators with a good category are the ability to develop
basic skills and to make inferences. One of the limitations in applying this learning model is that the
learning is all done online, which potentially prevents achieving optimal learning, which then affects the
results. Therefore, it is necessary to conduct a study using team project-based STEM-metacognitive skills
learning by Blended-Flipped Learning, In addition, it is also very compelling to test students’
self-regulation using this learning because it is closely related to metacognitive skills and it is also a goal of
the Indonesian Law concerning National Education System.

Declaration of Conflicting Interest

The authors declared no potential conflicts of interest with respect to the tesearch, authorship, and/or
publication of this article.

Funding
The research was supported by DIPA research funding in 2021, Tadulako University, Indonesia.

-406-



Journal of Technology and Science Education — https://doi.org/10.3926/jotse. 1697

References

Alvarez-Huerta, P, Muela, A., & Larrea, L. (2022). Disposition toward critical thinking and ctreative
confidence beliefs in higher education students: The mediating role of openness to diversity and
challenge. Thinking Skills and Creativity, 43, 101003. https://doi.org/10.1016/j.ts¢.2022.101003

American Association of Colleges and Universities (2005). Liberal Education Outcomes: A Preliminary Report
on Student Achievement in College. Amer Univ & Colleges Pr.

Apriwanda N.W., Mahanan, M.S., Ibrahim, N.H., Surif, ., Osman, S., & Bunyamin, M.A.H. (2021). Dual
Mode Module as New Innovation in Learning Chemistry: Project Based Learning Oriented. Infernational
Journal of Interactive Mobile Technologies (IJIM), 15(18), 47. https://doi.org/10.3991/ijim.v15i18.24549

Ariawan, S. (2020). Building Critical Thinking in Covid-19 Pandemic Era: Impossible or I am Possible?
International Research Journal on Advanced Science Hub, 2(6), 127-130. https://doi.org/10.47392/irjash.2020.49

Australian Council for Educational Research (2002). Graduate Skills Assessment. Commonwealth of
Australia. Available at: https://www.acer.org/files/GSA SummaryReport.pdf

Bequette, J.W., & Bequette, M.B. (2012). A Place for Art and Design Education in the STEM
Conversation. Art Education, 65(2), 40-47. https://doi.org/10.1080/00043125.2012.11519167

Chan, C. (2019). Using digital storytelling to facilitate critical thinking disposition in youth civic
engagement: A randomized control trial. Children and Youth Services Review, 107, 104522,
https://doi.org/10.1016/j.childyouth.2019.104522

Chiang, C.L., & Lee, H. (2016). The Effect of Project-Based Learning on Learning Motivation and
Problem-Solving Ability of Vocational High School Students. International Journal of Information and
Education Technology, 6(9), 709-712. https://doi.org/10.7763/IJIET.2016.V6.779

Cifrian, E., Andrés, A., Galan, B., & Viguri, J.R. (2020). Integration of different assessment approaches:
application to a project-based learning engineering course. Education for Chemical Engineers, 31, 62-75.
https://doi.otg/10.1016/j.ece.2020.04.006

Creswell, J. (2014). Research Design. Qualitative, Quantitative, and Mixed Methods Approaches. SAGE
Publications, Inc.

Davies, M., & Barnett, R. (2015). The Palgrave handbook of critical thinking in higher education. Springer
International Publishing, Available at: https://link.springer.com/book/10.1057/9781137378057
https://doi.org/10.1057/9781137378057

Ennis, RH., & Weir, E.E. (1985). The Ennis-Weir critical thinking essay fest: An instrument for teaching and festing.
Midwest Publications.

Glass, D., & Wilson, C. (2016). The Art and Science of Looking: Collaboratively Learning Our Way to
Improved STEAM Integration. Art Education, 69(6), 8-14.
https://doi.org/10.1080/00043125.2016.1224822

Guo, P, Saab, N,, Post, L.S., & Admiraal, W. (2020). A review of project-based learning in higher
education: Student outcomes and measures. International Journal of Educational Research, 102, 101586.
https://doi.otg/10.1016/].4jer.2020.101586

Hart, C., Da Costa, C., D’Souza, D., Kimpton, A., & Ljbusic, J. (2021). Exploring higher education
students’ critical thinking skills through content analysis. Thinking Skills and Creativity, 41, 100877.
https://doi.org/10.1016/j.tsc.2021.100877

-407-


https://doi.org/10.1016/j.tsc.2021.100877
https://doi.org/10.1016/j.ijer.2020.101586
https://doi.org/10.1080/00043125.2016.1224822
https://doi.org/10.1057/9781137378057
https://link.springer.com/book/10.1057/9781137378057
https://doi.org/10.1016/j.ece.2020.04.006
https://doi.org/10.7763/IJIET.2016.V6.779
https://doi.org/10.1016/j.childyouth.2019.104522
https://doi.org/10.1080/00043125.2012.11519167
https://www.acer.org/files/GSA_SummaryReport.pdf
http://www.u.arizona.edu/~rgolden/teachingCriticalThinking.pdf
https://doi.org/10.47392/irjash.2020.49
https://doi.org/10.3991/ijim.v15i18.24549
https://doi.org/10.1016/j.tsc.2022.101003

Journal of Technology and Science Education — https://doi.org/10.3926/jotse. 1697

Herro, D., & Quigley, C. (2016). STEAM Enacted: A Case Study of a Middle School Teacher
Implementing STEAM Instructional Practices. Journal of Computers in Mathematics and Science Teaching,
35(4), 319-342.

Ijirana, 1., & Supriadi, S. (2018). Metacognitive Skill Profiles of Chemistry Education Students in Solving
Problem at Low Ability Level. Jurnal Pendidikan IPA Indonesia, 7(2), 239-245.
https://doi.org/10.15294 /ipii.v7i2.14266

Islek, D., & Hiirsen, C. (2014). Evaluation of Critical Thinking Studies in Terms of Content Analysis.
Procedia - Social and Behavioral Sciences, 131, 290-299. https://doi.org/10.1016/j.sbspro.2014.04.119

Kemdikbud (2020). Surat Edaran Nomor 3 Tabun 2020 Tentang Pencegahan COVID-19 pada Satnan Pendidikan.
Kementerian Pendidikan dan Kebudayaan. Available at:
https://www.kemdikbud.go.id/main/files/download/747d706176686b6

Kompas (2020). Mendikbud: Pergurnan Tinggi di Semna Zona Dz/amng Kuliah Tatap Mméﬂ Avallable at:

dilarang-kuliah-tatap-muka

Ku, K.Y.L. (2009). Assessing students’ critical thinking performance: Urging for measurements using
multi-response format. Thinking Skills and Creativity, 4(1), 70-76. https://doi.org/10.1016/j.tsc.2009.02.001

Ku, K.Y.L., & Ho, I.T. (2010). Metacognitive strategies that enhance critical thinking. Metacognition and
Learning, 5(3), 251-267. https:/ /doi.org/10.1007/511409-010-9060-6

Laboy-Rush, D. (2010). Integrated STEM education throngh project-based learning. Available at:

https://www.rondout.k12.nv.us/common/pages/DisplavFile.aspx?itemId=16466975

Larkin, T.L. (2016). The Creative Project: Design, Implementation, and Assessment. International Journal of
Engineering Pedagogy (IJEP), 6(1), 72. https://doi.org/10.3991 /ijep.v6il.5387

Linn, R.L., & Gronlund, N.E. (1995). Measurement and Assessment in Teaching. Prentice-Hall, Inc.

Magno, C. (2010). The role of metacognitive skills in developing critical thinking. Mefacognition and
Learning, 5(2), 137-156. https://doi.org/10.1007/s11409-010-9054-4

Malahayati, E.N., Corebima, A.D., & Zubaidah, S. (2015). Hubungan keterampilan metakognitif dan
kemampuan berpikir kritis dengan hasil belajar biologi siswa sma dalam pembelajaran problem based
learning (pbl). Jurnal Pendidikan Sains, 3(4), 178-185. https://doi.org/10.17977 /jps.v3i4.8168

Milentijevic, 1., Ciric, V., & Vojinovic, O. (2008). Version control in project-based learning, Computers &
Education, 50(4), 1331-1338. https://doi.org/10.1016/j.compedu.2006.12.010

Niu, L., Behar-Horenstein, L.S., & Garvan, C.W. (2013). Do instructional interventions influence college
students’ critical thinking skills? A meta-analysis. Educational Research Review, 9, 114-128.
https://doi.org/10.1016/j.edurev.2012.12.002

Nugraha, A.J., Suyitno, H., & Susilaningsih, E. (2017). Analisis kemampuan berpikir kritis ditinjau dari
keterampilan proses sains dan motivasi belajar melalui model pbl. Journal of Primary Education, 6(1), 35-43.
https://doi.org/10.15294/JPE.V6I1.14511

Perignat, E., & Katz-Buonincontro, J. (2019). STEAM in practice and research: An integrative literature
review. Thinking Skills and Creativity, 31, 31-43. https://doi.org/10.1016/j.ts¢.2018.10.002

Preciado-Babb, A.P,, Takeuchi, M.A., Yafez, G.A., Francis, K., Gereluk, D., & Friesen, S. (2016).
Pioneering STEM Education for Pre-Service Teachers. International Journal of Engineering Pedagogy (IEP),
6(4), 4. https://doi.org/10.3991 /ijep.v6id.5965

-408-


https://doi.org/10.3991/ijep.v6i4.5965
https://doi.org/10.1016/j.tsc.2018.10.002
https://doi.org/10.15294/JPE.V6I1.14511
https://doi.org/10.1016/j.edurev.2012.12.002
https://doi.org/10.1016/j.compedu.2006.12.010
https://doi.org/10.17977/jps.v3i4.8168
https://doi.org/10.1007/s11409-010-9054-4
https://doi.org/10.3991/ijep.v6i1.5387
https://www.rondout.k12.ny.us/common/pages/DisplayFile.aspx?itemId=16466975
https://doi.org/10.1007/s11409-010-9060-6
https://doi.org/10.1016/j.tsc.2009.02.001
https://www.kompas.com/edu/read/2020/06/16/103917571/mendikbud-perguruan-tinggi-di-semua-zona-dilarang-kuliah-tatap-muka
https://www.kompas.com/edu/read/2020/06/16/103917571/mendikbud-perguruan-tinggi-di-semua-zona-dilarang-kuliah-tatap-muka
https://www.kemdikbud.go.id/main/files/download/747d706176686b6
https://doi.org/10.1016/j.sbspro.2014.04.119
https://doi.org/10.15294/jpii.v7i2.14266

Journal of Technology and Science Education — https://doi.org/10.3926/jotse. 1697

Qing, Z., Ni, S., & Hong, T. (2010). Developing critical thinking disposition by task-based learning in
chemistry experiment teaching. Procedia - Social and Bebavioral Sciences, 2(2), 4561-4570.
https://doi.org/10.1016/j.sbspro.2010.03.731

Rambocas, M., & Sastry, M.K.S. (2017). Teaching Business Management to Engineers: The Impact of
Interactive Lectures. IEEE Transactions on Education, 60(3), 212-220.
https://doi.org/10.1109/TE.2016.2637327

Requies, .M., Agirre, 1., Barrio, V.L.., & Graells, M. (2018). Evolution of project-based learning in small
groups in environmental engineering courses. Journal of Technology and Science Edncation, 8(1), 45.
https://doi.otg/10.3926/jotse.318

Rusmini, R., Suyono, S., & Agustini, R. (2021). Analysis of science process skills of chemical education
students through self project based learning (§jBL) in the pandemic COVID 19 era. Journal of Technology
and Science Education, 11(2), 371. https://doi.org/10.3926/jotse.1288

Schraw, G. (2001). Promoting general metacognitive awareness. In In Metacognition in learning and instruction
(3-16). Springer International Publishing, https://doi.org/10.1007/978-94-017-2243-8_1

Shabani, M.B., & Mohammadian, M. (2014). Relationship between goal orientation, critical thinking,
meta-cognitive awareness and self-regulated learning of Iranian students. Infernational Journal of Langnage
Learning and Applied Linguistics World, 5(1), 403-418.

Sharapan, H. (2012). From STEM to STEAM: How early childhood educators can apply Fred Rogers’
approach. YC Young Children, 67(1), 36-40.

Sosu, E.M. (2013). The development and psychometric validation of a Critical Thinking Disposition Scale.
Thinking Skills and Creativity, 9, 107-119. https://doi.org/10.1016/].tsc.2012.09.002

Uziak, J. (2016). A project-based learning approach in an engineering curriculum. Global Journal of
Engineering Education, 18(2), 199-123.

White, D.W. (2014). What is STEM education and why is it important. Florida Association of Teacher
Eduncators Journal, 1(14), 1-9.

Yakman, G., & Lee, H. (2012). Exploring the Exemplary STEAM Education in the U.S. as a Practical
Educational Framework for Korea. Journal of The Korean Association For Science Education, 32(6), 1072-1086.
https://doi.otg/10.14697/jkase.2012.32.6.1072

Yllana-Prieto, F, Jeong, J.S., & Gonzalez-Gémez, D. (2021). Virtual escape room and STEM content:
Effects on the affective domain on teacher trainess. Journal of Technology and Science Education, 11(2), 331.
https://doi.org/10.3926 /jotse.1163

Published by OmniaScience (www.omniascience.com)

Journal of Technology and Science Education, 2022 (www.jotse.org)

Article’s contents are provided on an Attribution-Non Commercial 4.0 Creative commons International License.
Readers are allowed to copy, distribute and communicate article’s contents, provided the authot’s and JOTSE
journal’s names are included. It must not be used for commercial purposes. To see the complete licence contents,

please visit https://creativecommons.otg/licenses/by-nc/4.0/.

-409-


https://creativecommons.org/licenses/by-nc/4.0/
http://www.jotse.org/
http://www.omniascience.com/
https://doi.org/10.3926/jotse.1163
https://doi.org/10.14697/jkase.2012.32.6.1072
https://doi.org/10.1016/j.tsc.2012.09.002
https://doi.org/10.1007/978-94-017-2243-8_1
https://doi.org/10.3926/jotse.1288
https://doi.org/10.3926/jotse.318
https://doi.org/10.1109/TE.2016.2637327
https://doi.org/10.1016/j.sbspro.2010.03.731

	CRITICAL THINKING SKILLS OF CHEMISTRY EDUCATION STUDENTS IN TEAM PROJECT-BASED STEM-METACOGNITIVE SKILLS LEARNING DURING THE COVID-19 PANDEMIC
	1. Introduction
	2. Method Research
	3. Results and Discussion
	4. Conclusion
	Declaration of Conflicting Interest
	Funding
	References

