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Abstract: Higher-order thinking skills (HOTS) is one of the skills needed for 21st century
challenges, especially for students. The aim of this study was to describe HOTS in students,
especially the cognitive domain of analyzing and evaluating. This is a descriptive quantitative study
employing a Pretest-Posttest One Group research design. The experiment was limited to 34
students heterogeneously from class X-C SMAN 1 Nglames. The research instruments used
include learning observation sheets and posttests for student academic score also analyze and
evaluate skills. The findings revealed that the average of analyze and evaluate of HOTS
Completeness was 79.40% with a good category. The classical completeness of students in
learning was 82.35% with a very complete category. Thus, the problem-based learning model can
reinforce students' analysis(C4) and evaluate(C5) in higher order thinking skills of ecosystem
material.
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Introduction

Globalization makes education nowadays an important matter of concern as a form of preparing
the society for 21st century challenges. The challenge is particularly essential for dealing with new
and uncertain situations that are required to have problem solving ability. Bayley (2022) stated that
worldwide concerns that are complicated in recent years, there has been a growing emphasis on
the importance of learning for both personal and societal adaptation. As stated by (Dini et al.,
2018) that education may transform someone's mentality and inspire them to make changes and
improvements in their lives with excellent quality of education. Education can make people more
creative in thinking and students' mental health should be improved (Carson, 2019; Forgeard,
2021). Education in the future requires students to be more skilled and qualified by exploring and
developing their knowledge to a high level. This opinion is affirmed by Yusmanto & Herman,
(2016) who stated that students are more actively memorizing than understanding the concept so
student’s thinking ability or thinking skill is less involved in constructing their knowledge.

Thinking skills have become one of the metrics for boosting learning quality (Lukitasari et al.,
2018). Thinking skills has several levels, ranging from Low Order Thinking Skill (LOTS), Medium
Order Thinking (MOTS), to Higher-Order Thinking Skill (HOTS). High order thinking skills (HOTS)
belong to critical thinking, creative thinking, problem solving, and decision making (Apino &
Retnawati, 2017). HOTS are also not possessed by all people because these skills are included in
the C4, C5, and C6 domains of Bloom's revised taxonomy. So, HOTS is a higher level of process-
based reasoning capacity (Ichsan et al., 2019; Jaenudin et al., 2020).

HOTS is an essential component in education according to Ahmad et al., (2018) because of its
advantages in improving students' learning accomplishment, lowering weakness, construing,
integrating, issues solving, controlling information, concepts, and daily activities. Learning HOTS of
students can be measured by using assessments. Appropriate assessment that was carried out by
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the teacher needed to quantify the ability, namely tests in the form of HOTS questions. Other than
as an assessment tool, this question also can help teachers to enhance the question's quality in
subsequent learning sessions. Then, HOTS questions can reinforce the ability to work on national
or international standard questions. HOTS involve the capacity to think more creatively and
critically in order to solve difficulties (Yulianto et al., 2019).

Analysis (C4) by Wilson, (2016) is the process of dividing resources or ideas into pieces and
determining how the components connect to one another or interrelate, or how the parts relate to
an overarching structure or objective. Level analysis questions highlight learners' capacity by
Birgili, (2015); Mullis et al., (2017) to explain concepts or concerns that indicate their capacity to
compare components using logical reasons. Analytical abilities are also required and essential for
students (Setiawaty et al., 2019; Somatanaya & Nugraha, 2018). Meanwhile, evaluate (C5) is
reviewing and criticizing results based on criteria and standards. Deliverables that may be
developed to reflect the evaluation methods include critiques, recommendations, and reports. In
the revised taxonomy, evaluate comes before create because it is typically a necessary step
before generating something. Evaluating as C5 is a systematic procedure for determining merit,
worth, value, or relevance answer (McMurry et al., 2016). A literary criticism inquiry is one example
of a form that necessitates evaluating skill. The question that is given to indicate evaluation must
encourage students to respond to the situations critically. So, the higher-order processes' abilities
or HOTS were represented by the categories of applying and analyzing (Jensen et al., 2014).
According to the findings of PISA (Program for International Student Assessment) 2018 study,
Indonesia was rated 10th out of 15 countries. In terms of education, the students in Indonesian
were still at the level of Lower Order Thinking Skill (LOTS) or low thinking skills (Avvisati et al.,
2018). Furthermore, the findings of the most recent TIMSS assessment that was performed in
2015, revealed that students in Indonesia had not demonstrated adequate achievement. Indonesia
received a score of 397 in the subject of Science, placing it 45th out of 48 countries (Mullis et al.,
2017; Ulger, 2018). This is in accordance with the results of pre-observation that made by the
researcher towards assessment in X-C class of SMAN 1 Nglames shows that high order thinking
skills ability who cover the cognitive area namely C4 and C5 domain on average still achieve a
value of < 68 or less than the Minimum Mastery Criteria (MMC) that set by school, which is quite
low. Students' HOTS in the cognitive domain analyzing (C4) were only 45,86% and 23.52% in
evaluating (C5). Furthermore, according to the findings of interviews with biology educators,
learning biology in the classroom still lacks the activity of students, students tend to be less active,
have not been able to learn independently, less constructive knowledge and reflecting on the
problem situation and thinking process. As stated by (Saputri & Febriani (2017) learning nowadays
focuses solely on idea mastery. As a result, students just remember things in order to attain high
exam results, and this circumstance causes students to not think critically while addressing issues
or problems. In addition Lu et al., (2021) research shows that HOTS have an effect on student
learning, which includes of the learning achievements.

Problem-based learning (PBL) is one of the educational models for biology that can help students
to solve real problems and think deeply about what is the solution for the case, especially
ecosystem material. PBL is an educational methodology that enables facilitators and learners to
foster critical thinking and improves standard teaching techniques (Fink & Benedek, 2021). The
degree to which students collaborate in small groups is crucial to the PBL method. This strategy
stimulates learners' interest and improves their comprehension of the subject. The advantages of
the PBL model are that it is applicable to students' lives, that the idea is relevant to students’
needs, that it promotes the nature of student inquiry, concept memory improves, and it encourages
problem solving abilities. In addition, for cognitive aspects it also can enhance students’ high order
thinking skills (Birgili, 2015; Ulger, 2018). Therefore, PBL is one of the most often suggested
learning approaches models for the 21st century (Phang et al., 2018). As a result, students are
expected to be critical problem solvers in their surroundings. Regarding the phenomenon, this
research aimed to reinforce the analysis (C4) and evaluation (C5) domain of HOTS using critical
questions in ecosystem material which combined with the PBL.

Method

This is a descriptive quantitative study employing Pretest-Posttest One Group research design.
The participants in this study were students from SMA Negeri 1 Nglames class X-C with 34
students heterogeneously. This research was conducted in May 2023. An explanation of the
research design is as follows as Table 1.

Table 1. One Shot Case Study Design

Group Pre-test Process Post-test

G o1 X 02
HOTS (analyze and Treatment using PBL HOTS (analyze and
evaluate category) test model evaluate category) test

(Sugiyono, 2013).

Research instrument that was used is Student Worksheet (SW) where students are required to
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solve difficulties through the PBL phase such as 1) orienting students to the topic; 2) arranging
students to conduct research; 3) helping solo and group investigations; 4) producing and
presenting work; and 5) assessing and evaluating the problem-solving process, which involves
critical thinking in offering answers to the questions. Research instrument that used in this study
based on expert adjustment including two related lecturers and one biology teacher. Almanasreh et
al. (2019), describe content validation by expert judgment as an educated opinion from an
individual with a track record in the subject who is recognized by others to be a competent expert
and who can give knowledge, proof, and evaluation. Evaluation by expert judgment is asking
numerous people to evaluate an instrument or express their view on a certain element (Leite et al.,
2022). The expert's participation is critical in clarifying, adding, and/or amending the required
components (Nurrohmah et al., 2018). Questions used to reinforce students’ mastery of the HOTS
while in this case are focused on analyze(C4) and evaluate(C5) categories in ecosystem material.
The form of the test applied is an essay examination, which is carried out during group discussions
with the indicators as shown at Table 2.

Table 2. Indicators of Analyze (C4) and Evaluate (C5) in Ecosystem Material

No Indicator Cognitive Level Number of questions
1  Analyze the connection between energy C4 5

fluxes and food chain
2  Consider behavior to solve ecosystem C5 5

issues

The result of student scores in this research used to determine whether students have or have not
mastered learning indicators related to the ecosystem material in accordance with the basic
competencies. Student’ HOTS (analyze and evaluate category) are said to be well trained if the
completeness of the students test scores is achieved. The questions take form of essay questions,
with the cognitive domains of analyzing (C4) and evaluating (C5) relating to the new Bloom's
taxonomy levels (Wilson, 2016). The score of student HOTS category can be counted using the
Formula 1 (Purbaningrum, 2017).

score obtained
HOTS Score (H) = ~total score X 100% 1)

Furthermore, students' analysis and evaluation abilities were calculated as a percentage and then
interpreted into the scoring criteria as (Purbaningrum, 2017) shown in Table 3.

Table 3. Analyze and Evaluate of HOTS Score Interpretation Criteria

Score Category
81 <H=<100 Very Good
61 <H=<80 Good
41 <H=<60 Enough
21 <H=<40 Less

<20 Very Less

According to the table, learners are said to have HOTS if students get a score of 61<H< 80 for
each category which is analyzed and evaluated. Octoria et al., (2016) stated that implementing
HOTS has an impact on students' academic score. Then, to know individual scores that must
achieve the MMC established by SMA Negeri 1 Nglames which is 68 for considered competent in
student academic scores. According to Widoyoko, (2014) the percentage of classical completeness
(C) can be counted using the Formula 2.

C (%) number of complete student 100% @
= X
° number of all students °

Furthermore, the percentage of students who completed classical learning was calculated as
shown in Table 4.

Table 4. The parameters for interpreting the indicator of learning completeness

Score (%) Category
0-20 Not completed
21-40 Less completed
41-60 Enough completed
61-80 Completed

81-100 Very Completed

According to the table, classical completion is defined as 61% of students receiving a completed
indication.
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Results and Discussion

This section is arranged on the study's objectives. First, we attempted to assess the completeness
of analyze and evaluate of HOTS indicator only based on students test as limitation in this
research. Secondly, we attempted to seeing classical academic score completeness of students in
ecosystem material using PBL model. In this regard, we present the findings of the analyze and
evaluate score, as well as their answer and classical academic score on ecosystem material. The
findings of this research on the completeness of analyze (C4) and evaluation (C5) criteria on HOTS
show gaps in outcomes. Learners’ analysis and evaluation are said to be well reinforced if students
individually score 61<H< 80 for each category. The results are shown in Table 5.

Table 5. Analyze and Evaluate of HOTS Completeness Recapitulation

No Indicator Score Percentage (%) Category
1 Analyze (C4) 88,23 Very Good
2 Evaluate (C5) 70,58 Good

Average score 79,40 Good

The smaller difference results show that evaluate has a low average among analyze, which is
70,58. This demonstrates the distinction between evaluation and analysis. This is evident from the
findings of the analysis indicator, which has an average of 88.23, indicating that the average result
of analysis is greater than the average result of evaluation. According to this, there are variances in
achievement in the analysis and evaluate metrics.

Bloom's cognitive indicators were measured in this study, particularly analysis (C5) and evaluation
(C6). Analysis, evaluation, and creation are among the HOTs-based learning outcome indicators
based on Bloom's taxonomic hierarchy(Wilson, 2016). According to this statement Zohar & Cohen,
(2016) also stated that create is the highest and most complicated level, requiring more time and
detail; as a result, researchers do not examine the create category, instead focusing on the analyze
and evaluate categories.

Based on the analysis and evaluation of HOTS indicator completeness recapitulation in Table 5,
the results of the analyze (C4) and evaluate (C5) are produced by an average score of 79.40% with
a good category. Based on two indicators that are reinforced, analyze indicators get very good
categorized and evaluate indicators get good categorized. It shows that analyzing (C4) uses one of
the phases in PBL which is a third phase guiding research where students have to analyze the
problems or cases that were given by the teacher. This action supported by Dewi et al., (2018);
Putra et al., (2020) who said that the chance to work in groups and have in-depth conversations
reinforces the ideas they already understand so it will improve their thinking skills or HOTS. It is in
line with Ellis & Boyd, (2014); Wilson, (2016) which reveals that PBL has five phases: (1) student
orientation to issues, (2) student organization, (3) guiding investigation, (4) developing and
displaying work, and (5) analyzing and assessing problem resolution. On the other hand, another
indicator that has a good categorization with 70,58% score is the evaluate indicator (C5). Evaluate
is defined as the action of studying or assessing the credibility of a statement or conclusion
(Facione, 2020). The ability to assess the benefits and drawbacks of anything is often referred to
as evaluation (Varenina et al., 2021).

According to the findings of the students' answers (SA), they are still not proficient at evaluation
when compared to analysis. This is supported by SA-1 (analyze) and SA-2 (evaluate) based on
question 1 (Q1) and 2 (Q2) as sample of the whole question.

“We are aware that there are many different types of ecosystems in this world, and that each
ecosystem has an energy flux and a food chain. Analyze whether there is a relationship between
food chains and energy flux? Include explanatory evidence for your argument.” (Q1)

“The food chain and energy flux are inextricably linked. This is due to the fact that the order of the
food chain determines the trophic level, and the trophic level affects the quantity of energy flowing
in an ecosystem. For example, if there is a food chain that is lost or extinct, it will cause the flux of
energy to also decrease.” (SA-1)

“At this point and based on the case that given before, industrial development is happening
extremely quickly, and rising pollution levels follow. The mining sector, which contaminates the
waterways, is one example. What are your thoughts on this issue, and what steps should the
government and society as a whole take?” (Q2)

“In my opinion the government is less comprehensive and without further action in making rules for
companies, especially mining which creates water pollution in this case.” (SA-2)

According to this indication, students are still lacking in achievements in terms of deciding or
evaluating something. It's shown by the answer that only criticism without a better workable
solution, so they need to reflect and think more deeply about what they are considering. The
process of developing conclusions is summarized by looking at students' abilities to convey
reasons and facts that can reinforce their ideas, rather of merely providing a brief as meaningless
answer. It can happen because Anderson & Krathwohl, (2001); Wilson, (2016) claimed that
knowledge has levels or dimensions such as factual information, theoretical knowledge, practical
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knowledge, and metacognitive expertise are all examples of knowledge where these knowledge
dimensions signify the sequence of simple thinking challenges to complex thinking. This is one of
the reasons why analysis scores higher than evaluation, because they are at different levels of
knowledge. The analysis (C4) question in this study is at the factual knowledge level where
students are required to order or sort, meanwhile the evaluation (C5) question is at the conceptual
knowledge level where students are asked to assess an issue or case that is given in the student
worksheet. According to Zohar & Cohen (2016), the capacity to analyze is connected to the ability
to connect one knowledge to another methodically and problem solving abilities based on facts. In
addition, essentially evaluation (C5) in HOTS question is more complex because not only reduce
the ability to recall information knowledge but also increases the ability to; 1) change from one
thought to another, 2) practice and drilling the data, 3) discover relationships between various
forms of statistics, 4) using the facts to solve difficult problems, and 5) critically investigate and
evaluate ideas (Herman et al., 2021).

Furthermore, classical academic score completeness show accomplishments. Student academic
score completeness is said to be complete or achieved if the value obtained is while classical
learning is more than 61% of students achieving scores more than MMC. Here the results are
shown in Table 6.

Table 6. Classical Academic Score Completeness Recapitulation

Test Type Number of Students Classical Category
Complete Not Complete Completeness
Pretest 9 15 26,48 Less completed
Posttest 28 6 82,35 Very completed

There is an upsurge in the results of the pre-test and post-test achieved, when before only 9
students were complete with an average of 26.48% completion. Meanwhile, the posttest results
reveal better outcomes, with a total of 28 students completing with an average score of 82.35% in
the very completed category as shown. Classical academic score in this study was also calculated
to determine the effect of the questions or indicators of HOTS given. As stated by Octoria et al
(2016) that implementing HOTS has an impact on students' academic score. Academic score
completeness will be achieved if the percentage of learning completeness of some learners is
achieved.

The questions that developed in this pretest and posttest use an analyze(C4) and evaluate(C5)
domain to see the improvement of students' academic score by the problems that have been
described previously using PBL models. Furthermore, it indicates there is a statistically significant
change on posttest scores with high level questions which shows an increase in student academic
score from 26,48 to 82,35. As stated by (Karmila et al., 2023) that high level questions will reinforce
critical thinking that is interpreted in C4 and C5 which is part of HOTS, in order to improve students'
academic score. In this research, students' academic scores were utilized as completeness in
measuring student's completeness on ecosystem material. According to the findings, PBL model
with high-level questions are helpful for reinforcing analysis(C4) and evaluation(C5) since they are
achieved by student academic mastery. Furthermore, academic scores are used as a standard to
measure achievement of the learning process, so it will be standardized for teachers to evaluate
and identify students' progress. It also can be used for institutions to measure students' extent that
the predetermined goals can be observed. The teacher's involvement is critical in motivating
students prior to learning activities since it can increase excitement for studying, which affects
academic score as the learning output (Andriani & Rasto, 2019).

Conclusion

Based on the study's findings, it is reasonable to conclude that PBL is beneficial to reinforce HOTS
on ecosystem topics based on HOTS indicator questions and classical academic score
completeness. From the result HOTS indicator (analyze and evaluate) completeness obtained an
average score 79,40% with good categorization. Problem based learning that is integrated in form
of posttest with high level questions to reinforce analyze and evaluate of HOTS at the end of
learning shows classical completeness 82,35% with completed categorized for 28 out of 34
students can obtain score 268 as MMC of the school. This study is expected to help teachers
regulate learning through the use of PBL models combined with HOTS questions in order to
strengthen students' critical thinking abilities. For other researchers, it is projected that this study
will serve as a new reference and broaden its scope to the C6 cognitive level (create).

Acknowledgement

The Ministry of Education in Indonesia financed this research through the PPG Prajabatan program
at PGRI Madiun University.

496



\ Ntiing \J P B I Nanda et al. | JPBI (Jurnal Pendidikan Biologi Indonesia), Vol. 9 Issue 3, 2023, 492-499
\\‘7-77-7-/’

Conflicts of Interest

The paper's authors state that there actually are no conflicts of interest in the publication of this
work

Author Contributions

A. D. Nanda: collecting data and authoring article; R. Hasan: review and editing article; A. Sukri:
review and editing article; M. Lukitasari: research directing, reviewing and editing article; A. T.
Rivera: review and editing article.

References

Ahmad, S., Prahmana, R. C. |, Kenedi, A. K., Helsa, Y., Arianil, Y., & Zainil, M. (2018). The
instruments of higher order thinking skills. Journal of Physics: Conference Series, 943(1), 1-
8. https://doi.org/10.1088/1742-6596/943/1/012053

Almanasreh, E., Moles, R., & Chen, T. F. (2019). Evaluation of methods used for estimating
content validity. Research in Social and Administrative Pharmacy, 15(2), 214—-221.
https://doi.org/10.1016/j.sapharm.2018.03.066

Anderson, L. W., & Krathwohl, D. R. (2001). A Taxonomy for learning, teaching, and assessing: A
revision of bloom’s taxonomy of educational objectives (1st ed.). Longman.
https://www.researchgate.net/publication/235465787_A_Taxonomy_for_Learning_Teaching
_and_Assessing_A_Revision_of_Bloom’s_Taxonomy_of_ Educational_Objectives

Andriani, R., & Rasto, R. (2019). Motivasi belajar sebagai determinan hasil belajar siswa. Jurnal
Pendidikan Manajemen Perkantoran, 4(1), 80. https://doi.org/10.17509/jpm.v4i1.14958

Apino, E., & Retnawati, H. (2017). Developing instructional design to improve mathematical higher
order thinking skills of students. Journal of Physics: Conference Series, 812(1), 1-8.
https://doi.org/10.1088/1742-6596/755/1/011001

Avvisati, F., Echazarra, A., Givord, P., & Schwabe, M. (2018). Programme for international student
assessment (PISA). In OECD. https://doi.org/10.1007/978-94-6209-497-0_69

Bayley, S. H. (2022). Learning for adaptation and 21st-century skills: Evidence of pupils’ flexibility
in Rwandan primary schools. International Journal of Educational Development, 93(June),
102642. https://doi.org/10.1016/j.ijedudev.2022.102642

Birgili, B. (2015). Creative and critical thinking skills in problem-based learning environments.
Journal of Gifted Education and Creativity, 2(2), 71-80.
https://doi.org/10.18200/jgedc.2015214253

Carson, S. H. (2019). Creativity and mental iliness. In The Cambridge Handbook of Creativity:
Second Edition (pp. 297-318). https://doi.org/10.1017/9781316979839.016

Dewi, N. W. I. S., Suarsana, I. M., & Suryawan, I. P. P. (2018). Pengaruh model pembelajaran
kolaboratif berbantuan masalah autentik terhadap kemampuan pemecahan masalah
matematika. Jurnal Matematika, Sains, Dan Pembelajarannya, 12(1), 26-29.
https://doi.org/10.23887/wms.v12i1.13828

Dini, M., Wijaya, T. T., & Sugandi, A. |. (2018). Pengaruh self confidence terhadap kemampuan
pemahaman matematik siswa SMP. JURNAL SILOGISME : Kajian llmu Matematika Dan
Pembelajarannya, 3(1), 1. https://doi.org/10.24269/js.v3i1.936

Ellis, D., & Boyd, W. E. (2014). Procedural skills, sketchUp and vodcasting: Distance teaching of
design drawing skills and student learning autonomy. Creative Education, 05(12), 1106—
1117. https://doi.org/10.4236/ce.2014.512125

Facione, P. A. (2020). Advancing thingking worldwide. In Insight assessment: Vol. XXVIII (Issue 1).
http://www.insightassessment.com/pdf_files/what&why2007.pd%0Ahttp://www.eduteka.org/P
ensamientoCriticoFacione.php

Fink, A., & Benedek, M. (2021). The neuroscience of creativity. Neuroforum, 25(4), 231-240.
https://doi.org/10.1515/nf-2019-0006

Forgeard, M. (2021). Creativity and healing. In The Cambridge Handbook of Creativity (pp. 319—
332). https://doi.org/10.1017/9781316979839.017

Herman, H., Rahim, A. R., & Syamsuri, A. S. (2021). Analisis Instrumen Tes Hasil Belajar Berbasis
Higher Order Thinking Skill (Hots). Jurnal Riset Dan Inovasi Pembelajaran, 1(3), 88—101.
https://doi.org/10.51574/jrip.v1i3.65

Ichsan, I. Z., Sigit, D. V., Miarsyah, M., Ali, A., Arif, W. P., & Prayitno, T. A. (2019). HOTS-AEP:
Higher order thinking skills from elementary to master students in environmental learning.
European Journal of Educational Research, 8(4), 935-942. https://doi.org/10.12973/eu-
jer.8.4.935

Jaenudin, R., Chotimah, U., Farida, F., & Syarifuddin, S. (2020). Student development zone:
higher order thinking skills (Hots) in critical thinking orientation. International Journal of
Multicultural and Multireligious Understanding, 7(9), 11.
https://doi.org/10.18415/jmmu.v7i9.1884

Jensen, J. L., McDaniel, M. A., Woodard, S. M., & Kummer, T. A. (2014). Teaching to the test...or
testing to teach: Exams requiring higher order thinking skills encourage greater conceptual

497


https://doi.org/10.1088/1742-6596/943/1/012053
https://doi.org/10.1016/j.sapharm.2018.03.066
https://www.researchgate.net/publication/235465787_A_Taxonomy_for_Learning_Teaching_and_Assessing_A_Revision_of_Bloom’s_Taxonomy_of_Educational_Objectives
https://www.researchgate.net/publication/235465787_A_Taxonomy_for_Learning_Teaching_and_Assessing_A_Revision_of_Bloom’s_Taxonomy_of_Educational_Objectives
https://doi.org/10.17509/jpm.v4i1.14958
https://doi.org/10.1088/1742-6596/755/1/011001
https://doi.org/10.1007/978-94-6209-497-0_69
https://doi.org/10.1016/j.ijedudev.2022.102642
https://doi.org/10.18200/jgedc.2015214253
https://doi.org/10.1017/9781316979839.016
https://doi.org/10.23887/wms.v12i1.13828
https://doi.org/10.24269/js.v3i1.936
https://doi.org/10.4236/ce.2014.512125
http://www.insightassessment.com/pdf_files/what&why2007.pd%0Ahttp:/www.eduteka.org/PensamientoCriticoFacione.php
http://www.insightassessment.com/pdf_files/what&why2007.pd%0Ahttp:/www.eduteka.org/PensamientoCriticoFacione.php
https://doi.org/10.1515/nf-2019-0006
https://doi.org/10.1017/9781316979839.017
https://doi.org/10.51574/jrip.v1i3.65
https://doi.org/10.12973/eu-jer.8.4.935
https://doi.org/10.12973/eu-jer.8.4.935
https://doi.org/10.18415/ijmmu.v7i9.1884

///’ e _7-7\\\
\ Netiing \J P B I Nanda et al. | JPBI (Jurnal Pendidikan Biologi Indonesia), Vol. 9 Issue 3, 2023, 492-499
\ /
\\‘7-77-7-/

understanding. Educational Psychology Review, 26(2), 307—329.
https://doi.org/10.1007/s10648-013-9248-9

Karmila, W., Achmad, S., & Utami, U. (2023). High-Order questions improve students’ critical
thinking skills in elementary schools. International Journal of Elementary Education, 7(2),
196-203. https://doi.org/10.23887/ijee.v7i2.61607

Leite, M., Infante, V., & Andrade, A. R. (2022). Using expert judgement techniques to assess
reliability for long service-life components: An application to railway wheelsets. Proceedings
of the Institution of Mechanical Engineers, Part O: Journal of Risk and Reliability, 236(5),
879-892. https://doi.org/10.1177/1748006X211034650

Lu, K., Yang, H. H., Shi, Y., & Wang, X. (2021). Examining the key influencing factors on college
students’ higher-order thinking skills in the smart classroom environment. International
Journal of Educational Technology in Higher Education, 18(1), 1-13.
https://doi.org/10.1186/s41239-020-00238-7

Lukitasari, W., Handhika, J., & Murtafiah, W. (2018). Higher order thinking skills: Using e-portfolio
in project-based learning. Journal of Physics: Conference Series, 1-6.
https://doi.org/10.1088/1742-6596/983/1/012047

McMurry, B., Williams, D. D., & Rich, P. (2016). An Evaluation framework for CALL. Tesl-Ej, 20(2),
1-13. https:/ffiles.eric.ed.gov/fulltext/EJ1113897.pdf

Mullis, I. V. S., Martin, M. O., Foy, P., & Hooper, M. (2017). International Results in Reading.
TIMSS & PIRLS International Study Center, Lynch School of Education, Boston College and
International Association for the Evaluation of Educational Achievement (IEA).
https:/ffiles.eric.ed.gov/fulltext/ED580353.pdf

Nurrohmah, I., Sensuse, D. |., & Santoso, H. B. (2018). The expert-judgement validation and
finalization of proposed interaction design process maturity instrument: Case study: E-
commerce in Indonesia. Proceedings of the 2nd International Conference on Informatics and
Computing, ICIC 2017, 2018-Janua, 1-6. https://doi.org/10.1109/IAC.2017.8280647

Octoria, D., Sudiyanto, Witurachmi, S., & Wardana, D. K. (2016). The implementation of bloom’s
taxonomy in the assessment instrument for economics learning to improve the students’
cognitive competence. Proceeding The 2ad International Conference on Teacher Training
and Education Sebelas Maret University, 2(1), 655—-665.
https://jurnal.uns.ac.id/ictte/article/view/7226

Phang, F. A, Yusof, K. M., Aziz, A. A., Nawi, N. D., & Musa, A. N. (2018). Cooperative problem-
based learning to develop 21st century skills among secondary school students through
STEM Education. Proceedings - 2017 7th World Engineering Education Forum, WEEF 2017-
In Conjunction with: 7th Regional Conference on Engineering Education and Research in
Higher Education 2017, RCEE and RHEd 2017, 1st International STEAM Education
Conference, STEAMEC 201, November, 405-4009.
https://doi.org/10.1109/WEEF.2017.8467122

Purbaningrum, K. A. (2017). Kemampuan berpikir tingkat tinggi siswa smp dalam pemecahan
masalah matematika ditinjau dari gaya belajar. JPPM (Jurnal Penelitian Dan Pembelajaran
Matematika), 10(2), 40-49. https://jurnal.untirta.ac.id/index.php/JPPM/article/view/2029

Putra, I. G. D., Sujana, I. W., & Wiyasana, |. K. N. (2020). Hasil belajar IPS menggunakan
kolaborasi model discovery learning berbasis media animasi. Journal of Education
Technology, 4(2), 103. https://doi.org/10.23887/jet.v4i2.25099

Saputri, D. A., & Febriani, S. (2017). Pengaruh model problem based learning(Pbl) terhadap
kemampuan pemecahan masalah peserta didik pada mata pelajaran biologi materi
pencemaran lingkungan kelas X MIA SMAN 6 Bandar Lampung. Biosfer: Jurnal Tadris
Biologi, 8(1), 40-52. https://doi.org/10.24042/biosf.v8i1.1262

Setiawaty, B. T., Sunarno, W., & Sugiyarto, S. (2019). Profil kemampuan berpikir analisis siswa
sekolah menengah pertama di Surakarta. Prosiding Seminar Nasional Pendidikan Sains,
234-238. https://jurnal.fkip.uns.ac.id/index.php/snps/article/view/12840

Somatanaya, A. G., & Nugraha, D. A. (2018). Pemetaan high order thingking (Hot) matematis
siswa sekolah menengah pertama se-kota Tasikmalaya. TEOREMA : Teori Dan Riset
Matematika, 3(2), 187. https://doi.org/10.25157/teorema.v3i2.1170

Sugiyono. (2013). Metode penelitian pendidikan pendekatan kuantitatif, kualitatif dan R&D.
Alfabeta.
https://scholar.google.co.id/scholar?q=Sugiyono.+2013.+Metode+Penelitian+Kuantitatif, +Ku
alitatif+dan+R%26D.+Bandung:+Penerbit+Alfabeta.&hl=en&as_sdt=0&as_vis=1&oi=scholart

Ulger, K. (2018). The effect of problem-based learning on the creative thinking and critical thinking
disposition of students in visual arts education. Interdisciplinary Journal of Problem-Based
Learning, 12(1), 3—-6. https://doi.org/10.7771/1541-5015.1649

Varenina, L., Vecherinina, E., Shchedrina, E., Valiev, I., & Islamov, A. (2021). Developing critical
thinking skills in a digital educational environment. Thinking Skills and Creativity, 41, 100906.
https://doi.org/10.1016/j.tsc.2021.100906

Widoyoko, E. P. (2014). Penilaian hasil pembelajaran di sekolah. Pustaka Pelajar.
https://scholar.google.co.id/citations?view_op=view_citation&hl=id&user=vBOUsJSAAAAJI&CI
tation_for_view=vBOUsJSAAAAJ:-feydRqryjwC

Wilson, L. O. (2016). Anderson and krathwohl bloom’s taxonomy revised understanding the new

498


https://doi.org/10.1007/s10648-013-9248-9
https://doi.org/10.23887/ijee.v7i2.61607
https://doi.org/10.1177/1748006X211034650
https://doi.org/10.1186/s41239-020-00238-7
https://doi.org/10.1088/1742-6596/983/1/012047
https://files.eric.ed.gov/fulltext/EJ1113897.pdf
https://files.eric.ed.gov/fulltext/ED580353.pdf
https://doi.org/10.1109/IAC.2017.8280647
https://jurnal.uns.ac.id/ictte/article/view/7226
https://doi.org/10.1109/WEEF.2017.8467122
https://jurnal.untirta.ac.id/index.php/JPPM/article/view/2029
https://doi.org/10.23887/jet.v4i2.25099
https://doi.org/10.24042/biosf.v8i1.1262
https://jurnal.fkip.uns.ac.id/index.php/snps/article/view/12840
https://doi.org/10.25157/teorema.v3i2.1170
https://scholar.google.co.id/scholar?q=Sugiyono.+2013.+Metode+Penelitian+Kuantitatif,+Kualitatif+dan+R%26D.+Bandung:+Penerbit+Alfabeta.&hl=en&as_sdt=0&as_vis=1&oi=scholart
https://scholar.google.co.id/scholar?q=Sugiyono.+2013.+Metode+Penelitian+Kuantitatif,+Kualitatif+dan+R%26D.+Bandung:+Penerbit+Alfabeta.&hl=en&as_sdt=0&as_vis=1&oi=scholart
https://doi.org/10.7771/1541-5015.1649
https://doi.org/10.1016/j.tsc.2021.100906
https://scholar.google.co.id/citations?view_op=view_citation&hl=id&user=vB0UsJsAAAAJ&citation_for_view=vB0UsJsAAAAJ:-f6ydRqryjwC
https://scholar.google.co.id/citations?view_op=view_citation&hl=id&user=vB0UsJsAAAAJ&citation_for_view=vB0UsJsAAAAJ:-f6ydRqryjwC

TN
4 3\
[ Nty J P B I Nanda et al. | JPBI (Jurnal Pendidikan Biologi Indonesia), Vol. 9 Issue 3, 2023, 492-499
N4

version of bloom’s taxonomy. In The Second Principle (pp. 1-8).
https://quincycollege.edu/content/uploads/Anderson-and-Krathwohl_Revised-Blooms-
Taxonomy.pdf%0Ahttps://thesecondprinciple.com/teaching-essentials/beyond-bloom-
cognitive-taxonomy-revised/%0Ahttp://thesecondprinciple.com/teaching-essentials/beyond-
bloom-cog

Yulianto, T., Pramudya, I., & Slamet, . (2019). Effects of the 21st century learning model and
problem-based models on higher order thinking skill. International Journal of Educational
Research Review, 4, 749—755. https://doi.org/10.24331/ijere.629084

Yusmanto, & Herman. (2016). The Influence of the application of discovery learning model on the
improvement of critical thinking ability of mathematics and self confidence of grade V
students of primary schools, Eduhumura. Journal of Basic Education, 7(2), 140-151.
https://doi.org/10.17509/eh.v7i2.2705

Zohar, A., & Cohen, A. (2016). Large scale implementation of higher order thinking (HOT) in civic
education: The interplay of policy, politics, pedagogical leadership and detailed pedagogical
planning. Thinking Skills and Creativity, 21, 85—96. https://doi.org/10.1016/j.tsc.2016.05.003

499


https://quincycollege.edu/content/uploads/Anderson-and-Krathwohl_Revised-Blooms-Taxonomy.pdf%0Ahttps:/thesecondprinciple.com/teaching-essentials/beyond-bloom-cognitive-taxonomy-revised/%0Ahttp:/thesecondprinciple.com/teaching-essentials/beyond-bloom-cog
https://quincycollege.edu/content/uploads/Anderson-and-Krathwohl_Revised-Blooms-Taxonomy.pdf%0Ahttps:/thesecondprinciple.com/teaching-essentials/beyond-bloom-cognitive-taxonomy-revised/%0Ahttp:/thesecondprinciple.com/teaching-essentials/beyond-bloom-cog
https://quincycollege.edu/content/uploads/Anderson-and-Krathwohl_Revised-Blooms-Taxonomy.pdf%0Ahttps:/thesecondprinciple.com/teaching-essentials/beyond-bloom-cognitive-taxonomy-revised/%0Ahttp:/thesecondprinciple.com/teaching-essentials/beyond-bloom-cog
https://quincycollege.edu/content/uploads/Anderson-and-Krathwohl_Revised-Blooms-Taxonomy.pdf%0Ahttps:/thesecondprinciple.com/teaching-essentials/beyond-bloom-cognitive-taxonomy-revised/%0Ahttp:/thesecondprinciple.com/teaching-essentials/beyond-bloom-cog
https://doi.org/10.24331/ijere.629084
https://doi.org/10.17509/eh.v7i2.2705
https://doi.org/10.1016/j.tsc.2016.05.003

