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Abstract. In part to the speed at which science and technology are developing, lectures
must be able to equip students to think both higher level (HOTS) and fundamentally
(LOTS). The science category includes chemistry, which can be utilized to help pupils
develop their LOTS and HOTS skills. The goal of this study is to provide practical
(valid) general chemistry teaching resources (books) on stoichiometry that enhance
students' LOTS and HOTS skills. These materials will be produced by utilizing the
Inquiry-Based Learning and Science, Technology, Engineering, and Mathematics (IBL
STEM) approach. ADDIE is the development model used in this study. Using a viable
(valid) chemical literacy-based IBL STEM model, this research and development
generated instructional materials on stoichiometry that were considerably shown to
improve students' LOTS and HOTS abilities with a probability value of 0.000
(p=0.000<0.05).
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1 Introduction

In the current era of globalization, competition is fierce due to the advancements in science
and technology, particularly in the fields of communication and information. As a result,
students, above all, must be able to sharpen their skills and enhance their learning in order to
meet the challenges of the global community. These challenges include the need for critical
thinking abilities, effective communication skills, innovation, and the capacity to solve
problems through cooperation and negotiation [1]. Since the inception of time, people have
used their ability to reason to find solutions to a variety of environmental, cultural, and
societal problems [2]. Low Order Thinking Skills (LOTS) and High Order Thinking Skills
(HOTYS) are the two categories of thinking abilities in the field of education [3]. LOTS is
typically linked to the ability to recollect knowledge or apply ideas to circumstances and
contexts that one is familiar with. In the meantime, HOTS is used to answer novel, peculiar
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problems that call for justifications, supporting data, and conceptual connections in order to be
resolved [4]. In order to transition to HOTS capabilities, pupils need to possess certain
competencies, as explained by Armala et al [5]. Chemistry is a field of natural science that
comprises ideas, regulations, laws, principles, and hypotheses. It is a member of the scientific
family [6]. This tool helps students develop both LOTS and HOTS thinking skills, particularly
critical thinking skills. Critical thinking abilities and chemical knowledge are inextricably
linked as both require the other to be comprehended. Chemistry can be used to develop critical
thinking skills.

Individuals possess varying abilities and thinking skills, which are influenced by the training
they receive to enhance them [7]. The ability to create learning that is focused on active
student participation and is meant to inspire students to think critically and solve problems is
another skill that educators, including lecturers, must possess [7].

It is imperative that educators find ways to help students develop their critical thinking
abilities. One such method is to involve them in scientific tasks like questioning, stating,
selecting, and making decisions during chemistry experiments [8]. Inquiry-based learning
(IBL) is a technique or alternative learning paradigm that can be used to enhance students'
critical thinking abilities, notably in the study of chemistry. The integrated business learning
(IBL) model comprises a set of instructional activities that prioritize student participation in
order to facilitate learning experiences and the discovery of material concepts through
problem-based learning [9]. An alternative interpretation of the IBL model is a set of
educational exercises that highlight the use of critical and analytical thinking to look for
solutions to given problems [10]. After that, get students involved in problem-solving
techniques, hypothesis-building, data collection and analysis, and problem-drawing from
previous work [11]. The IBL model has an impact and can enhance critical thinking abilities,
according to numerous research [12], increase creative thinking abilities [10], improve science
process skills [9], increase HOTS abilities [11]; [13]; [14], improving student learning
outcomes [4]; [15], improve students' understanding of mathematics [16], and can cultivate
students' 21st-century abilities [17].

Science, Technology, Engineering, and Mathematics (STEM) disciplines can equip students to
think critically and properly in the face of the current rapid advancements in science and
technology, claim Rachmawati et al [18]. Similarly, Irmita stated that STEM can advance if it
is connected to the environment in order to make learning tangible and reflect the real world
that children encounter on a daily basis [19]. The STEM method has also been shown in
several studies to enhance pupils' critical thinking abilities [20] [21] [22] [23] [24], enhance
one's capacity for innovative thought [25], also having the capacity to enhance the learning
outcomes of students [25] [26].

Apart from the fact that activities are crucial to learning since they can raise student
accomplishment, critical thinking abilities and literacy are synonymous [27]. Literacy skills
that are connected in the current digital world are prioritized, according to Afandi et al [28].
Likewise, chemical literacy, according to Wahyuni & Yusmaita, is tied to how children may
value nature by using the science, chemistry, and technology they have taught them [29].
Thus, chemical literacy can serve as a platform for pupils to engage in higher-order thinking
by connecting it to real-world occurrences [30]. Chemical literacy abilities can help students
become more proficient in HOTS, according to studies by Alviah et al [31].



2 Method

The goal of this project is to provide stoichiometry teaching materials for general chemistry
classes utilizing an IBL STEM paradigm based on chemical literacy that can be implemented
in the classroom to enhance students' HOTS and LOTS skills. 34 pupils served as the research
subjects for this sort of research and development (R&D). The ADDIE development model is
the development model that is being utilized.

Implementation Evaluation Design
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Fig. 1. ADDIE Development Model

In order to gather research data, multiple choice tests that satisfied valid and reliable criteria
were used, expert validation sheets, interviews, and LOTS and HOTS test devices. Both
quantitative and qualitative data are present in the acquired information. Based on expert
validation (validator) results and taking into account feedback, comments, and
recommendations from expert validators, the viability (validity) of general chemistry teaching
materials (stoichiometry) utilizing the IBL STEM paradigm based on chemical literacy was
examined. Students' tests were used to determine the efficacy and growth of their LOTS and
HOTS skills, which were then evaluated using the paired sample t-test method and the SPSS
software.

3 Results

In order to facilitate the general chemistry learning process for both lecturers and students, the
research and development project produced general chemistry teaching materials based on
stoichiometric material and prepared using the IBL STEM model based on Chemical Literacy.
Expert validators in respective professions assess the validity or applicability of instructional
materials (material experts and media experts). After being approved as valid (feasible) by
professional validators, the general chemistry teaching materials developed utilizing the
Chemical Literacy-based IBL STEM approach were put into use for students to evaluate their
efficacy.



3.1 Feasibility of the IBL STEM Model Based on Chemical Literacy

The applicability of the information and the appropriateness of the media (design) were the
criteria used by expert validators in developing, assessing, and validating the general
chemistry teaching materials in stoichiometry learning utilizing the IBL STEM paradigm
based on chemical literacy.

Table 1. Results of Expert Validation for Material Aspects
Validator (Mean score) Total

Assessment Aspect Criteria
[ 1 11 Mean

Content material 4.38 4.25 4.50 4.38 Valid
Presentation of material 4.50 4.13 4.00 4.21 Valid
Language 4.17 4.50 4.50 4.39 Valid
Using of learning models 4.80 5.00 4.60 4.80 Valid
Evaluation and assesment 417 4.50 4.33 4.33 Valid

Total average 4.42 Valid

Tabel 1, provides the findings of expert validation on material aspects (content suitability,
material presentation, language, use of learning models, evaluation, and assessment), and it
was determined that it met the valid requirements by obtaining an average score of 4.42 on the
overall material aspects assessment. The General Chemistry teaching materials in
stoichiometry learning using the IBL STEM model based on chemical literacy have met the
valid criteria from the material aspect and are suitable for application in the learning process,
according to the findings of the evaluation and assessment of the material expert validator.

Table 2. Results of Expert Validation for Media Aspects

Assessment Aspect Vallldator (Mean Sﬁ)re) ,T/I%t;rl] Criteria
Graphics 4.42 4.67 4.54 Valid
Language 4.50 4.63 4.56 Valid

Total average 4.55 Valid

Tabel 2, displays the findings of expert validation for the media (design) component, which
includes the linguistic and graphic aspects. The media (design) aspect's overall average score
was 4.55, meaning it met the valid requirements. The general chemistry teaching materials for
stoichiometry learning using the IBL STEM model based on chemical literacy were found to
be valid from the media (design) aspect and appropriate for use in the learning process,
according to the findings of the media (design) expert validator's assessment.

3.2 Student LOTS and HOTS Ability Achievements

Exams conducted both before (pretest) and after the implementation of General Chemistry
teaching materials based on the IBL STEM paradigm based on chemical literacy allowed
students to meet their LOTS and HOTS ability goals in the stoichiometry learning process. 34
students in a single class participated in the implementation, which was done in three phases:
(1) a pretest before students were given any assignments, (2) a learning process where students
used chemistry teaching materials, and (3) a final stage. (3) the third stage, which is the final
test (posttest), generally utilizing the IBL STEM model based on chemical literacy that has
been produced in stoichiometry learning



Table 3. Student LOTS and HOTS Ability Achievements

LOTS HOTS
Pretest Post-test Pretest Post-test
N 34 34 34 34
Minimum 35 65 40 65
Maximum 70 100 75 95
Mean 51,32 84,26 58,09 81,32
Std. Deviation 8,286 8,084 9,130 8,101
K-S Test 0,142 0,143 0,142 0,141
Sig. 0,078 0,074 0,081 0,085

Tabel 3, provides the pretest results for the pupils, with an average LOTS score of 51.32 +
8.286 before any action is taken. The data was distributed normally, with a Kolmogorov-
Smirnov test value of 0.142 (p = 0.078) and an average achievement of 58.09 + 9.130 for the
students’ HOTS pretest results.Following implementation with General Chemistry teaching
materials based on chemical literacy in stoichiometry learning, the average student score on
the LOTS post-test was 84.26 = 8.084; the data showed a normal distribution with
Kolmogorov-Smirnov test scores of 0.143 (p=0.074); the average student score on the HOTS
post-test was 81.32+8.101; the data showed a normal distribution with Kolmogorov-Smirnov
test scores of 0.141 (p=0.085).

3.3 Effectiveness of the IBL STEM Model Based on Chemical Literacy

Students' enhanced LOTS and HOTS scores on tests with a pretest-posttest design
demonstrate how well the general chemistry teaching materials teach stoichiometry utilizing
the IBL STEM model, which is based on chemical literacy. Using the SPSS software, a paired
sample t-test method was used to assess the significance of the rise in student LOTS and
HOTS.

Table 4. Product Effectiveness Test Results

Paired Differences ¢ df Sig.
Mean Std. Deviation (2-tailed)
LOTS Posttest — pretest 32,941 11,018 17,434 33 0,000
HOTS  Posttest — pretest 23,235 9,445 14,344 33 0,000

Tabel 4, the t-count value for the students' LOTS ability data was 17.434 with a probability
(sig.) of 0.000 < 0.05; on the other hand, the t-count value for the students' HOTS data was
14.344 with a probability (sig.) of 0.000 < 0.05. This led to the conclusion that students' LOTS
and HOTS abilities were improved by the use of General Chemistry teaching materials in
stoichiometry learning using the chemical literacy-based IBL STEM model. The average
difference in LOTS scores (posttest-pretest) was 32,941+11,018; the average difference in
HOTS values (posttest-pretest) was 23.235+9.445,

4 Conclusion

Using the IBL STEM approach based on chemical literacy, research and development efforts
resulted in books on stoichiometry for use in General Chemistry classrooms. Teaching



resources for general chemistry that are based on chemical literacy and use the IBL STEM
model, which was developed through the ADDIE development paradigm, have been deemed
viable (valid) for use in stoichiometry instruction. The qualitative assessment of material
expert validators-which covers aspects of material content, presentation, language, use of
learning models, evaluation, and assessment-as well as media or design expert validators-
which cover graphic aspects and aspects of Spoken). Students' LOTS and HOTS have been
shown to increase with the use of General Chemistry Teaching Materials based on the IBL
STEM Model based on chemical literacy in the stoichiometry learning process. The average
increase in LOTS ability (posttest-pretest difference) was 32.941 + 11.018, and the average
increase in HOTS ability (posttest-pretest difference) was 23.235 + 9.445,

Acknowledgments. We appreciate the backing of LPPM Universitas Negeri Medan for our
research, as well as the participation of all the supervisors and participants in this study.

References

[1] F. T. M. Panggabean, P. O. Pardede, R. M. D. Sitorus, Y. K. Situmorang, E. S. Naibaho, and J. S.
Simanjuntak, “Application of 21st Century Learning Skills Oriented Digital-Age Literacy to Improve
Student Literacy HOTS in Science Learning in Class IX SMP.,” J. Mantik, vol. 5, no. 36, pp. 1922—
1930, 2021.

[2] A. Kristiyono, “Urgensi dan Penerapan Higher Order Thingking Skills,” J. Pendidik. Penabur,
vol. 17, no. 31, pp. 3646, 2018.

[3] F. H. Sutrisno, S. Koes-H, and E. Supriana, “Eksplorasi LOTS dan HOTS Materi Optik Geometri
Siswa SMA,” Momentum Phys. Educ. J., vol. 2, no. 1, pp. 21-28, 2018.

[4] N. L. Firdausi, “Perbandingan Hasil Belajar Kimia dengan Model Pembelajaran Inquiry dan
Learning Cycle 5E pada Materi Kelarutan dan Hasil Kali Kelarutan,” J. Pendidik. Sains, vol. 2, no. 4,
pp. 193-199, 2014.

[5] I. Armala, E. Fauziati, and A. Asib, “Exploring Students’ LOTS and HOTS in Answering
Reading Questions,” J. Educ. Technol., vol. 6, no. 3, pp. 390-397, 2022.

[6] F. T. M. Panggabean, J. Purba, A. Sutiani, and M. A. Panggabean, “Analisis Hubungan Antara
Kemampuan Matematika dan Analisis Kimia Terhadap Hasil Belajar Kimia Materi Kesetimbangan
Kimia,” J. Inov. Pembelajaran Kim. (Journal Innov. Chem. Educ., vol. 4, no. 1, pp. 18-30, 2022.

[7] J. Purba, F. T. M. Panggabean, and A. Widarma, “Development of General Chemical Teaching
Materials (Stoichiometry) in an Integrated Network of Media- Based Higher Order Thinking Skills,”
in Proceedings of the 6th Annual International Seminar on Transformative Education and
Educational Leadership, 2021, vol. 591, no. Aisteel, pp. 949-954.

[8] A. Sutiani, M. Situmorang, and A. Silalahi, “Implementation of an Inquiry Learning Model with
Science Literacy to Improve Student Critical Thinking Skills,” Int. J. Instr., vol. 14, no. 2, pp. 117—
138, 2021.

[9] H. Suhada, “Model Pembelajaran Inquiry dan Kemampuan Berpikir Kritis terhadap Keterampilan
Proses Sains Siswa Kelas V pada Mata Pelajaran IPA,” JPD J. Pendidik. Dasar, vol. 8, no. 2, pp. 13—
24,2017.

[10] R. Rodiyana, “Pengaruh Penerapan Strategi Pembelajaran Inkuiri terhadap Kemampuan
Berpikir Kritis dan Kreatif Siswa SD,” J. Cakrawala Pendas, vol. I, no. 1, pp. 34-43, 2015.

[11] H. Puspita, D. Marlina, and F. R. Hadi, “Pengaruh Model Inquiry Terhadap HOTS Siswa SD,”
in Prosiding Konferensi limiah Dasar, 2022, vol. 3, pp. 19-24.



[12] Julianda, U. Widiati, and E. T. Djatmika, “Pengaruh Strategi Pembelajaran Inkuiri Berbasis
Keterampilan Multiliterasi terhadap Kemampuan Berpikir Kritis Siswa,” J. Pendidik., vol. 3, no. 4,
pp. 460-467, 2018.

[13] M. Izzatin and R. Nurmala, “Pembelajaran Berbasis Inquiry Untuk Melatih Higher Order
Thinking Skills (HOTS) Mahasiswa Pendidikan Matematika pada Mata Kuliah Metode Numerik,”
Edukasia, vol. 5, no. 2, pp. 72-81, 2018.

[14] H. N. Fadillah, Ismail, and A. Mu’nisa, “Pengaruh Model Pembelajaran Inkuiri terhadap
Kemampuan Berpikir Tingkat Tinggi Siswa pada Materi Sistem Gerak Kelas XI SMA Negeri 3
Wajo,” Biogenerasi, vol. 7, no. 1, pp. 197-205, 2022.

[15] O. D. Cahyani, M. Afrizal, and V. D. Cahyaningrum, “Pengaruh Model Pembelajaran Inkuiri
terhadap Hasil Belajar Keterampilan Gerak Dasar Sepak Bola pada Siswa Kelas V SD Negeri 1
Pecangaan Wetan Jepara,” Hospitality, vol. 7, no. 2, pp. 1-6, 2018.

[16] D. A. Anastasha, “Pengaruh Model Pembelajaran Inquiry terhadap Pemahaman Matematika
Siswa Kelas V berdasarkan Jenis Kelamin di SD Negeri Kota Padang,” Serambi Akad. J. Pendidikan,
Sains, dan Hum., vol. 8, no. 1, pp. 1-14, 2020.

[17] M. Q. W. Aji, “Mengembangkan Kecakapan Abad 21 Mahasiswa Melalui Model Pembelajaran
Inkuiri,” Ternodika-Jurnal Penelit. Pendidik., vol. 17, no. 02, pp. 70-84, 2019.

[18] D. Rachmawati, T. Suhery, and K. Anom, “Pengembangan Modul Kimia Dasar Berbasis STEM
Problem Based Learning pada Materi Laju Reaksi Untuk Mahasiswa Program Studi Pendidikan
Kimia,” in Prosiding Seminar Nasional Pendidikan IPA, 2017, pp. 239-248.

[19] L. U. Irmita, “Pengembangan Modul Pembelajaran Kimia Menggunakan Pendekatan Science,
Technology, Engineering and Mathematic (STEM) pada Materi Kesetimbangan Kimia,” Orbital J.
Pendidik. Kim., vol. 2, no. 2, pp. 27-37, 2018.

[20] D. A. B. Lestari, B. Astuti, and T. Darsono, “Implementasi LKS dengan Pendekatan STEM
(Science, Technology, Engineering and Mathematics) Untuk Meningkatkan Kemampuan Berpikir
Kritis Siswa,” J. Pendidik. Fis. dan Teknol., vol. 4, no. 2, pp. 202-207, 2018.

[21] Ariyatun and D. F. Octavianelis, “Pengaruh Model Problem Based Learning Terintegrasi STEM
Terhadap Kemampuan Berpikir Kritis Siswa,” J. Educ. Chem., vol. 2, no. 1, pp. 33-39, 2020, doi:
10.21580/jec.2020.2.1.5434.

[22] A. M. Santoso and S. Arif, “Efektivitas Model Inquiry dengan Pendekatan STEM Education
terhadap Kemampuan Berfikir Kritis Peserta Didik,” J. Tadris IPA Indones., vol. 1, no. 2, pp. 73-86,
2021.

[23] T. R. Allanta and L. Puspita, “Analisis Keterampilan Berpikir Kritis dan Self Efficacy Peserta
Didik: Dampak PjBL - STEM pada Materi Ekosistem,” J. Inov. Pendidik. IPA, vol. 7, no. 2, pp. 158—
170, 2021.

[24] Fadlina, W. Artika, C. Nurmaliah, and Abdullah, “Penerapan Model Discovery Learning
Berbasis STEM pada Materi Sistem Gerak Untuk Meningkatkan Keterampilan Berpikir Kritis,” J.
Pendidik. Sains Indones. (Indonesian J. Sci. Educ., vol. 9, no. 1, pp. 99-107, 2021, doi:
10.24815/jpsi.v9i1.18591.

[25] S. R. I. Melina, “Pendekatan Sistem Berbasis Projek pada Materi Sel Volta dari Bahan Alam
untuk Mengembangkan Keterampilan 4C dan Meningkatkan Hasil Belajar Kimia,” Sentri J. Ris. llm.,
vol. 1, no. 3, pp. 613-619, 2022.

[26] A. S. Rahayu and J. Sutarno, “Meningkatkan Hasil Belajar Siswa Konsep Laju Reaksi dengan
Model Discovery PjBL Berbasis STEM di SMAN 1 Lemahabang Cirebon,” J. Pendidik. Fis. dan
Sains, vol. 4, no. 1, pp. 17-23, 2021.

[27] A. N. Chasanah, A. B. Wicaksono, S. Nurtsaniyah, and R. N. Utami, “Analisis Kemampuan



Literasi Matematika Mahasiswa pada Mata Kuliah Statistika Inferensial Ditinjau dari Gaya Belajar,”
Edumatica J. Pendidik. Mat., vol. 10, no. 02, pp. 45-56, 2020.

[28] N. I. Rahmawati et al., “Application of 21st Century Learning Skills Oriented Digital-Age
Literacy to Improve Student Literacy HOTS in Science Learning in Class IX SMP,” J. Mantik, vol.
1, no. 36, pp. 113-120, 2018, doi: 10.5035/pjme.v11i1.3691.

[29] A. Wahyuni and E. Yusmaita, “Perancangan Instrumen Tes Literasi Kimia Pada Materi Asam
dan Basa,” Edukimia, vol. 2, no. 3, pp. 106-111, 2020.

[30] T. Riyadi, Sunyono, and T. Efkar, “Hubungan Kemampuan Metakognisi dan Self Efficacy
dengan Literasi Kimia Siswa Menggunakan Model SiMaYang,” J. Pendidik. dan Pembelajaran
Kim., vol. 7, no. 2, pp. 251-263, 2018.

[31] I. Alviah, E. Susilowati, and M. Masykuri, “Pengaruh Kemampuan Literasi Kimia terhadap
Capian Higher Order Thinking Skills (HOTS) Siswa SMA Negeri 1 Sukoharjo pada Materi Larutan
Penyangga dengan Pemodelan Rasch,” J. Pendidik. Kim., vol. 9, no. 2, pp. 121-130, 2020.



