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Abstract. This aims of this research is to develop teaching materials that incorporate multiple representations of chemistry concepts, especially
on the salt hydrolysis topic, to support the Merdeka Curriculum and improve students' mental models in the F phase of high school. Educational
Research Development (EDR) is the method chosen, using Plomp’s development model. The subject are three UNP chemistry lecturers, two
chemistry teachers and nine SMAN 8 Padang students. The developed teaching material have been validated with a construct validity value of
0.89 which is classified as valid and. Then it has also been tested for practicality with a score of 96% from teachers and 94% from students, this
shows that the development teaching materials are very practical, which indicates their ease of use and application in an educational environment.
It concludes, that the developed teaching materials are for the topic of salt hydrolysis, which incorporate a comprehensive range of chemical
representations proven to be valid and highly practical can effectively assist students in building mental models and improving their
understanding of chemical concepts and support the goals of the Merdeka Curriculum in fostering deeper student understanding.
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l. INTRODUCTION

One of the negative impacts after the pandemic of Covid-19 in Indonesia is the loss learning for students (Fani &
Mawardi, 2022). Loss learning occurs when learners lose knowledge and skills in general or specially experience academic
setback and gaps in educational process (Novia et al., 2023). The decline in learning abilities and skills of students as a result of
the difficulty in adapting to changes that occur due to the pandemic (Siregar & Mawardi, 2022). In response this situation, the
Indonesian government through the ministry of education, culture, research and technology developed a solution as part of an
effort to improve the effectiveness and renewal of education in Indonesia by launched a new curricula, namely the Merdeka
curriculum (Fadila et al., 2023). The Merdeka curriculum is a component of a diverse intracurricular curricula, where the subject
matter is developed more broadly, giving learners sufficient time to explore various concepts and optimize their skills (Rizaldi &
Fatimah, 2022). Merdeka curriculum contains the profile concept of the Pancasila student which is a representation of Indonesian
students, who not only have a global competency, but also demonstrate behavior in accordance with the values of Pancasila
(Januarita et al., 2023). Through Merdeka curriculum, students can also be helped to prepare themselves to face the challenges of
current world, where skills like a critical thinking and problem solving are important (Fauzan & Mawardi, 2023). The hope of
implementing this curriculum is that students can maximize their potential more optimally and independently, and are able to
adapt well to an increasingly complex and diverse society (Lestari et al., 2023).

Through the Merdeka curriculum, educational institutions including teachers and students are given flexibility in
developing competencies according to the abilities and achievements of students (Rani et al., 2023). The teachers has the
flexibility to choose a variety of teaching tools, create a quality learning methods that refer to the circumstance and learning
requirements of students (Alamanda & Mawardi, 2023), which means that the teacher is not the only source in the ongoing
learning process. One component of teaching tools in education that can support the learning progress in the Merdeka curriculum
is teaching materials (Fauzi et al., 2023).

The availability of teaching materials is very important in learning activities as a support for the use of textbook, because
the preparation of the material is aligned with the needs, talent, interest of students (Susanti et al., 2024). Abduraimova (2022)
explain that the preparation and the design of the teaching materials that will be used must refer to instructional guidelines, given
their function as a means of supporting and assisting learning activities. Teaching material can be in the form written or unwritten
(Camelia et al., 2023). The types can be audio, visual-audio like learning videos, and tapes, and then printed materials such as
modules, textbooks, student worksheets, handouts, pictures and wall diagram (Rizal et al., 2024). The function of textbooks is to
focus on the needs of students.

Chemistry is a subject that must be studied by senior high school students. One of the chemistry topics contained in the
text book is salt hydrolysis (Sari & Mawardi, 2022). Salt hydrolysis is closely related to everyday life, so it is important for student
to learn it. Although topic of salt hydrolysis is related to daily life, students often cosider this topic to be a difficult topic to
understand because it is abstract and has a complex scope (Horvat et al., 2021). The abstract nature of this material is found in
the microscopic aspects that exist in the solution (Hardiyanti et al., 2018).
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To help students understand the subject matter, especially salt hydrolysis material, it is necessary to understand three
levels of chemical multi-representation, they are macroscopic, sub microscopic and symbolic (Mawardi et al., 2019). The three
levels are interrelated and all three of them greatly contribute to the development of students' mental models of constructing
meaning and understanding of concepts (Amanda & Mawardi, 2023). Mental models refer to the internal representations that
learners have for learners in understanding various levels of chemical information, which are macroscopic (observable
phenomena), submicroscopic (processes at the particle level that cannot be observed directly) and symbolic (formulas and symbols)
(Trivic & Milanovic, 2018). Developing accurate mental models can have an impact on students in improving mastery of abstract
chemical concepts and being able to do problem solving well (Mardatilla et al., 2023). With various representations can ease
student to understanding and solving complex chemical problem (Fazira & Mawardi, 2023). Although the submicroscopic level
is often less emphasized, understanding the submicroscopic aspect is key in improving mental models and in understanding
abstract chemical concepts (Damiyanti et al., 2024), which will help students solve problems related to the topic of salt hydrolysis.

According to the results of interviews and questionnaires that were conducted in several schools, SMA Negeri 7 Padang,
SMA Negeri 8 Padang and SMA Pertiwi 1 Padang, it is found that the teaching materials available in the textbook lack multiple
representation which results in less than optimal understanding of concepts in students. Teachers also said that there is still a need
for other supporting books that are more comprehensive and detailed that include representation of chemistry. The teaching
materials developed are expected to overcome these problems and can also help students in grasping concept with the presentation
of chemical multiple representation. Designed to support the Merdeka curriculum phase F senior high school. Teaching materials
are arranged attractively and tailored to the needs of student, which are expected to encourage students' motivation to learn
independently, as part of a learner-centered learning approach. Therefore, researchers developed teaching materials with the title
“Development of Teaching Materials to Support Independent Curriculum Learning on Salt Hydrolysis Material Phase F Senior
High School”.

1. METHODS

This research uses a development research method with an educational design approach, known as Educational Design
Research (EDR), which is conducted through several stages, which refer to the Plomp model of development. In the Plomp’s
model, there are three main stages: the preliminary research stage, the prototyping stage, and the assessment phase (Plomp &
Nieveen, 2013; Insani et al., 2022).

The preliminary research stage aims to identify the need for developing teaching materials that support learning the
Merdeka curriculum on salt hydrolysis material in high school. This stage includes needs analysis through interviews with
chemistry teachers and filling out questionnaires by students, as well as context analysis to analyze the curriculum and evaluation
of learning outcomes to design teaching materials. In addition, a literature study was conducted to find relevant sources as a basis
for design. The result is the development of a conceptual framework that produces teaching material products to support
independent curriculum learning of F phase salt hydrolysis material.

After preliminary research stage, the design of teaching materials continues at the development or prototyping stage by
following a process that helps in product development and improvement. In this stage, there are four stages of formative evaluation:
self-evaluation, expert review, one-to-one evaluation and small group evaluation. These stage are shown in this figure below.
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Figure 1. Layer of formative evaluation
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The tools used for data collection in these research include validity data analysis and practicality data analysis. In
analyzing the validity sheet that has been filled in by the validator, the Aiken's V scale is used which refers to the modified
Boslaugh category assessment (Aiken, 1985). The Validators are asked to provide responses to the statements that have been
listed in the vali dationsheet, the sheet provided is in questionnaire form. Which in the last section, validators have the opportunity
to provide an assessment of the results of the evaluation they have done. The validators’ assessment of each statement was
analyzed using Aiken’s V formula as shown in Eq. (1) and Eq. (2).

_ ZIs
- n(c-1)

@)

s=r—1I 2

Description:

V : Aiken's scale V

s : the score of the validator minus the lowest score in the applied category
r :validator's preferred score/category

n : number of validators

¢ : highest validity assessment number

I,  lowest validity assessment number

As the items used involved five validators and five selection categories, the scale used for Aiken’s V validity index as
shown in (Tabel.1)

Table 1. Number of students based early mathematical ability

Aiken’s V Scale Validity Categories
Vv >0,80 Valid
V < 0,80 Invalid

Source : (Aiken, 1985)

The technique used to analyze practicality data is based on the following formula, as shown in Eq. (3)

- 1 btained
Practicality Score = fotal score obtained v 100% 3

highest possible score

Table 2. Percentage value obtained

Values Practicality Categories
86% - 100% Very Practical
76% - 85% Practical
60% - 75% Quite Practical
55% - 59% Less Practical
<54% Not Practical

Source : (Purwanto, 2009)
. RESULTS AND DISCUSSION

Preliminary Research

In the context analysis section, Form data collection through interviews with teacher and questionnarires filled out by
students from several schools, information was obtained indicating that the main problem found was the limited learning resources,
especially teaching materials to support the Merdeka Curriculum. Where the materials already available at the school do not
include the three levels of chemical representation. This shows that students need additional reference materials or other learning
resources to better support their chemistry learning at school.

One of the topics studied in chemistry is salt hydrolysis. Salt hydrolysis involves the phenomenon of salt ions interacting
with water molecules, which requires an understanding of the three levels of chemical representation: macroscopic,
submicroscopic, and symbolic. These levels are very important for developing accurate mental models in students. However, the
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Merdeka Curriculum teaching materials that have been available in schools do not yet cover these three levels of chemical
representation. According to the needs analysis above, salt hydrolysis teaching materials were developed by including content
that includes the three levels of chemical representation to support the Merdeka Curriculum in schools.

Then, in the context analysis, an analysis of the curricula used in schools is carried out (Delfianza et al., 2023). At this
stage, the analysis is focused on the competencies that students must master, namely examining the Chemistry Learning Outcomes
for phase F, which are then elaborated into Learning Objectives for salt hydrolysis. This is done to ensure that the developed
teaching materials are arraged systematically in line with the learning objectives that have been formulated.

The literature review aims to connect the problems encountered by teachers and students in the learning process of the
Merdeka Curriculum, by identifying solutions through analyzing scientific articles from various journals. Based on the problems
obtained, it is necessary to design a product, namely the development of teaching materials to support Merdeka Curriculum
learning on the topic of phase F salt hydrolysis for SMA/MA using the Plomp development model through validity testing and
practicality testing.

At the literature study stage in this study, several supporting references were collected, including teaching materials,
Merdeka Curriculum, and salt hydrolysis. material on salt hydrolysis in the developed teaching materials comes from various
textbooks, includingChemistry by Chang (2010), Chemistry A Molecular Approach by Nivaldo J. Tro, (2011), Chemistry The
Molecular Nature of Matter and Change with Advanced Topics Silberberg (2018)

Then, a conceptual framework was developed with an overview derived from the needs analysis, context analysis, and
literature review to identify problems and find solutions to the research being conducted. The results of the conceptual framework
development are shown in the following figure.

Loss Learning

Need Analysis
solution

Merdeka
Curriculum

needed

include

Literature Review i .
Teaching | ,| Salt Hydrolysis

Materials

in the form

v

Teaching materials to
support merdeka
curriculum learning

Figure 2. Conceptual framework
Development and Prototyping Stage

Prototyping consists of four steps: self-evaluation, expert review, one-on-one evaluation, and small group evaluation.
This process will lead multiple stage, specially prototype I, Il, 1l1, and 1V which the result of a formative evaluation, and reflects
the steps taken during the development or formation of the prototype. This stage of development includes the use of a checklist
or list of design specifications for self-evaluation; expert review including evaluation and recommendations for the developed
items; individual evaluation; feedback given on the items through interviews in the one-on-one evaluation and administration of
a practicality questionnaire to students as part of the small group evaluation.

Prototipe |

Prototype 1 is the prototype that result from the design and development of preliminary research result. The results of
Prototype | are teaching materials to support the Merdeka Curriculum with the components contained in the developed teaching
materials are covers, introduction, table of contents, instructions for using the book, achievement of learning, map of concepts,
chapter covers, Pancasila student profiles, keyword, example problems and their solutions, exercises, comprehension test,
summaries, end-of-chapter exercises, activities, reflections, bibliography, answer keys, glossary and index. Below are some of
the components include in the developed teaching materials.
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Figure 3. The cover of teaching materials and Guide’s of the book
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Prototipe 11

Prototype Il was the result of revision of Prototype I. After developing teaching materials in the form of Prototype I, a
formative evaluation was conducted, consisting of a self-evaluation using a checklist questionnaire. At this stage, researchers
review and re-evaluate the completeness of the components of teaching materials. The results of the self-evaluation, one missing
component was identified, namely the let's practice component. Therefore, researchers revised the teaching materials by adding
the missing component. let's practice can be seen in Figure 5.

|;l'& % t i Hidrolisis ('lm‘m.'n::;?
=3

i —— 0

1. Manakah dari ini lanutan basa?
a NaF
b EBr
o NH(C
d Mgl
e LNOy
2. Tomvion berut ini yans dapat bersaksi dengan air menshasilkan jon H' atm
adalah. ..
a CF
b, CH,COO-
c O
d NH'
e 10~
3. Tenrukan jenis hidrolisis don sifat dari masing-masing garam dibawah ini
a EF
b, NHNO,
c FeCh
d MaBr
e E:504

Figure 5. Let’s practice test

Prototipe 11l

Prototype 11 is the result of revision of the Prototype Il. At this phase, formative evaluation was carried out, including
expert review by five validators, consisting of three chemistry lecturers from UNP and two chemistry teachers from SMA Negeri
8 Padang, as well as one-on-one evaluation conducted through interviews with three students. There were two types of
questionnaires used in the validation process. The first is the construct validation questionnaire, which consists of 16 statements
and is divided into four aspects: content component, presentation component, language component, and graphic component. The
second is a content validation questionnaire, which assesses the suitability of the developed teaching materials with Merdeka
Curriculum. Content validation received a score of 0.89, which indicates that the teaching materials are valid. However, there are
several suggestions and improvements from the validation in certain parts. The following are some of the revisions made after the
validation stage
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Figure 6. Resolution picture before and after revision

Revisions were made to increase the resolution of the images so that the images presented could be seen clearly related

to the hydrolysis reaction.

Figure 7. The writing of the index before and after revision
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Improvements were made to the writing of the index as it related to compliance with the rules of chemical writing and
to ensure that the information presented was accurate and not confusing.

Rumus untuk mencari nilai pH garam yang bersifat basa sebagai berikut dengan
perumpamaan bahwa HA adalah asam lemah dan A~ adalah anion garam yang
terhidrolisis.

cmcoox@ Na“tag+ CH3COO@g) oo (D

basa lemah NH3 yang menghasilkan larutan asam. Rumus untuk mecari nilai pH

garam yang bersifat asam adalah sebagai berikut

thc@—r NHs ag) + Clag)

Hitunglah pH larutan ammonium klorida NH4C10.20 M (Kb NHs™= 1.8 x 10°)
Penyelesaian :

NHi(flo ) NHs g + Cl g

NHs"(aq) + H20@) = NH3(aq) + H30%ag)

Figure 8. Phase of each reaction before and after revision

Improvement to the phase (form of substance) of each reaction, which can be seen in Figure, there is an error in writing
the phase so that corrections are made so as not to cause confusion to students.

Validity Value

1 0,91 0,9 0,92 0.8
0,8
0,6
04
0,2

0

Content Presentation Language Graphical

Figure 9. Construct validity value

Based on Figure 9 above, the content component aspect obtained a value of 0.91 is obtained with a valid category. This
shows that the teaching materials developed come from relevant sources. Next, component of presentation, it has a value of 0.90
with the valid category, it means that the teaching materials developed are presented neatly, orderly, not mixed with unnecessary
content and attractive image presentations in increasing motivation, attractiveness of students. Futhermore, the component of
language obtained a value of 0.92 is obtained with the valid category. It shows the language used in teaching materials is effective,
efficient, easily understood and does not cause confusion in understanding the concept. Then the graphical component gets a value
of 0.88 with the valid category.

Prototipe 1V

Whether the product developed is easy and practical to use (Novia et al., 2023). The practicality test results will be
derived from a small group test involving nine students who have learned salt hydrolysis material and 2 chemistry teachers. The
research instrument used in the practicality test is a practicality questionnaire for two chemistry teachers and nine students of class
X1 phase F SMAN 8 Padang. The average result obtained from the small group test of the teacher is 96% with the category Very
Practical. And the average result of the small group test of the students is 94% with the category Very Practical. The practicality
level of the developed teaching materials will be assessed based on the aspects of user-friendliness, interface, efficiency of learning,
and benefits. Results of this stage are shown in the diagram below.
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Figure 10. Construct practicality value

During the practicality stage, students are also asked to solve the problems presented using multiple chemical
representations. the goal is to show that the multiple chemical representations provided in the developed teaching materials can
assist students in finding and understanding the concepts of salt hydrolysis. The following is an image of the multiple chemical
representations presented in the problem given to students

NH.4Cls) solid

Sumber;Shutterstock.com

Ionized NH4Cl@g  Hydrolized NHsClg)

(
(Pl D N PN 2 o3 @ 3
Cre%e: Qe $itae?:
Yo .0 4 @ s e O o @9 3
9 : Qe @ Ops s
RPO AN g2 o9 2s%"
b Lol QT & 0 ST @ 90

Figure 11. A sample of model in the developed learning material

The results base of the practicality test stage, indicate that the instructions and questions given can help students
understand the concept and respond effectively. As previously explained, this teaching material is equipped with multiple
representations of chemistry as seen in Figure 10 can minimize the occurrence of misconceptions about concepts and help students'
understanding in improving the construction of their mental models in understanding the concept of salt hydrolysis. Then this
teaching material was easily used and does not hinder the learning process so that the teaching material developed is considered
practical.

V. CONCLUSIONS

According to the results of this research and discussion is that teaching materials for the Merdeka Curriculum on the
topic of salt hydrolysis could be developed using the Plomp development model. The teaching materials developed have been
validated with a construct validity value of 0.89 which is classified as valid. Then, the teaching materials received a high
practicality value, with a value of 96% from teachers and 94% from students. This shows that the materials are well developed
and suitable to support the Merdeka Curriculum, especially in the topic of salt hydrolysis. Moreover, the teaching materials feature
comprehensive representations of chemistry that can effectively assist students in building mental models and improving their
understanding of chemical concepts, especially in the topic of salt hydrolysis.
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