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Abstract—Implementation of competence-based curriculum
for Chemistry become a strategy to pulfil an Indonesian National
Qualifications Framework (Kerangka Kualifikasi Nasional
Indonesia, KKNI), and therfore it needs to apply active learning
through project to provide the students with appropriate
knowledge and skills on the subject they learn. This study is
aimed to provide an innovative chemistry learning material to be
used as learning media on the teaching of acid-base equilibrium.
The research is carried out through innovation of learning
material with project followed by the integration of multimedia
into a learning package to meet the national standard
requirement. The developed learning material was then be
implemented as a guide material for students to complete the
projects during the teaching and learning activities. Research
results has showed that sets of standard projects on acid-base
equilibrium topic have successfully provided that were integrated
in the textbook suited to the university curriculum. The complete
and innovative learning package has been designed with
multimedia. It has been proved that a package of innovative
learning material has been found to be effective to be used to help
students to learn analytical chemistry. Students' learning style
has been changed to become independent learning. The students
are enthusiasm to do the given projects and improve their
achievement on chemistry. An innovative learning material are
able to guide the students to learn and to improve their
knowledge and skill to meet required competence needed in the
KKNI curriculum.
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I. INTRODUCTION

The commitment to implement competence based
curriculum suited to the National Qualifications Framework
(in Indonesian Kerangka Kualifikasi Nasional Indonesia,
KKNI) requires improvement in the teaching and learning
activities toward outcomes based learning in accordance to the
learning purposes. One of the strategy to be done to improve
students achievements is through using innovation of learning
material that can be used in the teaching and learning
activities. An innovative learning material is account to be a
very good tools to be used to attract students attention and
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motivation to improve their learning potential as it can be used
as learning resources to develop their knowledge and skills.
The compatibility of learning material with technology
becomes an addition value to be exploited to adjusted with
students developments and the reality in a globalized era [1-3].
Innovative learning material can be adopted as a media in
chemistry teaching with purposes to make the abstract and
complex process that commonly found in the chemical
reaction can be visualized into real and simple mode that can
enhance the learners understanding on chemistry [4-6]. The
development of an innovative chemistry teaching materials for
chemistry teaching has become attention recently to guide the
learners become active learning [7-9]. An innovative learning
material with multimedia has been applied in chemistry
learning [10-12]. It has been known that an innovative
learning materials using multimedia enhance students
understanding on chemistry and it can be utilized with e-
learning for learning through online facilities to facilitate the
learner for independent study [13,14].

Teaching and learning activities with project is a very
good strategy to connect the theory with real world and can
bring the students engaged in active learning [15-17]. A
learning model of project based learning (PBL) has been
implemented in science teaching [18]. With the PBL, the
students can explore their knowledge in the structured and
complex processes, synthesis and results in deep
understanding on the target topic through learning activities
[19]. The project that has been designed systematically can be
used to develop students knowledge and skills on specific
affective target [20]. With this reason, an effort has been made
in this study to innovate teaching and learning materials to be
used to improve students achievement on analytical chemistry.
Through project, the students achieve the skills on product
oriented learning since they are involved personally in
planning a project, working on a project, and reporting of the
results from the project. Active learning with project
motivated the students to learn, facilitate the learner to work
together and results in deep understanding on the subject
[21,22]. An innovative learning materials are very important
for students to make the students be interested to study
chemistry. Innovative learning materials will help the students
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to understand the concept of achieving desired desires be easy
and repeatable [23]. The study is aimed to develop an
innovative learning material with project to be used as a
learning media to improve students achievement on the
teaching of Acid-Base Equilibrium. An innovative learning
materials containing of sets of projects that was interfaced
with multimedia can motivate the students to become active
learners and results on improving their knowledge and skills
which is expected to improve students' achievements on
chemistry.

II. RESEARCH METHOD

The study is assigned to be a research and development
scheme with involving the development of innovative learning
material and be implemented in the class on experimental
setting. The study consisted of three schemes, the
development of an innovative learning material with projects,
standardization of the sets of learning material, and
implementation of the learning package followed the
procedures explained in the references [24-26]. An innovative
learning material with projects was prepared for Acid-Base
Equilibrium topic starting from enriching the topic with
contextual examples and designed to becomes sets of mini
projects, followed by integration of the material with
multimedia. Standardization of the learning package was
carried out by evaluating of the materials by experts followed
by tryout to obtain standard material for Acid-Base
Equilibrium by using the procedures described in previous
studies [27].

Implementation of the developed material was done in
experimental class and compare with conventional teaching.
Before the teaching treatment is carried out a pre-test is given

to students to investigate the students knowledge on the
subject they learn as well as to homogenize the samples. Sets
of innovative learning materials with projects were given to
students in experimental class while the students in control are
given ordinary textbook. The students both in experiment and
control class are given the same topic of Acid-Base
Equilibrium topic but with having flexibility for students
optimizing their study learning and to use laboratory facilities
to conduct their study with time arrangement with laboratory
staffs. The sudents are allowed to work together three to four
persons in a group to complete the projects in experimental
class and to do practicum in control class, but the reports are
submitted as personal report. The students extend their group
to discuss the subject they learn, including to answer given
questions that are available for every sub topic of Acid-Base
Equilibrium. Students performances on psychomotor are
obtained by observer from their academic activities during
their working study and from submitted reports.

III. RESEARCHRESULTS AND DISCUSSION

Innovative learning material with project

An innovative learning material on Acid-Base Equilibrium
has been developed for undergraduate study that was suited to
the KKNI curriculum. The subjects consisted of six sub
subject, they are Introduction to Acid-Base Equilibria,
Definition of Acid-Base, Water Ionization, Acid-base
Tonization, Determine pH, and Buffer solution [28] Various
components are integrated in learning package as summarized
in Table 1.

TABLE 1: Description of Sub-Topic and the components that are integrated in the learning material of Acid-Base Equilibria.

No Sub-Topic The components that are Integrated into learning material
1 Introduction to  Enrichment of teaching materials, integration of learning projects as student activities, pictures, illustrations of
Acid-Base the role of acid base in daily life, and some basic questions about acid-base material.

Definition of acid-

Enrichment of teaching materials, integration of learning projects as student activities, several chemical
scientists, pictures, chemical info, and several questions that students will answer based on reference and

Enrichment of teaching materials, integration of learning projects as student activities, pictures, chemical info,
sample questions and discussion and practice questions. Enrichment of teaching materials, integration of
learning projects as student activities, pictures, chemical info, sample questions and discussion, practice

Enrichment of teaching materials, integration of learning projects as student activities, chemical info, pictures,
sample questions and discussions, practice questions, special practice questions, and several questions related to

Enrichment of teaching materials, integration of learning projects as student activities, case of determining pH
of acid and base buffers, examples of questions and discussion, practice questions, special practice questions,

2
base laboratory activities.
3 Water Ionization
questions, several questions related to the project
4 Acid-base
ionization .
the project.
5 Determine pH
and several questions related to the project.
6 Buffer solution

Components Integrated into Innovative Teaching Materials in Teaching Acid-Base Equilibrium

All subtopics are enriched with contextual examples suited
to undergraduate curriculum major in science. The developed
materials are integrated with sets of mini projects, laboratory
worksheet, supporting videos, learning methods and models,
and learning multimedia. Integration of the projects and

laboratory activities are made to guide the students to learn the
topic and bring the students in to the application of the
subjects they learn in real life. Learning methods such as
demonstration methods, training methods, practical methods
and work discussion are also included in the learning materials
to make the students more active that lead them to various
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learning skills to enhance students understanding on the Acid-
Base Equilibria.

To improve the feasibility of developed learning material
as learning resource to study Acid-Base Equilibria,
multimedia was then integrated in to the packaged through
combining the images, graphics, animated videos and
demonstration videos as presented in Table 2. Multimedia
integration in this teaching material aims to make acid-base
equilibrium material more practical to learn so that students
more easily understand acid-base equilibrium material and are
interested in studying chemical material especially in acid-
base equilibrium material (learning independently). Sets of
projects has been designed for sub-subject of Acid-Base
Equilibria with aimed to improve students competence in
Analytical Chemistry. The title, short description of the
projects and the competency to achieved from conducting the
projects are summarized in Table 3. The projects are mostly
conducted in the laboratory with intention to bring chemistry
into real learning that can motivate the students to study
chemistry.

TABLE 2: Description of components that are integrated into Innovative
Learning Materials use the Project using Multimedia

No Sub- Subject Component Innovation

Introduction to
Acid-Base

Laboratory experiment video, flash
animation

Definition of
acid-base

Water

Ionization

Acid-base
ionization

Determine pH

Buffer solution

Laboratory experiment video, flash
animation, website about acid-base
explanation

Laboratory experiment video, flash
animation, website about explanation of
water ionization, and power point
learning media.

Laboratory experiment video, flash
animation, website about acid-base
ionization, website about access to
practice questions, and power point
learning media which ends with a quiz

Laboratory experiment video, flash
animation, website about acid-base
ionization, website about access to
practice questions, and power point
learning media which ends with a quiz

Laboratory experiment video, flash
animation, website about acid-base
ionization, website about access to
practice questions, website about access
to practice questions, and power point
learning media which ends with a quiz

TABLE 3: Type of projects and the competence to achieve in sub-subjects of Acid-Base Equilibrium topic

No  Sub- Subject Project title

Competencies that are expected to be achieved by students

—_

1. Introduction

to Acid-Base

Project 1 is an experiment in
laboratory with the title "pH

Students understand at designing experiments on determining the pH of food and
beverages and some chemicals

Students understand in choosing the tools and materials used in this experiment
Students understand time management during practicum

Students understand in preparing observations

Students understand in classifying food and beverages and some food and
beverage ingredients based on pH prices (research report).

Able to choose several references (books, journals, articles etc.) that support the
determination of pH scale.

Able to identify the results of the research / core presented in the reference.

Able to prepare research reports.

Students understand designing electrolyte test equipment
Students understand choosing and using the complete tools and materials used in

Students understand preparing research reports
Students understand the pH of some substances through modern Arrhenius acid-

Students understand designing experiments to find out the differences between
Bronsted Lowry acid-base theory and Lewis acid-base theory
Students understand choosing and using the complete tools and materials used in

Students understand preparing research reports

I Scale: Determining the pH 2.
of Food and Beverages and 3.
Some Chemicals" 4.
5.
Project 2 is an observation of 1.
theoretical activities with the
title "pH II Scale: 2.
Submicroscopic 3.
Determination of the pH of
Food or Beverages
2. Definition of Project 3 is an experiment 1.
acid-base laboratory laboratory 2.
activities with the title this experiment
"Determination of pH 3.
through the Modern 4.
Arrhenius Acid Base base theory.
Theory"
Project 4 is an experiment 1.
laboratory activities with the
title "Determination of pH 2.
through the Theory of this experiment
Bronry Lowry and Lewis 3.
Base Acid" 4.

Skilled in determining the pH of some substances through Bronsted Lowry and
Lewis acid-base theory.
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Students understand designing an electrolytic test equipment for electrical
conductivity of chemicals
Students understand thinning concentrated acids and bases and determining their

Students understand the preparation of observation tables of acid and base
electrolyte flame tests at various concentrations

Students understand at designing an electrolyte test equipment for electrical
conductivity of various predetermined acids and bases.

Students understand in diluting the determined concentrated acids and bases (HCL,
HF, NaOH, NHj;) to obtain the same concentration as needed

Students understand in testing and comparing electrical conductivity of materials
at the same concentration.

Skilled in the preparation of tables observing the flame test of the acid and base

Skilled in preparing research reports.

Students understand to makes natural indicators of natural materials.

Students understand in designing experiments to distinguish acidic properties or
alkaline properties of chemicals by using natural indicators.

Students understand to identify and use the right tools and materials.

Students understand in time management adjustments.

Students understand in presenting data on research results and preparing reports

Students understand in choosing tools and materials that can be used in the work
of buffer solutions in the body

Students understand in designing experiments to obtain a working description of
the buffer system in the body

Students understand to identify and use tools and materials appropriately.

3. Water Project 5 is an experiment 1.
lonization laboratory activities with the
title "Water Ionization 2.
Equilibrium" concentration
3.
4. Acid-base Project 6 is an experiment 1.
ionization laboratory activities with the
title "lonization of Acid and 2.
Bases"
3.
4.
electrolytes used.
5.
5. Determine Project 7 is an experiment 1.
pH laboratory activities with the 2.
title "Determining the pH of
Acid-base Solutions" 3.
4.
5.
6.  Buffer Project 8 is an experiment 1.
solution laboratory activities with the
title "Acidity Control Buffer 2.
Solution"
3.
4.

Students understand in time management adjustments.

5. Students understand in presenting data on research results and preparing reports

Standardization of a developed innovative learning materials
have been used followed the criteria given by the National
Education Standards Agency (BSNP). It has been obtained
that the feasibility of the material is categorized very good
(average 3.59). All respondents gave positive response to the
learning package in all components of content, language,
presentation, and graphic. Therefore, an innovative learning
material with project has meet the criteria given by national
standard as a learning resource on the teaching of Acid-Base
Equilibrium

Implementation of Innovative learning Material

Implementation of an innovative learning materials have
been done in the class, where students achievement in pretest
and post-test are summarized in Table 4. It has been seen that
the students in experimental and control class are having the
same starting knowledge on Acid-Base Equilibrium topic (M
= 32.5). Students achievements are increased after teaching
and learning activities are carried out, where experimental
class (M = 82.5) are higher than control class (M = 75.27). It
has been observed from students activities, it was known that
the students in the experimental class are enthusiastic to do the
projects, each group was seriously participate in the discussion
and they are tend to use the developed learning material as the
main learning resources to solve all problems on the subject
they learn.

TABLE 4: Students' achievement based on evaluation test (pre-test and post-
test)

Treatment Type of Evaluation test Effectivity
Class Pre-Test Post-Test (%)
Experiment 32.5 82.5 77
Control 325 75.27 64

The students reported the project results on time in a good
laboratory report. Meanwhile, the students in control class
seems to do laboratory experiments as a routine works, where
the students just follow the experiments listed in the laboratory
manual, record the data, and write the report without deep
understanding on the subjects they learn. The results has
shown that the students in experimental class improve their
knowledge and having good understanding on the concept of
Acid-Base Equilibrium. The student learning outcomes in the
experimental class are all obtain relatively highest score
compare to students in control class with variation in the
students achievement, where fiew are having high score and
most of them are with average score. The projects have also
designed to students skills to handle chemicals,
instrumentation and chemical analysis. To guide the students
to do the project properly, the developed learning material has
provided the video on how to use analytical glassware and
equipments, the preparation of analytical reagents, examples
of laboratory works, and how to record and analyze data by
using related software. Observation has revealed that the
students in experimental class master themselves in analytical
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chemistry skills as presented in table 5. The motivation of
students to study chemistry has been investigated for
experimental class. It has been showed that the students
motivation such as challenge, curiosity, engagement,
confidence, attention, relevance, satisfaction are generated by
the presence of an innovative learning material. The facilities
integrated in an innovative learning material help the students

to study chemistry and shifted learning activities to become
student center learning. The results have showed that the
required competencies have been achieved.

TABLE 5: Students skills after implementation of acid-base balance projects

No Observation of Competency Analysis

The students are able to set the equipment, to standardize the instrumentation, and to prepare experimental steps in good o

2 The students have skills to prepare reagents and standard solution at a certain concentration from stock chemicals (solid or liquid) by
weighing and diluting in volumetric flask, and transferred with volume pipettes

3 The students are able to use carry the projects, starting from planning, setting of instruments, collecting data, processing data and
solve trouble when appear during the work steps, and washing up in final stage

4 The students are able to write project report based on a given format and give the discussion to what they found in the experiment. In
this section the students are able to answer the questions given in the learning material related to the projects that have been

completed

Discussion

Implementation of an Indonesian National Qualifications
Framework (Kerangka Kualifikasi Nasional Indonesia, KKNI)
as based curriculum in Universitas Negeri Medan [29] has
prompted the chemistry teaching, including Analytical
Chemistry, to promote students competence in the subject they
learn [30]. Teaching and learning activities by using of an
innovative learning material with project has been proven to
be a suitable strategy to improve students achievement in
chemistry [31]. Analytical chemistry course as a compulsary
subject in science has to be contributed to improve students
competences as required in the curriculum [32,33]. The
project based learning is a choise method that can improve
students involpment in learning activity that leads the students
to achieve skills and knowledge in cemistry. It has been
proven in this study that a set of innovative learning material
with project has bring the students to become independent
learner [34,35].

The students has used a developed learning material as a
main source to do the projects on their own style to achieve
the setting goals given for Acid-Base Equilibrium topic. The
projects that are integrated in the learning material has bring
the students to study the chemistry topic in dept learning
where the theory has been made to become practice and make
the students understand an abstract concept that commonly
occurs in chemistry subject. An innovative learning material
has a positive impact to students learning process where the
students are motivated to do the projects that resulting in
improving the skills and knowledge [36]. Students
achievement in experimental class was higher than that in
control class. The results confirmed that an innovative
learning material developed in this study is effective to
improve students achievement in chemistry.

IV. CONCLUSION

The development of an innovative learning material with
project based learning has successfully conducted for Acid-
Base Equilibrium topic. The subjects consisted of six sub topic

with eight projects that can be conducted in an allocated time
table. Implementation of an innovative learning materials with
project is become a good strategy to help the students to gain
the competence on chemistry. The learning material with
projects provided the students with contextual and meaningful
learning through engagement in active participation that
improve the motivation in learning and simultaneously
improve the knowledge and skills. Collaborative working
among the students to do the project maximize their study
potential that can transform their learning style moving from
conventional learning to become student center learning that
lead to improve students achievement.
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