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Abstract. The implementation of innovative learning material with project-based in the
teaching of Analytical Chemistry is very relevant for discussion because the knowledge in
the field of analysis becomes a skill that must be possessed by students after completing
their studies. The aim of the research is to implement an innovative learning material with
project to improve students’ performance in the teaching of Complexometry titration topic.
The research steps are consisted of providing sets of standard learning materials containing
mini projects and learning media on Complexometry titration topic, and implementation
of innovative learning material in the class. Research results showed that sets of learning
packages containing of mini projects for Complexometry titration topic have been
developed suited to the KKNI curriculum. The facility available in a learning package
adequate to guide the student to learn chemistry independently and students centre learning
style was achieved. Project examples and the videos provided in the learning package are
found effective to guide the students to construct their own projects. The developed
learning package motivated the students to learn chemistry topic and guide the students for
independent learners. The developed learning material with project has been proved to be
able to improve students' performance in Analytical chemistry, where students knowledge
and skills are developed..

Keywords: Innovative learning, Project based learning, students' competence, Analytical
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1 Introduction

An afford to chose the right teaching and learning strategy in the teaching of chemistry
topic is crusial to discuss as it is known that the knowledge and skills are involved for chemist
[1]. The teaching and learning paradigm need to ajust to support the enactment of competence
curriculum suited to Indonesian National Qualifications Framework (Kerangka Kualifikasi
Nasional Indonesia, KKNI) [2]. The policy has been stated in Universitas Negeri Medan to
equalize, juxtapose and integrate the world of work with university curriculum, including an
Analytical chemistry. Therefore, innovation in the teaching and learning have to be made for all
subjects in the implementation of a competence-based curriculum suited to KKNI. Various
strategies have been carried out to improve student learning outcomes, including the use of
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teaching-learning methods and strategies [3-5], the application of innovations in learning, and
the use of learning resources [6-8]. Innovation in teaching and learning is designed to attract
students' interest to learn optimally, it is a strategy to empower optimally the available learning
resources in achieving the targeted competencies [9].

The application of innovative learning is very appropriate for science learning, including
for teaching chemistry. Learning innovation can be done by following the latest advance
technologies that are relevant to the needs of students, and in accordance with the development
of students [10]. Various learning innovations have successfully been carried out in chemistry
teaching, and they are proven to be very effective in improving student learning outcomes [11-
13]. One of the very important subject for chemistry students is Analytical chemistry [14,15].
The subject is needed to develop students knowledge and skills on qualitative and quantitative
determination [16]. The skills in the field of analysis become one of the competencies that must
be possessed by students after completing the study [17]. The students are expected to have
adequate knowledge and skills to use chemistry tools and to set laboratory experiments to
determine the target compound precisely. Thus, the teaching of Analytical chemistry must be
carried out optimally in order to achieve the competence in the field of chemical analysis. One
of the strategy that can be done to improve student performance in the analytical field is to apply
project-based learning [18-20].

Project-based learning is a very challenging method for science students because it can
bring the students closer to the real world, namely the application of theory to practice in the
field of chemical analysis [21,22]. It has successfully been used in science teaching including
teaching of chemistry. Various skills can be built through project-based learning, including the
problem solving, inquiry and discovery [23-25]. This learning model can also build students'
thinking skills, the ability to synthesize, to analyze and to conclude experiment results [26].
Thus this learning model is very appropriate to be applied to the teaching of Analytical
chemistry. The purpose of this study is to implement an innovative learning material with project
to improve students’ performance in the teaching of Complexometry titration topic. It is hoped
that there will be an independent learning process through innovative learning so that the
teaching and learning activities will focus on students, which in turn can improve students'
competence on chemistry.

2 Experimental

The research is conducted at Department of Chemistry, Universitas Negeri Medan (State
University of Medan), Medan, North Sumatera, Indonesia, at accademic year 2018/2019. The
population are including experience chemistry lecturers and undergraduate chemistry students.
The sample is purposively selected from bilingual chemistry students that are enrolled on Basic
Analytical Chemistry subject. The study is assigned as research and development on project
based learning. The procedures are conducted followed the procedures explained previously
[23,24,27], they are including: (1) need analysis of requirement for Complexometry titration
topic, (2) the development of an innovative learning material with project, and (3)
Implementation of the developed learning material in the classto improve students’
performance.

Needs analysis was carried out by comparing the chemistry topic with target competency,
considering the relevant projects, and providing class activities. The project development stages
are including of enriching the chemistry learning materials, integration of sets of relevant and



contextual projects into the learning package, validation process to produce a standard chemistry
learning material. Validation of the project is carried out by using expert lecturers followed by
trial. Implementation of the learning material was conducted to bilingual students, where the
students are given the developed learning material and instructional procedures, followed by a
given task to design the projects, to conduct project learning and to submit the reports at a given
deadline schedule. The research instruments used in this study are including the questionnaire
in Likert scale along with observation sheet of process skills. The results data in this study are
obtained from direct observation to students activities, marking of submitted reports, and
students’ performance in Analytical chemistry..

3 Results and Discussion

3.1. Development of Innovative Learning Material

The development of chemistry teaching materials for Complexometry titration topic has
been carried out based on the suitability of the competency standard contained in the KKNI
Curriculum. The learning activities to achieve these goals is done through project-based
learning. The students is expected to be skilled in carrying out analysis, such as conducting
titration project for the determination of target analyte in the given sample. One of the topics of
Basic Analytical Chemistry is Complexometry Titration [28,29]. The cemistry material for
Complexometry titration has been developed suited to the university competence based
curriculum with KKNI approach.

There are seven sub-topics are listed and enriched in the learning material of
Complexometry titration topic, which have confirmed adequate to be taught for undergraduate
students, they are (1) Introduction to Complexometry titration, (2) Formation of complex
compounds and their uses, (3) EDTA and metal ion complexes and conditional formation
constants, (4) Complexometry titration using EDTA and determination of equivalent points, (5)
Titration techniques using EDTA for quantitative detemination, (6) Protective compound
(masking and demasking), and (7) Complexometry titration application [30]. Within the
chemistry contents, there are nine sets of projects examples and two sets of learning medias are
integrated to the learning package in accordance with the sub-topic of Complexometry titration,
and they are believed to be relevant for helping undergraduate students to learn chemistry. The
learning facilities such as the drills, evaluation test, and the hyperlinks to relevant and
trustworthy website are also provided in the learning set. The chemistry learning package was
then prepared in hard copy and softcopy formats. Chemical materials and projects available in
teaching materials are complete and can be used by students for independent learning. The
hyperlinks to relevant websites are also provided as a reference for increasing the knowledge in
the field of Complexometry titration. The descriptions of an innovative learning materials from
the development results, the projects and media integrated in the chemistry teaching materials
are summarized in Table 1.



Table 1. Description of sub topic, type of innovation and relevant projects and media that are
integrated for Complexometry titration topic.

Description of Innovative Learning Materials

Projects and

No Sub-Topic with Project and Multimedia Media

1  Introduction to Learning material for Complexometry Teaching
Complexometry titration, equipped with laboratory media 1
Titration experiments, video and multimedia

2 Formation of Laboratory experiments (project) explaining ~ Teaching
complex compounds ~ formation of complex compounds with metal  media 2
and their uses and their uses.

3 EDTA and Metal Laboratory experiments (project) for titration  Project 1 and
lon Complexes and by using EDTA and metal ion complexes, 2
Conditional conditional formation constants and relevant
Formation Constants indicators

4 Complexometry The project) equipped with video, flash Project 3 and
Titration Using animation showing the color changes forend 4
EDTA and poit on Complexometry titration using EDTA
Determination of indicators
Equivalent Points

5  Titration Techniques Preparation steps and procedures to be Project 5 and
Using EDTA for followed in the preparation of standard 6
Quantitative solution, standardization procedure to obtain
Detemination exact concentration of the solution, sample

pretreatment for Complexometry titration.
The procedures are equipped with video,
flash animation showing the step to set a
project on preparation of Complexometry
titration, including The procedures are
including standardized EDTA, direct
titration, back titration, exchange titration,
inappropriate titration.

6  Protective The laboratory experiments and the designed  Project 7
compound (masking  project on Complexometry titration with
and demasking) protective compound (masking and

demasking) and their application for sample
analysis.
7 Complexometry The application of Complexometry titration Project 8 and

Titration Application

for the determination of food and industrial
samples suitable for projects implemented by
students that can be carried out as mini
projects

9

*List of media and projects that are available in the learning package



3.2. Standardization of Chemistry Learning Package

Sets of chemistry learning materials containing of projects and learning media have been
standardized by using expert lecturers. The suggestions and inputs from experts are used to
improve the contents of the chemistry materials. The feasibility of the learning materials has
also been examined following the eligibility criteria of teaching materials set given by the
National Education Standards Agency (BSNP). Evaluation has been performed by using
experienced lecturers and senior students who have already studied the topic in the previous
year. The assessment results are summarised in Table 2. The results showed that the chemistry
learning materials have met the criteria as a standard learning material for Complexometry
titration. All respondents gave a very good assessment to chemistry learning material (average
3.67), where the expert lecturers (average 3.70) and senior students (average 3.65) are all
assigned to give very good opinions to the developed material.

Table 2. The performances of learning package based on the respondents opinions of Lecturer
(L) and chemistry students (S).

N  Feasibility Short Description of Innovative Respondents Opinion
0  component Learning Material L S Average
S (n=3) (n=20)
1 Content - The conformity of project contents 4.00 3.95 3.97
with material

- Accurate in facts, concepts, theories, 4.00 3.55 3.77
procedures and in accordance with
indicators of learning achievement

- Project tasks are up to date and 3.57 3.75 3.71
follow the Sl standards
2 Presentatio - The consistency of serving, logical, 3.00 3.55 3.27
n and demanding and appropriate concepts.
Support - The existence of interactive 400  3.65 3.82

communication and thinking flow
centered on learners

- According to project learning syntax 3.67 3.55 3.61

3 Language - Consistent with emotional thinking 3.67 3.60 3.63
and social development
- The sentences used are dialogical, 3.67 3.55 3.61
interactive and straightforward
- Understand and conform to the 4.00 3.65 3.82
message delivered
4 Design - The color of writing, symbols, 3.33 3.70 3.51

Presentation of illustration, figures,
the table and images are shown
related

Total (Average) 3.70 3.65 3.67




It can be stated that the instructional materials have fulfilled the content competitiveness to
be used in helping students to study the topic of Complexometry titration [31].

3.3. Implementation of Innovative Learning Material

Innovative project-based learning materials are implemented for the teaching of Analytical
chemistry. At the beginning of teaching, students are given a set of standard learning materials
contained with sample projects along with the instructions to be followed for implementing the
project to commence titration works. Furthermore, a brief teaching is given on how to use the
learning materials for independent learning, followed by giving the procedures in implementing
the projects related to learned topics. The students are given the freedom to choose three sets of
project packages that must be completed, they are assigned to be represented of the sevent sub-
topics available in the learning material of Complexometry titration topic. The project
implementation assignment instructions consisted of: (1) project planning and project stage
design, (2) commencing the projects, data recording, and observations of titration results, and
(3) application of Complexometry titration to chosen real samples. When the learning activities
are carried out, the lecturers observed the students' learning activities to make sure that
laboratory works have been done correctly [32]. It also used to confirm that the student has
mastery titration skills regarding the accuracy of titration results and the ability in processing
and organizing data results. Students' attention to work safety in the laboratory has also been
noted [33]. The observations results of students' psychomotor skills are summarised in Table 3.

Table 3. Students performance based on learning activities to carry out the projects on
Complexometry titration

No. Activity assessments Students Concluding
achievements* Criteria

1. Pre-work: including preparedness in the project 92.50+2.50 very good
work, proposed schedule, and safety equipments)

2. Implementation of project: including project 91.40+1.66 very good
completion based on project planning, data
collection and data presentation, report results, and
experience evaluation

3. Implementation of experiment: including 89.10+1.08 Good
achieved skill, systematic work, skills to use
analytical tools and materials, working procedures,
tidyness and cleanliness, waste management, and
note taking

4 Experiment report: including presentation of 90.70+2.47 very good
results and finding, discussion, applications,
conclution, and sugestion and further
recomendation

Average value 90.93+1.89 very good




The evaluations of submitted reports have been carried out to see students' ability to do
complexometry titration. The evaluation test have been done at the end of the session to find
out students' mastery in the concept of Complexometry titration. Students achievements are
presented in Table 4. It is known that all students have completed the project package very well
in a standard procedures [34]. They are able to set the relevant projects, conducted the project
in a standard procedures, and submitted the final report on time. The students have done the
project seriously, and the desired competence has been achieved (Table 4). The students
obtained good results (average 87.28+4.10). The results of the learning evaluation showed that
the students already have very good learning outcomes (average 90.03+1.44). These results
ascertained that the project based learning was able to improve students ability to do
Complexometry titration.

Table 4. Students’ achievements obtained from the portfolio of submitted reports and
evaluation test.

No  Students performance Students Competence
Achievement summary

1 Students achievement based on portfolio of 87.28+4.10 Competence
submitted project reports achieved

2 Students achievement based on evaluation 90.03+1.44 Competence
test achieved

Average 83.41+0.99 Competence
achieved

An innovative learning materials equipped with project packages can help the students to
learn independently. Through project-based learning, the students have been able to construct
their own learning so that they are able to organize the projects correctly according to the
guideline required in the teaching of Analytical chemistry [35,36]. The students are very
enthusiastic in doing independent learning, and eager to do collaboration in a team to complete
the given tasks. Students' skills in observing the results of experiments and collecting titration
data are formed according to the desired competency target. Students can also apply the
knowledge they learned for analysis of target compounds in the real sample. It can be stated that
project-based learning is a good strategy in improving student learning activities, fostering
critical thinking skills in conducting relevant experiments, and at the same time improving
learning outcomes in achieving their competencies [37-39].

4 Conclusion

The development of project-based teaching materials has been successfully developed for
the teaching of Analytical chemistry. Sets of standard learning materials for the subject of
Complexometry titration has been arranged well in accordance with the national curriculum.
The developed material consisted of seven sub-subjects and equipped with relevant project
packages and learning medias. Implementation of learning materials in the in the classroom
proved to be able to guide the students to study chemistry systematically in achieving
competencies in the field of analysis. The students have been able to construct their own projects



that are relevant to the subject of complexometry titration. The learning model applied in this
study has successfully been used to improve students' thinking skills, to build students' skills in
using chemical equipments for analysis, and to improve learning outcomes. The project-based
learning model is very appropriate to be used for self learning strategy.
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