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ABSTRACT
Background: The ability to think critically is one of the life skill targets that pharmacists 
and scientists want to achieve in learning, therefore it is necessary to do project-based 
learning innovations to guide students to learn actively and independently in developing 
critical thinking skills. Objectives: This study aims to implement project-based learning 
to facilitate active and independent learning through project implementation to build 
students’ critical thinking skills and at the same time to facilitate students to achieve 
competencies in the analytical chemistry required by pharmaceutical and chemical 
scientists. Materials and Methods: Research includes the development of project packages 
and the integration of information technology on the topic of Distillation, standardization 
of learning resources, and implementation of Analytical Chemistry teaching. Results: 
An innovative project-based learning resource package was successfully developed for 
the Distillation topic. Implementation of learning resource packages effectively guides 
students to carry out their own projects in separating target compound contextually 
through distillation method. The learning facilities available in the learning package 
have proven to be able in guiding students to design project assignments suit to target 
analyte. The learning potential of students has been optimized. Students’ knowledge 
and skills in separating target analytes by distillation have been fully mastered as desired 
in the competency-based curriculum. The results of the assessment showed that the 
students’ critical thinking skills were very good (M = 84.51±7.41). Student learning 
outcomes based on the portfolio value of the project proposal (M = 88.46±6.74) and 
project reports (M = 92.85±1.98), and from the objective score of the formative exam  
(M = 85.59±3.09) are all classified very good, namely the competence in the analytical 
field is achieved. Conclusion: Project-based learning innovations are very effective 
in improving critical thinking skills as well as increasing student competence in the 
field of analytical chemistry. Recommendation: Project-based learning is suitable for 
implementation in teaching other subjects to achieve the competencies required by 
scientists. This learning model is effective in building student competence in a normal learning 
atmosphere, or when social restrictions are imposed during the COVID-19 pandemic.
Key words: Project-based learning, Learning innovation, Critical thinking skills, Students 
competence, Learning outcomes.
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INTRODUCTION

Critical thinking skill (CTS) is very necessary 
in learning science and related to life skills 
for students, pharmacists and chemists.1 

The CTS is a scientific skill to construct the 

knowledge from the available information 
and analyzing them for use in solving 
problems and drawing conclusions which 
lead students to a deep understanding of  
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the subject being studied. The CTS is very appropriate 
to be applied in all aspects of  learning because they are 
associated with increasing learning activities, especially 
in teaching of  pharmacy and chemistry.2 The strategies 
to improve critical thinking skills must be carried out 
because the work associated with science bound the 
scientific activities such as data collection, analysis, 
interpretation and conclusion.3,4 Learning innovation 
that adapts to the latest technology is a good strategy in 
improving critical thinking skills, because it can facilitate 
students to learn actively and optimally in achieving 
the targets competency stated in the curriculum.5,6 The 
implementation of  competence curriculum has brought 
a change in the target competence for the subject learned 
at university level, including pharmacy and chemistry.7 

With this curriculum, learning must be equalized and 
juxtaposed with the need for skills needed to work in 
relevant fields. The subject studied in university must 
be relevant to the needs of  expertise in employment 
after completing the study program. Therefore, learning 
materials must be packaged in an attractive manner to 
equip students contextually to understand the theories 
and skills needed by industry or other jobs in the 
pharmaceutical and chemical fields.8 The problem is 
the tendency of  learning which is dominated by theory 
and minimal skills in the field of  analytical chemistry, 
which is caused by restrictions on practicum activities 
in laboratories as a result of  social restriction policies 
during the COVID-19 pandemic to break the chain 
of  virus transmission.9 In addition, learning tends to 
lead students to formulas that cause them to get used 
to memorizing topics without knowing the usefulness 
of  the material being studied. This problem must be 
overcome through the application of  innovative project-
based learning to build critical thinking skills that can 
encourage the internalization of  theory and practice in 
real practice through project implementation.
The Separation course in Analytical Chemistry is 
very much needed by scientists because it deals with 
the technique of  separating the target analyte from 
its mixture for enrichment, concentration, refining, 
isolation, purification and determination purposes.10 The  
technique is very important to provide a basic knowledge 
on the strategy of  separating the target compound from 
the mixture before quantitative determination can be 
carried out appropriately. Analytical separation is also 
intended to purify the target compound to become 
high grade substances. Analytical chemistry textbooks 
generally have special chapters on separation procedures 
starting from simple technique by using low cost apparatus 
to complex procedures with involving of  sophisticated 
instrumentations.11-13 One of  the separation procedures 

that are used in analytical chemistry is distillation 
method. Separation by distillation is very important in 
the undergraduate pharmacy and chemistry curriculum 
since a technique is widely applied for the separation of  
organic compounds of  binary mixture.14 The strategy 
is used to remove the contaminants from the desire 
substance into a pure substance. The distillation method 
is carried out by approaching or manipulating of  the 
boiling point differences followed by the condensation 
process to make one compound can be separated from 
the mixture. Various distillation techniques can be 
applied to separate the substances depending on the 
nature and characteristics of  the target compounds. 
Distillation procedures that are commonly applied in 
analytical separation namely simple distillation, fractional 
distillation, steam distillation, vacuum distillation and 
molecular distillation. Those separation techniques are 
necessary to be mastered by the students to provide 
adequate knowledge and skills in analytical separation 
chemistry.15,16 

Various strategies have been carried out in the teaching 
of  analytical chemistry to make learning more interesting, 
easy to remember and bring students to the real world.17,18 

Some of  these include the selection of  good teaching 
and learning strategies, the application of  innovative 
learning, the use of  media and multimedia, learning 
based on blended learning and e-learning, the application 
of  new learning models, and other learning methods.19-22 

One of  the strategies used to optimize students’ learning 
independence is to utilize innovative learning resources 
that are obtained through project-based learning 
innovations.23 A project-based learning (PjBL) is designed 
to carry out investigations through complete research 
activities. This learning model provide opportunities 
for students to do scientific discoveries systematically 
through critical thinking. Project-based learning can be 
carried out through laboratory experiments, field studies 
and work assignments, which in turn to increase the 
scientific knowledge and skills.24-26 The project-based 
learning process is carried out on a regular basis starting 
from setting of  the targets competency to be achieved, 
planning of  the project, designing and establishing the 
project activity procedures, project implementation, and 
reporting the results and findings. Through the project, 
the students have adequate time to apply critical thinking 
skills to build their knowledge and skills in the field of  
chemistry.27 The freedom in using available learning 
resources is also becomes a credit when doing the project 
in order to achieve the desired competencies. Project-
based learning has been used successfully to increase 
the knowledge and skills in various fields of  science, 
including teaching of  chemistry, and is believed to be 
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very effective for teaching of  Analytical chemistry.28,29 

The purpose of  this research is to innovate a project-
based learning package that will be used as a learning 
resource to build students’ critical thinking skills through 
the implementation of  research projects as a strategy 
to achieve competency targets in the field of  analytical 
separation required by scientists such as pharmacists 
and chemists. The project-based learning will be able 
in facilitating active and independent learning to build 
students’ knowledge and skills in the field of  Analytic 
chemistry.

MATERIALS AND METHODS 
Population and Sample

The research was conducted at the Department of  
Chemistry, Faculty of  Mathematics and Natural Sciences 
(FMIPA), Universitas Negeri Medan in the 2020/2021 
academic year. The work involved 73 students from three 
parallel classes selected from the Chemistry Education 
Study Program at the faculty.

Research Ethics

To comply with the research code of  ethics established 
by the university, students are notified that they have 
been included as research objects. Students are given 
the freedom to participate as research samples by 
following ethical social science research protocols. 
Research respondents were given statements and 
explanations about the terms and procedures that 
had been established through the rules of  the Human 
Research Ethics Committee of  the Universitas Negeri 
Medan. In this case, all students are willing to be used 
as research objects for the implementation of  project-
based learning.

Research Methods

This research is the development of  project-based 
innovative learning resources based on the need for the 
achievement of  analytical chemistry competencies for 
students according to the demands of  a competency-
based curriculum. Data collection was carried out with 
a mixed exploratory method design, namely through 
a survey to collect respondents’ opinions which were 
then converted into quantitative data (Likert scale), 
and quantitative data in the form of  student learning 
outcomes obtained from a portfolio of  project activities 
and learning evaluation scores.30,31

Research Procedures

The research was carried out in several stages, starting 
from the needs analysis stage for Analytical Chemistry 
courses, developing innovative project-based learning 

packages for the topic of  Distillation (as a development 
model), and implementing innovative learning packages 
in Analytical Chemistry teaching. The provision of  
research instruments was also carried out, including 
project implementation guidelines, a survey package to 
assess the feasibility of  innovative learning resources, 
an assessment rubric of  project proposals and project 
implementation reports, and evaluation tests to measure 
learning outcomes. The research procedure is illustrated 
in Figure 1. Needs analysis for chemical materials is 
carried out by proposing several relevant sub-topics for 
the Analytical Separation course. Chemistry topics are 
then given to expert lecturers to assess their suitability 
with the competency targets to be achieved by scientists 
working as pharmacists and chemists. Distillation topic 
was then chosen in this study as a learning model to be 
developed into an innovative project-based teaching 
materials for students at university level.

Development and Standardization of Innovative 
Project-Based Learning for Distillation Topic

The development of  project-based innovative learning 
packages is carried out by enriching the teaching material 
with complete theories for each subject matter, and 
equipped with contextual examples of  the application 
of  distillation in everyday life. Chemistry learning 
materials are then integrated with project examples, 
multimedia and videos, and linking the Distillation topic 
with hyperlinks to trusted websites with the intention 
of  making the topic easy to learn. Standardization of  
teaching materials is then carried out using experts, 
namely lecturers who are experienced in teaching 
Analytical Chemistry for at least three consecutive years, 

Figure 1: The summary of research procedures for the 
development and implementation of project-based learning 
in the teaching of distillation topic on Analytical Separation 
Chemistry.
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in accordance with regulations set by the university. The 
results of  the investigation are reported in the form of  
a project report uploaded to SIPDA. The evaluation test 
is carried out at the end of  the lesson.
The students were obliged to do two sets of  distillation 
projects in the given time allocation, and the project 
reports had to be submitted one week after completing 
the works. Teaching and learning activities in project 
implementation are observed, project reports are 
assessed, and students’ mastery of  the topics studied 
is evaluated at the end of  the lesson. Students’ critical 
thinking skills are assessed from student’s ability in 
the interpretation, analysis, inference, evaluation, and 
expansion. The marks from submitted project reports 
were counted followed the judgment criteria for 
submitted projects. The marking criteria for the projects 
were based on the structure design of  the project 
planning (Project proposal), laboratory activities, product 
yield recovery, and report presentations. Formative test 
was conducted after completing of  the teaching and 
learning activities in the teaching of  Distillation topic. 
The score obtained from evaluation test was counted 
from the right answers of  multiple choice test without 
giving the penalty for wrong answers. Student learning 
outcomes are recorded from the combination of  the 
scores obtained in the project report portfolio with the 
scores obtained in the evaluation on the formative exam. 
The data is presented in the form of  learning outcomes, 
namely students’ critical thinking skills and student 
learning outcomes. Student learning completeness is 
expressed in the form of  competency attainment based 
on the cumulative learning outcomes.

RESULTS
Analytic Separation Chemistry Course

Analytical Separation Chemistry course is an advanced 
course for university students. It is the course that 
brings students to master separation technique as a 
competency required for pharmacists and chemists. 
The course aims to build knowledge and skills on 
separation techniques for the purposes of  isolation, 
purification and quantitative determination. Separation 
chemistry provides the skill to separate chemical 
compounds by using analytical equipment’s. The study 
to select the topic for Analytical Separation Chemistry 
course has been carried out, that is by choosing and 
analyzing the chemistry contents available in various 
textbooks that are relevant for analytical separation at 
university level. The course has a value of  four credit 
points and is programmed for 16 meetings in one 
semester. One credit point is allocated to be equivalent 

to ensure that the quality of  the teaching materials has 
been achieved. The assessment of  teaching materials 
is carried out following the criteria provided by the 
Indonesian National Education Standards Board (Badan 
Standar Nasional Pendidikan, BSNP). Learning resource 
packages along with project implementation instructions 
are provided in print and electronic versions as a medium 
for studying the topic of  Distillation.

Preparation of Research Instruments

Research instruments were provided and standardized, 
consisting of  a standardized questionnaire to assess the 
suitability of  chemical topics and to assess the quality 
of  teaching materials (Likert scale 1-4), subjective 
assessment rubrics measuring critical thinking skills 
and assessing projects for Proposals and project 
reports (marking scale 0-100), and multiple choice 
evaluation tests to measure student learning outcomes 
(evaluation scores converted to marks 0-100). Standard 
questionnaire packages are arranged in accordance with 
the objectives of  the study, and then validated using 
experts and followed by trials to see the validity of  
the components of  the questions in the questionnaire. 
The same procedure is carried out to provide chemical 
questions (items) that cover the subject of  Distillation.

Implementation of Project-Based Learning in the 
Class

Complying with government policies during the 
COVID-19 Pandemic, social restrictions apply to the 
learning system at the University in order to break the 
chain of  spread of  the corona virus-19. Learning in 
this study was conducted online using the University 
Online Learning System (Sistem Pembelajaran Daring 
Universitas Negeri Medan, SIPDA) combined with 
teaching using a zoom meeting. Project implementation 
is limited and selective in the laboratory following 
strict health protocols. Pretest is done before learning 
begins to determine students’ mastery of  Analytical 
Chemistry course. The students informed about course 
descriptions, competencies to be achieved in learning, 
chemical materials to be studied, and project assignments 
that will be carried out in teaching and learning activities. 
The main stage is the implementation of  project-based 
learning for teaching the topic of  Distillation. The 
stages of  learning carried out by students are compiling 
their own project plans through the preparation of  
proposals uploaded to SIPDA. Project implementation 
is carried out after obtaining approval from the lecturer 
and project work is always under the supervision of  the 
instructor. All project-based learning carried out in the 
laboratory always follows health protocols consistently 
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to 50 min of  lecture time and 120 min of  structured 
learning and independent study. List of  the chemistry 
topic of  Analytical Chemistry Separation course, and 
respondents’ assessments given by the lecturers are 
summarized in Table 1. The chemistry lecturers strongly 
agreed (average 3.78±0.43) to the proposed chemistry 
topic that were chosen to be included in an Analytical 
Separation Chemistry course. Innovative project-based 
learning for the topic Distillation is discussed in detail 
as an example of  project implementation in the teaching 
of  analytical chemistry.

Project-based Learning Package for Distillation Topic

A complete and in-depth chemistry teaching material 
has been compiled for the subject of  Distillation. 
The subject is enriched with the theory of  separation 
using temperature differences which is equipped with 
contextual examples of  the analysis of  the separation 
of  chemical compounds of  medicinal raw materials. 
Each subject is equipped with examples of  relevant 
innovative project packages and accompanied by 
project implementation video media to guide students 
in carrying out their own projects in separating the 
target compounds by distillation correctly. A teaching 
material has been arranged systematically based on 
the needs of  science students in accordance with 
the competency targets that will be achieved after 
completing the learning. The Distillation topic has been 
arranged in to five Sub-topics, they are: (1) Introduction 
to Separation by Distillation Method, (2) Principle of  
Distillation (Raoult’s Law and Dalton’s Law), (3) Types 
of  Distillation, (4) The Azeotrope, and (5) Application 
of  Distillation Method. The description of  leaning 
innovation and the projects that have been developed as 
supplement material into the chemistry learning package 
are summarized in Table 2. The chemistry material for 
each of  the sub-topics has been enriched suited to the 
needs of  undergraduate chemistry students as required 
by the chemistry competence curriculum. Furthermore, 
innovations in the teaching materials are carried out to 
bring the analytical chemistry topics are easily studied by 
the students and gives the impression of  learning that 
is long remembered. Learning innovation is performed 
based on the characteristics of  the sub-topics, and is 
also adapted to the latest technological advancements 
with consideration to the availability of  chemistry 
equipment’s, chemicals reagents, and supporting 
facilities. The project packages have been integrated 
into learning materials along with video sets examples 
of  project implementation are also included into the 
teaching materials to make it easy for students to study 

Table 1: List of chemistry topics of Analytical 
Separation Chemistry course, the allocation time to 

complete the topic, and respondents’ opinions to the 
proposed listed topics.

No Chemistry Topic Allocated 
Time 

(weeks)

Respondents 
opinion (n=8)*

1 Introduction to analytical 
separation chemistry

1 3.63±0.52

2 Distillation method 3 3.75±0.46

3 Extraction method 2 3.88±0.35

4 Deposition and electrode 
position methods

1 3.63±0.52

5 Centrifuge method for 
analytical separation

1 3.75±0.46

6 Basic Chromatography 1 3.88±0.35

7 Gas Chromatography 2 3.88±0.35

8 Liquid Chromatography 3 3.88±0.35

9 Basic Electrophoresis 1 3.63±.046

10 Capillary electrophoresis 1 3.75±0.52

Total / Average 16 3.78±0.43

*The marking criteria: 4 = very agree; 3 = agree; 2 = relatively agree, and  
1 = disagree.

the subjects and to construct their own projects as 
assigned in the learning stages.

Standardization Results for Project-Based 
Learning Package

An innovative Project-based learning material for 
Distillation topic has firstly been validated to meet 
the criteria as learning resource for undergraduate 
science students in tertiary institutions. Validation and 
standardization results from experienced lecturers 
have been received for their comments to the content 
and feasibility of  the developed learning material as 
summarized in Table 3. The content of  the chemistry 
material has been assessed for its feasibility as a learning 
resource that can guide students to study chemistry 
and complete the analytical separation chemistry 
project assignments to improve their competence. 
The validation results show that the project-based 
learning material has met the requirements seen from 
the depth of  the content, the availability of  learning 
tools, the suitability of  the project package, and the 
relevance of  integrated learning package. The use of  
language in the learning material and the design of  the 
package also meet the requirements criteria given by 
BSNP. The assessments results obtained from expert 
respondents were very good (an average of  3.71±0.49). 
The developed material was confirmed to be suitable 
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Table 2: Learning innovations and project themes that have been incorporated into the learning package for 
teaching Distillation topics.

No Sub-topic Description of innovation into chemistry learning material Project Integration

1 Introduction to 
Separation by 

Distillation Method

The Distillation topic is enriched with the chemistry materials on the 
introduction to Separation by Distillation Method. In this section, the 
introduction to Distillation method that has been used in daily life is 
explored. To explain the introduction to Separation by Distillation method 
was done with the integration of learning media, pictures, and illustrations 
into chemistry topic. The learning media of video and the example of 
distillation separation are provided

Project 1: Separation by 
Simple Distillation

2 Principle of Distillation 
(Raoult’s Law and 

Dalton’s Law)

Enriching a topic of principle distillation and the explanation for equilibrium 
between liquid phase and gas phase with mass transfer of the component 
follow the Raoult’s Law and Dalton’s Law are provided. The projects is 
used to demonstrate the relationship boiling point and the vapor pressure 
of a mixture of compounds of Binery mixture. The project for the mixture of 
two miscible liquids based on Dalton’s Law are also included.

Projects 2: Separation 
of components by using 

Fractional Distillation

3 Types of Distillation The chemistry materials for types of distillation topic was enriched. Those 
are including (1) Simple Distillation, (2) Fractional Distillation, (3) Steam 
Distillation, (4) Vacuum Distillation, and (5) Molecular Distillation. The 
learning media and videos to demonstrate various type of distillations and 
how to set the distillation equipment are provided. The projects to make the 
students understand various type of distillation topics are provided. The 
diagram phase of fractional distillation for calculating the theoretical plate 
is demonstrated. 

Projects 3 and 4: 
Separation of Bioactive 
compounds from leaves 
of medicinal plants by 

using Steam Distillation

4 The Azeotrope The topic on Azeotrope compounds and its properties are integrated, and 
the project packages to demonstrate Azeotrope compounds are provided 
in the learning material. The video of experimental works on Azeotrope 
compounds, type of Azeotrope and the principle separation by using 
Boiling-Point Azeotrope are integrated in the learning package. Handling 
of experiment such as vacuum distillation and molecular distillation are 
provided in the learning media. 

Projects 5: Purification of 
Alcohols by using Steam 

distillation

5 Application of 
Distillation Method.

The project examples on the applications of Distillation methods to 
separate real samples are provided into a learning package as videos and 
multimedia formats. Separation of Eugenol from clove leaves in the form of 
video are integrated in teaching material.

Projects 6: Production of 
essential oils from plants 

leaves

Table 3: The results of the assessment of expert respondents on the feasibility of project-based learning  
materials for the subject of Distillation.

No The validation criteria for the developed project-based teaching material Respondents opinion 
(M±SD), L (n=8)*

1 - The Content: the completeness and the accuracy of chemistry contents in the learning material 
that are suited to the need of undergraduate science students. 3.75±0.46 

2 - The Extension: Integration of the project packages, video and multimedia, and learning facilities 
in the learning package, 3.69±0.49

3 - The Depth: The depth and relevance of the project-bases package to the chemistry topic and the 
chemistry topic has been presented in good order containing of: introduction, the main concepts, 
problem examples, project-based, drills, quiz, and the hyperlinks to trustworthy websites, and the 
application for real life 3.69±0.46

4 - The Design: The layout of learning material are suitable, the presentation, illustrations, Figures, 
table, images are adequate for independent learning 3.79±0.41

5 - The Language: The learning materials are easy to read, the language is simple, the message 
in accordance with the learner development, scientific messages are straightforward, the typist of 
chemical structure, reaction and symbol are accurately presented 3.71±0.49

Average 3.71±0.49

*Marking criteria: 4 = very good; 3 = good; 2 = poor, and 1 = very poor.
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for use as teaching material for teaching of  Analytical 
Separation Chemistry course.

Implementation of innovative project-based 
learning in the class

Teaching and learning activities with implementation of  
project-based learning has been applied in the classroom 
for the teaching of  Distillation topic. The students 
construct the projects following the procedures provided 
in the learning package. The project-based learning has 
been designed to build students’ independence to study 
analytical chemistry and used as a strategy to develop 
students’ critical thinking skills and activate learning 
potential to achieve the required competence in analytical 
chemistry. The students have optimized their learning 
opportunities in doing investigation and discovery 
through the projects implementation. They are free to 
design Distillation sets depends on the target sample to 
be separated in the projects. The students has able to 
manage the time starting from planning, implementing, 
and reporting the assigned tasks. The planned projects 
have been done well and the students can gain skills in 
analytical procedures, starting from providing analytical 
solutions, carrying out chemical separation process, 
choosing the target samples, and handling problems 
encountered in the project being worked on. The project 
works have been conducted in good order depending 

on the sample target, and report the project results 
on time. Students’ critical thinking skills have been 
developed through project-based learning activities, 
and the skills acquired by students are summarized in  
Table 4. Students’ thinking skills in all aspects are 
classified as very good (on average 84.51±7.41). The 
students have the skills to arrange instrumentation 
similar to the examples given in the developed learning 
package that are suited to the target analyte to be 
separated. Through project implementation, student’s 
critical thinking skills have developed such as the ability 
to collect data, analyze data, interpret result data, present 
findings, and apply them in real life.
The final stage of  the research was to measure 
students’ mastery of  the topic of  distillation, which is 
known from student learning outcomes as a result of  
implementing the project-based learning innovation. 
Students’ achievement results (scores) obtained from the 
mark portfolio of  submitted project proposal, projects 
reports, and evaluation scores of  pretest and posttest 
are summarized in Table 5. The average student learning 
outcomes are classified as excellent in both, the portfolio 
value of  the project proposal (M = 88.46±6.74) and the 
final project report (M = 89.31±6.73). The average score 
of  formative exams is also very good (M = 87.18±6.33), 
which is very far compared to the average pretest  
(M = 23.63±4.08). It can be stated from these results 

Table 4: The students’ critical thinking skills have been achieved after implementation of the projects-based 
learning on Distillation topic.

No Aspect of critical 
thinking

Description of Critical Thinking Skills Student’s 
achievement*

1 Interpretation Have the skills to design the projects for Distillation topic, to choose the right equipment 
and target sample for contextual works, understand the information contained in the 
data obtained from the observation.

84.72±7.61

2 Analysis Have the skills to do analytical works in their projects related to the given topics, to 
prepare reagents and solutions starting from weighing and dissolving chemical 
compounds in the solvents, standardizing the reagents, and storing the reagents for 
further use in the projects, and select relevant data, process and predict the identified 
results and conclude logically with precision.

81.79±8.69

3 Inference Be able to perform the project in correct order, starting from setting up the instruments, 
noting and recording results, overcoming trouble shooting in the laboratory, maintaining 
safety works, and washing up the glass wares, and identify the meaning of the inferential 
relationship between data, questions, and science concepts.

85.38±6.68

4 Evaluation Have the ability to write project reports based on the format given in the learning material, 
be able to express their scientific view in the results and discussion in accordance to 
the data results and chemical phenomena obtained in the projects, having skills in 
presenting their invention and discovery from projects works, and assess data quality 
and provide a representative explanation.

87.33±6.44

5 Expansion Be able to answer the questions given in the innovative PjBL learning material related 
to the projects that have been completed, and present reasons and justify convincing 
arguments based on the quality of the resulting data.

83.31±7.61

Average 84.51±7.41

* Subjective assessment criteria 0-100.
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that competence in the field of  separation analysis has 
been achieved. 

DISCUSSION
Competence in analytical chemistry is very difficult 
to achieve through learning during the COVID-19 
pandemic because of  inherent separation skills which are 
generally obtained through laboratory practice. Blended 
learning through a combination of  online teaching and 
project implementation is appropriate for distillation 
separation teaching. The availability of  standard 
project packages that are integrated in the teaching 
material becomes a medium for teaching students on 
analytical separation. The developed learning resource 
package facilitates students to study independently, and 
guides students to plan separation projects according 
to target analytics. The PjBL innovations facilitate the 
students to carry out the project in the laboratory in 
an allocated time by working to follow health protocols. 
Through the implementation of  the project itself, the 
students are provided with contextual knowledge as a 
strategy to build critical thinking skills in the context of  
achieving competencies on doing research in the field 
of  separation analysis.32,33

Project-based learning has been proven to be effective 
in building critical thinking skills in students in the 
field of  analytic separation. This learning is effective 
in facilitating active independent learning to achieve 
competence in the field of  separation chemistry.34 The 
learning process takes place optimally. The PjBL has 
succeeded in bridging theory and practice as evidenced 
by the ability of  students to select the appropriate type 
of  distillation to separate the target analyte from the 
sample.35 Students are able to design their own projects, 

carry out distillation projects to separate target analytes. 
Contextually, the distillation project is carried out well to 
separate chemical compounds that have high economic 
value such as medicinal raw materials contained in the 
sample. The distillation type chosen by the students 
varied from simple distillation, stratified distillation, 
and molecular distillation. Project-based learning has 
built students’ critical thinking skills seen from the 
ability to synthesize their knowledge to distillate the 
target analyte properly.36,37 The portfolio achievement 
score for project proposals and reports is also in the 
very good category. The developed PjBL is optimally 
able to encourage students to utilize available learning 
resources for learning activities, such as innovative 
teaching materials developed, digital libraries, hyperlinks 
from websites, and laboratory facilities. Several 
analytical skills have been built in students, including the 
knowledge of  choosing the right type of  distillation for 
the target analyte, providing chemicals and solutions, 
the ability to assemble and use analytical tools, skills 
in observing, collecting data, and reporting project 
results correctly.38,39 The project-based learning model 
has succeeded in getting students accustomed to using 
technology-based learning resources to plan and carry 
out their own projects.
Project-based learning has been proven to be able to 
develop students’ critical thinking skills. Students have 
been directly involved in planning, implementing, 
and reporting on assigned projects. Students are 
empowered to master the strategy of  separating the 
target compounds correctly according to the separation 
theory.40,41 The application of  innovative PjBL has been 
able to streamline face-to-face time in the laboratory as 
a strategy for implementing appropriate learning during 
the current COVID-19 pandemic.42 This learning is  

Table 5: Students’ outcomes obtained from the marking results from portfolio of submitted projects  
(proposal and report) and the evaluation score (pretest and formative test) on the teaching of Distillation topic.

No Study Program Students (n) Students’ outcomes (M±Sdv)
Competence 

summaryProject score* Evaluation score**
Proposal Final Reports Pretest Posttest

1 Chemistry Education A 30 88.56±7.34 89.86±6.46 23.68±3.04 87.36±7.04 Competence 
achieved

2 Chemistry Education B 25 88.00±6.24 89.34±6.46 23.28±4.79 86.06±5.15 Competence 
achieved

3 Chemistry Education 
Bilingual

18 88.83±6.63 88.72±7.27 23.94±4.40 88.11±6.79 Competence 
achieved

Average 73 88.46±6.74 89.31±6.73 23.63±4.08 87.18±6.33 Competence 
achieved

*Average score of the submitted project portfolio for both proposal and final report
**The average value of the evaluation of learning outcomes for the pretest (before lecture) and formative examination (at the end of the learning session)
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very effective in increasing knowledge and skills of  
separation techniques, and facilitating students to 
achieve their competence in analytic separation.43 The 
PjBL model is ideal for learning science, because theory 
can be realized by practice contextually resulting in a 
long-remembered impression of  teaching.44,45 This 
learning model is the right choice to improve student 
competence. It can be carried out during the normal 
learning period, and is a suitable alternative learning to 
increase competence during the imposition of  social 
restrictions during the COVID-19 pandemic.

CONCLUSION
An innovative project-based learning model has 
successfully been developed for teaching Analytical 
Chemistry in tertiary institutions. Teaching materials 
that are equipped with the project package have met the 
criteria as a complete learning resource to guide students 
in learning the separation of  analyte targets by using the 
Distillation method. The PjBL model is proven to be 
effective in guiding students to study independently as 
a strategy to increase knowledge and skills in the field 
of  separation. Students successfully complete their 
assigned projects on time. The implementation of  PjBL 
in chemistry learning is proven to be able to develop 
students’ critical thinking skills such as the ability to 
organize their own projects, skills in implementing 
projects such as collecting, analyzing and interpreting 
data, and the ability to report project findings. The 
skills acquired by students are classified as very good 
(M = 84.51±7.41). Project-based learning has motivated 
students to use available learning resources optimally. 
This learning model succeeded in improving student 
learning outcomes as indicated by the assessment of  
the project report portfolio (M = 89.31±6.73), and 
from the formative test scores (M = 87.18±6.33), 
all of  which were classified as very good. Student 
competence in analytical chemistry has been achieved. 
The advantages possessed in project-based innovative 
learning are suggested to be adopted in other subjects 
for pharmaceutical and chemistry courses.
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SUMMARY

An innovative project-based learning model has been developed to facilitate students in studying Analytical 
Chemistry. The learning package consists of  learning resources, mini projects, video examples, and worksheets 
that can guide students in learning the separation of  target analytes by Distillation. The PjBL model is effective 
in guiding students to learn independently and motivating students to use learning resources optimally. 
The implementation of  PjBL is proven to be able to develop students’ critical thinking skills in planning, 
implementing, collecting data, and reporting project findings themselves. Student competence in the field of  
separation was achieved, student learning outcomes were classified as very good. Project-based innovative 
learning is very appropriate to be used for teaching pharmacy and chemistry in improving knowledge and 
skills, and adaptive to be applied in normal learning situations and abnormal conditions during the Covid-19 
pandemic.



Situmorang, et al.: Project-Based Learning Innovation to Develop Students’ Critical Thinking Skills

Indian Journal of Pharmaceutical Education and Research | Vol 56 | Issue 1 (Suppl) | Jan-Mar, 2022 S51

Cite this article: Situmorang M, Sinaga M, Sitorus M, Sudrajat A. Implementation of Project-based Learning Innovation 
to Develop Students’ Critical Thinking Skills as a Strategy to Achieve Analytical Chemistry Competencies. Indian 
J of Pharmaceutical Education and Research. 2022;56(1s):s41-s51.

PICTORIAL ABSTRACT

Professor Dr. Manihar Situmorang, 
M.Sc., was born on 4 August 1960. 
He is a Professor at Department of 
Chemistry, Faculty of Mathematics and 
Natural Sciences, Universitas Negeri 
Medan, Medan, North Sumatera, 
INDONESIA. He has been teaching for 
more than 35 years. He was graduated 
from Dept. of Chemistry Education at 
Institute of Teacher Training Education 
Medan, INDONESIA (B.Sc. 1986), and 
from Dept. of Chemistry, The University 
of New South Wales (UNSW), Australia 
(Grad. Diploma 1989, M.Sc, 1992 and 
Ph.D, 2001). He is currently a Vice 
Rector on Planning, Collaboration and 
Communication Affairs at Universitas 
Negeri Medan, was a Dean in Faculty of 
Mathematic and Natural Sciences for 8 
years, and Head of Research Institute 
for 4 years. His research interests are 
Sensor Development, Electroanalysis, 
Environmental Study and Chemistry 
Education.

About Authors

Dr. Marudut Sinaga, MS. was born on 16 Februari 1963. He is a lecturer at Chemistry Education, 
Graduate Study Program, Universitas Negeri Medan, Medan, North Sumatera, INDONESIA. He 
was graduated from Dept. of Chemistry Education at Institute of Teacher Training Education 
Medan,INDONESIA (B.Sc. 1987), Dept. of Chemistry, Universitas Gajah Mada (M.Sc. 1996), and 
Doctor in Chemistry (Ph.D, 2021) from Universitas Negeri Medan. He has been teaching for more 
than 25 years. His research interests are on Analytical Chemistry and Chemistry Education.

Dr. Marham Sitorus, MS., was born on 1 January 1963. He is a senior lecturer at Department 
of Chemistry, Faculty of Mathematics and Natural Science (FMIPA), Universitas Negeri Medan, 
Medan, North Sumatera, INDONESIA. He was graduated from Dept. of Chemistry at Universitas 
Gajah Mada (UGM), (B.Sc. 1987), Master in Chemistry (M.Sc, 1995, UGM) and Doctor in 
Chemistry (Ph.D, 2010) from Universitas Andalas (UNAND), INDONESIA. He hold a position as 
Head of Chemistry FMIPA,Universitas Negeri Medan (2011- 2016). He has been teaching for more 
than 31 years. His research interests are on Organic Synthesis, Organic Analysis, and Chemistry 
Education.

Dr. Ajat Sudrajat, MS, was born on 25 June 1964. He is a senior lecturer at Chemistry Education, 
Graduate Study Program, Universitas Negeri Medan, Medan, North Sumatera, INDONESIA. He has 
been teaching for more than 31 years. He was graduated from Dept. of Chemistry Education at 
Universitas Pendidikan Indonesia (UPI) Bandung, INDONESIA (B.Sc. 1990), Master in Chemistry 
from Dept. of Chemistry Institut Teknologi Bandung (ITB) (M.Sc, 1996) and Doctor in Chemistry 
Education (Ph.D, 2013) from UPI, Bandung, INDONESIA. He hold a position as Secretary of 
Education, Graduate Study Program (2015 - now). His research interests are on Analytical 
Chemistry and Chemistry Education.


