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Abstract. This research revealed the influence of project-based learning (PjBL) to increasing
the level of the conception. The research method used the pre-experimental design with one
group pre-test post-test. PjBL applied to students of physics education program of IKIP PGRI
Madiun (23 Students). The test used to determine the level of conception is multiple choice tests
and index of certainty. Activities on PjBL described. Obtained that the PjBL model can increase
the level of conception and Critical thinking skills with the average normalized gain 0.49 and
0.57 (Medium category). It can be concluded that the PjBL could improve the level of conception
and critical thinking ability of the students. Implementation of each model phase following
learning objectives and needs analysis is the key to improve both.

1. Introduction
Project-based learning (PjBL) is a student-centered model integrated with real-world issues and
activities [1]. This model also uses the project/activity [2] as the core of learning. In addition to the
project/activity, the emphasis on problem finding is also an orientation of the PjBL model [3]. Projects
in the PjBL model can be products, publications, or presentations [4]. The PjBL model can enhance
abstract thinking and gain understanding. In PjBL, make judgments, interpret, and synthesize
information in meaningful ways [1]. This process is a representation of adult learning system. PjBL also
put forward the inquiry consisting of authentic questions and carefully designed products and tasks [5].
PjBL oriented to the problems in the form of questions that serve to guide learning activities.

The implementation of PjBL has made learning more enjoyable [6]. Through PjBL, students are not
only more confident with their understanding of the material but also gain experience in the process of
designing and manufacturing innovative activities [6]. The PjBL model has student-oriented activity
characteristics and the opportunity to solve interdisciplinary problems. The PjBL model allows activities
performed outside the classroom. The work done leads to teamwork, students learn to work as
researchers, with tools, technologies, and materials. The student group has an opportunity to present the
work [7]. PjBL can develop student thinking, to create solutions, to develop cooperation, to find
available sources of reference, present findings and conduct evaluations of findings independently or in
groups [8].

http://creativecommons.org/licenses/by/3.0
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PjBL is concerned with the interest and motivation of learning [9]. Project tasks arise from questions
that are sometimes unrecoverable by memorization, thus requiring active student involvement [9].
Through PjBL, students have a clear understanding of the concepts of physics and can indirectly change
their perceptions of physics to be more positive and able to connect the concepts of physics into real life
situations.

The core of PjBL is the project and some included in other activities. In addition to the project, the
orientation of questions in the PjBL model is presented in various forms. [10], using case studies in
directing learning activities, [11] using needs analysis before asking questions. The PjBL model has
advantages and disadvantages. The advantages of the PjBL model according to [5, 12] are: (1) improving
learning motivation, (2) improving problem-solving skills, (3) enhancing learning activities (4)
enhancing collaboration (5) for developing and training communication skills, 6) Improve resource
management and reference skills, (7) provide experience in organizing projects, (8) engage students in
learning to retrieve information and demonstrate their knowledge, then implemented with the real world.
The weaknesses of the PjBL model include: (1) It takes a lot of time, (2) requires considerable cost, (3)
the amount of equipment to be supplied [13].

Conceptions and misconceptions are problems because students do not understand the concept well.
It has been extensively researched by physics and physics education researchers [14 - 17]. The
representation of graphic and visual concepts into verbal / text becomes one of the emerging problems
[16, 18,19]. A solution is needed to solve this problem. Mathematical language in physics learning needs
to be introduced, both in learning the concept of demonstration and experimental activities. The PjBL
model enables the students to design experimental activities and simulations that may involve the
language of mathematics. Critical thinking skills are one of the key elements in PjBL [20]. PjBL learning
is effective for improving students' critical thinking skills [21]. Students are encouraged to become self-
employed, critical thinkers, and lifelong learning [1]. The PjBL model can improve critical thinking
skills only if the project Tasks structured by demanding thoughtful, reflective thinking, students should
be shown critical examples of thought, and given feedback on group discussions.

2. Methods
The PjBL model applied on the experiment class. The PjBL phase adapted from [22]. Conception test
and critical thinking provided through pre-test and post-test. The method used the pre-experimental with
one group of pre-test post-test [23-25]. Samples used are 23 students who take the basic physics
education courses at physics education program of IKIP PGRI Madiun. Data analysis of conception
level using qualitative descriptive analysis. The conception test instrument is a multiple choice with five
choices for each question equipped with a level of certainty with seven choices. This instrument
measures the level of student conception. A critical thinking test is also given. The qualitative analysis
uses conception level categories [26] to classify student conceptions. The case, Level 3* is discussed in
this research.

Table 1. Category of Student Conception Level 1

Category Level 1 low degree of certainty ࡷ) ≤ 2)
Not knowledgeable
about concepts

Level 1a The correct answer, low degree of certainty, the
students guess the answer

Level 1b Incorrect answer, low degree of certainty, the students
have no knowledge of concepts
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Table 2. Category of Student Conception Level 2

Category Level 2 Medium degree of certainty 2 <K < 5
Little knowledge
about concept

Level 2a The correct answer, medium degree of certainty, the students
have a chance to guess the answer or have little knowledge about
the concept

Level 2b Incorrect answers, medium degree of certainty, the students have
a chance to guess the answer or have little knowledge of the
concept

Table 3. Category of Student Conception Level 3

Category Level 3 High degree of certainty K 5

Misconception Level 3* Incorrect answer, high degree of certainty, Student
experience misconception (Special Case)

Students understand the
Concept

Level 3 The correct answer, high degree of certainty, Students
understand the concept

To know the increasing of conception to know the increasing of conception level and Critical
thinking skill, an analysis of pre-test and post-test score of conception test and Critical thinking skill
was performed. Used normal gain scores to determine the improvement of critical thinking skills
following equations [27].

〈݃〉 = (%〈݂ܵ 〉 − %〈ܵ݅ 〉)(100% − %〈ܵ݅ 〉)ିଵ

where %<Sf> and %<Si> are the percentage finals (post) and initial (pre) class averages.

3. Results and Discussion
Concept test results that the student (level 3) has increased, while the other level has decreased (Figure
1).

Figure 1. Student conception profile (Combined level 1, 2, 3 * and Level 3) pre-test and post-test
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Based on Figure 1 it shows that students at level 3 increase in all components of conception, whereas
students at the level of 1, 2, 3 * decrease at all levels of conception. This decrease in the level of 1, 2, 3
* gives information that there is a change of conception from students who are not and have little
knowledge about the concept of being understanding the concept. Concept level-specific profiles (Figure
2.) provide information that level 3 * was informed.

Figure 2. Student conception level profiles (Level 1, 2, 3 * and 3) pre-test and post-test.
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1 0 0 0

12 13 13
11

3
5

11
9

5 6
4

7

2

5

2 2

5 4
6 5

18

13

10
12

0

5

10

15

20

Displacement
and distance

Instaneous
and average

velocity

Acceleration Acceleration
of gravity

N
u

m
b

er
of

st
u

d
en

ts

Conception

Level 1 preetest

Level 1 posttest

Level 2 preetest

Level 2 posttest

Level 3*
preetest
Level 3*
posttest



5

1234567890 ‘’“”

4th International Seminar of Mathematics, Science and Computer Science Education IOP Publishing

IOP Conf. Series: Journal of Physics: Conf. Series 1013 (2018) 012028  doi :10.1088/1742-6596/1013/1/012028

Table 4. Example Activities in the PjBL phase in reducing misconceptions and increasing critical
thinking skills

PjBL Phases Examples of activities for:

Relating problems with
everyday life

Reduce Misconceptions by
connecting the concept of moving
house or moving boarding

Identify issues independently of
the concept of displacement and
distance based on experience

Plan the project Planning the project used to prove
the mass affects the magnitude of
gravitational acceleration through
group discussion

Analyze the design arguments
presented by students in group

Discuss and gather
information

Gathering information about the
design of projects, the amount of
physics that will be made variable in
the experimental and simulation
activities, indirectly students discuss
mathematical equations

Evaluate the credibility of the
literature review information

Discuss criteria and
evaluation

Determining indicators of project
success, one of which is conformity
with the concept of physics

Evaluate the credibility of the
literature review information

Collect materials needed - -

Create project - -

Preparing project
presentations

Verbal presentation, including verbal
presentation of concepts

Evaluating presentations
submitted by students (other
groups)

Reflection and evaluation Reflect and evaluate the project, the
results of experiments and project
concepts are used and evaluate them

Evaluate the overall activities
carried out comprehensively,
and submit conclusions based
on the scientific information of
the results of reflection and
evaluation.

In addition to the level of conception, critical thinking skills are also trained in the PjBL model. To
find the conclusions of increasing the level of conception and critical skills N-Gain scores are calculated,
by scoring at the conception level with the score criteria (Table 5).
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Table 5. Conception Score Criteria

Answer Options Level of Certainty Score
Inappropriate with the concept agreed by scientists Certainly 6
Inappropriate with the concept agreed by scientists Almost certainly 5
Inappropriate with the concept agreed by scientists Partly certain 4
Inappropriate with the concept agreed by scientists A small part is certain 3
Inappropriate with the concept agreed by scientists not sure 2
Inappropriate with the concept agreed by scientists Most guess the answer 1
Inappropriate with the concept agreed by scientists Overall guess the answer 0
Not inappropriate the concept agreed by scientists certainly 0
Not inappropriate with the concept agreed by scientists Almost certainly 0
Not inappropriate with the concept agreed by scientists Partly certain 0
Not inappropriate with the concept agreed by scientists A small part is certain 0
Not inappropriate with the concept agreed by scientists not sure 0
Not inappropriate with the concept agreed by scientists Most guess the answer 0
Not inappropriate with the concept agreed by scientists Overall guess the answer 0

The N-Gain score for students' conception scores (Table 6), N-Gain Score Critical thinking skills
presented.

Table 6. Score Conception Increase and Critical thinking skill

Test Percentage Score (%) N Gain Category

Pretest Postest

Conception 25.36 61.95 0.49 Medium

Critical Thinking 49.73 78.53 0.57 Medium

The PjBL application can improve the level of conception and critical thinking of students with N
Gain values of 0.49 and 0.57 (medium category). The increase has not reached the high category
because, in the implementation, the students concentrated on doing the project. The project-making
stage seen as an activity that supports the level of conception because students spend more time at home.
There are no activities that invite students to investigate their conceptions. The students' critical thinking
skills are also increasing, as are conceptions, enhancement of critical thinking skills ensured by the PjBL
model that traces this ability in several stages.

In the planning phase of the project, two groups of students are still having difficulty determining
and planning the project. This difficulty arises because in one group has a different conception of the
basic concepts that will be developed to make the project. This problems also found in the
implementation of teaching and learning process. The main factor that causes the information collected
from the source students are invalid, thus impacting on the strengthening of conception that is not
appropriate for students. Student conceptions that are inconsistent with the agreement of scientists are
reinforced by references from sources that are inconsistent with the agreement of scientists quite
complicate the process of conceptual change. The information is false, but in accordance with the
conception that students have right into long-term memory [31], this condition causes the concept
representation to be the misconception.

PjBL has the same N gain score category [21] in the medium category. PjBL can significantly
improve critical thinking skills [32], with (high) N-Gain value categories [33] because of time
constraints in the application of phases and non-fulfillment of activities that increase critical thinking
skills in each phase. Because the results obtained are not maximal. Based on the results described there
are some disadvantages of applying the PjBL model, among others (1) takes a long time, especially
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project-making, (2) students are more project-oriented, and less ignoring conceptual learning, (3). In
addition to its weaknesses, the PjBL model also has advantages such as (1) students interested in the
PjBL learning model (78.26), and students' ability to be assessed, including cooperation and
presentation.

4. Conclusion
It can be concluded that the PjBL model can improve the level of conception and students' critical
thinking skills. Every phase in PjBL supports both upgrades. The development of the PjBL model is
following the recommended learning objectives by strengthening the appropriate activities at each stage.
On increasing the level of conception, based on the N gain (medium) category, this result certainly needs
to be improved. The phase in the inquiry model recommended as a modified model material in PjBL.
For example, before entering into the manufacture of experimental kinematics products, students must
understand the basic concepts of kinematics and identify the concepts to be used and proven. Costs that
become problems in PjBL can reduce because students know the working principles of the tool to be
made. Critical thinking ability trained in every phase of PjBL. Cooperation, leadership, and
argumentation ability are some factors that emerged but not yet revealed in this research.
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