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Abstract: This study aims to analyze the practicality and effectiveness of the PIL model
tool in online tutorials to improve self-learning and problem-solving skills in DL physics
students in introductory quantum physics courses. This type of research is educational
development research with a sample of 75 undergraduate physics education students at
Universitas Terbuka in Indonesia. This research was carried out in three stages, namely
preliminary and development studies, limited trials, and extensive trials. The results
showed that tutors could carry out all stages of online tutorial activities using the PIL
model very well with the percentage of implementation of syntax, social systems, and
reaction principles. There was an increase in students' problem-solving abilities and
independent learning abilities in each class after taking PIL with high N-gain categories.
It can be concluded that the PIL model set is valid, practical, and effectively applied to
improve problem solving skills and students' independent skills in learning Introduction
to Quantum Physics.
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Introduction

The development of the industrial revolution today
has greatly affected the joints of human life in all fields,
one of which is the influence of the industrial revolution
on learning innovation in higher education. The
presence of the 4.0 industrial revolution requires
universities, especially Universitas Terbuka as providers
of Distance Learning (DL) to innovate skills-based
learning for the 21st century (Shahroom & Hussin, 2018;
Yang & Gu, 2021). Permendikbud No.73 of 2013
concerning the Indonesian National Qualification
Framework in the field of higher education has also
required tertiary institutions to develop a curriculum
that is appropriate to the era of the industrial revolution
4.0 so that students have superior competence with
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various skills that are in line with the demands of the
21st century known as 4c, namely critical thinking and
problem solving skills, creativity and self-directed
learning skills, collaboration skills, and communication
skills (Fajriyah & Septiyanti, 2021; Syaharuddin, et al.,
2022).

Universitas Terbuka has a very important role in
pursuing the quality of learning processes and
outcomes, including processes, and learning outcomes
of the fundamentals of quantum physics through
practical and effective learning, especially in DL. One of
the characteristics of DL is the separation between
students and lecturers in the teaching and learning
process so that in the learning process, learning media is
needed as a substitute for the presence of lecturers in
class (Nadya & Sari, 2021). Research has developed a
Physics Independent Learning (PIL) learning model and
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stated that this learning model is valid, practical, and
effective for improving physics problem solving skills
and students' independent learning skills in DL on
electricity and magnetism through face-to-face tutorials
(Pandiangan, Sanjaya, & Jatmiko, 2017). The PIL
learning model was developed based on the latest
theoretical and empirical support and has logic among
its supporting components.

In online learning or distance learning, the ability to
study independently is needed so that students can
participate in learning activities well (Sun, et al., 2018;
Wong, et al., 2019). The ability to study independently in
online learning can be improved through two main
factors, namely providing encouragement to students,
providing feedback, or integrating the two, as well as
several other factors such as students' cognitive abilities,
self-efficacy, prior knowledge, and so on (Wong, et al.,
2019). The empirical support that underlies the PIL
learning model includes that student learning
independence can be achieved by providing scaffolding
that is able to increase more dominant student activities,
including  interaction  between  students in
communication and collaboration (Eveline, et al., 2019).
Other research states that a tutor can modify student
motivation through interactions with students such as
two-way communication, providing feedback, and
providing positive reinforcement to students (Fandifio &
Velandia, 2020).

Physics instructors at all levels agree that
integrating conceptual knowledge with problem solving
is a desired goal in learning physics, but students must
be able to integrate conceptual knowledge and problem
solving to develop knowledge of physics concepts and
help students overcome problems that occur by
designing authentic (Bao & Koenig, 2019). Problem
solving skills and independent learning skills are very
important in learning physics, especially learning
quantum physics at the tertiary level due to the
characteristics of quantum physics material which is
considered relatively difficult and complex (Lalog, 2019).
The importance of physics problem-solving skills and
independent learning skills in learning quantum physics
at the tertiary level is based on the characteristics of
quantum physics material which is considered relatively
difficult and complex. Even though students have good
skills in problem solving skills, there is evidence that a
basic conceptual understanding of quantum physics is
still very weak (Bungum, et al., 2018; Keebaugh, et al.,
2019). HOTS learning in the 21st century in the industrial
era 4.0 requires human resources with reliable
competencies in implementing the PIL learning model
so that they can improve problem solving skills, decision
making, critical  thinking, creative  thinking,
responsibility, and are able to learn independently
(Hursen, 2021; Pandiangan, 2022; Pandiangan, 2023).
The emphasis of the PIL model is directed at increasing
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learning outcomes on indicators of problem
formulation,  identifying  variables, = compiling
hypotheses, conducting analysis, and drawing

conclusions on physics problem solving skills and
improving learning outcomes on indicators of initiation
and persistence, responsibility, discipline, and curiosity.
self-confident and a strong desire to learn, able to
organize time and speed of learning, enjoy learning and
meet the targets set for independent learning skills
(Pandiangan, Sanjaya, Jatmiko, 2017) so that it is more
practical to use in online tutorials in DL. The PIL model
is designed based on authentic problems and is
supported by the help of information and
communication technology based on java simulation
using the Phet program.

The PIL learning model has also been shown to be
very effective (normalize gain is in the high category) to
improve students' critical thinking skills and
independent learning skills for wave and sound material
through face-to-face tutorial mode (Pandiangan, 2018).
HOTS learning in the 21st century in the industrial era
4.0 requires competent human resources (Caena &
Redecker, 2019; Engeness, 2021; Giindizalp, 2021) so
that they are able to implement the PIL learning model
which aims to improve problem solving skills, decision
making, critical thinking, think creatively, be
responsible, and be able to learn independently.
Therefore, a PIL model learning tool must be designed
in the form of tutorial activity designs, tutorial activity
units, student teaching materials, initiation materials,
student worksheets, and ILS and PSS evaluation
instruments so that they can be used to improve
students' independent learning skills and physics
problem solving skills. on DL.

The results of research by Pandiangan, Jatmiko, &
Sanjaya (2017) which was conducted on 144 DL students
showed that the use of the PIL model in improving
problem solving skills was in the moderate category in
the limited test and in the high category in the broad test
and in improving independent learning skills it was also
in the moderate category in the limited test and in the
high category on the broad test. This only applies to PIL
model tools using electricity and magnetism teaching
materials, but it is necessary to do further testing
whether the PIL model is practical and effective when
using other teaching materials/materials. To see the
reliability of the PIL model, this study will re-examine
the practicality and effectiveness of the PIL model in
other physics materials in the same subject.

The material that will be the object of testing the PIL
model in this study is the basics of quantum physics
contained in the introductory course of quantum physics
at Universitas Terbuka Physics Education Study
Program. This study aims to test the practicality of the
PIL model tool in online tutorials to improve self-
learning skills and physics problem solving skills of DL
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students in introductory quantum physics courses, and
test the effectiveness of the PIL model tool in online
tutorials to improve learning skills independent and
physics problem solving skills of DL students in the
introductory quantum physics course.

Method

This research is educational development research.
This research was conducted in three stages. Phase I
preliminary study and development to develop valid
PIL model learning tools through Focus Group
Discussion (FGD) activities with physics education
experts, material experts, and media experts. Phase II,
limited trials to test the practicality of the PIL model tool
qualitatively by using the PIL model set for teaching
materials for Introduction to quantum physics. Phase III,
an extensive trial to test the effectiveness of the PIL
model using the PIL model tools for introductory
quantum physics teaching materials to improve self-
learning skills and physics problem-solving skills in DL
through online tutorial model.

The subject in this study is the PIL model tool.
Subjects for the limited trial were selected by 15
undergraduate students of Physics Education at
Universitas Terbuka who took the Introductory
Quantum Physics course using a purposive sampling
technique. The broad test subjects were selected by
Universitas Terbuka Physics Education undergraduate
students who took the Introductory Quantum Physics
course as many as 60 students who could represent the
population and carried out by Stratified Random
Sampling of the student population at 39 UPBJJ-UT
throughout Indonesia.

The instruments used in this study were data
collection instruments and student learning outcomes
evaluation instruments. The data collection instruments
consisted of: validation sheets, observation sheets
(implementation of PIL model syntax, tutor's ability to
manage learning, and student observation sheets),
student response questionnaires to learning components
and activities. While the instrument for evaluating
student learning outcomes is a test of independent
learning skills and a test of physics problem solving
skills. The validation of the PIL model tool was carried
out through FGD activities by experts, namely science
education experts, physics education experts, and open
distance education practitioners. The PIL model tools
are declared valid and reliable which meet the needs
aspect, have state of the art, are supported by strong
theoretical and empirical foundations, have consistency
between components, and is suitable for use as a PIL
model tool to improve students' independent learning
skills and physics problem-solving skills in distance
education. Data from design, development, and
evaluation results were analyzed using qualitative,
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quantitative, and inferential descriptive analysis
methods, including paired t-test and independent t-test.

Result and Discussion

The practicality of this PIL model toolkit can be
known through observing tutors and students in two
classes in cycles for four initiations, through interviews
with tutors, and interviews with students. Observations
were made during the implementation of online
tutorials using the PIL model tool each for one week at
each initiation, while tutor and student interviews were
conducted outside of the online tutorial implementation.
There are 5 main activities observed adapted to the
physics problem-solving skills observed in each phase at
each meeting as presented in Figure 1.

100

Percentage (%)
o
o

90 q/ 96. 78 ‘)/ 56 97 1597 12 L) -11 97 68
95 o om 93.86 93.77
87.83 87.95 91.93
86,57 2 36 76
85
80
I 111
Student Activity for Each Syntax

1 Formulate the Problem
3 Developing Hypotheses

2 Identify Variables
4 Collect and Data Analyze

B 5 Draw Conclusions

Figure 1. Relevant student activity

All stages of the PIL learning model support
students' independent learning abilities. This is
evidenced by the results of observing student activity in
Figure 1 which shows that student activity for each
syntax is very high from the first initiation to the fourth
initiation having a percentage of 86.57% to 97.68%.
Students with high learning skills can determine their
own learning needs and are able to be responsible for
planning and carrying out their learning (Geng et al.,
2019; Loeng, 2020). Students can determine various
approaches and sources to meet their learning needs and
can evaluate their own learning progress (Bhandari et
al., 2020; Robinson & Persky, 2020).

The independent learning process can only grow
and develop through creating opportunities, providing
experiences that can encourage the growth of learning
motivation, responsibility, self-confidence, self-
discipline, and the development of self-concept.
Independent learning can grow through providing an
understanding of the interests and interests of each
student and instilling the values of the importance of
learning to prepare for a better future. Instilling self-
concept through self-knowledge and future needs of
students can be used as a basis for building independent
learning (Lee & Choi, 2022; Sedikides, 2021). The PIL
learning model toolkit can guide students in carrying
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out various relevant student activities during learning,
as shown in Figure 6 also that relevant activities seem
very high reaching 86.56% to 97.58%, while student
activities that are not relevant only range from 2.42% to
13.44% so that the PIL model toolkit is very practical to
use.

Interviews with tutors are conducted outside of the
implementation of the tutorial to gather information in
accordance with the tutor interview guidelines that have
been provided. The results of the discussion and
evaluation in the form of solutions to each obstacle
encountered are summarized in Table 1.

Table 1. Obstacles to Implementing Online Tutorials
and Alternative Solutions to Limited Trials Using PIL
Model toolkit

Obstacles

Tutors are not yet skilled at
using the PIL model, so
they have not focused on
training ILS and PSS based
on the PIL model.

Alternative Solutions

Tutors are retrained to be
skilled in using the PIL model
tools so that they are more
focused on training ILS and PSS
based on the PIL model.

Limited tools and materials
so that not every student
can do their own practical

Provide virtual laboratories,
such as: Phet simulation and
Easy Java Simulation (EJS).

activities

There are students who are
less skilled at using
practice/simulation tools.
There are students who do
not understand the steps of
Physics  problem-solving
skills and independent
learning skills.

Training how to use
practice/simulation tools that
students don't know yet.
Provides examples of steps of
Physics problem-solving skills
and independent learning skills.

Students generally stated that by using the PIL
model, students could have better initiative in learning,
be more responsible, more confident and be able to make
their own conclusions based on the results of
investigations both individually and in groups. The
obstacles encountered in the limited trial at the first
meeting in group A were corrected at the first meeting
in group B. The obstacles encountered at the first
meeting in group B were corrected at the second meeting
in group A, and so on in cycles until the fourth initiation
was completed. The obstacles encountered in group A
and group B during the online tutorial process using the
PIL model tools were discussed and evaluated at the end
of each online tutorial initiation between researchers,
PIL model tutors, and observers. Existing obstacles are
described, and alternative solutions are determined.

The Effectiveness of the PIL Model Toolkit in Model Testing
The learning impact of the PIL model toolkit on the
learning outcomes of ILS and PSS is done by analyzing
n gain <g> on the PSS pre-test and post-test scores on the
basic material of quantum physics per indicator, namely:
formulating problems, identifying variables, making
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hypotheses, analyze, and draw conclusions. The value of
<g> and its categories for all model test classes for all
indicators of ILS and PSS ranged from 0.77 to 0.8 (all in
the high category). The value of the ILS and PSS N-gain
for all model test classes is shown in Figure 2.

0.86

0.84
0.82 0.83 0.82

084 0.80

0.82 _

0.80 0.77 0.77 0.78

0.78

0.76

0.74

0.72

N-gain

Group A Group B Group C Group D

Independent Learning Skills m Physics Problem Solving Skills

Figure 2. N-gain ILS and PSS PIL models across class test
models

In general, there is an increase in students' problem-
solving abilities in each class after taking PIL with high
N-gain ranging from 0.82 to 0.84. Students by getting
satisfactory grades will affect a comprehensive
understanding (Budiastara et al., 2022). Practicing
problem-solving skills on physics problems allows this
strategy to be developed on rational solutions to
problems and allows these strategies to be adapted to all
kinds of problems that lead to mathematical thinking
(Barbieri, Booth, & Chawla, 2023). This is in line with the
objectives of teaching physics, which, on the one hand,
encourages everyone to be able to solve problems and
teach the stages of problem solving, and on the other
hand, encourages students to think analytically. In
learning physics, individual transitions in the thinking
process must be ensured at each stage of problem
solving (Heller & Heller, 2010; Ersoy & Giiner, 2015).

In addition to increasing problem-solving abilities,
there was also an increase in students' independent
learning abilities. The type of activity observed
corresponds to the indicator of independent learning
skills using Knowles' self-directed learning flow
adapted from Brockett & Hiemstra (2018) and Schweder
(2020) which includes a process in which students: have
initiation and persistence in learning; accept
responsibility for their own learning; have great
discipline and curiosity; have self-confidence and a
strong desire to learn; able to organize time and pace
their learning well; and enjoy learning and meet the
planned targets. It is shown in Figure 4, that the increase
in students' independent learning abilities ranges from
N-gain 0.77 to 0.80.

Example student’s answers:

Identification of problems

How does the flat harmonic wave packet sketch graph if
Xg=0,kg=0to L=1andL =057

Process carried out

ifxo=0 and k, =0,

then the wave function takes the form:
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1

1 2
Y(x,0) = (2 1L2)4 e, tol =1,

" 1 2
so P(x,0) = ( ! )46 a2, andtoL =05

2nf2
soP(x,0) = (%)Z e

Conclusion

If described in graphical form 1(x, 0) versus x, so the

sketch is as follows.
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v(x,0)
4

0 L=05

The percentage of student teaching and learning
for all model test groups after using the PIL model
toolkit in learning is shown in Figure 3.

Group A mGroup B © Group C * Group D

3.00 8.00

Below Average Low

Independent Learning Skills Category

Figure 3. Percentage of student teaching and learning activities in all model test groups

Figure 3 shows that the percentage of student
teaching and learning after using the PIL model tools
ranges from 40.00% to 48.00% in the high category,
32.00% to 40 above average, 4.00% to 12% on average,
0.00% to 4.00% below average, 0.00 % to 8.00 % is low.
This shows that students' self-learning skills after using
the PIL model instruments are greater than 90% having
good self-learning skills with the average category
above. As previously stated, the PIL model has been
supported by various theories that are able to facilitate
students to carry out independent learning processes
through structured learning phases. Teachers have a key
role in enabling and supporting independent learning
skills  (Umaralieva, 2021), if teachers provide
opportunities for students to work in their own ways
and ideas, then they will be able to develop knowledge,
understanding, or skills independently (Viberg,
Gronlund, & Andersson, 2023). In addition, self-
motivation is also identified as a need for successful
independent learning (Umaralieva, 2021).

Conclusion

Based on the results of the development and testing
of the PIL model toolkit, it can be concluded that the PIL
model toolkit is proven to be valid, practical, and
effective so that it is suitable for use to improve physics
problem-solving skills and students' independent
learning skills in open and distance education. The PIL
model set developed in this study is included in the

practical and effective category because the
implementation of the syntax, social system, principle of
reaction is classified as very good; very high student
activity; existing obstacles can be sought for alternative
solutions; and can have an impact on improving
learning outcomes in physics problem-solving skills and
students' independent learning skills in open and
distance education, with student responses classified as
very strong. The PIL model set developed in this study
has the same impact on several replication classes in
improving learning outcomes of physics problem
solving skills and students' independent learning skills
in open and distance education so that the PIL model is
consistent and stable
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