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Abstract

In this industrial revolution 4.0 era, professional science, technology, engineering, and mathematics
(STEM) bachelor must have various skills. One of which is problem-solving skills. The development of
problem-solving skills (PSS) is very important in higher education. Students must have PSS that must be
improved to become excellent graduates, including physics bachelor candidates. Many physics bachelor
candidates lack problem-solving skills. This problem is the basis for developing innovative learning
models based online that, by design, can improve the problem-solving skills of physics bachelor
candidates in the COVID-19 pandemic. This research aims to analyze the effectiveness ORNE learning
model in improving the problem-solving skills of physics bachelor candidates as an alternative to online
learning in the COVID-19 pandemic. The research design used a true-experiment with a non-equivalent
control group design with 58 physics bachelor candidates. Data collected using the problem-solving
skills test and then analyzed using the Paired Sample Test, Effect Size, N-gain, and Independent Sample
Test. The results showed that the ORNE learning model proved effective in improving physics bachelor
candidates' problem-solving skills. This research implies that the ORNE learning model can improve
physics bachelor candidates' problem-solving skills as an alternative to online learning in the
COVID-19 pandemic.

Keywords: COVID-19 Pandemic;, Online learning; ORNE learning model; physics bachelor
candidates; problem solving skills
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Model Pembelajaran ORNE Untuk Meningkatkan Keterampilan Pemecahan Masalah Calon
Sarjana Fisika: Sebuah Pembelajaran Alternatif di Pandemi Covid-19

Abstrak

Dalam era revolusi industri 4.0 ini, sarjana profesional, sains, teknologi, teknik, dan matematika
(STEM) harus memiliki berbagai keterampilan. Salah satunya adalah keterampilan memecahkan
masalah. Pengembangan keterampilan pemecahan masalah (PSS) sangat penting dalam pendidikan
tinggi. Itu karena mahasiswa harus memiliki PSS yang harus ditingkatkan untuk menjadi lulusan yang
unggul, termasuk calon sarjana fisika. Banyak calon sarjana fisika kurang memiliki keterampilan
memecahkan masalah. Ini adalah dasar untuk mengembangkan model pembelajaran inovatif berbasis
online yang dengan desain dapat meningkatkan keterampilan pemecahan masalah calon sarjana fisika
dalam pandemi COVID-19. Fokus dari penelitian ini adalah untuk menganalisis efektivitas model
pembelajaran ORNE dalam meningkatkan keterampilan pemecahan masalah calon sarjana fisika
sebagai alternatif untuk pembelajaran online dalam pandemi COVID-19. Desain penelitian
menggunakan true experiment dengan non-equivalent control group design dengan 58 kandidat sarjana
fisika. Data dikumpulkan menggunakan tes keterampilan pemecahan masalah, dan kemudian dianalisis
menggunakan Paired Sample Test, Effect Size, N-gain, dan Independent Sample Test. Hasil penelitian
menunjukkan bahwa model pembelajaran ORNE terbukti efektif dalam meningkatkan keterampilan
pemecahan masalah calon sarjana fisika. Implikasi dari penelitian ini adalah model pembelajaran
ORNE dapat meningkatkan keterampilan pemecahan masalah calon sarjana fisika sebagai alternatif
untuk pembelajaran online di COVID-19.

Kata Kunci: COVID-19 Pandemi,; pembelajaran online; model pembelajaran ORNE, calon sarjana
fisika, keterampilan pemecahan masalah
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I. INTRODUCTION still many physics bachelor candidates who

In this industrial revolution 4.0 era,
professional science, technology, engineering,
and mathematics (STEM) bachelor must
have various skills. One of which is
problem-solving skills [1-7]. The
development of problem-solving skills (PSS)
is very important in higher education. That is
because students must have PSS that must be
improved to become excellent graduates [5,
8-13], include physics bachelor candidates.

The results of preliminary studies at the

State University of Surabaya that there are
Binar Kurnia Prahani et al.

lack aspects of PSS. That is because there is
no PSS learning by design to improve the
PSS of physics bachelor candidates. Learning
model which can improve PSS of physics
bachelor candidates includes: (1) Modeling
Instruction (MI) [14-19] and (2) Problem
Based Learning (PBL) [20-23].

Therefore, both MI and PBL are often
adapted in physics learning to improve the
PSS of physics bachelor candidates. The
implementation of MI and PBL, however,

has some deficiencies. The student model of
72
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difficulty represents the problem at hand, the
difficulty of turning the problem into a model,
and students begin to trouble without prior
knowledge [5,25]. Meanwhile, research
results have shown that applying PBL will be
effective in learning when students already
have basic concepts [5,26].

Both models have been implemented
through face-to-face learning. In fact, now it
has switched to online learning. The cause is
a COVID-19 pandemic. According to the
Task Force for the Acceleration of Handling
COVID-19 in Indonesia explained that
spread the Corona virus (COVID-19) in
Indonesia until Saturday (5/23/2020) at 12.00
WIB, including 21,745 confirmed positive
cases, with 5,249 COVID-19 patients (24.1%)
recovering, while 1,351 people received
(6.2%). Meanwhile, worldwide, there are a
total of 5,326,230 positive cases of the
Corona virus. In the past 24 hours, 949 new
positive cases were needed throughout
Indonesia. Thus, in the last 3 days, there have
been two jumps of more than 900 cases of
COVID-19.

Reviewing the development of the
COVID-19 pandemic in Indonesia, the
chancellor of Surabaya State University
issued a policy of (1) lecturers conducting
work from home (WFH), (2) face-to-face
lectures were canceled as a substitute for
online learning, and (3) students continued to
learn from home. This is in addition to being
positive, but it still creates new problems that
not all students and lecturers are ready for
online learning. It is necessary to find a
solution point to solve the problem so that
there is no decline in the quality of physics
bachelor candidates.

This is the basis for developing
innovative learning models based online that
by design can improve PSS of physics
bachelor candidates at the State University of
Surabaya. The innovative learning model
developed is the ORNE learning model that

Binar Kurnia Prahani et al.

is suitable for increasing the PSS of physics

bachelor candidates in the COVID-19
pandemic.

The ORNE learning model is a
scientific ~ online  learning  developed

specifically to improve the PSS of physics
bachelor candidates who are supported by
WhatsApp, PhET, and Youtube applications
in  every learning  activity.
Development of the ORNE learning model is
supported by current learning theories
(constructivism, observation  learning,
cognitive processes, discovery learning,
multi  representation and scaffolding),
empirical foundations of current research,
and scientific publications of researchers.
The focus of this research is to analyze the
effectiveness ORNE learning model in
improving the PSS of physics bachelor
candidates as an alternative to online learning
in the COVID-19 pandemic.

online

Il. METHOD

Based on the literature study, PSS are
the skills of individuals achieving goals and
problems  that are  faced
systematically [9-13]. Two forms of
problem-solving knowledge are expert and
novice [10, 27-28]. The indicators of PSS in
this research are adapted from Selcuke et al.
[29], Siswantoro et al. [5], and Pandiangan et
al. [7], those are identification of the problem,
planning, implementation, and evaluation.

This research is a kind of Education
Design Research (EDR) [30] that uses a
true-experimental design with non-equivalent
control group design [31]. The selection of
sample was based on the Slovin formula, i.e.
sample = [population / (1 + €* x population)]
with error tolerance e = 5%. A whole sample
i1s 56 physics bachelor candidates who take
Fundamental Physics courses at Surabaya
State University. The focus of this research
is to analyze the ORNE learning model in
improving the PSS of physics bachelor
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candidates as an alternative to online learning
in the COVID-19 pandemic.

The effectiveness of the ORNE learning
model in improving PSS of physics bachelor
candidates as alternative online learning in
COVID-19 pandemic in terms of 1) There is
an increase in PSS of physics bachelor
candidates which is statistically significant at
o = 5%; 2) The minimum of the effect size of
ORNE learning model is a moderate effect; 3)
The minimum of average N-gain PSS of
physics bachelor candidates is a moderate
category; 4) There is a difference in PSS of
physics bachelor candidates between ORNE
learning model compared to conventional

online learning model which are statistically
significant at o = 5%.

The instrument used in collecting data
in this study was a Problem Solving Skills
Test (valid and reliable was assessed by two
experts). Research data in the form of
pre-test scores and post-test scores that have
been collected after going through a series of
prerequisite tests, namely: normality test and
homogeneity test are then analyzed using
Paired Sample Test, Effect Size, and
Independent Sample Test. In addition, the
mean level of pre-test and post-test scores is
also calculated by using the normalized gain
calculation (N-gain) [32].

Table 1. Syntax of ORNE Learning Model

Learning Activities Application Indicators of PSS
Phase 1: Orientation (O); Lecturers through the WhatsApp Group WhatsApp, Identification of the
(i.e. WAG) to motivate physics bachelor candidates by presenting Youtube problem
up-to-date phenomena (videos on Youtube) according to the material
to be studied. Physics bachelor candidates are asked to identify
problems in the video. After that, the lecturer presents the objectives
of online learning and reminds the importance of having PSS.
Phase 2: Routine problem solving (R); Lecturers through WAG WhatsApp, Identification of the

provide handbooks and worksheets that include Routine Problem
Solving. PhET is used as a virtual lab to support completing routine

problem-solving tasks. Lecturers act as facilitators, motivators, and

PhET, Youtube problem, planning,
implementation, and

evaluation.

educators, and support physics bachelor candidates in completing the

Routine Problem-Solving tasks.

Phase 3: Non-routine problem solving (N); Lecturers through WAG  WhatsApp & Identification of the
provide advanced training in the form of non-routine Youtube problem, planning,
problem-solving. It contains contextual and update issues (the level implementation, and
of difficulty is above nonroutine problem solving). YouTube evaluation.
application can also be used as an alternative to get information. This

phase is expected that physics bachelor candidates have experienced

an increase in PSS compared to the previous phase. The lecturer acts

as a facilitator, motivator, educator, and student support in

completing non-routine problem-solving tasks.

Phase 4: Evaluation (E); Lecturers through WAG involve physics WhatsApp Problem Solving

bachelor candidates in evaluating PSS for physics bachelor

Skills

candidates. The lecturer directs the physics bachelor candidates to

condition what needs to be prepared at the next meeting.

Binar Kurnia Prahani et al.
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The ORNE learning model has
four-phase syntax; they are Orientation (O),
Routine problem solving (R), Non-routine
problem solving (N), and Evaluation (E).
Syntax of ORNE learning model in Table 1.

1. RESULTS AND DISCUSSION

The results of the normality and
homogeneity test of variance showed that the
pre-test, post-test, and N-gain scores of PSS

were homogeneous and normally distributed
for the ORNE learning model and
conventional  online learning  model.
Therefore, the impact of the ORNE learning
model and conventional online learning
model implementation in improving the PSS
of physics bachelor candidates by using the
Paired Sample Test and effect size. Paired
t-test and effect size results are presented in
Table 2.

Table 2. The Results of the Paired Sample Test of PSS and Effect Size

Paired Sample Test, o = 5%

Group Sample Effect Size
Mean t df p (sig.)
. 92
ORNE learning model 29 -2.06 -69.83 28 .000 )

(High effect)

Conventional online 31

. 29 -.18 -5.53 28 .000

learning model (Low effect)

Table 2 shows that the mean scores of
PSS for the ORNE learning model and
conventional model are -2.06 and - .18 with
degrees of freedom (df) are 28, and giving a t
value of -69.83 and -5.53. The result of the
Paired Sample Test for each group is
significant, because p < .05. Therefore, t
value the negative value, then clearly there is
a significant difference at a = 5% between
the pre-test score with the PSS post-test in
the ORNE learning model and conventional
model. For learning with the ORNE learning
model and conventional online learning
model, all of them show higher post-test

score compared to the pre-test score, or the
mean scores of PSS of physics bachelor
candidates after each teaching process with
the ORNE learning model and conventional
online learning model are higher than before.

However, the effect size on the ORNE
learning model is higher (high) than the
conventional model (low) in increasing the
PSS of physics bachelor candidates. Based
on the results of the effect size it can be
concluded that the ORDE learning model has
a major influence on the high PSS of physics
bachelor candidates.

Table 3. The PSS Indicators of the ORNE Learning Model and Conventional Model

Group

Indicators of Problem Solving Skills

1P P I E Average

Ol 1.00 L L L 45 L 52 L .68 L

ORNE Learning Model 02 3.00 H H H 2.59 H 2.62 H 2.74 H
<g> 1.00 H H H .84 H 85 H 90 H

0Ol 1.00 L 76 L 48 L S9 L 71 L

Conventional Online
. 02 1.59 M 86 L .52 L .62 L 90 L
Learning Model

<g> .29 L .05 L .01 L .01 L 09 L

Note = O1 (Pre-test); O2 (Post-test); <g> (N-gain); L (Low); M (Moderate); H (High); IP (Identification of the Problem); P (Planning);

I (Implementation); E (Evaluation)

Binar Kurnia Prahani et al.
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Table 3 explains that before learning
the results of all PSS indicators (ORNE
learning models and conventional online
learning model) were in the low category.
Positive results can be
implementation of the ORNE learning model
that all indicators of PSS of physics bachelor
candidates are in the high category. However,
negative results are obtained in conventional
online learning model where only 1 indicator
PSS (i.e. identification of the problem) has a
moderate category, the other is only a low
category.

Another positive finding from this
research is that the N-gain of all PSS of
physics bachelor candidates after using the
ORNE learning model is the high category.

seen after the

However, the conventional model
implementation results found that the N-gain
of all indicators of the PSS of physics
bachelor candidates is low category. To
analyze the ORNE learning model or the
conventional online learning model is more
effective in increasing PSS from physics
bachelor candidates, using the Independent
Sample Test on the average N-gain PSS of
physics bachelor candidates. Independent
Sample Test for the average N-gain was
performed on the ORNE learning model and
conventional online learning model. The
results of the Independent Sample Test on the
average N-gain for the ORNE learning model
and the conventional online learning model

are presented in Table 4.

Table 4. Independent Sample Test Results on the Average N-gain for the ORNE Learning Model and

Conventional Online Learning Model

Independent Sample Test

Group Sample Std. error
Mean Difference t df p
mean
ORNE learning model & conventional
58 .81 .02 46.31 56 .000

online learning model

Table 4 explains the difference in the
average N-gain PSS for ORNE learning
models and conventional online learning
model is .81. It was proven that the score was
significant, because p < .05. These results
prove that there are significant differences in
the average PSS N-gain score in the ORNE
learning model and the conventional online
learning model, for each at a = 5%. The
results of the above analysis show that the
average N-gain of PSS of physics bachelor
candidates was higher after online learning
with the ORNE learning model and
conventional online learning model. While
teaching with the ORNE learning model gave
higher average N-gain when compared to the
conventional model. The key to the ORNE
learning model is to improve the PSS of
physics bachelor candidates placed in phase
2 (routine problem solving) and phase 3

Binar Kurnia Prahani et al.

(non-routine problem solving). The transfer
activity of problem-solving skills is based on
a positive transfer theory [33]. In addition,
learning based on constructivist theory can

improve student knowledge [24,33-35].

Reinforced research results about students

will support the concepts they have by

transferring to new topics, thereby increasing
information that can be more numerous

[36-37].

Novelty of ORNE learning model by
lecturers and physics bachelor candidates:

1. It assisted by Youtube application;
lecturers and physics bachelor candidates
can find out information about the latest
up to date information in the world (i.e.
routine or non-routine problem solving).

2. It assisted by WhatsApp application;
physics bachelor candidates can easily
communicate with lecturers and other
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students. Why use WhatsApp? This
application is the most commonly used
physics bachelor candidates. In addition,
WhatsApp does not require large internet
quotas (this is an economical aspect faced
by low-budget students like in
Indonesia).

3. It assisted by PhET (link); physics
bachelor candidates can carry out routine
problem-solving activities by using PhET
as a substitute for real experiments in the
laboratory. PhET provides free access
that is very compatible with the culture
and financial of physics bachelor
candidates like in Indonesia.

4. The integration of WhatsApp, PhET, and
Youtube applications in the
implementation of the ORNE learning
model makes it easy for lecturers to
improve the PSS of physics bachelor
candidates in Indonesia.

The effectiveness of ORNE learning
model is supported by the results of research
[5-7, 36-42] that the products (models,
methods, strategies, materials) which meet
the validity, practicality, and effectiveness
will improve and achieve the learning
objectives. Therefore, the ORNE learning
model proved effective in improving the
problem-solving skills of physics bachelor
candidates as an alternative to online learning
in the COVID-19 pandemic.

IVV.CONCLUSION

The ORNE learning model is a
scientific ~ online  learning  developed
specifically to improve the PSS of physics
bachelor candidates supported by WhatsApp,
PhET, and Youtube applications. The key to
the ORNE learning model is to improve the
PSS of physics bachelor candidates placed in
phase 2 (routine problem solving) and phase
3 (non-routine problem solving). The results
showed that the ORNE learning model
proved effective in  improving the
Binar Kurnia Prahani et al.

problem-solving skills of physics bachelor
candidates. The implication of this research
is the ORNE learning model can improve
problem-solving skills of physics bachelor
candidates as an alternative to online learning
in the COVID-19 pandemic. Further research
can be done to compare the effectiveness of
ORNE learning models with MI and PBL in
online learning.
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