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Abstract. Science learning becomes very important in the development of students' higher-order thinking, especially in the
current era which is entering the digital era. This article aims to discuss science learning oriented to the development of higher
order thinking skills in the digital era. The method used is a literature study using various references, both books, journals,
and other sources from the internet related to the topic of writing this article. The various sources were studied in depth to
the practical stages in implementing the learning in the classroom. The results of the study show that science learning that is
oriented to the development of higher order thinking skills is learning based on a scientific approach covering aspects of
observing, asking, experimenting, associating, and communicating which are fully integrated in science process skills. As
for the digital era, science learning that is oriented to the development of higher-order thinking skills is applied by using
elements of digital-based technology such as simulations and virtual laboratories to make science lessons well understood
and able to improve students' higher-order thinking skills.

INTRODUCTION

The problem of science learning currently faced in the global era, one of which is that science learning tends to be
more than fact-based knowledge [1]. As a result, science learning becomes meaningless and cannot be fully understood
by students. The science learning process is emphasized by how science is obtained, namely by a scientific approach
carried out with an active learning process. A student-centred active learning process where a facilitator is the focal
point of today's contemporary education system [2]. As educators, science teachers are one of the determining factors
for the success and advancement of technology and civilization of a country. Today's rapid technological developments
have brought a shift in views on science education from objective fact-based knowledge to practical activities that equip
students' skills, attitudes, and values based on their understanding of science. The implementation of science learning,
which mostly occurs in Indonesia, is still found to have various weaknesses [3]. These problems include science which
is generally considered a study of facts related to nature and materials so that it has an impact on learning science that
is less meaningful.

Meaningful science learning will be able to improve students' higher-order thinking skills. The importance of
mastering higher order thinking skills is contained in several points of Competency Standards for School Graduates in
Indonesia. The expected points are that students can build and apply information or knowledge logically, critically,
creatively, and innovatively; demonstrate the ability to think logically, critically, creatively, and innovatively in decision
making; and demonstrate the ability to analyze and solve complex problems [4]. Furthermore, the Government of
Indonesia expects students to achieve various competencies by applying high-level thinking skills in the science learning
process. These skills are skills, namely Critical Thinking, Communication, Creative Thinking, and Collaboration skills.
These 4C skills are needed in the 21st century [5]. The problem faced to realize higher-order thinking skills is that
science learning is not yet fully from the science domain. Science learning is still less meaningful for students if it is
only oriented to facts and concepts.

Meaningful science learning must be able to develop things that are more than just knowledge, but also include
processes, creativity, attitude, and application [6]. Science must be taught in certain ways in order to direct and
encourage students to get optimal results in the learning process [7]. The fact that can be found in various schools is that
science learning still focuses on the cognitive aspect only, it is still considered a collection of memorizing formulas and
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memorizing concepts [8]. Thus, it has an indirect impact, namely that students do not understand the various facts,
concepts, principles, laws and science theories they learn. In addition, the learning objectives in the aspect of process
skills and scientific attitudes are still not optimal in science learning. Especially with COVID-19 pandemic, which has
changed various areas of life, including education, it has had a tremendous impact on the development of science
learning programs in schools [9]. One of the most felt impacts is digital literacy. Before and at the beginning of COVID-
19 pandemic, digital literacy in Indonesian society was still relatively low. Based on a survey conducted by the
Directorate General of Aptika and Katadata in 2020, Indonesia is still on a scale of 3.47 from a scale of 4. These results
reflect that Indonesia's digital literacy rate is still below a good level [10].

COVID-19 pandemic has changed the learning process from offline to online-based [11]. Digital literacy is currently
experiencing a very rapid acceleration, so that it has a positive impact on all educators and students in the formation of
digital literacy. One theory that can explain the formation of digital literacy is Bawden's conception that connects digital
literacy with computer literacy and information literacy. According to Bawden, the concept of digital literacy is
composed of four components, namely basic literacy skills (reading and writing), background information knowledge
(intellectual level), skills in the field of information and communication technology, and attitudes and perspectives on
information [12]. Skills in the field of information and communication technology are skills in creating or compiling
digital content. This skill is a key competency in the field of digital literacy and involves the ability to assemble
information or knowledge that is very useful for educators and students. Entering the pandemic period where learning
is done online, high digital literacy skills can make it easier for students to follow every learning process (using various
platforms). There are many science learning media that can be used in the online learning process. The digital media
can be installed and used as a supporter in science learning, so that abstract science concepts can be understood well by
students.

Learning media that is very diverse and computer-based is one of the characteristics of science learning in the 21st
century. Media and technology are included in the scope of science learning technology. This means that the media in
an educational perspective is a very strategic instrument in determining the success of teaching and learning processes
[13]. Media is very helpful for educators or teachers, especially students, to accept and understand the material presented
easily. The obstacle faced today is the use of digital-based technology in learning [14]. Revolution 4.0 has brought
convenience in the use of digital media in the science learning process. The digital media include Phet Colorado, tracker
analysis, visual analyzer, stellarium and so on, all of which are based on digital technology that is able to explain science
concepts both concrete and abstract. Facts that have occurred so far are that teachers still encounter problems in
operating technology and information as learning media, including the lack of teacher knowledge about technology and
information, lack of technology and information facilities available in schools, the internet cannot reach all classes, and
there is no obligation on the part of the school so that teachers who teach must use the latest ones [15]. The solution for
science learning in the face of the digital era and global competency competition is the application of science learning
with a scientific approach that is oriented to scientific literacy skills in the digital era by combining current information
technology developments.

Based on the description above, this article will desribe science learning oriented to higher order thinking and digital
technology that can be used in the science learning process. The science learning aspects studied include a
comprehensive definition of science and how to teach science that is able to facilitate students to think at higher levels.
The digital technology studied includes the definition of technology in the digital era and its use in science learning.
The last aspect of this article examines how the implementation of higher-order thinking-oriented science learning is
integrated with digital technology that is developing in the current era.

METHOD

The method used is a literature study using various references, both books, national journals, international journals,
and other sources from the internet related to the topic of writing this article. These various sources were briefly and in
depth reviewed to the practical stages of implementing the learning in the classroom. The reason for using the literature
study method is based on the main purpose of writing articles, namely to examine theoretically how to develop high-
order thinking-oriented science learning in the digital era.

RESULTS AND DISCUSSION

Science Learning Oriented to Higher Order Thinking

Science learning comes from the words learning and science. Science learning is basically an interdisciplinary field
that studies how to teach science and how to learn science [16]. The goal of science learning is to better understand the
cognitive and social processes that result in the most effective learning, and to use this knowledge to redesign classrooms
and other learning environments so that people can learn more deeply and more effectively. Learning sciences basically
include cognitive science, educational science, psychology, computer science, anthropology, sociology, information
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science, neuroscience, education, design studies, instructional design, and other fields related to the teaching and
learning process. The term science learning can be understood well if it is seen first the definition of learning and the
definition of science itself. Learning is basically a process of student interaction with education and learning resources
in a learning environment [17]. Science itself is basically a systematic observation, creation, analysis, and modeling of
patterns that exist in the universe. This understanding is in line with the definition put forward by Jessani that science
is generally regarded as the study of facts relating to the natural and material world [1].

Science which studies facts related to the natural world and matter has four dimensions as proposed by Chiappetta
and Koballa, namely science as a way of thinking, science as a way of investigating, science as a body of knowledge,
and science and its interactions with technology and society [18]. Based on the quote, there are four dimensions in
science including ways of thinking, ways of investigating, body science and its relation to technology and society. The
four dimensions are basically the application of the scientific approach used in studying science like a scientist who
emphasizes higher-order thinking skills. Science as a way of thinking is a thinking activity to uncover, explain and
describe natural phenomena. Science thinking includes belief, curiosity, imagination, reasoning, correction as well as
being objective and open-minded. Science as a way of investigating is carried out using scientific methods that can be
used to investigate various natural phenomena and phenomena. Investigations in science involve the formulation of
hypotheses, observations, and experiments. Science as a body of knowledge is a collection of knowledge obtained
through investigation or the scientific method. The body of science contains four dimensions of knowledge, namely
factual knowledge (facts), conceptual knowledge (concepts), procedural knowledge (principles, laws, hypotheses,
theories, and approaches) and metacognitive knowledge.

Good science learning will cover the four dimensions of knowledge that are integrated in science investigation
activities. Science investigations are basically carried out using scientific methods applicable in science. Science is a
special type of knowledge, having a very strict methodology; however, there is no general scientific method as is
commonly believed by many members of the general public [19]. Therefore, it is most important for students to realize
that the scientific method is a form of higher thinking, both the ability to analyze, criticize, or create which will be
subject to review and repetition freely to reduce the level of uncertainty. Scientific method activities may include some
or all of the following procedures in one form or another: observation, defining a question or problem, research
(planning, evaluating current evidence), forming hypotheses, prediction of hypotheses (deductive reasoning),
experimentation (hypothesis testing) , evaluation and analysis, peer review and evaluation, and publication [20]. These
activities are a series of processes that students can use to gather knowledge about the world around them, increase
knowledge, and try to explain why and/or how things happen. This method includes making observations, making
questions, making hypotheses, conducting experiments, analyzing data, and making conclusions. Every scientific
experiment that is conducted is an example of the scientific method in action, but it is also used by non-scientists in
everyday situations.

Scientific method activities in science learning basically train students to think at higher levels. The scientific method
activity as a whole is an activity of science process skills, both basic and integrated, so that it is oriented towards
improving high-level thinking for the ability to analyze, criticize, or be creative from what they learn. Science process
skills are grouped into two categories, namely basic and integrated skills [21-24]. Basic science process skills include
observing, inferring, measuring, communicating, classifying, predicting, using space-time relationships and using
numbers. Integrated science process skills include controlling variables, operationally defining, formulating hypotheses,
formulating models, interpreting data and experimenting. These skills can be understood briefly as Fig. 1.

Basic Science Process Skill

‘ 1)  Observing > ‘ 2)  Classifying | 3)  Measuring and using numbers > | 4) Inferring ‘ 5)  Predicting >

[ 6) Communicating > | 7)  Using space and time relationship >

Integrated Science Process Skill

’8) Interpreting information > ‘9) Operating definitions > llO) Controlling variables > [11) Hypothesizing

| | |
v

[ 12) Experimenting ]

FIGURE 1. Basic and integrated science process skills
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The relationship of the scientific method which is translated into science process skills with higher-order thinking
skills in science learning can be explained by Table 1 [21].

TABLE 1. Scientific method activities in science process skills
No Investigating Scientifically Explanation
1. Planning From observations, ask a question, or pose a problem
Find out what is currently known
Identify and analyse problem and identify variables

2. Conducting From an hypothesis, testable statement, and research question
Conduct trials, carry out the experiment, observe, measure and record data
3. Processing Organise data, calculate, construct graphs

Analyse data: identify patterns or trends and relationship between variables
Use science knowledge to develop explanations for patterns, trends or
relationship in data

4.  Evaluating Evaluate the findings in relation to hypothesis
Evaluate the experiment and the methods used
Publish

Table 1 basically describes the process of science in science research activities. The first step of the scientific process
is to make observations and create problems. After that, students need to find out what is currently known. For example,
when conducting an experiment, we want to make sure that we are not doing something that has already been done or
proven. Therefore, researching a topic will provide students with information on which to base experiments and plans.
The next step is to identify/analyze the problem and identify the variables. After that, students try to form a hypothesis:
what students think will happen. After the hypothesis is formed, students conduct several trials to ensure its accuracy.
After this step, the students must analyze the data and evaluate the findings compared to the previous hypothesis. Finally,
students can publish the results of their investigations. Science process activities are closely related to higher-order
thinking skills, namely in the aspect of analytical skills. The ability to analyze has three indicators, namely being able
to distinguish relevant and irrelevant things, being able to organize information obtained from various sources, and
being able to connect the parts that exist in a concept or problem. The ability to evaluate has two indicators, namely
being able to examine existing facts and being able to criticize something that is deemed inappropriate or inappropriate.
The ability to create is the ability to produce something that has three indicators, namely creating hypotheses or thoughts
with certain criteria, planning problem solving steps, and producing new products.

Based on some of the descriptions above, it can be concluded that science or science is a science that studies natural
phenomena through a series of scientific methods whose results are arranged in scientific products that can be applied
to solve problems in everyday life in accordance with the nature of science (attitudes, processes and processes). ,
products, and technology). Based on the exposure of experts, it can be concluded that higher-order thinking skills are
thinking skills where students must be able to analyze, evaluate and produce a new solution to the problems at hand, not
just knowing and memorizing a concept. Science learning that is oriented to higher order thinking can be applied with
learning based on scientific methods that are integrated with science process skills, including problem-based, project-
based, or other investigative learning models.

Science Learning Technology in the Digital Era

Learning technology is basically an included term for material tools and theoretical foundations to support the
learning process. The definition of a learning technology is not limited to high technology but is anything that enhances
classroom learning in the use of mixed, face-to-face, or online learning. Etymologically, the word technology comes
from the Greek, namely techne which means skill or knowledge, in other words it can be interpreted as knowledge
related to skills or methods used to provide knowledge easily [25]. The formulation of the notion of learning technology
has undergone several changes, in line with the history and development of learning technology itself. Educational
experts who are very influential in the development of modern learning technology are Edgar Dale and James Finn who
are known as the Cone of Experience.

The Cone of Experience as stated by Edgar Dale and James Finn is the main foundation in the development of
educational technology, including in science education. The development of modern learning technology is happening
very rapidly in the current era, so the current era is also known as the digital era. Two educational experts who have
made major contributions to the birth of modern learning technology are Edgar Dale and James Finn. Dale is famous
for his cone of experience (The Cone of Experience). This cone of experience functions as a visual equivalent to the
level of concrete and abstraction of teaching methods and learning media.

Several studies reveal that Science Education can be improved by using technology, namely computers,
smartphones, tablets and different types of educational software [26]. Educational technology in English terms is called
"instructional technology" or "Education technology". This kind of education that is prioritized is a communication
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medium that is developing very rapidly which can be used in education. These technological tools are commonly called
"hardware" including TV, radio, video, tape, computers, and others. Apart from that, education also uses technology
called "software" including analyzing and designing sequences or learning steps based on the objectives to be achieved
with a harmonious presentation method and assessment of success. Along with technological advances, the development
of learning media is so fast, where each existing media has its own characteristics and abilities. From this, then arise
structuring efforts, namely grouping or classification according to the similarity of characteristics or characteristics [27].

Science learning technology can be specified in five types, namely hardware, software, infoware, humanware, and
orgaware [28]. Hardware in science learning can be understood as experimental tools used in the science learning
process in the classroom. Software is a program that can run the hardware used. Infoware or material is a concept that
can be displayed with the hardware. Humanware is human resources who can run and use the hardware. Orgaware is a
management organization device that can run learning technology in a learning process with certain materials. The rapid
development of technology in the current digital era has given rise to a lot of digital learning technology. These
developments will certainly have an impact on the world of education. The learning process must of course adapt to
changes. The presence of ICT (Information, Communication, and Technology) in the world of education, requires
students to be creative, innovative, think critically and metacognitively so that students have the ability to communicate
and work collaboratively (in groups) with the hope that the knowledge and skills gained can be used as provisions for
life in society. which has both local and global character and can be personally and socially accountable [29].

ICT-based science learning technology (Information, Communication, and Technology) is very easy to find on the
internet. Science learning simulation or virtual laboratory-based learning, for example by accessing PhET Colorado
[30]. Various kinds of experiments or simulations can be found on the site. Other applications that are more than virtual
laboratory activities by integrating hand on activities with digital applications are tracker analysis, stellarium, and visual
analyzer. The results of work in the laboratory are recorded in video form and inputted into the application so that they
are able to produce various kinds of analytical graphs related to physical quantities [31]. Several example of ICT-based
science learning technology can see on Fig 2.

SIMULATIONS TEACHING RESEARCH  ACCE!

. W

Interactive Simulations
for Science and Math

( EXPLORE QURSIMS |

(a) 7 ——

FIGURE 2. Example of a digital-based simulation application (a) PhET Colorado (b) Tracker analysis

Based on some of the descriptions above, it can be concluded that digital-based science learning technology is
basically information and communication technology. The technology is an inseparable combination and has a broad
understanding of all activities related to processing, manipulating, processing, and transferring or transferring
information between media. The functions of technology in science learning include tools for both simulations and
experiments in virtual laboratories, sources of knowledge, as well as materials and aids for learning (literacy).

CONCLUSION

Based on the results of the study, it can be concluded that science learning oriented to the development of higher
order thinking skills is learning based on a scientific approach covering aspects of observing, asking, experimenting,
associating, and communicating which are fully both basic and integrated in science process skills. As for the digital
era, science learning that is oriented to the development of higher-order thinking skills is applied by using digital-based
technology such as simulations and virtual laboratories to make science lessons well understood and able to improve
students' higher-order thinking skills. The simulations and virtual laboratory activities are integrated into the science
learning model as a support for learning based on a scientific approach.
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