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COPYRIGHT

Abstract: Data literacy is an important skill for students in studying physics. With data literacy,
students have the ability to collect, analyze and interpret data as well as construct data-based
scientific explanations and reasoning. However, students’ ability to data literacy is still not
satisfactory. On the other hand, various learning strategies still provide opportunities to design
learning models that are more directed at data literacy skills. For this reason, in this research a
physics learning model was developed that is oriented towards physics objects represented in
various modes and is called the Object-Oriented Physics Learning (OOPL) Model. The
learning model was developed through several stages and based on the results of the validity
analysis; it shows that the OOPL model is included in the valid category. The OOPL model
fulfils the elements of content validity and construct validity. The validity of the OOPL model
and its implications are discussed in detail in the discussion.
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1. Introduction

Physics is a branch of science that studies natural phenomena that exist in
everyday life. Learning physics is always related to surrounding natural phenomena
which are represented in the form of using data. In studying physics, students are
required to have data literacy so they are able to represent natural events using data
based on the inquiry process. The term data literacy is widely used to describe a
person’s ability to use data, as part of thinking and reasoning activities to solve various
real problems in the world daily life (Wolff et al., 2016) as well as the ability to make
decisions (Mandinach and Gummer, 2013; Reeves and Honig, 2015; Schildkamp et
al., 2014).

Vahey et al. (2006) stated that data literacy includes the ability to formulate and
answer questions using data as part of evidence-based thinking; use appropriate data
and representations to support ideas and ideas; interpreting information based on
existing data; develop and evaluate data-based inferences and explanations; and use
data to solve real problems and communicate them to others. Data literacy includes
knowledge and skills in assessing, collecting, and analyzing data to test a research
hypothesis (Ebbeler et al., 2017). Data literacy is related to the ability to construct
scientific explanations based on data (Wolff et al., 2016) which can be obtained
through the inquiry process.

Data literacy is a life skill that needs to continue to be developed because of the
various problems faced when it is often related to data. Individuals are often faced
with assessing a phenomenon and making decisions related to the use of data. Gummer
and Mandinach (2015) stated that data literacy is a skill and knowledge that is much
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needed in the field of education in schools. Data literacy is needed for students for the
process of investigating various authentic problems (Cobb and Moore, 1997). Rubin
(2005) states that data literacy is needed for students as evidence to support scientific
reasoning and explanations. Students who are familiar with data processing activities
will learn to solve problems (Erwin, 2015). Several research results show that students
who are familiar with the activities of collecting, analyzing and interpreting data will
have the ability to construct evidence-based scientific explanations and reasoning
(Anjani et al., 2020).

Although data literacy provides many benefits for students, existing conditions
show that students often have difficulty obtaining, managing and interpreting data to
support their learning process. Students have difficulty writing down data acquisition
procedures and have difficulty interpreting data that has been obtained from
investigative activities (Supeno et al., 2019). Mandinach (2012) states that students
must work hard to obtain relevant data and interpret it. Some students have minimal
knowledge and skills about data (Wayman and Jimerson, 2013). The difficulties that
are often experienced in relation to data are generally in the process of finding,
understanding, manipulating and using data (Frank et al., 2016). The research results
of Suryadi et al. (2020) show that students’ abilities in collecting data are in the good
category, however, students’ abilities in assessing data quality, analyzing data,
interpreting data, implementing data, and evaluating data are still classified as
unsatisfactory. Students also often experience difficulties in interpreting data and
formulating conclusions based on data.

Several efforts have been made by researchers to develop students’ abilities in
obtaining and processing data through investigative activities during learning,
including by applying learning models. One of the learning models applied by
researchers in developing investigative, data processing and data interpretation skills
is the inquiry learning model. Pedaste et al. (2012) applied the inquiry learning model
in learning and provided results that the activity of evaluating the process and results
of investigations had a positive impact on students’ inquiry skills. Reflection activities
at the end of problem-solving activities are appropriate activities to improve students’
evaluation skills and self-regulation skills. Research conducted by Lazonder and
Harmsen (2016) shows that the implementation of the inquiry learning model helps
students construct knowledge through the investigation process. Other research results
show that the implementation of the inquiry learning model is able to increase students’
learning motivation (Skoda et al., 2015), and is able to develop students’ learning
outcomes and interest in science (Areepattamannil, 2012; Teiga et al., 2018). Inquiry
learning is able to teach science process skills (teaching of inquiry), teach how
scientists discover science using scientific methods (teaching about inquiry), and teach
scientific knowledge using science process skills (teaching through inquiry) (Cairns
and Areepattamannil, 2017).

Even though it has a positive impact, the implementation of the inquiry learning
model has several obstacles. Ketelhut et al. (2010) stated that implementing the inquiry
learning model requires various supports in its implementation. Students often
experience difficulty in ordering the stages of inquiry based on real situations (Pedaste
and Sarapuu, 2014) and difficulty in formulating research problems (Pedaste et al.,
2012). Research results show that students often experience difficulties when carrying
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out activities according to the stages of inquiry. Students often have difficulty
analyzing and interpreting data to produce arguments and conclusions; does not use
data to support evidence during group discussions and presentations and is unable to
construct explanations even though given the time and opportunity to ask questions,
analyze data, and carry out investigations. In inquiry learning, students also have
difficulty identifying variables and converting data into graphs (Jeskova et al., 2016)
and have difficulty providing reasoning when drawing conclusions (Ruiz-Primo et al.,
2010). In its implementation, teachers often experience difficulties in determining
appropriate guidance for their students (Yoon et al., 2012).

The inquiry process can be carried out well by students if there is cognitive
assistance, one of which is in the form of web-based scaffolding (Pedaste and Sarapuu,
2014) however, students have difficulty acquiring some inquiry skills in web-based
learning environments. Teachers must provide assistance in the form of questions,
guidance, and modeling to assist student involvement in discussion and construction
of explanations. To minimize student difficulties, assistance is needed in the form of
examples of assignments, solution models, or relevant tasks (De Jong and Lazonder,
2014) in the form of real-world problems (Jerrim et al., 2019).

Another learning model applied by researchers in developing investigative, data
processing and data interpretation skills is the problem-based learning model.
Problem-based learning is a learning model that is able to develop 21st century skills
(El1 Mawas and Muntean, 2018) through problem solving activities using the
integration and application of knowledge in real world settings (Capraro and Slough,
2013). Through the application of the problem-based learning model, students are able
to develop scientific literacy; computing skills (Tsai et al., 2013) as well as having the
opportunity to carry out experiments and complete tasks using worksheets according
to the experimental stages. Other research results state that the application of the
problem-based learning model can develop students’ inquiry and performance abilities
(Chen and Chen, 2012); the ability to apply student knowledge (Wong and Day, 2009)
as well as student retention and learning outcomes (Karagalli and Korur, 2014). Even
though it has advantages, the problem-based learning model in reality requires a long
time to be implemented in the classroom (Yamin, 2011). Kirschner (2006) also said
that the implementation of the problem-based learning model often fails if there is
minimal guidance from the teacher. Based on the results of research related to the bio
cell model, it has been shown that the model has content, construct and face validity
which meets the eligibility requirements to be applied in the learning process. With an
average syntax score <3.6 in the very good category and average student activity <85%
(Wicaksono et al., 2020).

Learning models aimed at improving learning outcomes and developing
investigative, data processing and data interpretation skills have been applied in the
learning process. Referring to the learning models that have been used, in this research
a valid, practical and effective learning model was developed to improve students’
learning outcomes and data literacy in learning. Based on the weaknesses of this
learning model, it was developed in this dissertation referring to the inquiry process
and oriented towards real objects of physical phenomena in the field, named Object
Oriented Physics Learning (OOPL). The OOPL model is designed to be able to teach
students to carry out oriented investigations on real objects of physical phenomena,
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obtain, analyze and evaluate data to explain natural phenomena scientifically; master
physics content; and provide opportunities for students to develop science process
skills.

2. Literature review

2.1. Physics learning and its characteristics

Physics is a part of science which studies natural phenomena, both micro and
macro, and their interactions, as well as studying relationships Among these symptoms
are presented in the form of concepts, theories and laws. Learning physics should not
ignore the nature of physics as a science. The essence in question is physics as a
process and product. Physics is a body of knowledge that describes the collective
efforts, discoveries, insights and wisdom of humanity. Meanwhile, that physics as a
basic science has characteristics that include a body of science consisting of facts,
concepts, principles, laws, postulates, and theories and scientific methodology.
Physics is a science that is formed through standard procedures or what is usually
called the scientific method.

Physics, which is a science, is not just a collection of knowledge. Collette and
that science is a way from thinking (affective), a way of investigating (process), and a
body of knowledge (collection of knowledge). The first aspect of the nature of physics
is physics as an attitude (a way of thinking) where physics is a branch of natural
science (science) which has a scientific character, including responsibility, honesty,
objective, openness, curiosity, self-confidence, etc., which is firmly attached.
According to Collette and some of these characters are beliefs, curiosity, imagination,
reasoning and self-examination. Beliefs means genuine belief, and also means a part
of religion that takes the form of a concept that is the belief of its adherents. Belief is
the basis of a person’s actions which he believes to be true and achievable. Belief is
an important thing for a person to have, especially as a religious being. As a Pancasila
country, Indonesia formulates this character in the 2013 Curriculum, especially
spiritual attitude competencies. Other characters are curiosity, imagination, reasoning
and self-examination which are accommodated in social attitude competence. These
characters indirectly influence how a scientist or physicist thinks.

The second aspect of the nature of physics is as of a process (a way of
investigating). According to Hetherington et al. (Collette and Chiappetta, 1994),
understanding how the process of forming science is more important than the science
itself. Process skills are divided into two, namely basic process skills and integrated
process skills. Basic science process skills include: observing/observing, classifying,
communicating, measuring, predicting and making inferences. If analogous to
learning, basic science process skills can be reflected as psychomotor aspects which
in the independent curriculum are included in the learning outcomes of science process
skills elements. Meanwhile skills integrated science process, including: identifying
variables, formulating operational definitions of variables, formulating hypotheses,
designing investigations. Integrated science skills are reflected as higher order
thinking processes.

The third aspect of the nature of physics is as of a product (a body of knowledge).
Science (including physics) as a product can be interpreted as a collection of
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information/facts resulting from scientific processes that are based on scientific
attitudes. A physics as a product is composed of facts, concepts, principles, laws,
hypotheses, theories and models. Physics as a product can also be interpreted as mature
information that exists in physics. Studying physics can provide several benefits for
students. Giambattista et al. (2010) stated that by studying physics students can
develop various skills, including logical and analytical thinking, solving problems,
building mathematical models, and making precise definitions. Based on the
description above, it is clear that the characteristics of physics cannot be separated
from the characteristics of science in general. The characteristic of science itself is a
problem-based investigation to understand a natural phenomenon so that a new law,
theory, concept or problem is obtained for further research.

2.2. Data literacy in physics education

Data literacy is defined as the ability to understand and use data to support
decision making (Mandinach and Gummer, 2013). Data literacy covers several
interconnected areas, including scientific data, quantitative reasoning, contextual
phenomena. Data literacy is characterized by several habits of thinking, namely
curiosity, flexibility, and decision making. Thus, data literacy is part of the educational
target in the era of industrial revolution 4.0. Using personal data in the context of
decision making is an essential skill because there is a lot of data related to various
problems in everyday life. With data literacy, students can interpret and use data to
formulate arguments based on evidence so that they are accustomed to conveying
scientific reasoning.

Data literacy as part of learning outcomes can be assessed using a written
assessment in the form of a multiple-choice test. Assessments are carried out on
aspects of data literacy. Several experts state that there are aspects of data literacy.
Physics learning activities carried out in the classroom or laboratory that produce data
and are related to inquiry projects include formulating scientific problems, identifying
variables, defining operational designs for experiments, analyzing data. Data literacy
has several aspects, namely using data, analyzing data, communicating the results of
data analysis, and formulating conclusions based on the data. Meanwhile, aspects of
data literacy include identifying data, analyzing data, communicating data, evaluating
data, processing data, using data, differentiating data, implementing data, and
interpreting data. A more detailed review of literacy aspects was stated, where data
literacy has several aspects, namely collecting data, connecting data, analyzing data,
interpreting data, and formulating conclusions. Each aspect can still be broken down
into sub-aspects and indicators as shown in Table 1.

Table 1. Data literacy indicators.

Aspect Sub Aspect r Indicator
Select variables based on data Students can choose interrelated variables based on the data presented
Collecting data ) ) ] )
Using data based on variables Students can use variables obtained based on the data presented
. L Students are able to differentiate data that has been linked based on the objects
Differentiating data d
Linking data presented.

Combining data

Students are able to combine several related data




Journal of Infrastructure, Policy and Development 2024, 8(9), 7402.

Table 1. (Continued).

‘ Aspect ‘ Sub Aspect r Indicator
Analyze data Select data Students can analyze data according to concepts
) Configure data Students are able to interpret data represented in graphic objects or diagrams
Interpreting data ) ] ) ] ) '
Interpreting data Students are able to interpret the variables contained in the graph into data.
Formulate results Students can formulate conclusions based on the data obtained

Formulate
conclusions

Reviewing results

Students can formulate interpretations of the objects obtained based on
conclusions from the data presented

2.3. Learning model

The learning model is a comprehensive approach to planning learning with
attributes including a theoretical framework, orientation to what students are learning,
as well as teaching procedures and structure. The concept of learning models can be
classified according to learning objectives, model syntax, and learning environment.
Learning objectives are learning outcomes that are designed to be achieved, model
syntax is the flow of learning activity steps, and the learning environment is the context
in which learning must be carried out, including ways to motivate and manage students.

The general characteristics of a learning model include syntax, social system,
reaction principle, support system, instructional impact, accompanying impact. Model
syntax is a pattern that describes the flow sequence of learning activity stages; the
social system is a description of the roles of teachers and students and the pattern of
relationships between the two, the reaction principle is a pattern of activities that
describes how teachers see and treat students, including how they should respond to
students; the support system is all the facilities, materials and tools needed to
implement the learning model; instructional impact is a learning result that is achieved
directly by directing students to achieve the expected goals; and accompanying
impacts are other learning outcomes produced by a learning process.

3. Materials and methods

This type of research is educational development research or educational design
research. This development research aims to develop the OOPL learning model as a
valid, practical and effective intervention for teaching students’ physics and data
literacy. The research subjects in the limited trials and extensive tests on the
implementation of the OOPL model were high school students who were studying
physics. Limited trials were carried out on students at certain high schools involving
students from one class. Extensive testing was carried out at several high schools
involving several classes. Considerations for selecting schools are: 1) student data
literacy is still low; 2) teachers have not integrated data literacy in physics learning; 3)
willingness of schools to be used for research; 4) availability of facilities and
infrastructure. Research design for developing the OOPL learning model. This
development design was chosen because it aims to produce a product in the form of
an OOPL learning model. The product developed was then tested for feasibility with
validity and product trials to determine the extent to which physics learning outcomes
and student data literacy improved after learning physics using the OOPL model. The
learning model development flow is carried out through the needs and context analysis,
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Design, Development, and Formative Evaluation stages, Semi-Summative Evaluation.
The limited trial design used was the Pre-Experimental Design. Research with Pre-
Experimental Design results is a dependent variable, because there are no control
variables, and the sample was not chosen randomly. The sample used in this research
was class X E Pakusari 1st Senior High School which consisted of 30 students.

The research design used was a one group pretest-posttest design using one
sample group that was chosen deliberately and then given treatment in the form of pre-
test Ol followed by treatment (treatment) X, and at the end of the study the sample
was given post-test O2. This design is used to determine the effectiveness of the
learning model. The instruments used at the model implementation stage are learning
implementation observation sheets, student activity observation sheets, obstacle note
sheets during learning implementation, assessment sheets, and student response
questionnaires. The data collection techniques used in the research were adapted to the
research stages, namely the model development stage and the learning model
implementation stage. The data analysis technique used is adapted to the data obtained
during the research stage, namely data obtained in the model development stage and
data obtained in the model implementation stage.

4. Results and discussion

The characteristics of the learning model for teaching physics and data literacy
that was developed and named the OOPL model were formulated based on the results
of theoretical studies and analysis carried out at the model development stage. The
learning model developed refers to cognitive psychology theory, constructivist
learning theory, and connectivism theory. There are several characteristics of learning
models that refer to these learning theories.

a. Learning is associated with students’ prior knowledge. For this reason, teachers
need to check students’ prior knowledge. If students do not have sufficient initial
knowledge, teachers need to provide learning experiences according to their needs.

b. Integrate learning with situations often experienced by students in everyday
life. This can be done by providing assignments or problems related to the application
of physics in everyday life.

c. Learning begins with problem identification activities proposed by the teacher.
The problems posed are real problems about real physical phenomena in life using
data.

d. Solutions to problems must be prepared by students based on evidence in the
form of data obtained through the inquiry process and accompanied by scientific
reasoning.

e. Data to support problem solutions is obtained through an inquiry process,
including through experimental activities, investigations and literature searches.

f. Students are facilitated and encouraged to interact with other students when
constructing solutions, obtaining data, and reasoning to answer problems.
experimental conclusions that can be drawn.

g. Solutions to problems that have been prepared by students must be evaluated
and validated through discussion activities and connected with various information
obtained from internet networks.
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h. Discussion activities involve social activities through dialogue activities,
collaborative group discussions, students are involved in activities of asking questions,
positioning data, building solutions and explanations, as well as proposing, criticizing
and evaluating ideas between students.

The main features of the OOPL model can be reviewed based on syntax. Syntax
logically describes a series of teacher and student activities which are often referred to
as phases. Syntax explains in detail how to start learning, how to present information
including managing learning, the parts of information that must be presented, and how
to end learning. The OOPL model was developed referring to the inquiry process
proposed and is supported by several learning theory views, especially cognitive,
constructivist and connectivism learning theories. The OOPL model consists of six
phases. Each phase of the learning model is equally important in achieving learning
goals. Therefore, the six phases are designed to be related to each other. The first phase
is identification of contextual problems, the second phase is collecting information and
data, the third phase is representing data, the fourth phase is data-based connection
and reasoning, the fifth phase is presenting contextual problem solutions, and the sixth
phase is analysis and evaluation of the contextual problem solution process. An
illustration of the five-phase flow in the OOPL model syntax is shown in Figure 1.

| Phase 1: Contextual Problem Identification I

|
Students in groups then do...

Phase 2: Information and Data Collection

|
As a group then...

Phase 3: Representing Data I

|
Data representation is further discussed in...

Phase 4: Data-Driven Connections and Reasoning

[
Students in groups do ...

| Phase 5: Presentation of Contextual Problem Solutions I

|
Students and teachers together do...

Phase 6: Evaluation of the Process and Results of Contextual I

Figure 1. Stages of the OOPL model.

Based on the characteristics of the model and model components, an OOPL
model book was prepared which contains a description of the characteristics of the
model and model components, including aspects of model development needs, aspects
of model novelty, OOPL model rationale, theoretical and empirical support, model
syntax, social systems, reaction principles, system supporting, as well as instructional
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impact and accompanying impact. The model book has been validated by three
learning experts and the validation results are shown in Table 2.

Table 2. Expert validation results.

Score Reliability

Aspect Validation Validity Criteria Score Reliability Criteria

Content Validity:

Needs Aspect 3.84 Very Valid 93.0% Reliable

Novelty Aspect 3.67 Very Valid 86.0% Reliable

Construct Validity:

Rational Learning Model 3.50 Very Valid 86.0% Reliable

aneoretical and Empirical 3 g, Very Valid 96.5% Reliable
upport

Learning Syntax 3.79 Very Valid 97.0% Reliable

Social Systems 3.96 Very Valid 98.0% Reliable

Reaction Principles 3.40 Very Valid 93.0% Reliable

Support System 3.62 Very Valid 95.0% Reliable

Instructional Impactand 5 4 Very Valid 95% Reliable

Accompanying Impact

The practicality of the OOPL learning model developed to improve learning
outcomes and data literacy of high school students in physics learning is shown in
Table 3.

Table 3. Data practicality results.

Learning Activities Score Stdv
Learning 1 3.17 0.41
Learning 2 3.33 0.52
Learning 3 3.50 0.55
Learning 4 3.33 0.52
Learning 5 3.83 0.41
Learning 6 3.83 0.41
Learning 7 3.83 0.41

Practicality tests were carried out on models developed involving students.
Practicality tests are obtained through student learning outcomes and data literacy
through pre-tests and post-tests on student learning outcomes and data literacy.

5. Discussion

5.1. Review of the basic theory of learning in the OOPL model

The characteristics of the learning model for teaching physics and data literacy
that was developed and named the OOPL model were formulated based on the results
of theoretical studies and analysis carried out at the model development stage. The
learning model developed refers to cognitive psychology theory and constructivist
learning theory. The cognitive theory view of learning is characterized by changes in
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thinking involved in learning. Cognitive theory emphasizes the importance of mental
processes that underlie the processing of new information or connecting new concepts
with previous knowledge. Cognitive theory defines learning as a change in mental
structure that occurs as a result of an individual’s interaction with their environment.
The learning process occurs in individual thinking, where different individuals will
construct different knowledge even though they interact with the same environmental
conditions. Teachers who hold cognitive theory views will tend to adapt their learning
activities to the needs of each individual. Teachers monitor students’ thinking
processes by using open-ended questions that require students to learn and provide
explanations and reasoning.

Cognitive learning theory looks to information processing models to describe
how cognitive systems receive input from the environment, process new information,
and build knowledge by integrating new information and previous knowledge.
According to this theory, the learning process is no different from the process of
receiving, storing and expressing previously received information. Information
processing refers to how we collect or receive stimuli from the environment, organize
data, solve problems, discover concepts, and use verbal and visual symbols. Symptoms
related to learning can be explained by viewing the learning process as a process of
transforming input into output. In learning, there is a process of receiving information,
which is then processed to produce an output in the form of learning outcomes.
Information processing occurs when there is an interaction between an individual’s
internal conditions and external conditions and ultimately results in changes in
behavior. Internal conditions are conditions within the individual that are needed to
achieve learning outcomes and cognitive processes within the individual, while
external conditions are stimuli from the environment that influence the individual in
the learning process.

The constructivist theoretical view of learning is that learning science includes
thinking and explaining nature; conveying knowledge to others for a specific purpose,
and reasoning to support knowledge claims. For this reason, studying physics involves
investigative activities, analyzing physics data, reasoning about data, and conveying
the results of physics data analysis through social and personal processes. The social
process in learning physics includes the use of concepts, language, representation, and
scientific inquiry. This process requires guidance from other people who have better
abilities. The personal process of learning involves the process of building knowledge
and understanding by thinking. Teachers believe that knowledge must be built by
students and not transferred by teacher to students (Slavin, 2018).

According to the view of social constructivist theory, students build their
knowledge through social interactions with teachers or other students thus providing
opportunities for students to evaluate each other and improve their understanding by
expressing ideas and sharing understanding with other students. In their learning,
students use everyday language through discussion activities and use various
representations of physics data as the main component in making connections and
testing the validity of their knowledge. Based on the social constructivist view, there
are several important components for the learning process to occur, namely the Zone
of Proximal Development (ZPD), scaffolding, cognitive apprenticeship, and
cooperative learning.

10
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5.2. Overview of OOPL model syntax

The first phase is contextual problem identification. This phase is designed to
arouse students’ curiosity and interest in what will be learned and students are
challenged to solve problems posed by the teacher. In order to arouse curiosity and
interest in learning, students must pay attention (ARCS theory) One way to stimulate
students’ attention is through stimulating inquiry, namely stimulating curiosity by
posing contextual problems. Piaget stated that a person is challenged to face new
experiences compared to the knowledge schema they already have. The problems
posed to students can be real problems that often occur in everyday life so that they
can arouse curiosity and motivate them to find answers. Research results show that
students who are cognitively involved in defining a problem will be actively involved
in the subsequent learning process.

The second phase of the model developed is collecting information and data. In
this phase, students work in collaborative groups to carry out data acquisition activities
that are used to develop reasoning and answer the problems posed in the first phase.
The number of students in the group is 4 to 6 heterogeneous students. Collaborative
groups are defined as groups of students who work together to achieve a common goal.
In order to teach science from a social constructivist perspective, learning through
laboratory activities can be designed to help students learn. Data acquisition does not
have to be done through hands-on activities but can also be done through mind-on
activities through library searches. Teachers design data acquisition activities through
various strategies such as experiments, demonstrations, or library searches, depending
on the availability of learning resources at school.

The purpose of the information and data collection phase is to provide students
with the opportunity to learn how to obtain information and data through investigative
activities so that they understand how the science process works. The most appropriate
nature of investigation is guided inquiry because each group must choose the right
way to obtain the desired data to answer the problem. Teachers can change the level
of assistance gradually or scaffolding in the form of structured worksheets and guiding
questions so that all students in the group can carry out investigative activities.
Students who are more skilled at conducting investigations can provide cognitive
apprenticeship for other students who do not yet have the skills. The data collection
phase also allows students to have scientific experience by applying scientific methods
so that an attitude of thoroughness, honesty, politeness, respect for other people’s
opinions, communication skills, and applying the ability to collect information through
various means will be instilled. The research results show that student involvement in
activities to obtain data and interpret data can provide opportunities for discussions,
reviews and clarifying problems and inquiry processes.

The third phase is representing the data. In this phase students must present the
information and data obtained in the second phase in the form of various
representations. Data can be converted into tables, graphs, mathematical formulas,
symbols and verbal representations. Data representation is an important part in
explaining natural phenomena because data obtained through the investigation process
is an important element in learning science. Apart from that, the physics learning
objectives stated in the phase E learning outcomes in the independent curriculum also

11
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support this activity. It is stated that students must have the ability to be responsive to
global issues and play an active role in providing problem solutions. These abilities
include processing and analyzing data and information. The third phase was designed
with the aim of emphasizing the importance of representing data resulting from
scientific investigations in science. Students must understand that previous scientists
conducted investigations and were able to provide explanations and conclusions about
science accompanied by empirical evidence support. This third phase is also to help
students write down the results of investigations and analyze the data obtained.
Research results show that the use of multiple representations in physics learning can
help students document natural phenomena increase interest, curiosity and learning
outcomes as well as developing students’ critical thinking.

The fourth phase is data-based connection and reasoning. In this phase, students
connect various data representations obtained in the third phase with various
contextual physics events that occur in everyday life. Students can obtain contextual
physics events by exploring them using connections on the internet, encyclopedias,
videos, popular articles, scientific articles, and books that discuss contextual physics
events. The various events obtained are linked to data and data representation by
providing scientific reasoning on how the data and data representation relate to the
contextual physics events obtained by students. Students will be more interested in
learning when given the opportunity to explore their ideas when related to real events
they have experienced or seen. Research results show that learning associated with
contextual application can not only open students’ imagination and increase their
cognitive development but can also increase learning motivation, increase students’
interest in carrying out more applications in authentic contexts.

The fifth phase is presenting solutions to contextual problems. In this phase, each
group is given the opportunity to present the results of scientific investigations and
solutions to contextual problems to other groups. Other groups were given the
opportunity to provide criticism of the results of the investigation and solutions to
contextual problems as well as the inquiry process that had been carried out. Students
are more interested in learning when given the opportunity to convey their ideas to
other students, respond to other students’ questions, provide evidence for their ideas,
and evaluate the benefits of exchanging ideas. In this way, students have the
opportunity to evaluate and improve the investigation process, analyze research data,
contextual problem solutions, and conclusions obtained through discussion activities.
Ability to evaluate the process and results of scientific investigations as well as
solutions to contextual problems. The research results show that the lack of
opportunities for students in exploratory talk activities contributes to the lack of
success in reasoning activities about science.

The contextual problem solution presentation phase is designed so that students
have the opportunity to provide feedback on the entire process of scientific
investigation and the results of agreed problem solving, thereby helping students
develop their metacognitive abilities. This phase is also designed to create an attitude
of respect for work results and critical thinking in the classroom and to create a
learning environment that requires students to be responsible for the quality of the
agreed conclusions. Students also have the opportunity to develop the ability to
analyze, evaluate and conclude knowledge so that they have the ability in self-
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regulated learning, namely knowledge about effective strategies and how and when to
use them. At the end of this phase, the teacher must provide feedback by providing
corrections and strengthening the process and results of problem solving that have
been agreed upon so that students can reach the upper limit of the ZPD. Feedback must
be given specifically and as soon as possible because without feedback students will
gain little knowledge.

The sixth phase is evaluating the process and results of problem solutions. This
phase is designed so that students have the opportunity to provide feedback on the
entire process of investigation, data representation, reasoning about data, and the
results of agreed problem solving so that it can help students develop their
metacognitive abilities. This phase is also designed to create an attitude of respect for
evidence and critical thinking in the classroom and to create a learning environment
that requires students to be responsible for the quality of agreed conclusions and
reasoning. Students also have the opportunity to develop the ability to analyze,
evaluate and conclude knowledge so that they have the ability in self-regulated
learning, namely knowledge about effective strategies and how and when to use them.
At the end of this phase, the teacher can provide feedback by providing corrections
and strengthening the agreed problem-solving results so that students can reach the
upper limit of the ZPD. Feedback must be given specifically and as soon as possible
because without feedback students will only gain little knowledge.

Practicality in learning physics at school refers to students’ learning conditions
and data literacy. The learning model used can be easily developed by teachers and
easily understood by students. In this practical aspect, the learning model is seen from
the time available, the model used, and the suitability of the model to the student’s
development and experience. Apart from that, this model is also very practical and
suits educators and is able to facilitate students to understand the material through the
model developed.

6. Conclusion

A physics learning model that is oriented to physics objects which are represented
in various modes and is called the Object-Oriented Physics Learning Model (OOPL).
The learning model was developed through several stages. The first stage is
identification of contextual problems. The second stage of the model developed is
collecting information and data. The third phase is representing the data. The fourth
phase is data-based connection and reasoning. The fifth phase is to present solutions
to contextual problems. Presentation phase. Contextual problem solving is designed
so that students have the opportunity to provide feedback on the entire process of
scientific investigation and the agreed results of problem solving, thereby helping
students develop their metacognitive abilities. The sixth stage is an evaluation of the
process and results of problem solving and based on the results of the validity analysis,
it shows that the OOPL model is included in the valid category. The OOPL model
fulfills the elements of content validity and construct validity. The validity of the
OOPL model and its implications are discussed in detail in the discussion. Practicality
tests are obtained through student learning outcomes and data literacy through pre-
tests and post-tests on student learning outcomes and data literacy. In the practicality
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test, the average score obtained from the first and last learning was 3.35 with a standard
deviation of 0.46. Based on expert validation data from several aspects, the validation
value ranged from 3.50 to 3.96 with a reliability score range of 86.0%—97.0% with
very valid validation criteria.
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