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	Information and Communication Technology (ICT) development impacts the need for skills in daily life, education, or work. Everyone needs the 4C skills associated with digital skills. Based on the literature review results, there is not much information about the concept of 4C digital skills. So this research will examine what aspects are needed in 4C digital skills. Another objective of this research is to analyze the 4C digital skills of a pre-service physics teacher. This research uses a literature review and survey methods. The subjects in this study were students of the UNSIQ Physics Education Study Program in the 2022/2023 academic year. There are two collection techniques, namely, literature study and questionnaires. Data from the questionnaire will be analyzed by calculating the percentage of each aspect and then determining the categories divided into five, namely very high, high, medium, low, and very low. The findings in this study are that the 4C skills in a digital context can be divided into 4 (four) aspects: critical thinking digital skills, creative digital skills, collaboration digital skills, communication digital skills. These skills are super skills individuals need to succeed in work and education. The results of a survey by the Department of Physics Education, UNSIQ, found creative digital skills as the lowest aspect with a value of 57.35% (low category). In comparison, collaboration digital skills became the highest aspect with a value of 72.20% (high category). Another aspect, namely critical thinking digital skills (61.66%) and communication digital skills (69.24%), are in the medium category.
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1. INTRODUCTION

The current era is the era of the industrial revolution 4.0 in the 21st century or the disruptive innovation phenomenon where there are three important things: data literacy, technology literacy and human literacy. Every individual must be able to prepare themselves for the trend of implementing Industry 4.0, which is growing rapidly. The tendency of the factory industry today is to switch to the digital technology industry, where there has been a change in the information system to become a data/online system. This change in literacy will significantly impact the world of education, so the world of education today must be able to keep up with changes in social patterns so as not to experience a significant "gap" of inequality. In line with this, the research results from Lubis (2019) explain that in this disruptive era, there are changing rules in the world of education, and there is increasing pressure on universities to be able to evolve, adapt or even stop.
Education as a provider of human resources must be able to see this change as a challenge, where there has been a change from the old paradigm to a new one, namely from reading, writing and computing literacy to data, technology and human literacy. Eggen & D. Kauchak (2012) also stated that technological literacy is a very important basic skill after reading, writing and calculating. Suppose education is not ready to face the changes that are taking place. In that case, it is feared that many graduates will not be able to compete in the disruptive/21st-century era because the skills or competencies prepared by higher education are not linked to and match with the world of work. Based on data from the Central Statistics Agency (BPS) for February 2018, the unemployment rate reached 6.9 million people or 5.13% of the total working-age population. This shows that the absorption of graduates from schools or tertiary institutions is still lacking in entering the world of work.
Based on the demands above, it is necessary to have an educational direction that can accommodate them. The direction of 21st-century education is related to national education goals as stipulated in SISDIKNAS Law No. 20 of 2003; “National Education functions to develop capabilities and shape noble character and national civilization in order to educate the life of the nation, aims to develop the potential of students to become human beings who believe and fear the Almighty God, have a noble character, are healthy, knowledgeable, competent, creative, independent, and become a democratic and responsible citizen”. In teaching and learning activities, it is necessary to integrate the development of 21st-century skills into content learning in various disciplines (Asrizal et al., 2018). Countries need to integrate 21st-century skills in learning to increase the country's competitiveness at the global level.
In order to develop an understanding of how best to teach, pre-service physics teachers need to be prepared to understand and have the skills needed to empower 21st-century skills in their students. John Dewey revealed "Education as a social function". Society in education is not only a place and intermediary for the interaction of one's character with the environment but the whole activity of a person, especially in carrying out a physical activity which will experience gradual changes (Phillips, 2016). Changes that refer to gradual changes are educational effects. Furthermore, each individual has a purpose or participation in several activities.
Voogt & Roblin (2012) explained that the 21st century or disruptive era requires skills such as Communication, Collaboration, Creativity, dan Critical thinking, often shortened to 4C. These skills represent the synchronization of needs between higher education and the world of work. Creativity enables students to produce innovative ideas that can contribute to and challenge further learning through new original learning with others (Bekteshi, 2017). Students' critical thinking skills can be used to make decisions to solve problems in various situations through ideas or ideas (inductive or deductive) (Joynes et al., 2019). Good communication skills are expected to enable students to express themselves effectively, both in productive skills in oral or written form and in receptive skills such as listening and reading (Bekteshi, 2017). The collaboration skills possessed by students can be used by them to work together with other members in carrying out an activity (Joynes et al., 2019).
Information and Communication Technology (ICT) development impacts the need for skills in daily life, education, or work. Everyone needs the 4C skills associated with digital skills. The demands of content-related digital skills are becoming increasingly important in 4C skills. Integrating the two is a skill required in today's world of education and work for everyone to function effectively as a student, worker, and citizen (Griffin et al., 2012). Only a few experts define the relationship between 4C and digital skills. Van Laar et al. (2019) define digital 4C skills as skills that define what students or workers can do with ICT to support a wider spectrum of 4C skills and essentially make full use of ICT.
Based on studies related to 4C skills, only a little information has been found regarding integrating 4C skills and digital skills. Research conducted by Hidayatullah et al. (2021) relating to the synthesis of 4C skills in Indonesia revealed that from 2015–2020 there were around 300 articles that examined the 4C skills in learning physics. In this study, it has not been explained that there is research that integrates 4C skills with digital skills.
There is still little information about 4C skills integrated with digital skills. Even though these skills are important to be imparted to students, studying the concept of 4C skills is necessary. This study aims to examine what aspects are needed in the 4C digital skills and analyze the 4C digital skills of a pre-service physics teachers.

2. METHOD

The research used is library research and surveys. The research focus of this study is the 4C digital skills: digital communication, digital collaboration, digital creativity, and digital critical thinking. The population in this study were all students of the UNSIQ Physics Education Study Program in the 2022/2023 academic year; as many as 129 students were taken using a stratified random sampling technique. In this study, the techniques used in collecting data were literature studies and questionnaires. Literature study is a data collection technique by reading information from print or online sources such as books, scientific articles, and newspapers about 4C digital skills (Tranfield et al., 2003). Questionnaires are lists of questions given to others willing to respond (respondents) according to user requests (Roopa & Rani, 2012). The questionnaire used in this study was closed. In a closed point of view, the respondent is asked to choose an answer according to his characteristics by giving a cross or a checklist. The questionnaire is used to measure digital 4C skills. The steps for analyzing the includes: 1) checking and calculating the score on the questionnaire from each answer chosen by the student, 2) recapitulating the scores obtained by each student, 3) calculating the proportion of scores for each item, 4) determining the criteria for interpreting the scores shown from the questionnaire, 5) interpretation according to the interpretation of the scores presented in table 1 below.
Table 1. 4C digital skill categories (Arikunto, 2016)
	No
	Percentage
	Category

	1
	80 – 100
	Very High

	2
	70 – 79
	High

	3
	60 – 69
	Medium

	4
	50 – 59
	Low

	5
	0 – 49
	Very Low



Calculation of the percentage of students' 4C digital skills is formulated as follows:

		(1)

3. RESULTS AND DISCUSSION

3.1.  4C Digital Skills
Various institutions such as The Partnership for 21st Century Skills, Assessment and Teaching of 21st Century Skills (ATC21S), and the Organization for Economic Co-operation and Development (OECD) bring up a skilled concept that is urgently needed for education and the workplace today, namely 21st-century skills. Each institution provides different definitions and characteristics of 21st Century skills. However, there are four skills mentioned by most of these institutions, namely Creativity, Critical thinking, Communication, and Collaboration or 4C as super skills (Voogt & Roblin, 2012). With the progress of ICT, not only are 4C skills needed, but digital skills need to be integrated into every element of the 4C skills. The following are the results of a literature study on digital 4C skills.
3.1.1. Communication Digital Skills
Communication activities are facilitated by the development of ICT, such as communication can be done at a distance in a short time and with many people. Everyone can express themselves, establish relationships, and interact with others at any distance in space and time (Yu et al., 2010). ICT-based communication is a means to generate social interaction and strengthen social relations (Antonucci et al., 2017). A worker must understand proper and effective communication methods such as email, social networking sites and instant messaging services (Fusi & Zhang, 2020). Students also need communication skills in the learning process, such as online discussions, teleconferences and the Learning Management System (LMS). Individuals are encouraged to share ideas or ideas through online forums in the context of work or study. Students need skills to contact other members, discuss projects, and evaluate together regarding the progress of the project to be completed.
Many experts have built communication skills frameworks. Binkley et al. (2012) built a framework for communication skills, including presenting information, utilizing various media and technology, listening actively, articulating thoughts and ideas effectively, using communication for various purposes, and communicating effectively. The research report from The Joint Task Force on Undergraduate Physics Programs provides a communication skills framework as follows (Heron & McNeil, 2016)): (1) Communicating with many people with different knowledge backgrounds, understanding the needs of each person, has provides a good impact on others. (2) Evaluate all incoming information through reading, listening, and discussing. (3) Be persuasive in conveying information and ideas to others. (4) Communicating in writing about scientific concepts with scientific and logical arguments. (5) Communicate using words, graphs, tables, equations and other visualizations. (6) Using feedback to evaluate the information being discussed.
A communication skills framework can also refer to a scientific communication skills framework that includes information seeking, scientific reading, scientific writing, listening and observing, information representation, and knowledge presentation (Binkley et al., 2012). This disclosure is very relevant to the framework put forward by The Joint Task Force on Undergraduate Physics Programs. The framework is integrated with the use of technology when students communicate. This framework is based on an authentic scientific framework that includes the complexity of scientific information, the need to analyze scientific data with multiple representations and the understanding of the unique structure of scientific articles (Spektor-Levy et al., 2009). Digital communication skills in science can be described as communicating scientific information with technological support through LMS, teleconferencing, social media, and e-mail (Herman & Hilton, 2017).
3.1.2. Collaboration Digital Skills
The process of collaboration or interdependence activities between individuals to achieve common goals is increasingly supported by ICT. ICT is especially useful when teams have to share information and make decisions while in different areas (Lukic, 2014). Teams can instantly exchange ideas, information and experiences by using technology as a venue for discussion (e.g. zoom meetings, Skype, WhatsApp, LMS). Therefore, students need skills to connect and collaborate with others in different places (Thornhill-Miller et al., 2023). In addition, teams can work on the same document together using technology (e.g. Google Documents and Spreadsheets). Thus, students need skills to work together on documents and joint projects beyond the boundaries of time and place (Srivastava, 2016). The emergence of various platforms that can be used to collaborate online has an impact on the importance of understanding and managing information together to achieve common goals.
There are five types of collaborative assessments, including (a) independent reports or group work reports, (b) scales of cooperation, (c) subjective assessments, (d) observations, and (e) performance assessments (Cox et al., 2019). This type of collaborative assessment generally ranges from less standardized to more standardized, and the level of standardization is related to the intended use of the assessment information. For example, less standardized types of assessment, such as self-reports or peer reports. In contrast, standard assessments, for example, subjective assessment tests and observations. Observational assessment is carried out through the observer assessing individuals who work in a group. The benefit of using this type of assessment is that it is based on actual student behavior, either verbal or non-verbal.
Previous research has defined the construct of collaboration skills. For example, the Organization for Economic Co-Operation and Development developed a collaboration skills framework. PISA identifies a collaboration skills framework consisting of three core competencies: building and maintaining shared understanding, taking appropriate action to solve problems, and building and maintaining team organizations. According to (Binkley et al., 2012), collaboration is a way of working consisting of knowledge, skills, attitudes/values/ethics with four sub-skills, namely (1) interacting effectively with others, (2) working effectively in diverse teams, (3) managing projects, and (4) mentoring and leading others; respond to others.
Other research divides collaboration into three dimensions: social interdependence, interpersonal skills, and task-related processes. Precisely, collaboration consists of knowledge, skills, and attitudes. (1) Interact with others and communicate clearly. (2) Having social self-regulation, namely knowing when to speak or listen. (3) Working together in a team (team management). (4) Convey original ideas or ideas. (5) Ability to provide input to the team to achieve common goals. (6) Ability to be responsible. (7) Perspective taking. (8) Evaluating tasks and responsibilities within the team (Care et al., 2018). The framework above is also relevant to the collaboration framework built by Herro et al. (2017), which explains that there are five main aspects of collaboration skills: group interaction, positive communication, lots of questions/solutions, authentic approaches and assignments, and transdisciplinary thinking. The explanation above is a framework for traditional collaboration skills that have been researched. As for digital collaboration skills, the difference is the use of ICT in collaborative activities.
3.1.3. Creative Digital Skills
ICT can support creativity in various ways, including by developing and creating or realizing ideas (Nikolopoulou, 2018). The digital environment allows students to assess various design concepts, experiences and ideas. Online content creation uses online spaces to create learning content, including blogging and sharing photos and videos. Creating content that supports understanding in learning is a common creative practice, where creativity determines whether others successfully receive content created online. Creativity can also be raised by using digital applications in science learning, such as PHET and scratch. Students with good digital creativity can explore these digital applications independently to build their understanding.
Experts explain several definitions of creativity. Creativity has been seen as the ability to generate valuable ideas (Agbowuro et al., 2017), divergent thinking (Dollinger et al., 2004), the ability to find new problems (Csikszentmihalyi, 1988), novelty and practicality (Amabile & Pratt, 2016), and the emergence of new ideas through experimentation (Jones & Townley, 2016). Despite language debates, there is general agreement that creativity involves the production of new and valuable ideas and products. The aspects of originality and effectiveness have a long history which can also be referred to as standard definitions of creativity (Runco & Jaeger, 2012). Most modern research relies on the novelty and usefulness of ideas as a measure of creativity (Mumford, 2003). Novelty refers to originality, namely the production of something new, and usefulness refers to the suitability of ideas in solving the problem under consideration (Hennessey & Amabile, 2010).
Creative students possess several characteristics of creativity. Guilford distinguished between cognitive characteristics (aptitude) and affective characteristics (non-aptitude) related to creativity (Guilford, 1957). Cognitive characteristics (aptitude) are related to cognition and thinking processes whose indicators include fluency, flexibility, originality in thinking and elaboration (development, enrichment, detailing) of an idea. At the same time, affective characteristics (non-aptitude) are more related to attitudes or feelings whose indicators include curiosity, being imaginative, feeling challenged by pluralism, being willing to take risks and being respectful. These two characteristics of creativity are needed to to realize students' creative behavior. The Partnership for the 21st Century also identified indicators of creativity, including generating alternative solutions, generating clear ideas, evaluating ideas, developing ideas, being open and responsive to new and diverse perspectives, and generating original ideas (Binkley et al., 2012).
3.1.4. Critical Thinking Digital Skills
Critical thinking has been identified as a critical skill in the global digital environment. Students acquiring knowledge can search independently through the internet. However, not all online content contains the correct information, so students must be able to assess the information circulating critically. Students need to understand its nature and sources. The focus is on the quality of information relevant to the problems. It is essential for college students to filter incoming information online quickly and to extract valuable information (Kurt & Emiroğlu, 2018). Students must be able to encourage critical reflection on points being discussed online and provide ongoing arguments that lead to online discussions.
Based on the Cambridge Assessment taxonomy, critical thinking skills consist of five indicators: analysis, evaluation, inference, synthesis, and self-regulation (Black, 2012). Sub-indicators of the analysis: using inductive and deductive reasoning, identifying arguments, analyzing arguments, identifying the structure of information or argument, analyzing incomplete arguments, and clarifying. Sub-indicators of evaluation: assessing the adequacy of an argument or information, assessing the level of meaningfulness, assessing reliability, assessing feasibility, assessing analogies, identifying errors in arguments, assessing the truth of arguments, and considering the impact of an argument. Sub-indicators of inference: Consider the implications of the arguments and draw conclusions correctly. Sub-indicators of synthesis: selecting material relevant to the argument, compiling arguments according to the information received, determining further arguments, making decisions based on objective assessments, responding to a problem, and justifying or making the right decision. Self-regulation has the sub-skills of questioning one's preconceptions and careful and persistent evaluation of one's reasoning.
The Partnership for the 21st Century also identified indicators of critical thinking skills, including using various types of reasoning, analyzing interactions between variables, analyzing arguments, assessing, examining ideas, interpreting information, drawing conclusions, clarifying information, synthesizing, building arguments, and reflecting critically to an input (Binkley et al., 2012).

3.2.  Analysis of 4C Digital Skills for Department of Physics Education UNSIQ
Based on the results of a survey of students in the UNSIQ Physics Education department, the 4C digital skill results were obtained, which are presented in Table 2 below.

Table 2. Result of 4C digital skills
	No
	4C digital skills
	Indicator
	Score

	1
	Critical Thinking Digital Skills
	Analysis
	70,5%

	
	
	Synthesis
	64,2%

	
	
	Inference
	62,8%

	
	
	Evaluation
	60,4%

	
	
	Self regulation
	50,4%

	2
	Creative Digital Skills
	fluency
	68,2%

	
	
	flexibility
	62,9%

	
	
	Originality
	45,7%

	
	
	Elaboration
	52,6%

	3
	Collaboration Digital Skills
	Group Interaction
	75,4%

	
	
	Positive Communication
	72,7%

	
	
	Many Questions/ Solutions
	72,5%

	
	
	Authentic Approaches and Tasks
	74,8%

	
	
	Transdisciplinary Thinking
	65,6%

	4
	Communication Digital Skills
	Information search
	72,4%

	
	
	Listen and observe
	71,5%

	
	
	Scientific writing
	60,2%

	
	
	Information representation
	71,6%

	
	
	Knowledge presentation
	70,5%



A recap of each of the 4C digital skills, namely critical thinking digital skills, creative digital skills, collaboration digital skills, communication digital skills, is presented in diagrammatic form in Figure 1 below.



Figure 1. Result of 4C digital skills

Based on Figure 1, it can be seen that of the four skills, the aspects of critical thinking digital skills, creative digital skills, and communication digital skills are lower than the aspects of collaboration digital skills. Creative digital skills get a percentage of 57.35% in the low category. Likewise, the aspect of communication digital skills gets a percentage of 69.24%, and critical thinking digital skills get a percentage of 61.66% which is also in the medium category. Meanwhile, the collaboration digital skills aspect is the aspect with the highest percentage, namely 72.20% in the high category.
Creative digital skills are the lowest aspect compared to other aspects. This can be seen from the indicators regarding the criteria for creative digital skills related to creating new original works, that are very much different from previous works, the lowest criterion, with a score of 45.7%. Even though students with good creative digital skills will obtain one's success. Creative digital skills positively correlate with the quality of one's work (Dawood et al., 2022). In order to improve students' creative digital skills, learning needs to be directed so that they can develop their creativity, one of which is to be able to convey ideas or ideas that are new and different from previous works.
In the aspect of digital communication skills, the lowest criterion is found in the scientific writing indicator. Communicating can be done verbally or in writing. These two aspects are important to be provided to students so that they have the ability to communicate both orally and in writing. Communication skills include the ability to convey thoughts clearly orally and in writing (East, 2015). Communication ability is an important skill considering the era of communication technology, which is developing rapidly. The ability to convey ideas or ideas clearly to others is an essential skill to be trained in learning. Various methods that involve students interacting and communicating ideas or ideas are very important to develop.
In the critical thinking digital skills aspect, the self-regulation indicator is the criterion with the lowest percentage, namely 50.4%. Self-regulation is the ability to regulate yourself, examine yourself and correct yourself. Digital information that is widespread online related to subject matter or general information can be used to support the learning process. Critical thinking digital skills as indicators of self-regulation are necessary and owned by students. Students can independently plan, help, and evaluate themselves in learning activities such as managing time, repeating lessons, and setting study schedules to achieve predetermined goals or targets (Moohr et al., 2021). Students need to be equipped with good critical thinking skills, one of which comes through learning. Critical thinking skills can be developed through reciprocal teaching strategies (Mafarja et al., 2022), online flipped classrooms (Widodo, 2022), guided inquiry learning models (Maknun, 2020), and the STEM approach (Yaki, 2022). 
Skills that get high categories are collaboration digital skills. Collaborative digital  skills must be developed to be applied in education or work. With good collaborative skills, students can work in pairs or small groups to complete assignments with friends of different backgrounds (academic abilities, gender, culture). Students can also work flexibly and are willing to compromise with others to achieve common goals, and can show responsibility as team members to complete assigned tasks (Larson & Miller, 2011).

4. CONCLUSION
4C skills in a digital context can be divided into critical thinking digital skills, creative digital skills, collaboration digital skills, digital communication skills. These skills are super skills individuals need to succeed in work and education. The survey results of UNSIQ Physics Education Study Program students found creative digital skills as the lowest aspect, with a value of 57.35% (low category) of digital 4C skills. In comparison, collaboration digital skills became the highest aspect with a value of 72.20% (high category). Another aspect, critical thinking digital skills (61.66%) and communication digital skills (69.24%), are in the medium category. 4C digital skills are urgently needed by students and workers in this era, so striving to develop these skills in education is necessary. The constructivism and connectivism approaches can be adopted in physics learning as an effort to improve the 4C digital skills of a pre-service physics teacher. This approach integrates scientific activities supported by the use of ICT in learning.
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