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Abstract 

Objective: 21st century competencies, such as critical thinking, creativity, communication, 

and collaboration, are the main needs in today's world of education. This study aims to analyze 

these competencies in Geography Education students and their relationship with readiness to 

support the implementation of deep learning. Theoretical framework: This study uses an 

interdisciplinary approach that combines the theories of 21st century skills, constructivist 

learning, deep learning pedagogy, and geographic education. This approach strengthens the 

understanding of how essential competencies such as critical thinking, creativity, collaboration, 

and digital literacy can be developed through meaningful learning processes rooted in 

constructivist principles. Literature review: The literature review emphasizes the integration 

of geospatial technologies, project and challenge-based learning approaches, and the role of 

Deep Learning in fostering conceptual understanding and higher-order thinking skills. 

Methods: The research method used was a descriptive quantitative approach with the 

distribution of questionnaires to 100 students. Results: The findings reveal that students' 

competencies are generally in the high category, with critical thinking (mean score = 4.3) and 

collaboration (4.21) as the most prominent, while technological literacy remains moderate 

(3.82). A low standard deviation (0.167) indicates a consistent level of competency across 

indicators. Implications: The findings highlight the need for strategic curriculum 

transformation and cross-sector collaboration to develop 21st century competencies through 

deep learning in geography education. Novelty: The novelty of this study lies in its combined 

approach of quantitative assessment and critical reflection on the institutional and pedagogical 

challenges of implementing Deep Learning in higher geography education, offering contextual 

and actionable strategies for transformative change. 

Keywords: 21st century competency, geography education, student analysis, deep learning, 

education innovation. 

INTRODUCTION 

The rapid development of information technology and globalization demands fundamental 

changes in the world of education, especially in the development of competencies relevant to 

the 21st century. These competencies include critical thinking skills, creativity, collaboration, 

communication, technological literacy, and the ability to continue learning throughout life [1]. 

Today's world of work no longer demands only basic cognitive abilities, but also complex skills 
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that can help individuals adapt to the dynamics of social, economic, and technological change. 

Geography education as a branch of social sciences is also faced with the same challenge to 

prepare students who are adaptive to changing times. This is important because contemporary 

geography issues such as climate change, urbanization, spatial inequality, and environmental 

sustainability demand an understanding that is not only theoretical, but also analytical and 

solution-based.  

Hasnah emphasized that 21st century geography education must foster creative and 

innovative thinking, critical thinking, communication, and collaboration skills through a 

scientific approach that encourages students to be actively involved in the process of discovery 

and deep understanding [2]. This learning process applies 5M activities, namely observing, 

questioning, formulating hypotheses, exploring, and concluding, so that students can develop a 

deep understanding of the concepts learned. In addition, geography learning must focus on 

participants who grew up with teachers as facilitators, oriented towards the development of 

geographical knowledge, attitudes, and skills, and ICT-based and rich in learning resources. The 

use of technology in problem-based learning is an effective strategy to develop 21st century 

competencies. 

Geography education students are expected not only to understand spatial and environmental 

concepts, but also to be able to solve complex problems, think systematically, and integrate 

technology in the process of geographic analysis [3]. They must be able to conduct spatial data-

based studies, use technologies such as GIS (Geographic Information System), remote sensing, 

and utilize digital devices in presenting and analyzing geosphere phenomena. In addition, 

students are also required to have the ability to work in a team, communicate effectively, and be 

able to make evidence-based decisions. In this context, conventional learning approaches 

become less relevant if they are not able to develop students' potential as a whole. Along with 

this increasing need, the application of Deep Learning-based learning methods is one of the 

approaches that is considered effective in supporting active, deep, and continuous learning 

[4][5].  

Furthermore, Epuri emphasized that the evolution and implementation of artificial 

intelligence in Geographic Information Systems (GIS) has had a significant impact, not only in 

improving the efficiency of spatial analysis but also in enriching students' learning experiences. 

Through the integration of big data, machine learning, and advanced mapping technology, 

students not only learn theory, but can also conduct simulations and spatial analysis directly 

with high accuracy. This directly improves the quality of education and competitiveness of 

graduates, who are now better equipped to face the challenges and demands of the rapidly 

evolving and complex professional landscape in the digital age [6]. 

Deep Learning in the context of education refers not only to artificial intelligence 

technologies, but also to efforts to build deep conceptual understanding, high-level thinking 

skills, and the development of students' metacognition [7]. This approach emphasizes the 

importance of developing students' capacity to think reflectively, understand the relationships 

between concepts in depth, and be able to evaluate and reflect on their own learning process. In 

deep learning, students do not just absorb information, but actively build knowledge through 

complex thinking processes and meaningful discussions. Therefore, it is important to analyze 

the extent to which geography education students have 21st century competencies that can 

support the implementation of deep learning. This competency is not only an indicator of 

individual readiness, but also reflects the effectiveness of educational institutions in developing 

a curriculum that is responsive to future challenges. 

Deep learning not only emphasizes mastery of content, but also includes an effective process 

of knowledge transfer, where students can apply concepts they have learned in a variety of new 

contexts [8]. This process enhances conceptual understanding while honing critical thinking 

skills that are essential for dealing with the complex challenges of the 21st century. In the context 

of geography education, it is emphasized that the development of 21st-century competencies in 

students cannot be excluded from a learning approach that emphasizes critical thinking skills, 



 

Solo International Collaboration and Publication of Social Sciences and Humanities 

Vol.3, No.3, 2025, pp. 515-528 

   

 

   

 

E-ISSN: 2988-3512 

Copyright ⓒ 2025 Authors 

creativity, collaboration, and communication that are thoroughly integrated in every stage of the 

deep learning process. 

Previous studies have shown that Challenge-Based Learning and Project-Based Learning 

models are effective in shaping 21st century skills in students and students [9]. Both approaches 

encourage students to be actively involved in complex real-world problem-solving processes, 

collaborate in cross-disciplinary teams, and design creative and applicative solutions. In the 

context of geography education, this model is very relevant because it is able to provide a 

contextual learning experience based on the surrounding environment. The use of project-based 

and challenge-based approaches can improve spatial analysis skills, technology-based 

geographic data processing, and scientific communication skills [10]. Students don't just learn 

through lectures or readings, but through hands-on experience that requires critical thinking, 

data evaluation, and strategic decision-making. 

However, there are still various obstacles in the implementation of deep learning in the higher 

education environment, such as the limitations of technological infrastructure, the lack of 

lecturer training related to 21st century pedagogy, and the lack of optimal readiness of students 

to adapt to this more complex learning method [11]. Some campuses still experience limited 

access to the latest technology that can support digital-based learning and spatial analysis. In 

addition, most teachers have not fully mastered the pedagogical approach that demands 

participatory and project-based learning. On the other hand, many students are still used to 

passive methods and do not have time management, effective communication, and decision-

making skills in teams. These barriers show that learning transformation does not only depend 

on changing methods, but also needs to be accompanied by adequate human resource readiness 

and support systems.  

The limitations of educational technology infrastructure, such as computer hardware, stable 

internet connectivity, and AI-based software, pose significant challenges to the implementation 

of deep learning, particularly in regions with large digital divides. It is also emphasized that 

inequality of access to technology is still the main obstacle in the process of diffusion of 

educational innovation [12]. The lack of training and digital literacy among lecturers and 

educators hinders the effectiveness of the implementation of this teaching method [13]. In 

addition, the issue of privacy and security of student data in the use of digital learning technology 

is a crucial concern that needs to be addressed to ensure desire and trust in the learning process 

[14]. These constraints show that learning transformation does not only rely on changes in 

methodology but also requires adequate human resource readiness and systemic support [15]. 

These factors affirm the importance of this study to identify and analyze the competencies of 

21st century geography education students in order to support the optimal implementation of 

deep learning. 

The fast progression of computerized innovation, globalization, and the rise of the Fourth 

and Fifth Mechanical Insurgencies have altogether changed the scene of higher instruction. 

These shifts have required a redefinition of graduate profiles, emphasizing 21st-century 

competencies such as basic considering, inventiveness, communication, collaboration, 

advanced education, and long lasting learning. Within the setting of geology instruction, these 

competencies are progressively crucial due to the multifaceted nature of modern spatial issues, 

counting climate alter, urbanization, fiasco dangers, and territorial imbalance. Topography 

understudies are presently anticipated not as it were to ace hypothetical concepts but too to apply 

innovative apparatuses in analyzing and understanding real-world spatial issues. 

In spite of developing intrigued in both 21st-century competencies and Profound Learning, 

most existing ponders treat these spaces freely. There's a need of experimental inquire about 

that expressly analyzes how understudy competencies either empower or oblige the execution 

of Deep Learning models especially within the teach of geology instruction. This constitutes a 

noteworthy inquire about hole, especially in Indonesia, where the pace of educational modules 

change and computerized integration remains uneven over teach. 



 

Solo International Collaboration and Publication of Social Sciences and Humanities 

Vol.3, No.3, 2025, pp. 515-528 

   

 

   

 

E-ISSN: 2988-3512 

Copyright ⓒ 2025 Authors 

To address these gaps, this study employs a descriptive quantitative approach aimed at 

assessing the extent to which Geography Education students possess core 21st-century 

competencies. The evaluation focuses on six key dimensions: critical thinking, creativity, 

collaboration, communication, digital literacy, and lifelong learning, as conceptualized by the 

P21 Framework. The data collection instrument was rigorously validated through expert 

judgment and confirmatory factor analysis (CFA), ensuring both construct validity and 

reliability, with a Cronbach’s Alpha score of 0.87 indicating high internal consistency. In 

addition to the quantitative survey, semi-structured interviews were conducted with selected 

students to explore qualitative insights into their experiences with project-based and digital 

learning environments. 

This research is expected to contribute to curriculum development, learning design, and 

training strategies that are able to facilitate the achievement of graduate profiles that are in 

accordance with the demands of the 21st century and the Industrial Revolution 5.0 [16][17]. By 

understanding the extent of 21st century competencies already possessed by geography 

education students, educational institutions can design programs that are more targeted and 

future-oriented. It is hoped that geography education graduates will not only become capable 

teachers, but also agents of change who are able to utilize geography to solve real problems in 

an innovative and sustainable manner. 

LITERATURE REVIEW 

The competence of the 21st century in education shows that the world of education today 

faces great challenges in preparing students who are not only academically capable, but also 

have adaptive abilities to global technological, social, and economic changes. 21st Century 

learning competencies are structured with the 4C concept, namely Communication, 

Collaboration, Critical Thinking and Promblem Solvingand Creativity and Innovation [18]. 

These competencies are an important framework in developing an education system that is 

relevant to the demands of the times. In the context of higher education, Deep learning It is not 

just knowledge transfer, but includes the formation of deep conceptual understanding, high-

level thinking skills, and strengthening students' metacognitive capacity. 

In the context of higher education, especially in the field of geography education, the 

challenge of 21st century competencies becomes particularly relevant because this discipline is 

closely related to complex spatial and environmental issues. The integration of technologies 

such as GIS and remote sensing is able to significantly improve the spatial understanding and 

digital literacy of geography students [19]. The development of science and technology can be 

a new challenge in the integration of geography [20]. Along with these needs, various learning 

approaches and models have been developed to encourage the birth of these competencies, one 

of which is Project-Based Learning (PjBL). The learning model that often receives attention is 

the PjBL model which encourages an active and collaborative learning process [21].  

Geography education in higher education has a very important role for the development of 

the learning process. The results of the research that discussed the increase of discourse through 

the Earthcomm model showed that this model succeeded in improving the ability to think 

spatially and sparked students' activeness in conducting scientific investigations which was 

proven to be able to stimulate students' awareness to know basic problems about the condition 

and geographical location of an area [22]. The important position of education students in the 

learning process is related to the process of solving problems related to the lag and limitations 

in terms of learning, especially in the learning process from many educational institutions [23]. 

In the 21st Century, prospective geography educators need to be equipped with competencies 

and skills in the learning process, both skills in the use of technology and skills in the preparation 

of e-modules that can trigger the learning process Deep Learning [24].  

Global Demands Encourage a shift in the learning paradigm from traditional learning to a 

more modern one, this is done so that the learning process is able to empower students to be 

more effective than traditional learning [25]. In the 21st Century, technological developments, 
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globalization and rapid changes in the world of work create new challenges as well as 

opportunities for students, but the skills currently possessed by students are still not enough for 

this fairly stiff competition, therefore students need to master critical thinking skills, creativity, 

effective communication, cooperation, digital literacy, and interpersonal skills [26]. 

In the context of education, deep learning is applied in various forms, such as AI-based 

learning systems, chatbots for tutoring, and automated assessment systems that can provide 

direct feedback to students [27]. In addition to increasing effectiveness during the learning 

process, deep learning can also open up opportunities for the development of more inclusive 

educational technology, data analysis to recognize learning difficulties, and the use of deep 

learning as a virtual tutor that can provide additional hours of flexible and independent learning 

[28].  

One example of the implementation of deep learning in the deep learning process is in the 

process. The application of deep learning by combining four main dimensions, namely thinking, 

ethics, feeling, and physical, can potentially produce an education system that is more reflective, 

sustainable, context-based, flexible, and ready to face the challenges of the 21st century [29]. 

Behind the solutions offered by deep learning, in fact, are inseparable from challenges, such as 

limited technology infrastructure, lack of understanding and skills of teachers in the use of AI-

based technology, and the need for quality data to train deep learning models [30]. One of the 

must-have skills in the 21st century is the ability to collaborate to solve problems. Improving 

collaborative ability to solve problems can be leveled using the deep learning process combined 

with Project-Based Learning, as it often involves group projects that teach students how to work 

together to achieve common goals [31].  

METHODOLOGY 

This study uses a descriptive quantitative approach with a survey method. The main objective 

of this approach is to describe the 21st century competencies of Geography Education students 

and their relevance in supporting Deep Learning-based learning. The research was carried out 

at the Geography Education Study Program, Yogyakarta State University in Indonesia, from 

January to March 2025. The research population is active students of the Geography Education 

study program at Yogyakarta State University. The sampling technique uses purposive sampling 

with the criteria of active students in semesters 2, 4, and 6 who have experience participating in 

project-based or problem-based learning, and are willing to participate. The number of 

respondents was 120 people [32-33]. 

Table 1. Sample Breakdown by Semester 

Semester Number of Students Percentage (%) 

2 39 32,5% 

4 44 36,7% 

6 37 30,8% 

Total 120 100% 

Data collection was carried out through a closed-ended questionnaire in the form of a Likert 

scale of 1–5, a literature study to support secondary data, and semi-structured interviews 

conducted on 10 respondents to deepen the findings. The instrument is based on the 21st century 

competency theory of the P21 Framework and has been validated by three experts in the fields 

of education and geography. 
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Table 2. Blueprint of the 21st Century Competency Questionnaire Instrument 

Yes Indicators Sub Indicators Number of Items 

1 Critical Thinking Problem solving, reasoning, decision making 5 

2 Creativity Innovation, generating ideas 5 

3 Collaboration Teamwork, interpersonal skills 4 

4 Communication Oral, written, and digital communication 4 

5 Digital Literacy ICT Use, Media Literacy 5 

6 Lifelong Learning Self-regulation, adaptability 4  

Total 

 

27 

The validity test was carried out using Confirmatory Factor Analysis (CFA). All instrument 

loading factors are above 0.5, indicating that the instrument is valid. The reliability test was 

conducted using Cronbach's Alpha, with a result of 0.87 indicating excellent internal 

consistency. Descriptive statistical analysis was carried out using SPSS 26, with the following 

categories of average score interpretation: 

Table 3. Interpretation of Average Score 

Average Score Interpretation 

4,21–5,00 Very High 

3,41–4,20 Tall 

2,61–3,40 Keep 

1,81–2,60 Low 

1,00–1,80 Very Low 

RESULTS AND DISCUSSION 

Results 

Based on the results of data collection from 120 students of the Geography Education study 

program, an overview of the competencies of the 21st century students in supporting the 

implementation of Deep Learning was obtained. The following are the results of the 

recapitulation of the average scores of the main indicators: 

Table 4. Results of the Recapitulation of the Average Score of the Main Indicators 

Yes Competence 

21st Century 

Average Score (0-
100) 

Average 
Score (1-5) 

Category 

1 Critical Thinking and Problem 
Solving 

82.5 4.3 Excellent 

2 Creativity and Innovation 78.4 4.1 Good 

3 Communication 75.3 4.01 Good 

4 Collaboration 80.2 4.21 Excellent 

5 Technology Literacy 70.5 3.82 Enough 

6 Independence in Learning 77.8 4.11 Good 
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After calculating the average scores for each indicator, the next step of the analysis involved 

computing the standard deviation. This aims to determine the degree of dispersion or variation 

of the data from the mean. The standard deviation provides an overview of the consistency or 

diversity in the achievement levels of each indicator among the respondents involved. The 

calculations of the mean and standard deviation are as follows: 

Mean Score (Scale 1–5) 

 =  4.3+4.1+4.01+4.21+3.82+4.11 = 24.55 = 4.092 

6         6 

Standart Deviation 

 

(4.3−4.092)2  = 0.0433 

(4.1−4.092)2  = 0.000064 

(4.01−4.092)2  = 0.0067 

(4.21−4.092)2  = 0.0139 

(3.82−4.092)2  = 0.0740 

(4.11−4.092)2  =0.000324 

The sum of squared deviations= 0.1383 

𝑆 = √
0.1383

5
 = √0.0277 = 0.1665 

Based on the quantitative statistical analysis of the six 21st-century competency indicators 

among Geography Education students, the average competency score (mean) was 4.09 (on a 

scale of 1 to 5), with a standard deviation of 0.167. The standard deviation reflects the degree 

of dispersion of the indicator scores from the mean. The statistical results indicate that the 

distribution of competency scores across indicators falls within a relatively narrow range. 

Students’ perceptions and mastery of competencies across the indicators tend to be uniform, 

showing no significant variation. The low standard deviation signifies a high level of 

homogeneity in competency mastery and suggests that the learning process within the study 

program has comprehensively implemented all aspects of 21st-century competencies. 

Among the six indicators assessed, critical thinking and collaboration recorded the highest 

scores, at 4.30 and 4.21 respectively. Meanwhile, technological literacy received the lowest 

score, at 3.82. The gap between the highest and lowest scores remains within an acceptable 

range and does not significantly affect the overall distribution. These findings are further 

supported by interview results, which indicate that students have demonstrated strong 

proficiency in reflective thinking and teamwork, although they continue to face challenges in 

technical aspects related to the use of geospatial technologies and digital learning tools [34-36]. 

The low standard deviation reinforces the conclusion that educational processes within the 

study program have been implemented consistently and comprehensively in fostering students' 

21st-century competencies. Nevertheless, improvement efforts should be focused on the area of 

technological literacy, given the critical role of this skill in supporting the successful 

implementation of deep learning approaches, which require the integration of digital 

technologies and spatial data analysis capabilities. Therefore, the standard deviation not only 

represents the spread of the data but also serves as a quantitative indicator of the equity in 
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students’ competency acquisition. Curriculum development and instructional strategies should 

be more targeted toward strengthening the relatively weaker competencies, so that all 21st-

century competency indicators can be optimally and evenly enhanced. 

In addition, the results of semi-structured interviews with 10 student representatives 

strengthened the quantitative findings, especially related to the challenges of using Deep 

Learning-based technology in project-based learning. The findings suggest that critical thinking 

and collaboration skills have been key strengths of students, which supports the effectiveness of 

problem-solving and teamwork-based learning in geography classrooms. Students can identify 

spatial issues, analyze data from various sources, and construct rational and evidence-based 

arguments [37-38]. 

The following bar chart presents the latest scores for the six indicators of 21st-century 

competencies among Geography Education students. This visualization highlights the relatively 

even distribution of scores across the indicators, with digital literacy emerging as the area that 

requires further improvement. 

Picture 1. 21st- Century Competency Scores of Geography Education Students 

 

 Their good communication competence is reflected in the delivery of digital presentations, 

group discussions, and mini-project publications carried out during the learning process.  

Creativity is also growing, reflected in a variety of innovative products such as regional design, 

disaster simulation, and GIS-based data visualization. However, the aspect of technology 

literacy is the main challenge. An average score that is classified as adequate indicates a 

limitation of skills in the use of advanced technology, such as the integration of spatial data with 

modeling systems or the use of artificial intelligence in geographic analysis.  This barrier was 

also identified in interviews, where students revealed a lack of practical training and access to 

certain software. Overall, this data shows that while the foundations of 21st century 

competencies have been well established, systemic efforts are still needed to optimize digital 

capabilities and the use of cutting-edge technologies to comprehensively support deep learning 

[39-40]. 

Discussion 

The findings of the study show that Geography Education students at Yogyakarta State 

University have sufficient competencies in the aspects of critical thinking, collaboration, and 

creativity, which are important elements in supporting Deep Learning-based learning. High 

critical thinking competencies reflect students' ability to analyze complex geographical 

problems in depth, which is an important foundation in the context of Problem-Based Learning. 

Students are able to identify geographical problems, evaluate information from various sources, 

and formulate logical arguments based on available data. This demonstrates a strong conceptual 

understanding and ability to make reflective assessments of spatial and environmental issues 

occurring in various regions. 
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In the aspect of collaboration, students are able to work effectively in groups, share tasks and 

responsibilities, and demonstrate the ability to achieve common goals. Group projects carried 

out in field-based courses and geospatial practicum show that students can build good 

interpersonal communication and bring together various points of view to produce joint 

solutions. This ability reflects the values of teamwork that are essential in the face of the 

challenges of a complex and interconnected world of work. Meanwhile, the creativity aspect is 

reflected in the students' ability to develop new ideas, design innovative solutions to 

geographical problems, and produce works such as thematic maps, land use design, and 

software-based disaster simulations. This ability is also seen in multimedia presentation-based 

projects and the use of digital media as a means of delivering more interesting and easy-to-

understand geographic information [41]. 

This is in line with Prayogi arguing that 21st century competence involves the development 

of critical, creative, communicative, and collaborative thinking skills as the main foundation for 

success in a technology and information-based world. These four pillars not only strengthen 

students' readiness to face global challenges, but also form the character of lifelong learners who 

are adaptive to change. However, students' technology literacy scores are quite sufficient, with 

an average score of 70.5. This shows that there are still obstacles in optimizing the use of 

technology-based devices such as Geographic Information System (GIS), spatial modeling, and 

AI-based data analysis software. Some students have difficulty operating advanced features in 

GIS, understanding the working principles of spatial modeling, or integrating spatial data with 

machine learning algorithms for predictive analysis. These limitations show the need to 

strengthen the curriculum and intensive training in the field of geospatial information 

technology. 

In addition, there is still a gap between students' theoretical knowledge of geospatial 

technology and their practical skills in utilizing the technology effectively to complete 

geography case studies. This can hinder the effective implementation of Deep Learning in 

modern geography learning that demands the integration of knowledge, technological skills, and 

complex problem-solving. Therefore, it is important for educational institutions to expand 

access to technological resources, provide ongoing technical guidance, and encourage students 

to actively explore various digital applications in a geographical context. 

Based on the findings regarding the limited digital literacy among university students, it is 

crucial to design and implement systematic and sustainable strategies to overcome barriers in 

the adoption of deep learning-based education at the higher education level. One viable strategy 

involves curriculum development initiatives, particularly those grounded in information and 

communication technology. Such efforts should not only include the introduction of basic 

technological tools but also the integration of digital geospatial tools, such as Geographic 

Information Systems (GIS) and AI-based spatial analysis, into all stages of the learning process. 

This curriculum would enable students not only to grasp theoretical concepts but also to develop 

practical skills that are aligned with current global demands. 

Collaboration between educational institutions and the geospatial industry can also serve as 

a crucial strategy. The involvement of practitioners in the learning process through guest 

lectures, seminars, student internship programs, and collaborative projects can strengthen the 

connection between academic theory and real-world professional practice. The effective 

utilization of learning platforms such as Google Classroom and ArcGIS Online should be 

optimized to support a learning process that is flexible, adaptive, and collaborative. Technology-

integrated learning models are also expected to expand opportunities for both independent and 

collaborative learning, while fostering a culture of technological exploration among students. 

By implementing these strategies, higher education institutions can more effectively develop 

21st-century competencies. Furthermore, this approach enhances the preparedness of the 

education system in responding to the demands of the Fifth Industrial Revolution, which 

emphasizes the synergy between artificial intelligence and human intelligence in the learning 

process. 
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Implementation of Deep Learning in Geography Education 

Deep Learning in the context of education emphasizes more on the achievement of 

meaningful learning, where students are able to relate new concepts to previous knowledge in 

depth. In practice, Deep Learning requires students' active involvement in the learning process, 

critical reflection on the material, and the ability to apply knowledge in a real context. This 

creates an understanding that is not only memorized, but also integrated and applicative. With 

high critical and collaborative thinking skills, students tend to be more able to adapt learning 

models such as Project-Based Learning and Inquiry-Based Learning which are based on Deep 

Learning principles. In Project-Based Learning, students are invited to complete a real 

geographical project, such as regional spatial analysis, disaster potential assessment, or spatial 

data-based regional planning. This process involves searching for information, formulating 

problems, collecting field data, and presenting solutions based on geospatial technology, which 

combines cognitive, affective, and psychomotor aspects in a balanced manner. 

Meanwhile, in the Inquiry-Based Learning approach, students are challenged to formulate 

their own research questions, explore data independently, and draw conclusions based on the 

results of observation and analysis. This encourages them to develop scientific curiosity, 

problem-solving skills, and reflective thinking in understanding complex geographical 

phenomena. Thus, Deep Learning allows students to become active learners who are 

independent and able to generate new knowledge through a deep and meaningful learning 

process. Through the integration of 21st century competencies with the Deep Learning 

approach, geography learning not only focuses on knowledge transfer, but also on developing 

students' character and life skills in the digital era. This makes a significant contribution in 

forming Geography Education graduates who are not only proficient in academics, but also 

ready to face the dynamics of the world of work that demands high adaptability, innovation, and 

strong technological literacy. 

Project-Based Learning (PjBL) and Inquiry-Based Learning (IBL) have a strategic role in 

developing key 21st-century skills, such as critical thinking, teamwork, and problem-solving. 

These approaches are essential for promoting deep learning in geography education. Both 

methods encourage students to take an active role in the learning process through contextual, 

exploratory, and reflective experiences. For instance, in PjBL, students might work on real-

world geography projects, such as assessing regional disaster vulnerability or creating spatial 

planning proposals using geospatial data. In IBL, students are challenged to identify problems, 

investigate information independently, and draw conclusions based on data and observation. 

These approaches support the core goals of deep learning by fostering meaningful engagement 

and deeper understanding of geographic concepts. 

The implementation of deep learning approaches through Project-Based Learning (PjBL) 

models must be consistently considered in higher education, as it inevitably faces several 

significant challenges. Technological infrastructure limitations such as access to mapping 

software like GIS and reliable internet connectivity remain major obstacles in many educational 

institutions, especially those in regions with pronounced digital divides. Additionally, the 

readiness of educators presents a critical issue. Not all lecturers possess adequate pedagogical 

skills to design and facilitate complex project- or inquiry-based learning. This problem is 

exacerbated by the lack of ongoing training in digital literacy and 21st-century pedagogy. From 

the student perspective, while critical thinking and collaboration skills have generally improved, 

there are still notable deficiencies in digital literacy and autonomous learning. Many students 

are unaccustomed to learning methods that demand high levels of initiative, time management 

skills, and responsibility within collaborative environments. 

The implementation of Project-Based Learning (PjBL) and Inquiry-Based Learning within 

the context of Deep Learning represents more than a mere shift in pedagogical methods; it 

demands a comprehensive transformation. This includes enhancing the capacity of educators, 

improving supporting infrastructure, developing a flexible curriculum, and ensuring institutional 

policies that prioritize innovation and collaboration. Without a critical reflection on these 
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multifaceted challenges, the gap between the intended pedagogical ideals and the practical 

realities of implementation is likely to remain substantial. Therefore, the strategic 

implementation of Deep Learning in higher education must be contextually grounded, 

sustainable, and responsive to local dynamics as well as the readiness of educational 

stakeholders. 

CONCLUSION 

This study concludes that the competence of 21st century geography education students in 

general is in the high category, with collaboration and communication being the most prominent 

competencies. However, there are challenges in the aspect of digital literacy that need special 

attention to support the optimal implementation of deep learning-based learning. Efforts to 

improve digital competence, strengthen critical thinking and lifelong learning, and integrate 

technology in the learning process are key in preparing geography education graduates who are 

adaptive to the challenges of the 21st century and the Industrial Revolution 5.0. Further research 

is recommended to examine more deeply the relationship between 21st century competency 

dimensions to the effectiveness of Deep Learning implementation in a variety of different 

educational geographical and cultural contexts. These findings show that geography education 

has succeeded in developing soft skills that are essential for 21st century learning, but still have 

structural challenges related to technological proficiency. Therefore, it is important for 

educational institutions to expand access to training, improve infrastructure support, and design 

curricula that emphasize mastery of geospatial applications as well as other digital technologies. 

Improving digital literacy and lifelong learning skills must be prioritized in designing an 

education system that produces adaptive and solution-oriented graduates in the Society 5.0 era. 

Support for the integration of technology in education must be accompanied by digital 

pedagogical training for educators and a learning environment that encourages exploration and 

collaboration. In addition, an ongoing evaluation of the approach to the effectiveness of Deep 

Learning in the context of geography education needs to be conducted, taking into account local 

characteristics, institutional readiness, and policy support. With an effective strategy, students 

can be empowered as agents of change who not only have the knowledge, but also the skills to 

face global challenges creatively and critically. 
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