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ABSTRACT

The transformation of 21st-century learning demands pedagogical innovations that can develop students' 4C
competencies (Critical thinking, Creativity, Collaboration, Communication). This study aimed to analyze the
effectiveness of various innovative learning models in enhancing student competencies and identify factors influencing
successful implementation to face future challenges. This study employed a mixed-method approach with explanatory
sequential design. Quantitative data were collected through surveys from 450 students and 85 teachers from 15
secondary schools. Qualitative data were obtained through in-depth interviews, classroom observations, and focus group
discussions. The results showed that the implementation of pedagogical innovations led to significant improvements in
critical thinking (p<0.001), creativity (p<0.01), collaboration (p<0.001), and communication (p<0.01). Project-based
learning demonstrated the highest impact (effect size = 1.24), followed by flipped classroom (effect size = 0.98) and
gamification (effect size = 0.87). Based on the findings, it can be concluded that pedagogical innovations are effective in
enhancing students' 21st-century competencies. Implementation success was influenced by teachers' digital competency,
institutional support, and technological infrastructure.
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1. INTRODUCTION

The digital era and Industrial Revolution 4.0 have fundamentally transformed the educational
paradigm. Traditional educational systems focused on one-way knowledge transfer are no longer adequate to
prepare generations who will face the complexities of the 21st century (Voogt & Roblin, 2012). This
transformation demands a shift in pedagogical approaches that can develop higher-order thinking skills,
creativity, and collaborative competencies.

The Partnership for 21st Century Skills identifies four core competencies that students must master:
critical thinking, creativity, collaboration, and communication, known as the 4C competencies (P21, 2019).
These competencies form the foundation for success in the digital age, characterized by rapid change, problem
complexity, and the need for continuous innovation.

Various pedagogical innovations have been developed to address these challenges, including Project-
Based Learning (PBL), flipped classroom, gamification, and technology-enhanced collaborative learning.
However, the effectiveness of implementing these innovations in the Indonesian educational context still
requires in-depth empirical investigation.

Previous research has shown varied results. Hattie's (2017) meta-analysis found that project-based
learning had an effect size of 0.15, while other studies showed more significant impacts (Kokotsaki et al.,
2016). These differences indicate the need for contextual research that considers local factors.

2. METHODS

This study employed a mixed-method approach with explanatory sequential design (Creswell & Plano
Clark, 2017). The quantitative phase was conducted to measure the impact of pedagogical innovations on
student competencies, followed by a qualitative phase to explain findings and identify factors affecting
implementation.

The study involved participants from secondary schools in Banda Aceh, Aceh Besar and Pidie that
had implemented pedagogical innovations. The quantitative sample consisted of 450 grade 10 and 11 students
from 15 schools and 85 teachers teaching STEM and Language subjects, selected using purposive sampling
based on the criterion that their schools had applied at least one pedagogical innovation for a minimum of six
months. The qualitative sample included 24 teachers (eight per learning model), 36 students (12 per learning
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model), and six school principals, also selected purposively based on their experience with innovation
implementation.

Quantitative data were collected using three instruments: the 21st Century Skills Assessment (21CSA)
to measure 4C competencies (Cronbach’s o = 0.89), a Technology Integration Survey (a = 0.85), and a
Student Engagement Scale (oo = 0.87). For qualitative data, semi-structured interview guides, classroom
observation sheets, and focus group discussion protocols were used. Data collection occurred in two phases:
Phase 1 (quantitative, over three months) involved pre-tests and post-tests of 4C competencies in control and
experimental groups, along with surveys of teacher and student perceptions after 12 weeks of pedagogical
innovation implementation. Phase 2 (qualitative, over two months) included in-depth interviews with teachers
and students, three classroom observations per teacher, focus group discussions with school principals, and
analysis of implementation documents.

Quantitative analysis included descriptive statistics, paired t-tests, ANOVA, Cohen’s d effect sizes,
and multiple regression to identify predictors of success. Qualitative analysis followed a thematic approach
using both inductive and deductive coding, with data triangulation and member checking to ensure validity
and reliability. Participant characteristics showed that the 450 students were aged 15-17 (M = 16.2, SD = 0.8),
with 52% male and 48% female; 67% attended public schools, and most had access to smartphones (98%),
laptops (76%), and stable internet (82%). Among the 85 teachers, teaching experience ranged from 5 to 25
years (M = 12.4, SD = 6.2), with 56% teaching STEM and 44% Language subjects; 71% had attended
technology training, and attitudes oward innovation were largely positive (78%), with 18% neutral and only
4% negative.

3. RESULT AND DISCUSSION

3.1 Results

3.1.1 Impact of Pedagogical Innovations on 4C Competencies
Pre-Post Test Analysis

Table 1 shows significant improvements in all 4C competencies after pedagogical innovation
implementation:

Table 1. Comparison of 4C Competency Scores Pre and Post Tes.t

Competency Pre-test M(SD) Post-test M(SD) t p Cohen's d
Critical Thinking 2.84(0.67) 3.52(0.71) -15.23 | <0.001 0.98
Creativity 2.91(0.72) 3.41(0.68) -11.47 | <0.01 0.72
Collaboration 3.12(0.65) 3.78(0.59) -16.84 | <0.001 1.07
Communication 2.97(0.69) 3.56(0.64) -13.92 | <0.01 0.89

The results showed statistically significant improvements in all competencies with medium to large
effect sizes. Collaboration showed the highest improvement (d=1.07), followed by critical thinking (d=0.98),
communication (d=0.89), and creativity (d=0.72).

Comparison of Learning Model Effectiveness

Table 2. Effect Size Comparison of Various Learning Models.

Learning Model N Effect Size 95% CI Category
Project-Based Learning 156 1.24 [1.05, 1.43] Large
Flipped Classroom 147 0.98 [0.81, 1.15] Large
Gamification 147 0.87 [0.70, 1.04] Large
[ 404 )
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Analysis of Variance (ANOVA) showed significant differences between learning models
(F(2,447)=8.92, p<0.001). Post-hoc tests with Bonferroni correction revealed that PBL was significantly more
effective than gamification (p<0.01), but not significantly different from flipped classroom (p=0.08).

3.1.2  Qualitative Findings
Teacher Perceptions of Implementation

The thematic analysis of teacher interviews revealed five key themes regarding the implementation of
pedagogical innovations. First, teachers observed increased student engagement, noting a shift from passive
listening to active participation. As one teacher shared, "Students are more enthusiastic and actively ask
questions. They are no longer passive listeners but truly engaged in learning” (Teacher PBL-03). However,
teachers also faced technical challenges, particularly with unreliable internet connections and application
errors that disrupted lessons. "Sometimes technology doesn't support us. Slow internet or application errors
disrupt learning” (Teacher FC-05).

Another prominent theme was the changing role of teachers, who reported transitioning from being
the primary source of knowledge to acting as facilitators. "I have to learn to become a facilitator, no longer
the main source of information. It's challenging but enjoyable” (Teacher GAM-02). Teachers also highlighted
an increase in student collaboration, with more frequent teamwork fostering mutual respect and shared
responsibility. "Students work in teams more often. They learn to appreciate others' opinions and
compromise” (Teacher PBL-07). Lastly, there were concerns about assessment difficulties, particularly in
evaluating skills like creativity and collaboration. One teacher emphasized the need for better assessment
tools: "Assessing creativity and collaboration is not as easy as assessing memorization. Clear rubrics are
needed" (Teacher FC-01).

Student Perspectives

Students reported overwhelmingly positive experiences with the new pedagogical approaches. In
terms of learning motivation, many expressed that learning had become more enjoyable and dynamic.
"Learning becomes more fun, not monotonous like before. We can be creative and freely express opinions"”
(Student PBL-S08). They also noted improvements in collaboration skills, explaining that while group work
was initially challenging, it gradually became more manageable as they learned to divide tasks and
compromise. "Initially, group work was difficult, but now we're used to it. Learning how to compromise and
divide tasks" (Student GAM-S12).

Furthermore, students demonstrated growth in critical thinking, becoming more discerning and
analytical in how they processed information. "Now when we get information, we don't immediately believe it.
We check the source first, analyze it" (Student FC-S03). These insights indicate that pedagogical innovations
not only enhanced academic engagement but also contributed to students' broader cognitive and interpersonal
skill development.

Factors Influencing Success
Multiple regression analysis identified predictors of implementation success:
Table 3. Multiple Regression Analysis Results

Predictor p SE t p R?
Teacher Digital Competency 0.34 0.08 4.25 <0.001
Institutional Support 0.28 0.09 3.11 <0.01
Technology Infrastructure 0.24 0.07 3.43 <0.01
Teacher Attitude 0.19 0.06 3.17 <0.01
Overall Model 0.67

The regression model explained 67% of variance in implementation success (F(4,80)=40.68,
p<0.001). Teacher digital competency was the strongest predictor (f=0.34), followed by institutional support
(B=0.28), technology infrastructure (=0.24), and teacher attitude ($=0.19).
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3.2  Discussion
3.2.1 Effectiveness of Pedagogical Innovations

These findings are consistent with Vygotsky's social constructivism theory, which emphasizes the
importance of social interaction in learning. Effectively implemented pedagogical innovations facilitate
students' Zone of Proximal Development (ZPD) through appropriate scaffolding and peer-to-peer
collaboration.

The highest improvement in collaboration competency (d=1.07) aligns with research, which found
that technology-enhanced collaborative learning significantly improves teamwork and interpersonal
communication skills. This can be explained through social interdependence theory, which states that
cooperative learning structures create positive interdependence that encourages students to support each other
in achieving common goals.

3.2.2  Superiority of Project-Based Learning

PBL showed the highest effect size (d=1.24), which can be explained through Kolb's experiential
learning theory. PBL provides concrete experience, reflective observation, abstract conceptualization, and
active experimentation in a complete learning cycle. This aligns with findings that PBL significantly improves
students' problem-solving abilities and critical thinking.

The authenticity of projects in PBL also plays an important role. When students work on real-world
problems, they develop relevance and meaning in learning, which increases intrinsic motivation (Deci &
Ryan, 2000). Qualitative findings support this, where students reported increased engagement and learning
interest.

3.2.3  Role of Technology in Learning

Flipped classrooms and gamification showed significant effectiveness in enhancing 4C competencies.
Flipped classrooms enable personalized learning where students can access materials at their own pace, while
class time is optimized for higher-level activities such as analysis, synthesis, and evaluation.

Gamification utilizes self-determination theory to increase motivation through elements of autonomy,
competence, and relatedness. Point systems, levels, and leaderboards provide instant feedback supporting
extrinsic motivation, while narrative elements and choice provide autonomy supporting intrinsic motivation.

3.2.4  Success Factors
Teacher digital competency as the strongest predictor (=0.34) is consistent with the TPACK

(Technological Pedagogical Content Knowledge) model by Mishra, P., & Koehler, M. J. (2009). Teachers
need to master not only technology but also the integration of technology with pedagogy and content for
effective implementation.

Institutional support (p=0.28) reflects the importance of leadership and organizational culture in
educational change. This aligns with Kotter's change management theory, which emphasizes the importance
of top-down support in innovation implementation.

4. CONCLUSION

This study provides strong empirical evidence regarding the effectiveness of pedagogical innovations
in enhancing students' 21st-century competencies. Implementation of innovative learning models significantly
improved students' critical thinking, creativity, collaboration, and communication abilities with large effect
sizes.
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