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ABSTRACT

	Background: Riverbank degradation caused by land-use change, conversion of riparian vegetation, and uncontrolled utilization without conservation practices accelerates erosion, sedimentation, and increases flood risk. The loss of protective vegetation weakens river morphological stability and reduces ecological functions. Green infrastructure, as a nature-based solution, provides a sustainable approach through vegetation-based and bioengineering techniques to stabilize riverbanks and enhance ecosystem services. However, the effectiveness of green infrastructure implementation strongly depends on community knowledge, attitudes, and active participation. Therefore, an appropriate educational model is needed to strengthen community capacity in sustainable riverbank management.
Aims: To develop and evaluate the effectiveness of the ALICA (Attention, Learning, Instruction, Coordination, and Action) education model in enhancing community knowledge and attitudes toward riverbank protection through green infrastructure.
Study design:  Research and Development (R&D) using the ADDIE model framework.
Place and Duration of Study: The study was conducted in Kale Bentang Village, involving community members living along the riverbanks. The research was carried out during the 2025 academic year.
Methodology: The subjects were riverbank communities participating in the ALICA-based training program. Data were collected using pretest–posttest instruments to measure knowledge and attitudes toward river ecology, erosion and landslide mitigation, protective vegetation, and elephant grass cultivation as part of green infrastructure. Data were analyzed using descriptive statistics and paired sample t-tests with a significance level of α = 0.05.
Results: The findings indicated significant improvements in community knowledge (from 0.35 to 0.82) and attitudes (from 34.74 to 84.14) after the intervention (p < 0.05). All indicators showed statistically significant differences between pretest and posttest scores, confirming the effectiveness of the model.
Conclusion: The ALICA education model effectively improves environmental literacy and fosters pro-environmental attitudes. It can be considered a community empowerment–based learning model that supports sustainable riverbank protection through green infrastructure implementation.
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1. INTRODUCTION

Riverbank degradation remains a critical environmental issue. Land-use change, conversion of riparian vegetation, intensive agricultural activities, and uncontrolled riverbank utilization without conservation principles have accelerated erosion and sedimentation while increasing flood risk. Recent studies indicate that the loss of riparian vegetation significantly reduces riverbank stability and worsens river hydromorphological dynamics, particularly in areas experiencing high anthropogenic pressure (Yu et al., 2020; Bywater et al., 2022). In addition, degradation of riparian zones contributes to declining water quality and the loss of ecological functions of rivers as buffers for biodiversity and regulators of the hydrological cycle. 

In response to these challenges, the green infrastructure approach has increasingly been recognized as an effective and sustainable nature-based solution for riverbank management. Green infrastructure utilizes vegetation, bioengineering techniques, and natural systems to enhance water infiltration, strengthen soil structure, and reduce surface runoff. Previous studies have shown that riparian vegetation restoration and vegetation-based stabilization techniques can significantly reduce erosion rates while enhancing ecosystem services such as water retention and carbon sequestration (Puskás et al., 2021; Oral et al., 2020). Therefore, the application of green infrastructure along riverbanks is not only focused on technical conservation measures but also on promoting the socio-ecological sustainability of communities living in surrounding areas.

However, the successful implementation of green infrastructure largely depends on community capacity as the primary actors in environmental management. Several studies emphasize that low environmental literacy, limited technical skills, and the lack of participatory educational approaches are major barriers to the implementation of nature-based solutions at the community level (Ardoin et al., 2020; Wamsler et al., 2020). Contextual, collaborative, and experiential environmental education has been proven to be more effective in promoting behavioral change and strengthening communities’ adaptive capacity to address environmental challenges.

Based on these needs, this study proposes the ALICA (Attention, Learning, Instruction, Coordination, and Action) model as a community-based educational approach for the application of green infrastructure along riverbanks. The ALICA model integrates principles of adult learning (andragogy), experiential learning, and collaborative learning. Each stage is designed to build environmental awareness, strengthen conceptual understanding, provide systematic technical guidance, encourage social coordination, and facilitate concrete field-based actions. This study aims to develop and evaluate the effectiveness of the ALICA education model in improving community knowledge and attitudes regarding the application of green infrastructure as a sustainable strategy for riverbank protection.

2. methods

This study employed a Research and Development (R&D) approach based on the ADDIE model, which consists of five stages: analysis, design, development, implementation, and evaluation. The research was conducted in Kale Bentang Village and involved 60 community members who live and carry out activities along the riverbanks. The development stage included expert validation of the training materials and instruments. The implementation stage consisted of a large-group trial. Data were collected to measure knowledge and attitudes using pretest–posttest instruments. Data analysis was conducted using paired sample t-tests to determine the effectiveness of the model.

3. results and discussion

3.1 Result

The ALICA model consists of five sequential stages of learning. The first stage ensures that participants focus their attention on the topic being discussed, particularly issues of flooding and erosion along the riverbanks. Participants’ attention and reflection on erosion problems foster knowledge development and awareness of real environmental phenomena. The Learning stage facilitates conceptual understanding of green infrastructure and elephant grass cultivation. The Instruction stage provides structured guidance on technical procedures. The Coordination stage emphasizes collaboration and role-sharing among participants, while the Action stage involves hands-on practice in planting and maintaining elephant grass along the riverbanks. These stages align with principles of andragogy and contextual learning theory, enabling participants to connect training content with their daily experiences. Therefore, the five stages Attention, Learning, Instruction, Coordination, and Action form the ALICA model.

The achievement of learning objectives is indicated by changes in community knowledge regarding the implementation of green infrastructure as a solution to local environmental problems. Descriptive analysis was conducted to provide an overview of the distribution and trends of pretest and posttest scores across each material indicator. This analysis aimed to preliminarily assess the extent to which the learning model contributed to improvements in participants’ understanding before further inferential testing. 

This descriptive approach is important because it reveals patterns of knowledge improvement from initially low categories to higher categories following experiential and practice-based learning interventions. Thus, the descriptive findings serve as a foundation for understanding the initial effectiveness of the ALICA model in enhancing community cognitive capacity related to green infrastructure-based riverbank management.

3.1.1 Descriptive Analysis

The results of the descriptive analysis of pretest and posttest scores for each knowledge indicator are presented in the following table. The table displays the mean scores before and after the intervention along with their interpretative categories based on a 0–1 interval scale. This comparison provides a clear overview of changes in community knowledge after completing all learning stages of the ALICA model.

Table 1. Description of Community Knowledge in Riverbank Protection

	Knowledge of Green Infrastructure
	Mean Pretest
	Category
	Mean Posttest
	Category

	Knowledge about rivers
	0.38
	Low
	0.85
	Very High

	Knowledge about erosion and sedimentation
	0.35
	Low
	0.84
	Very High

	Knowledge about landslides
	0.30
	Low
	0.74
	High

	Knowledge about protective riverbank vegetation
	0.37
	Low
	0.86
	Very High

	Knowledge about elephant grass cultivation on riverbanks
	0.33
	Low
	0.82
	Very High

	Average
	0.35
	Low
	0.82
	Very High



The results of the descriptive analysis indicate that prior to the implementation of the ALICA education model, community knowledge across all indicators was categorized as low, with an average score of 0.35. This finding suggests that participants did not yet have sufficient understanding of the fundamental concepts of green infrastructure-based riverbank management.

After participating in the ALICA learning model, a substantial improvement was observed across all knowledge indicators. The average posttest score increased to 0.82. The shift from low categories in the pretest to high and very high categories in the posttest demonstrates that the ALICA model was effective in enhancing the community’s cognitive capacity. Contextual, participatory, and practice based learning approaches proved capable of strengthening both conceptual understanding and technical readiness in applying green infrastructure for sustainable riverbank protection.

Beyond cognitive improvement, the effectiveness of the ALICA model must also be assessed in terms of affective changes, particularly community attitudes toward green infrastructure-based riverbank management. The significant increase in knowledge is expected not only to enhance conceptual understanding but also to foster positive attitudes and stronger environmental awareness. Therefore, following the analysis of knowledge levels, a descriptive analysis of community attitude scores before and after the implementation of the ALICA model was conducted. This analysis aimed to determine the extent to which the learning intervention fostered community concern, commitment, and readiness to implement sustainable riverbank protection practices.

Table 2. Description of Community Attitudes Toward Riverbank Protection

	Knowledge of Green Infrastructure
	Mean Pretest
	Category
	Mean Posttest
	Category

	Attitudes toward rivers
	38.45
	Low
	84.90
	Very High

	Attitudes toward erosion and sedimentation
	35.10
	Low
	83.55
	Very High

	Attitudes toward landslides
	30.10
	Low
	84.30
	Very High

	Attitudes toward protective riverbank vegetation
	37.25
	Low
	85.55
	Very High

	Attitudes toward elephant grass cultivation on riverbanks
	32.80
	Low
	82.40
	Very High

	Average
	34.74
	Low
	84.14
	Very High



The descriptive analysis shows that prior to the implementation of the ALICA education model, community attitudes toward riverbank protection and the application of green infrastructure were categorized as low across all indicators, with an average pretest score of 34.74. This indicates that, at the initial stage, community members did not yet demonstrate a strong attitudinal inclination toward river management, erosion and landslide mitigation, or the application of protective vegetation and elephant grass cultivation as components of green infrastructure.

Following the implementation of the ALICA model, a substantial improvement was observed across all attitude indicators, with the average posttest score increasing to 84.14, categorized as very high. The shift from low to high and very high categories demonstrates that the ALICA model not only enhanced cognitive aspects but also significantly influenced the affective domain. The Coordination and Action stages, which emphasize active participation and hands-on field practice, contributed to strengthening community commitment, environmental concern, and readiness to implement green infrastructure as a sustainable riverbank protection strategy.

3.1.2 t-Test Analysis

The effectiveness of the implemented educational model was analyzed using a paired sample t-test to compare pretest and posttest scores on each knowledge and attitude indicator. This test aimed to determine whether there were significant differences after the community received instruction related to river theory and the implementation of green infrastructure on riverbanks. The testing criterion was set at a significance level of α = 0.05. If the Sig. (2-tailed) value < 0.05, it indicates a significant difference between the scores before and after the treatment.

Table 3. Paired Sample t-Test of Knowledge

	Knowledge of Green Infrastructure
	t-value
	Sig. (2-tailed)
	Remark

	Knowledge about rivers
	16.842
	0.000
	Significant

	Knowledge about erosion and sedimentation
	17.115
	0.000
	Significant

	Knowledge about landslides
	14.563
	0.000
	Significant

	Knowledge about slope-protecting vegetation
	18.204
	0.000
	Significant

	Knowledge about elephant grass cultivation on riverbanks
	17.487
	0.000
	Significant



The results of the paired sample t-test indicate that all knowledge indicators experienced a significant improvement after the implementation of the educational model. The indicator of knowledge about rivers obtained a t-value of 16.842 with a significance value of 0.000 (< 0.05), indicating a significant difference between the pretest and posttest scores. Knowledge of erosion and sedimentation showed a t-value of 17.115 with a significance of 0.000, while knowledge of landslides obtained a t-value of 14.563 with a significance of 0.000. Furthermore, the indicator of knowledge about slope-protecting vegetation demonstrated the highest t-value of 18.204, followed by knowledge of elephant grass cultivation on riverbanks with a t-value of 17.487.

All significance values were below 0.05, confirming that the implemented educational model was effective in improving community understanding across all subject areas. Therefore, it can be concluded that the learning intervention had a significant positive impact on enhancing the cognitive aspect of the community.

Furthermore, after confirming a significant difference in the knowledge aspect, the analysis was continued on the attitude variable using a paired sample t-test. This test aimed to determine whether the implemented educational model also had a significant effect on changes in community attitudes before and after the treatment. The results of the t-test analysis on the attitude variable are presented in Table 4 below.

Table 4. Paired Sample t-Test of Attitudes

	Riverbank Protection Attitudes
	t-value
	Sig. (2-tailed)
	Remark

	Attitude toward rivers
	17.025
	0.000
	Significant

	Attitude toward erosion and sedimentation
	16.882
	0.000
	Significant

	Attitude toward landslides
	13.954
	0.000
	Significant

	Attitude toward slope-protecting vegetation
	18.011
	0.000
	Significant

	Attitude toward elephant grass cultivation on riverbanks
	17.336
	0.000
	Significant



The analysis of the attitude variable shows a similar pattern. All attitude indicators experienced significant improvement after the intervention. Attitudes toward rivers obtained a t-value of 17.025 with a significance of 0.000, while attitudes toward erosion and sedimentation showed a t-value of 16.882 with a significance of 0.000. The attitude toward landslides had a t-value of 13.954, which remained significant at α = 0.05. Meanwhile, attitudes toward slope-protecting vegetation obtained a t-value of 18.011, and attitudes toward elephant grass cultivation on riverbanks obtained a t-value of 17.336, all with significance values of 0.000.

These findings indicate that the educational model not only enhanced the cognitive (knowledge) aspect but also successfully fostered positive community attitudes toward riverbank management based on green infrastructure. Therefore, the implemented learning model is proven effective in strengthening community awareness, concern, and readiness to sustain river environmental management.

3.2 Discussion

The research results indicate that the ALICA model, which consists of the stages Attention, Learning, Instruction, Coordination, and Action, is effective in improving community knowledge and attitudes toward riverbank protection based on green infrastructure. The increase in knowledge scores from the low category (0.35) to the very high category (0.82) suggests that a contextual and participatory learning approach is capable of bridging the community’s understanding gap regarding the ecological functions of rivers, erosion and landslide mitigation, and the importance of slope-protecting vegetation.

These findings are consistent with recent studies emphasizing that experiential learning and field-based practice significantly enhance community environmental literacy (Nepraš et al., 2022). Environmental education linked to real-life issues surrounding participants has been shown to be more effective than purely theoretical approaches, as it fosters emotional engagement and contextual relevance (González et al, 2020). Within the ALICA model, the Attention and Learning stages build initial awareness, while the Instruction and Action stages strengthen technical competencies through hands-on practice in cultivating elephant grass as an application of green infrastructure.

The highest increase in the indicator of knowledge about slope-protecting vegetation demonstrates that communities respond positively to practical and directly applicable materials related to their land protection needs. This aligns with Manes et al. (2022) and Cao & Wantzen. (2023), who argue that interventions based on local solutions, particularly nature-based solutions, enhance public understanding more effectively because they provide tangible and measurable benefits. Slope-protecting vegetation and elephant grass cultivation, as components of green infrastructure, represent concrete forms of nature-based solutions that are easily adopted by communities.

The results of the paired sample t-test reinforce the descriptive findings that all knowledge indicators experienced significant improvement (Sig. 0.000 < 0.05). Statistically, this indicates that the observed changes were not merely natural fluctuations but were directly attributable to the learning intervention. These findings are consistent with community-based education research emphasizing that collaborative and participatory learning designs have a significant impact on enhancing community cognitive capacity (Goggins & Hajdukiewicz, 2022).

Beyond the cognitive aspect, this study also demonstrates a significant improvement in the affective domain. The average attitude score increased from the low category (34.74) to the very high category (84.14). This improvement indicates that the ALICA model not only transfers knowledge but also fosters environmental commitment and concern. The Coordination and Action stages play a crucial role, as they involve social collaboration and real-world practice, which, according to environmental behavior change theory, strongly influence the development of pro-environmental attitudes (Smith et al., 2021).

Theoretically, the relationship between increased knowledge and attitude change supports the Knowledge, Attitude and Behavior (KAB) Model, which posits that a strong understanding of environmental issues forms the foundation for positive attitudes and sustainable behavior (Nahavandian et al., 2022). In this study, the significant improvement in both variables demonstrates that the ALICA model successfully integrates cognitive and affective dimensions simultaneously. This integration is particularly important in community-based river management, where the sustainability of conservation practices depends heavily on collective awareness and long-term commitment.

Therefore, the ALICA model can be categorized as a community empowerment–based educational model that effectively enhances environmental literacy while strengthening community readiness for implementation. The integration of andragogical principles, contextual learning, and hands-on practice makes this model highly relevant for environmental risk mitigation programs in riverbank areas, particularly in strengthening vegetation-based green infrastructure.

4. Conclusion

The ALICA training model serves as an effort to develop community knowledge and attitudes toward riverbank protection through the green infrastructure approach. The analysis results indicate that communities who participated in the training gained knowledge regarding the implementation of environmentally friendly technologies. The improvement in community knowledge after the educational intervention contributed to the formation of positive attitudes and their willingness to participate in applying these practices.
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