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Introduction

Abstract: Vegetation is a community of plants of various species that live in
a certain environmental condition and interactions occur in it. The fact of the
vegetation analysis course material and has implications for students in
vegetation analysis lecture activities. The development of teaching materials
based on the potential of karst ecosystems can be carried out with a
biodiversity literacy approach. The aims of this study to develop vegetation
analysis materials supplements, by utilizing the results of vegetation
analysis and their interaction with plant root microorganisms in karst
ecosystems. The research mtheods used R&D method with the ADDIE
model. The stages of research are analysis, design, development,
implementation and evaluation. The results obtained showed that the form
of supplement materials based on biodiversity literacy in the vegetation
analysis course, had a validation result of 93.75% which was included in the
range of 81% to 100%, in the aspect of design the supplement materials was
91.67% that indicated very good quality,with in the range 81% to 100%, the
student response to the overall aspect in 94 %, where this value is included
in the very good category because it is in the range of 81 to 100%.

Keywords: Biodiversity literacy; Karst; Material supplements; Vegetation
analysis.

particularly microorganisms (Brown et al., 2021; Turner
et al., 2007). Vegetation is one of the main geographical

Vegetation refers to a community of plants from
various species living under specific environmental
conditions, interacting within these conditions.
Vegetation consists of various plant species that adapt
and interact with each other (Farhan, 2019; Golding,
2012). In the context of the global ecosystem, vegetation
plays a crucial role in the carbon cycle, water resource
management, and supporting biodiversity (McPhearson
et al., 2022; Schimel & Schaeffer, 2012). The presence of
vegetation in an area positively impacts ecosystem
balance, including the biological component of soil,

How to Cite:

features across most of Earth's surface. It consists of
various plants forming communities. Vegetation
involves only plants; when physical and other biotic
components are integrated with vegetation, an
ecosystem is formed.

Various forest types, gardens, grasslands, and
tundra are examples of vegetation (Garnier et al., 2016).
Vegetation studies have been developed using various
methods to analyze vegetation, aiding in characterizing
it for specific purposes. Both natural and artificial
ecosystems always consist of two main components:
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biotic and abiotic components. Vegetation, or plant
communities, is one of the biotic components occupying
specific habitats, such as forests, grasslands, shrubs, and
others (Umar, 2018). Vegetation is essential for
sustaining life on Earth. Besides serving as a primary
producer and energy driver by capturing solar energy,
vegetation performs various roles and functions in
different regions, adapting to existing vegetation types
(Regita et al, 2021). Vegetation functions include
shading, directing, pollutant absorption, and aesthetic
functions (Robinson, 2017, Werner, 2011). Moreover,
vegetation contributes to balancing carbon dioxide and
oxygen levels in the air, improving soil's physical,
chemical, and biological properties, and managing
groundwater (Andini et al., 2018; Schimel & Schaeffer,
2012).

One ecosystem with diverse vegetation is the karst
ecosystem. Vegetation in karst areas effectively protects
groundwater recharge areas and underground springs
(Canedoli et al., 2022; Zhang et al., 2019). Karst regions
are characterized by extensive and diverse natural
features, steep slopes, numerous sinkholes, prominent
and irregular limestone formations, caves, underground
flow systems, and varying structures at different
elevations (Williams, 2008). The uniqueness of karst
areas also leads to diverse biota inhabiting them (Perring
etal., 2013; Thomas et al., 2004). The International Union
for Conservation of Nature (IUCN) designates karst
areas as protected zones due to their role as
groundwater reservoirs, biodiversity, and non-
renewable karst resources. Gorontalo is one region in
Indonesia with significant karst potential (Syahril et al.,
2023).

Vegetation studies are often used to understand
ecosystem dynamics and their impact on environmental
changes locally and globally (Dendoncker et al., 2023;
Turner et al., 2007). This fact constitutes the substance of
the vegetation analysis course and has implications for
students' activities in vegetation analysis studies. The
development of teaching materials based on karst
ecosystem potential can use a biodiversity literacy
approach (Amin & Nath, 2023; Katili et al.,, 2021).
Biodiversity literacy aspects can serve as an approach to
developing vegetation analysis materials. Biodiversity
literacy refers to the ability to understand biodiversity
and apply this knowledge to explore aspects related to
biodiversity, including interactions between vegetation
and soil biotic components (Katili et al., 2021; Schultz &
Zelezny, 1998). In the next stage, this will influence
students' attitudes and sensitivity when making
decisions based on scientific considerations.
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Method

The method used in this research is the Research
and Development (R&D) method. Research and
Development (R&D) is a basic research activity aimed at
obtaining information about wuser needs (needs
assessment). The next stage involves development
activities to produce a product, followed by product
testing. The Research and Development method was
chosen because it is considered capable of providing
solutions and solving existing problems.

The use of the Research and Development (R&D)
method with the ADDIE model was employed to
develop supplementary teaching materials for the
vegetation analysis course. The ADDIE model consists
of five stages: analysis, design, development,
implementation, and evaluation. This ADDIE model is a
general instructional design with an organized process
for developing various learning materials applicable to
both traditional (face-to-face) classrooms and online
learning environments. However, this research is
limited to the Development stage.

Research and Develop Preliminary
Information Planning prelinunary field testing
collecting form of product
Operational Operational Main field Main product
field testing product testing revision
revision
Final product Dissemination
revision and
Implementation

Figure 1. The Flowchart of Development stage

Result and Discussion

The development of biodiversity literacy-based
teaching material supplements for the vegetation
analysis course resulted in a teaching material
supplement. The content in the developed teaching
material supplement is derived from previous research
on vegetation analysis in the Gorontalo karst ecosystem.
This development aligns with the Merdeka Belajar
Kampus Merdeka (MBKM) curriculum based on case
studies and the latest information needs in vegetation
analysis learning (Nasrudin & Parikesit, 2020; Syahril et
al., 2023).

Validation of the teaching materials showed
excellent results, with a score of 93.75%. This reflects the
success of the ADDIE model in designing and
developing teaching materials relevant to student needs
and the curriculum (Branch, 2009). The ADDIE model
provides a systematic structure from needs analysis to
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final evaluation, ensuring the quality of teaching
materials (Brown et al., 2021; Kartawinata & Abdulhadi,
2016). Student responses to the teaching material
supplement were also very positive, with a percentage
of 94%. This indicates that the biodiversity literacy
approach in teaching materials successfully enhanced
students' understanding. Biodiversity literacy facilitates
students in comprehending the complex relationships
between vegetation, soil, and microorganisms in karst
ecosystems (Katili et al., 2021; Turner et al., 2007).

The teaching material supplement also provides
insights into the relationship between vegetation
structure, karst topography, and soil microorganisms, as
previously explained in Syahril et al. (2023). Karst
topography, with unique characteristics such as steep
slopes, caves, and underground flow systems, influences
vegetation distribution patterns and overall ecosystem
interactions. Perring et al. (2013) indicated that
topographic variations could create microhabitats
supporting high biodiversity, while Thomas et al. (2004)
highlighted how specific adaptations in karst
ecosystems maintain ecosystem stability despite
extreme conditions. By providing real-world case-based
understanding, students can develop critical thinking
skills necessary for solving ecological problems (Perring
et al., 2013; Schultz & Zelezny, 1998).

Given the validation results and student responses,
this supplement is not only relevant for vegetation
analysis learning but also contributes to conservation
education in Gorontalo. Students, as conservation
agents, can use this material to enhance awareness and
protection actions for vulnerable and unique Kkarst
ecosystems (Canedoli et al., 2022).

Conclusion

The developed material supplement, containing
research findings on karst vegetation analysis and based
on biodiversity literacy in the vegetation analysis course,
has been validated as suitable for use according to
design experts and content experts. The supplement
materials based on biodiversity literacy in the vegetation
analysis course, had a validation result 93.75% which
included in the range of 81% to 100%, in the aspect of
design the supplement materials showed 91.67%, that
indicated very good quality, with in the range 81% to
100% and the student response to the overall aspect in
94%, where this value is included in the very good
category because it is in the range of 81 to 100%. The
practicality of this developed product has been tested
based on evaluations by biology students at FMIPA,
State University of Gorontalo .
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