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The plant anatomy course studies the internal structures of plant 
organs, which cannot be observed directly, making it a challenging 
subject for students. Currently, no instructional media presents direct 
observation images of the epidermis and stomata of bougainvillea 
plants, which hinders students’ conceptual understanding. This study 
aims to develop a plant anatomy e-atlas focusing on the epidermis and 
stomata structures of bougainvillea (Bougainvillea spp.) as an 
instructional medium, and to evaluate its feasibility. The anatomical 
structures of the epidermis and stomata were identified from 
observations of eight bougainvillea varieties found at Widya Mandira 
Catholic University in Kupang. This research employed a Research 
and Development (R&D) method using the ADDIE model (Analysis, 
Design, and Development). The study began with an analysis of the 
epidermis and stomata structures using the replica method. The 
results were presented as images and then designed into an atlas 
format. The feasibility of the e-atlas was evaluated through expert 
validation. The findings revealed that: (1) The epidermal structure of 
bougainvillea leaves varies, with some varieties showing elongated and 
irregular shapes, while others exhibit pentagonal or hexagonal shapes; 
(2) Five types of stomata were identified: anomocytic, diacytic, 
paracytic, actinocytic, and anisocytic; (3) The validation results from 
the content expert and media expert were 84.44% and 83%, 
respectively, both falling into the 'highly valid' category. In conclusion, 
although all bougainvillea varieties belong to the same genus, they 
exhibit diverse epidermal and stomatal structures, and the developed 
e-atlas is feasible for use as instructional media in plant anatomy 
courses for Biology Education students. 
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INTRODUCTION  

Education is a learning process that involves the transfer of knowledge, skills, and habits 

through teaching, training, or research (Ahmad et al., 2023). In 21st-century learning, students are 

expected to possess several skills, namely communication, collaboration, problem-solving, and 
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creativity (Adi et al., 2021). "Life in the 21st century requires individuals to master various skills 

that are expected and can be developed through education in order for students to succeed. In the 

field of education, instructional media play a crucial role in helping students understand the 

material being studied. According to the Association for Education and Communication 

Technology (AECT), media refers to any form used in the process of delivering information. 

According to the Education Association, media are objects used in learning activities that can 

influence the effectiveness of instructional programs (Ramli, 2015). Media are divided into six main 

categories: text, audio, visuals, video, models (objects), and people. The purpose of media is to 

facilitate communication and learning. Media are tools, methods, and techniques used to enhance 

communication and interaction in a more effective educational process (Ahmad et al., 2023).   

Based on interviews conducted with students enrolled in the Plant Anatomy course, it was 

found that some microscopic materials were quite difficult for students to understand, particularly 

the structure of the epidermis and stomata in plants. This difficulty is compounded by the limited 

availability of media that can directly display the anatomical parts of plants being studied, making 

it challenging for students to clearly comprehend the material. Another contributing factor is that 

the learning resources used in the instructional process do not present clear images, as the visuals 

shown during lessons are merely black-and-white illustrations. As a result, students’ ability to 

visualize and understand the structure of the epidermal tissue and stomata remains inadequate. 

Another issue faced is the limited provision of microscopes by the university for student use during 

observations, which has led to students not fully mastering or understanding how to use a 

microscope or identify the results of their observations—this becomes a significant obstacle. 

Furthermore, no previous research has been conducted on bougainvillea plants, particularly 

concerning the anatomical structure of the epidermis and stomata, to be developed as instructional 

media for plant anatomy.  

Arising from the problems previously described, the limited availability of instructional 

media for plant anatomy is one of the challenges faced by both lecturers and students during the 

learning process. One effort to address this issue is the need for an innovative learning medium 

that can support and facilitate students’ learning activities. One type of instructional media suitable 

for the aforementioned problem is the e-atlas. In this study, an e-atlas was developed with a focus 

on the sub-topic of the epidermis and stomata structures. This medium is designed with criteria 

that support students’ learning processes, particularly by providing visualizations, such as images 
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that allow students to directly observe internal structures—especially the epidermis and stomata—

and help them visualize these structures more realistically and in a way that is easier to study. 

Moreover, this e-atlas learning media can be easily accessed by students via smartphones, 

computers, and other electronic devices, thus minimizing students' expenses for printing the atlas. 

Therefore, this electronic atlas represents an appropriate and practical option.  

This is supported by previous research which states that an e-atlas can assist in delivering 

abstract material by making it more concrete (Rosaningdyah et al., 2024). Other studies have shown 

a significant difference between pre-test and post-test results in the use of e-atlas in biology 

learning. This indicates that the e-atlas is effective as a learning medium for biology (Ardiana, et 

al., 2023). In addition, research on the effectiveness of an electronic atlas containing plant 

biodiversity from Bukit Barisan Selatan National Park (TNBBS) in differentiated biology learning 

shows that a plant biodiversity atlas is highly suitable for use in biology education. The 

effectiveness test results showed a score of 0.56, which falls into the moderate category, with the 

highest effectiveness observed in students with visual learning styles (Wiono et al., 2023). 

Therefore, this study was conducted to develop an e-atlas of the anatomical structure of the 

epidermis and stomata in bougainvillea plants as a learning medium for plant anatomy. The novelty 

of this research lies in the fact that the images presented in the e-atlas are based on the researcher’s 

own identification of the anatomical structures of the epidermis and stomata in bougainvillea. 

Previously, there has been no e-atlas that contains the anatomical structure of the epidermis and 

stomata in bougainvillea plants. 

RESEARCH METHOD  

This type of research falls under research and development (R&D). The method used is 

descriptive quantitative research, which aims to determine the quality of the e-atlas media based 

on validation results. 

Research Design  

This study uses the ADDIE development model, but only up to the third stage: Analyze, 

Design, and Development. The analysis stage is the process of defining activities such as needs 

analysis, problem identification, and material analysis. The output of this stage includes an 

understanding of learner characteristics, gap identification, needs assessment, and task analysis 

based on the identified needs (Nurdiana, 2019). This stage begins with interviews conducted with 

biology education students enrolled in the Plant Anatomy course to explore the challenges and 
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needs they experience during lectures. At this stage, the identification of the anatomical structure 

of the epidermis and stomata in bougainvillea plants was also carried out as material for content 

development.  

The design stage includes various planning phases in the development of instructional 

media, starting from designing according to students’ needs, such as determining the content, 

format and size of the media, selecting the type and size of fonts, choosing illustrations for the 

content, deciding on the color theme of the material to be presented, as well as selecting the 

language used and writing the media script. The development stage involves the production of the 

instructional media in the form of an e-atlas. At this stage, the developed media is validated by 

media experts and subject matter experts to identify any shortcomings, followed by revisions or 

improvements. Afterward, the media is revalidated to assess its feasibility. 

Research Procedure  

The tools used to observe the structure of the epidermis and stomata included a microscope, 

cover glass, label paper, and a camera. The materials used were bougainvillea leaves, clear nail 

polish, transparent tape, and tissue. The tools and materials used for the development of the e-

atlas included a laptop, a camera, and images resulting from observations of the anatomical 

structure of the epidermis and stomata of bougainvillea leaves. The software used included 

Microsoft Word and supporting applications such as the Anyflip website. 

The steps taken before identifying the structure of the epidermis and stomata on 

bougainvillea leaves were as follows: the leaves were first wiped with tissue to remove dust and 

dirt. Then, the clean lower surface of the leaf was coated with clear nail polish and left to dry for 

approximately 5–10 minutes. After drying, the nail polish layer was covered with transparent tape, 

pressed evenly, and then slowly peeled off. The resulting imprint was then placed on a microscope 

slide. Finally, the slide with the imprint was observed under a microscope (Fauziah & Izzah, 2019 

dalam Niswatul & Aýun, 2022). 

The identified structures of epidermis and stomata were then compiled into a prototype of 

a plant anatomy e-atlas. This product was subsequently validated by subject matter experts and 

media experts to assess its feasibility as an instructional medium. 

Data Analysis Technique   

The data analysis used in this study consists of both qualitative and quantitative analysis. 

Qualitative data were obtained from feedback and suggestions provided by subject matter experts 
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and media experts. Meanwhile, quantitative data were obtained from the assessment questionnaires 

completed by these experts. The results from the validation sheets provided by the subject matter 

and media experts were analyzed using descriptive quantitative methods with percentage 

techniques. To calculate the percentage from the validation sheets, the following formula was used: 

𝐏𝐞𝐫𝐜𝐞𝐧𝐭𝐚𝐠𝐞 (%)   =  
𝒔𝒄𝒐𝒓𝒆 𝒐𝒃𝒕𝒂𝒊𝒏𝒆𝒅

𝒎𝒂𝒙𝒊𝒎𝒖𝒎 𝒑𝒐𝒔𝒔𝒊𝒃𝒍𝒆 𝒔𝒄𝒐𝒓𝒆
 𝒙 𝟏𝟎𝟎% 

With the following criteria for media validation scores:  

Table 1. Media Validation Score Criteria 

Source: (Aziz, 2019) 

RESEARCH RESULT 

Based on observations of various bougainvillea plant varieties collected from the campus 

environment of Widya Mandira Catholic University in Kupang, eight varieties of bougainvillea 

were identified. These eight types include Bougainvillea Afterglow, Bougainvillea Variegata, 

Bougainvillea Bambino Pedro, Bougainvillea Coconut Ice, Bougainvillea Glabra, Bougainvillea 

California Gold, Bougainvillea Barbara Karst, and Bougainvillea Cherry Blossom. The following 

are the epidermis and stomata structures of bougainvillea plants observed under a microscope at 

40x and 100x magnification.  

 

Figure 1. a) Bougainvillea Afterglow b) Epidermis and stomata of Bougainvillea Afterglow 

Description Score Percentage 

Very Invalid 1 0% - 20% 

Invalid 2 21% – 40% 

Fairly Valid 3 41% - 60% 

Valid 4 61% - 80% 

Very Valid 5 81% - 100% 
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Figure 2. a) Bougainvillea Variegata b) Epidermis and stomata of Bougainvillea Variegata  

 

 

Figure 3. a) Bougainvillea Bambino Pedro b) Epidermis and stomata of Bougainvillea Bambino Pedro 

 

 

Figure 4. a) Bougainvillea Coconut Ice b) Epidermis and stomata of Bougainvillea Coconut Ice 
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Figure 5. a) Bougainvillea Glabra b) Epidermis and stomata of Bougainvillea Glabra 

 

 

Figure 6. a) Bougainvillea California Gold b) Epidermis and stomata of Bougainvillea California Gold 

        

 
Figure 7. a) Bougainvillea Barbara Karst b) Epidermis and stomata of Bougainvillea Barbara Karst 
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Figure 8. a) Bougainvillea Cherry Blossom b) Epidermis and stomata of Bougainvillea Cherry Blossom 

 
Table 1. Expert Material Validation Results 

Total Score Obtained 38 

 

Percentage (%)  =     
𝑜𝑏𝑡𝑎𝑖𝑛𝑒𝑑 𝑠𝑐𝑜𝑟𝑒

𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑠𝑐𝑜𝑟𝑒 
𝑥 100%  

38

45
𝑥 100% 

      = 84,44 % 

Criteria  Highly valid 

 
Table 2. Expert Media Validation Results 

Total Score Obtained 83 

 

Percentage (%)  =     
𝑜𝑏𝑡𝑎𝑖𝑛𝑒𝑑 𝑠𝑐𝑜𝑟𝑒

𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑠𝑐𝑜𝑟𝑒 
𝑥 100%  

83

100 
𝑥 100% 

      = 83 % 

Criteria  Highly valid 

The qualitative data obtained includes input and suggestions from the media expert validator, 

specifically to add the word "leaf" to the e-atlas title on the cover to avoid ambiguity. 

DISCUSSION  

The observation of the epidermis and stomata structures in the leaves of various 

bougainvillea plant types showed that each type possesses different epidermal shapes and stomatal 

types, despite belonging to the same genus. In terms of epidermal shape, the eight bougainvillea 

varieties display various forms: the epidermis of Bougainvillea Afterglow, Barbara Karst, Cherry 

Blossom, and Bambino Pedro is elongated and irregular; Bougainvillea Variegata, Coconut Ice, 

California Gold, and Glabra exhibit irregular shapes; Bougainvillea Bambino Pedro and Variegata 

show pentagonal shapes, and Bougainvillea Variegata also displays hexagonal shapes. Meanwhile, 

five different stomatal types were identified among the eight bougainvillea varieties: anomocytic 
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(found in Barbara Karst and Cherry Blossom), diacytic (Glabra and California Gold), paracytic 

(Coconut Ice), actinocytic (Variegata and Bambino Pedro), and anisocytic (Afterglow). The 

observations were conducted using a microscope with 40x and 100x magnifications. In general, 

stomatal types can vary from one plant species to another, and even among plants of the same 

species, different stomatal types may be present, as supported by previous research (Prastika et al., 

2023) 

Stomata are pores on the epidermis that are flanked by two guard cells. In dicotyledonous 

plant leaves, the guard cells are generally kidney-shaped, whereas in monocotyledonous plants, 

they typically have a uniform shape—narrow in the middle and wider at the ends when viewed 

from the cell surface (Haryanti, 2010). The types of stomata on leaves vary greatly depending on 

the relationship between the stomata and the surrounding epidermal cells (Prastika et al., 2023). 

Plants in the class Magnoliopsida generally have kidney-shaped stomata. The stomata are 

surrounded by guard cells, whose number and position relative to the stomatal pore may vary (Anu 

et al., 2017). Likewise, epidermal cells can have various shapes. 

The differences in stomatal types found among species within the same genus are caused by 

variations in the plants' adaptive forms to their environment and the habitat in which they grow 

(Prastika et al., 2023). The variation in stomatal types found in each plant species is a form of 

adaptation to the environment and habitat in which the plant grows. Modifications in stomatal 

types can occur even within the same plant species or among different plants of the same genus. 

In fact, within the same organ—such as leaves of the same plant species—variations in stomatal 

types may also be observed. The variation of stomatal types within a single genus is influenced by 

both internal factors (genetic traits) and external factors (habitat or environment) (Prastika dkk., 

2023). Based on the results above, it can be concluded that although the eight plant varieties belong 

to the same genus, Bougainvillea, anatomically they exhibit differences in epidermal shapes and 

stomatal cell types—both in terms of type and form—across each variety or species. These 

differences are influenced by genetic factors, habitat, and the moisture levels of the environment 

or habitat in which they grow.  

Based on the assessments given by the material expert and media expert validators, the 

percentage score from the material expert was 84.44%, which falls into the 'very valid' category. 

Meanwhile, the score obtained from the media expert was 83%, also classified as 'very good'. This 
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indicates that the learning media is suitable to be used as a teaching tool for plant anatomy to 

support the learning process and discussions for Biology Education students. 

In addition, qualitative data in the form of suggestions and input from the media expert 

validator included the recommendation to add the word 'leaf' to the title of the e-atlas to avoid 

ambiguity, as epidermal structures are not only found on leaves but also on roots, stems, seeds, 

fruits, and flowers. Ambiguity is a linguistic error—whether in words, phrases, or sentences—that 

leads to unclear communication. Such ambiguity can result in misunderstandings when interpreting 

learning resources (Suwarna, 2022). Therefore, the writing of teaching materials and learning media 

should use effective sentences. Effective sentences can enhance reader comprehension, strengthen 

the message being conveyed, and minimize the potential for misunderstandings (Sofwan, et al., 

2024). Based on the validator's suggestion to avoid ambiguity and considering the importance of 

using effective sentences, the title on the cover—originally E-Atlas of the Anatomical Structure of the 

Epidermis and Stomata of Bougainvillea Plant Varieties (Bougainvillea spp.)—was revised to E-Atlas of the 

Anatomical Structure of Leaf Epidermis and Stomata of Bougainvillea Plant Varieties (Bougainvillea spp.).  

CONCLUSION 

The epidermis and stomata of bougainvillea plants differ despite belonging to the same 

genus. Bougainvillea plants have various epidermal shapes, including elongated, irregular, 

pentagonal, and hexagonal forms. Five types of stomata were found among the eight bougainvillea 

plant varieties: anomocytic, diacytic, paracytic, actinocytic, and anisocytic. Differences in epidermal 

structure and stomatal types among species within the same genus are influenced by internal 

factors (genetic traits) and external factors (habitat or environment), including species-specific 

adaptations to their surroundings, the habitat in which the plants grow, and the moisture levels of 

the environment or habitat. 

Based on the results of the research presented, the developed e-atlas of the anatomical 

structure of the epidermis and stomata of various bougainvillea plant species (Bougainvillea spp.) 

is deemed suitable for use as a learning medium in plant anatomy. The e-atlas has undergone a 

validity test, with the assessments by subject matter experts and media experts yielding feasibility 

percentages of 84.44% and 83%, respectively, which fall into the 'very valid' category. The results 

of this study can serve as a foundation for future researchers to conduct practicality and 

effectiveness tests of the product for implementation in learning activities. 
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