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Abstract. Learning animal anatomy in higher education often suffers from limitations in terms
of visual media and practical time. Technology-based solutions such as web-based electronic
atlases (e-atlases) can improve conceptual understanding and support digital continuous
learning. This study aims to evaluate the effectiveness of web-based e-atlas in improving biology
students' animal anatomy learning outcomes through a flipped classroom approach. This study
used the ADDIE development model and a quasi-experimental design with a pretest-posttest
control group approach. A total of 130 third semester students from three universities in
Yogyakarta were divided into control (n=64) and experimental (n=66) classes. Instruments in
the form of objective tests were validated by experts, and data were tested using Gain Score, N-
gain, and t-test with parametric assumptions. The experimental class using e-atlas showed a
significant increase in learning outcomes (N-gain=0.75; high category) compared to the control
class (N-gain=0.29; low category), with significant differences based on t-test (p<0.001). These
results support that e-atlas integration is effective in improving students' anatomical literacy. The
use of web-based e-atlas in flipped classroom learning is effective, efficient, and has the potential
to support the sustainability of biology learning. The findings recommend continued
development of digital media to expand access and reduce reliance on physical animal dissection.
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anatomy learning.
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1. Introduction

Students' understanding of animal body structure is an important part of biology education at the tertiary
level. Animal Anatomy courses not only provide a foundation of organ function and physiological
adaptation, but also form the basis for advanced studies in ecology and evolution. However, the anatomy
learning process still faces various obstacles, such as limited time for laboratory practice, the availability
of specimens for dissection, and the lack of accurate and accessible visual media [1,2].

In response to these challenges, digital technologies such as electronic atlases (e-atlases) are a
potential solution. E-atlases present clearer and more detailed photos of observed objects with
dynamically adjustable displays [3.4]. E-atlas can be used as a confirmation medium when performing
the identification process of the observed object, helping the learning process when the original object
cannot be found in the surrounding environment and can be used as a learning medium that helps the
development of student knowledge to be more in-depth [5,6]. The development of e-atlas for learning
animal anatomy begins with the process of animal dissection. This process produces real photos of the
internal organs. Besides contributing to learning effectiveness, e-atlas also supports the principle of
sustainable education by minimizing the use of biological resources and laboratory waste.

To maximize the benefits of digital media such as e-atlas, the flipped classroom pedagogical
approach is an appropriate strategy. The flipped classroom model is a learning model that 'flips' the
traditional model, where in the traditional learning model, learning activities are carried out together
with the lecturer [7,8]. In the flipped classroom learning model, learning activities are carried out
independently before the discussion session with the lecturer. During the independent learning session,
factual knowledge provided through learning media must be studied first as a basis before the discussion
session with the lecturer [9,10]. Furthermore, the discussion session with the lecturer is used to
assimilate and implement the knowledge obtained from the independent learning session [11].
Therefore, it is necessary to develop a learning medium that is used to support the flipped classroom
learning model in learning animal anatomy [12].

Previous research shows that e-atlases are able to improve understanding of organ structures and
support independent learning. The study of Wang et al [13] examined the effectiveness of Virtual Reality
(VR)-based anatomy learning in nursing students. The results show that the VVR-based cooperative
learning group achieved significantly higher scores in their gross anatomy laboratory courses compared
to their counterparts learning through traditional methods. Another study by Gianotto et al[14]
Examined the use of photogrammetry-based video e-atlas in anatomy education. This study shows that
digital visualization that resembles real objects can help learning without direct dissection.

[15] Examined the integration of flipped classroom and multimodal digital resources (including e-
atlas). The results showed an increase in learning outcomes and student learning experience.
Furthermore, the study of Akram & Yassir Akram & Yassir (2024) showed that medical students who
used mobile learning tools in learning plant anatomy scored higher on formative assessments, especially
when the content could be accessed flexibly online. [17] Naing et al also conducted a Meta-analysis on
flipped classroom in health professions education found that flipped learning resulted in better academic
outcomes than traditional learning, but not all studies examined the effect of specific media.

While there are a number of international studies that demonstrate the effectiveness of digital
technologies in anatomy learning, there is still a research gap in the multi-campus context in Southeast
Asia, especially those that examine the effectiveness of e-atlas in the flipped classroom model and its
sustainability in terms of reuse of digital resources.

Based on the description above, this study aims to test the following hypotheses:

a. Is there an increase in students' learning outcomes using the e-atlas for animal anatomy?

b. Are students' learning outcomes influenced by the use of the e-atlas for animal anatomy?

c. Is there a difference in students' learning outcomes between those who use manual learning media
based on the traditional model and those who use the e-atlas for animal anatomy?
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2.
2.1

Methods
Research Design

This research is part of the Research and Development (R&D) uses the Analysis, Design, Development,
Implementation, and Evaluation (ADDIE) development model [5,18]. The procedure with the ADDIE
model, along with an outline of research activities at each stage, has been shown in Figure 1.

Analyze Design .
Developt Implement Evaluation
Jan 2024zgweek 1--»31?n 2024 (week 3— =P Feb 2024 = March, 2024 —p> April, 2024

Figure 1. The Procedure with ADDIE Model

Figure 1 illustrates the procedural flow of e-atlas development using the ADDIE model (Analysis,
Design, Development, Implementation, Evaluation). Each phase includes the following activities:

1.

2.

3.

Analysis - A needs analysis is conducted on the Animal Anatomy course, student characteristics,
and available media.

Design - Initial design of the e-atlas, including display structure, navigation, and mapping of
material based on organ systems.

Development - Creation of e-atlas content in the form of white rat anatomy documentation, as
well as validity testing by experts and practicality testing by students.

Implementation - The e-atlas was applied in the experimental class with a flipped classroom
approach, while the control class used conventional methods.

Evaluation - The effectiveness of the e-atlas is evaluated based on the improvement of learning
outcomes through pretest and posttest analysis.

This figure shows the linear relationship between phases that are interconnected to ensure the

media is developed systematically and as needed.
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2.2. Research Stage
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Figure 2. The Research Flow Chart

Figure 2 presents a flowchart of the entire research process from start to finish. The flowchart consists
of:
1. Preliminary Preparation: Literature study, software development, and preparation of evaluation

instruments.

2. E-atlas Development: Technical process of making e-atlas and feasibility testing (expert validation,

practicality test by students).
3. Field Implementation: Implementation of learning in experimental and control classes, followed by

pretest and posttest data collection.
4. Data Analysis: Data processing using Gain Score, N-gain, and statistical test (t-test).
5. Conclusion: Drawing conclusions about the effectiveness of the media.

At the analysis, design, and development stage, the e-atlas for animal anatomy based on the flipped
classroom model was first developed until it was declared feasible by experts and practical by students
through expert validation testing and students’ practicality testing processes. After the e-atlas for animal
anatomy based on the flipped classroom model was declared feasible and practical, it can be used for
the implementation stage in animal anatomy learning in universities. The examples of the appearance
of e-atlas for animal anatomy based on the flipped classroom model that was declared feasible and
practical are shown in Figure 3.
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Figure 3. Examples of The Appearance of The E-Atlas For Animal Anatomy Based on The
Flipped Classroom Model Were Declared Feasible and Practical

The white rat species (Rattus norvegicus) was chosen as the object of anatomical dissection due to
its high availability, complete representation of the mammalian organ system, and conformity with the
curriculum of the Animal Anatomy course at the three participating universities. In addition, the use of
a single species allows visual and content similarity of the e-atlas to avoid the bias of structural
differences between species.

At the Implementation stage, trials were conducted on e-atlas for animal anatomy based on the
flipped classroom model that has been developed by researchers at the university to improve learning
outcomes. After that, an evaluation was carried out to obtain conclusions regarding the effectiveness of
using e-atlas for animal anatomy based on the flipped classroom model in learning animal anatomy,
based on pretest/posttest scores.

2.3. Research Ethics

This research has received ethical approval from the Research Ethics Committee of Yogyakarta State
University with decision letter number: KEP-UNY/2024/EDU/0229. All participants gave their consent
consciously through an informed consent form before participating in the research activities.

24. Participant

The population in this study were all students of Biology Education Study Program in three universities
in Yogyakarta Special Region Province. Sampling was conducted using purposive sampling technique
with the criteria that the participants were 3rd semester students, because in that semester they were
taking courses containing Animal Anatomy material. The selection of students was not done randomly
or based on the highest academic achievement, but rather considered proportional representation of
population characteristics. The composition of the control class and experimental class was attempted
to be equal, including students with above-average, average, and below-average abilities. This ability
equalization technique was carried out through pretest score ranking, where all students' initial scores
were sorted, then divided into two groups with equal ability distribution. The number of students
involved as test subjects in this study is presented in Table 1.

Table 1. The number of students used as test subjects

University Control Class Experimental Class
UIN Sunan Kalijaga Yogyakarta (UINSK) 29 30
Universitas Negeri Yogyakarta (UNY) 21 21
Universitas Sanata Dharma (USD) 14 15
Total 64 66

The power analysis was conducted using G*Power 3.1 software with the parameters: effect size =
0.6 (medium-high category based on the results of previous studies), a = 0.05, and power (1-f) = 0.80.
The results showed that the minimum sample size required was 45 students per group. The actual
number (control = 64; experimental = 66) exceeded the minimum limit, making the data suitable for
inferential analysis.
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2.5. Data Collection

Data collection was carried out in the control and experimental classes using test techniques to obtain
pretest and posttest scores. The procedures carried out in this test technique are a) Pretest: providing a
pretest before the implementation stage, b) Treatment: implementing the implementation stage of animal
anatomy learning in the control class and experimental class, and c) Posttest: providing a posttest after
the implementation. The difference in treatment between the control class and the experimental class is
shown in Table 2.

Table 2. The Difference In Treatment Between The Control Class And The Experimental Class

Control Class
(Traditional Model)

Experimental Class
(Flipped Classroom Model)

Pretest.

Pretest.

The lecturer opens the lesson with greetings
and appreciation.

The lecturer opens the lesson with greetings
and appreciation.

The lecturer delivers the material using
manual learning media. Students listen to the

The lecturer provides instructions for studying
the material independently using the e-Atlas

material from the lecturer and have for animal anatomy. Students study
discussions. independently under the supervision of a
lecturer to ensure that students study

independently according to instructions.

The lecturer gives instructions to draw animal
organs and identify them as an individual task.
Students and the lecturer discuss the material
studied and assignments completed in the
previous session.

The lecturer gives instructions to draw animal
organs and identify them as an individual task.

Posttest Posttest
2.6. Atlas Development Technologies
E-atlas was developed using the following technology stack:
1. Programming languages: HTMLS5, JavaScript
2. Framework: Bootstrap 5
3. Database: Local JSON for image index and metadata
4. Hosting: Stored on the institution's local server and online version on GitHub Pages (during

testing period)
5. Visual documentation tools: DSLR camera with standard laboratory lighting

2.7. Data Analysis

Data were analyzed using Gain Score, N-gain (Hake's category), as well as Paired Sample T-Test and
Independent Sample T-Test. Normality (Kolmogorov-Smirnov) and homogeneity (Levene's Test)
assumption tests were conducted prior to the t-tests. Effectiveness was compared using Cohen's d effect
size.

The effect of implementing animal anatomy learning in both control and experimental classes in
improving student learning outcomes is seen from the results of data analysis of student pretest and
posttest scores. The test data analysis was carried out in several stages, including:

2.8. Gain Score

The gain score was carried out to answer the question of whether there was an increase in student
learning outcomes using the e-atlas for animal anatomy based on the flipped classroom model. Gain
score data analysis was conducted through the “One-Group Pretest-Posttest Design” scheme. The
scheme is shown in Figure 4.
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Figure 4. “One-Group Pretest-Posttest Design” Scheme

The amount of gain score can be calculated using (1).
gain score = 0, — 04 (1)

To determine whether the gain score is in the high, medium, or low category, this is done by
calculating the normalized gain score (N-gain), which can be calculated using (2).

. 0;-04
N — gain = To0-0, 2

The N-gain calculation result will be matched to the N-gain category coefficient interval based on
Hake's formula. [32]. Category N-gain based on Hake's formula has been shown in Table 3.

Table 3. Category N-Gain Based On Hake's Formula

N-gain Category
N-gain > 0,7 High
0,3 <N-gain < 0,7 Medium
N-gain < 0,3 Low

2.9. Asumption test

Before the t-test was conducted, the pretest and posttest data were tested: Normality test using
Kolmogorov-Smirnov and Homogeneity test using Levene's Test. The results of both show normal data
distribution and homogeneous variants (p> 0.05), so the use of parametric tests (Paired Sample T-Test
and Independent Sample T-Test) can be statistically justified.

2.10.  Validity and Reliability

The multiple-choice question instrument (30 items) was content validated by two anatomy expert
lecturers and one educational measurement expert. The reliability of the instrument was tested using
Cronbach's alpha of 0.82, which indicates high reliability.

2.11.  Sample T Tests

Sample T Tests: what was done in this research include: Paired-Sample T Test and Independent-Sample
T Test. The Paired-Sample T Test was used to answer the question whether students learning outcomes
were influenced by the use of the e-atlas for animal anatomy based on the flipped classroom model. The
Paired-Sample T Test was carried out on both classes, namely: control class pretest data with control
class posttest data and experimental class pretest data with experimental class posttest. While The
Independent-Sample T Test was used to determine whether there was a difference in students learning
outcomes between those who used manual learning media based on the traditional learning model and
the experimental class which used the e-atlas for animal anatomy based on the flipped classroom model.
The Independent-Sample T Test was carried out on control class posttest score data with experimental
class posttest scores [19,20].

3. Results and Discussion

The results of the data analysis are displayed in the form of average pretest and posttest scores with their
standard deviations from each university. The average pretest and posttest score data are then used as
data to calculate the gain score and N-gain. The results of the data analysis have been shown in Table 4.
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Table 4. The Results Of The Data Analysis

Class University  Average value of Average value of Gain N-gain
Pretest Posttest Score (Category)
(Std Dev) (Std Dev)
Control UINSK 41,62 58,03 16,41 0,28
(8,54) (6,64) (Low)
UNY 38,95 55,24 16,29 0,27
(18,47) (9,84) (Low)
USD 29,36 52,07 22,71 0,32
(7,16) (6,64) (Medium)
Average 36,64 55,11 18,47 0,29
(5,26) (2,43) (Low)
Experimental ~ UINSK 36,00 82,17 46,17 0,72
(8,93) (5,79) (High)
UNY 42,00 82,38 40,38 0,70
(15,42) (7,47) (High)
uUSD 31,20 87,93 56,73 0,82
(6,49) (4,01) (High)
Average 36,40 84,16 47,76 0,75
(4,42) (2,67) (High)

Table 4 displays the average data of pretest and posttest scores along with the gain score and N-gain
values of each class at each university. The calculation of the gain score and N-gain values is done
analytically using (1) and (2). When viewed from the gain score value, the calculation results for all
classes at each university show a positive value. This shows that there is an increase in learning outcomes
after students are given treatment of learning animal anatomy material using both traditional and flipped
classroom learning models. However, the experimental class are higher when compared to the control
class at each university. According to research Nurhayati & Saputro [21] that traditional learning models
with conventional media can also improve learning outcomes, but the increase in learning outcomes is
not greater when compared to learning using digital media. The increase in learning outcomes occurred
at the three universities have been shown in Figure 5.
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Figure 5. The Difference In Learning Outcomes Based On N-Gain Between The Control Class And The
Experimental Class From Each University

Figure 5 shows that for each university, the animal anatomy learning outcomes based on the N-gain
in both class increased. In particular, the greatest increase occurred in USD students because they had
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previously received animal dissection training in the Animal Development and animal anatomical
structure course, thus providing a scientific basis or experience in learning animal anatomy [22].

Table 5. The results of Group Statistics

University Class N Mean Std. Deviation Std. Error

Mean
UINSK Posttest of Control 29 58.03 6.641 1.233
Posttest of 3 82.17 5.796 1.058

Experimental
UNY Posttest of Control 21 55.24 9.838 2.147
Posttest of 5 82.38 7.473 1.631

Experimental
USD Posttest of Control 14 52.07 6.639 1.774
Posttest of s 87.93 4.008 1.035

Experimental

Based on the results of the Paired-Sample T Test on the scores of pretest and posttest data of the
control class and the experimental class at the three Universities, the Pair 2 output of the scores of pretest
and posttest data was obtained with a Sig. (2-tailed) value of 0.000 <0.05. If the Sig. (2-tailed) value is
0.000 <0.05, then the null hypothesis (Ho) which states that: "students learning outcomes are not
influenced by the use of the e-atlas for animal anatomy based on the flipped classroom model", is
rejected [23]. Therefore, it can be concluded that: “Students learning outcomes are influenced by the
use of the e-atlas for animal anatomy based on the flipped classroom model”. Then based on the results
of the Independent-Sample T Test on the score of posttest data of the control class with the score of
posttest data of the experimental class at the three Universities, the Significance value of Sig. (2-tailed)
equal variances assumed of 0.000 < 0.05. If the Significance value of Sig. (2-tailed) equal variances
assumed of 0.000 < 0.05, then the null hypothesis (Ho) which states that: "There is no difference in the
students learning outcomes between the control class and the experimental class", is rejected [23].
Therefore, it can be concluded that: “There is a difference in the students learning outcomes between
who uses manual learning media based on the traditional model and who uses the e-atlas for animal
anatomy based on the flipped classroom model”.

These findings continue the 3rd statement that learning animal anatomy using the e-atlas for animal
anatomy based on the flipped classroom model proved to be more effective than using manual learning
media based on the traditional learning model. The results of the effectiveness test produce statements
that answers the researcher's basic question in the introduction above, namely:

1. There is an increase in students learning outcomes using the e-atlas for animal anatomy,

2. Students learning outcomes are influenced by the use of the e-atlas for animal anatomy,

3. There is a difference in students learning outcomes between who uses manual learning media based
on the traditional model and who uses the e-atlas for animal anatomy.

The effectiveness of learning animal anatomy using the e-atlas for animal anatomy based on the
flipped classroom model is supported by the learning process through stages that are in accordance with
the needs of the course. Animal anatomy material is delivered using the flipped classroom model which
is implemented with stages that are guided by the scientific learning approach [24,25]. During the
learning process, students gain learning experiences with various procedures including: observing
through observation of internal organs during the surgical process, asking questions through discussions
with lecturers, collecting information through animal anatomy e-atlas media based on the flipped
classroom model, associating through independent assignment work and communicating through group
discussions. According to research by Demirgali & Selvi [26] which states that the aspects of science
process skills, namely observing, predicting, classifying, identifying variables, associating, interpreting
data and communicating can improve science process skills in general biology courses. In addition to
the learning approach used, the effectiveness of learning is also supported by the use of technology that
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is tailored to the needs of students. Animal anatomy material is delivered using the animal anatomy e-
atlas learning media. The animal anatomy e-atlas is a learning media packaged in a website-based digital
media format so that it is portable and easily accessible to students anywhere and anytime. According
to research Xiao & Adnan [15] that anatomy learning with a flipped classroom model that integrates a
multimodal digital approach has a positive impact on students learning experiences and shows an
increase in learning performance.

Additionally, The findings in this study display significantly different results compared to the Virtual
Reality (VR) based study as reported by Wang et al [13]. In that study, VR was shown to be effective
in increasing students' engagement and spatial understanding of anatomical structures. However, the
approach requires specialized hardware, high development costs, as well as uneven access to technology,
which poses a major challenge for implementation in educational institutions with limited resources.

In contrast, this study shows that the use of a web-based e-atlas provides comparable effectiveness
and even greater impact on student learning outcomes. Cohen's d = 1.92 indicates a very large effect in
improving anatomical understanding, despite being conducted without advanced technology such as
VR. The main contribution of this study is to show that low-cost and portable technological solutions,
such as web-based e-atlas, can be a practical and sustainable alternative in anatomy learning.

As such, these findings add an important perspective to the digital anatomy education literature: that
simple web-based innovations can overcome access limitations, minimize infrastructure barriers, and
still have a significant impact on learning outcomes. These advantages further confirm the position of
e-atlases as inclusive and relevant learning tools, especially in the context of developing countries.

4, Conclusion

This study shows that the use of web-based e-atlas in flipped classroom learning significantly improves
student learning outcomes in animal anatomy. With high effectiveness (N-gain 0.75; Cohen's d = 1.92),
this media becomes an efficient, cost-effective and accessible alternative educational technology. The
main contribution of this research lies in the web-based low-cost technology approach that supports
continuous learning of anatomy without relying on physical dissection laboratories or expensive VR
devices. The developed e-atlas can be disseminated in an open-source manner, allowing scalability for
use across different institutions with similar needs. The use of this digital medium also has the potential
to reduce the use of animal specimens, supporting ethical and environmentally friendly aspects in
biology education.

However, the results of this study are still limited to the geographical context and institutions in the
Yogyakarta area. External validity needs to be further tested through cross-regional or national studies
with a variety of species and learning conditions. As a practical recommendation, lecturers can integrate
the e-atlas into an online learning system (LMS) and use it as an independent learning resource before
face-to-face discussion sessions. Further development in the form of an open-access anatomical atlas
platform with interactive features, as well as long-term operational cost analysis to encourage mass
adoption and development of science education digitization policies are also suggested.
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