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Abstract. Taxonomy and scientific names are the most important things that make up the foundation of biology
education at the secondary level. But a lot of students have trouble with these subjects because of the old-fashioned
way of teaching and all the Latin words. Traditional textbook-based teaching methods make this problem even
worse. This study tackles the challenge students encounter in comprehending biological taxonomy by developing
Taksonify, a mobile application aimed at enhancing taxonomy education through gamification and computer
vision. The ADDIE development model (Analysis, Design, Development, Implementation, Evaluation) was used
in the study. Expert validation was performed, and the application was evaluated on 35 tenth-grade students
through pre-test and post-test assessments. An expert validation score of 4.73 (media) and 4.44 (content) showed
that the evaluation was very likely to work. The average score went up from 16.91 (pre-test) to 20.44 (post-test),
with a gain score of 0.69 (moderate). This means that comprehension improved a lot. These results show that
Taksonify is a good way to learn about biological taxonomy because it helps students understand the subject much
better. The use of Taksonify demonstrates the potential of mobile-based learning tools to improve science
education quality, fostering greater interest and understanding of biology among secondary students. This research
supports SDG 4 (Quality Education) particularly Targets 4.1 and 4.4, by improving student learning outcomes and
strengthening ICT skills. It develops innovative mobile-based, gamified, and computer vision supported learning
media to enhance the effectiveness of biology education.
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INTRODUCTION 2022).

In schools, many students struggle to learn

Biology is a subject that requires a strong
theoretical understanding. One of the topics in
biology that demands deep comprehension is
Taxonomy and  Scientific =~ Nomenclature
(Binomial Nomenclature), which serves as the
foundation for classifying living organisms into a
hierarchical system consisting of Kingdom,
Phylum, Class, Order, Family, Genus, and
Species. Mastery of this material is essential as it
forms the foundation for a comprehensive
understanding of biology, particularly at the
secondary education level. However, the
abundance of scientific terms derived from Latin
often poses a significant challenge for students in
understanding and memorizing the material
(Keeline & Kirby, 2023; Kulamikhina et al.,
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the biological classification of living organisms,
especially taxonomy, the use of dichotomous
keys, and classifying organisms based on
observable characteristics. In class, teachers
usually teach this material through textbooks and
memorization. Because of these methods, students
remember facts but don't know why they are true.
There is a gap between the expected reasoning
skills and what actually happens in the classroom,
so we need to come up with more creative and
flexible ways to teach (Risti et al., 2024).
Textbooks are still the way people learn. But the
problem with textbooks is that they make learning
boring. This is because textbooks do not match the
way students learn best. This is especially true in
schools that do not have a lot of access to videos
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or other tools that can help students learn
(Baskaran Kannan et al., 2021; Lawrence et al.,
2020; Levitt & Grubaugh, 2023).

The study suggests a solution to this problem
with create a learning app called Taksonify. It is
an app that helps teachers teach taxonomy in the
classroom. Using gamification and computer
vision technology, Taksonify helps teachers make
the learning process more fun. Gamification
features, like points, challenges, and leaderboards,
are designed to keep students interested (Dinata,
2021; Khaldi et al., 2023; Zadeja & Bushati,
2022). Computer vision helps students
automatically identify plants and animals in their
surroundings, which helps them learn in context
and through experience (Iskandar et al., 2023).
Mixing gamification and computer vision
technology makes Taksonify help people learn in
different ways, such as by seeing, hearing, and
doing.

The goal of this study is to develop the
Taksonify app into an interactive learning tool that
teachers can use to teach taxonomy in schools. In
addition, the study also hopes to find out how well
Taksonify works as a tool for instruction by
measuring how much better students understand
biological scientific naming, or taxonomy.

The goals of this study are two-fold. Initially,
to develop Taksonify as a fun mobile educational
app for biology teachers to use in teaching about
taxonomy. Second, to assess how much Taksonify
is able to improve students’ understanding of
biological scientific nomenclature, especially
through a comparison of educational outcomes
before and after using the application through pre
and post-test assessments.

This study makes several contributions to the
science education field. Taksonify is a powerful
instructional resource for educators, reducing the
dependency on textbooks and enhancing
differentiated instruction for Visual, Auditory, and
Kinesthetic (VAK) learning styles. The
application enables students to directly interact
with species in real environments and improve
their understanding of abstract taxonomic
concepts. In the wider scope of educational

technology, the research provides an operational
model to merge gamification and computer vision
within a mobile platform for secondary science
education.  Taksonify  tackles educational
inequality socially by providing a technology-
enhanced learning platform that operates on
personal smartphones, increasing access to quality
biology education for resource-limited schools.

RESEARCH METHODS

This study employs a quantitative
methodology utilizing the ADDIE model, which is
extensively applied in the research and
development of educational media (Aprilanti et
al., 2023; Rahmandhani & Utami, 2022). The five
stages of ADDIE are Analysis, Design,
Development, Implementation, and Evaluation
(see Figure 1). This method makes sure that the
development process is organized, starting with
figuring out what users need and ending with
testing how well it works (Moses Adeleke Adeoye
et al., 2024).

Analysis

The first step in the study is to conduct an
analysis. At this point, you need to figure out what
the user needs, what the instructional goals are,
what the learner is like, and what the problems are
with teaching and learning taxonomy. A literature
review, direct observation, and interviews with
biology teachers are used to gather data about the
learning environment and the availability of
technology that can help.

The study found that it is difficult for high
school students to learn and teach how to classify
living things (Fahmi et al., 2021). For teachers, the
amount of material is too large for teachers to
cover in a short amount of class time without other
tools to help students learn (Birzina, 2023). On the
other hand, students have a hard time because the
material is hard to picture just using textbooks and
has a lot of hard Latin words. This makes lessons
less interesting and makes it harder to pay
attention while learning (Amelia et al., 2025;
Sattar et al., 2025).

q

Figure 1. The research stages follow the ADDIE approach.
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Design

A hypothesis was developed subsequent to
the analysis phase. For the teacher to be a
facilitator and for the learning process to stay
student-centered, there needs to be a way for
students to learn. This hypothesis prompted the
development of a solution in the form of a mobile
application named Taksonify. The aim is to
enhance the learning process by combining guided
instruction with autonomous learning via
interactive media. Teachers don't use lectures with
this method, and students learn on their own
(Figure 2).

The design stage focuses on creating the
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feature (kinesthetic). The initial user interface and
application flow were developed using design
software such as Figma, taking into account
educational design principles and mobile
accessibility. Figure 3 illustrates the prototype
design of several features within the Taksonify
application and how it works.
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Development

After the design stage is completed, the next
phase is development, in which the learning media
is no longer merely a concept but is transformed
into an actual product. Since the intended solution
is a mobile application serving as a learning
medium, this stage involves the coding and
implementation of the Taksonify mobile
application. Mobile-based learning innovation is
highly relevant, which emphasizes independent,
flexible, and technology-oriented learning (Drigas
& Angelidakis, 2017; Mohammad Fatkhul Amien
& Saptono, 2025).

To ensure that user needs are met,
particularly the requirement for cross-platform
availability on both Android and iOS, the Flutter
framework was selected for developing
Taksonify. Platforms such as Flutter enable the
development of responsive and interactive cross-
platform applications (Jost & Taneski, 2025).

In addition, Taksonify includes a species-
hunting feature powered by computer vision
technology. Computer vision is a branch of
artificial intelligence (Al) that enables systems to
recognize, process, and interpret visual objects
such as images or videos (Pandey, 2023; Wang &
Wang, 2023). TensorFlow Lite was used to train
the model for detecting images of animal and plant
species. This model was then deployed using the
Roboflow service. All components are integrated
in real-time with the support of Firebase as the
database. An overview of the Taksonify
application architecture is presented in Figure 4.

Implementation

The implementation stage was
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conducted through a limited trial involving
students who were studying taxonomy.
During the testing process, the application
was used independently by students within a
biology learning session facilitated by the
teacher. During  implementation, the
Taksonify application is used based on a
predefined scenario. The process starts in
class with a pre-test to assess students’ prior
knowledge. Then, the teacher uses the
Taksonify app to teach the students about
scientific naming in a way that fits their
learning styles. At the end of the session, there
is a post-test to see how much the students
have learned.

Evaluation

The last step of this study is evaluation. This
process analyzes the implementation results to
measure the effectiveness of Taksonify as a
learning tool for teachers in the classroom and also
assesses its impact on improving students’
understanding of biological taxonomy in the
school. The evaluation uses both formative and
summative assessments with a quantitative
approach (Zhang et al.,, 2023). The formative
evaluation sought to gather feedback from experts
during program implementation. Media and
subject matter experts were involved in this phase
to complete validation forms containing
assessment indicators based on a five-point Likert
scale, which included aspects such as content
clarity, curriculum alignment, display
consistency, navigation, and interaction quality.
The average score for each aspect was calculated



Muhammad Haulul Azkiyaa, et al. / Biosaintifika 18 (2) (2026): 241-250

using the following formula:

Total Score Obtained .
Number of Indicator"

Average Aspect Score =

Maximum Total Score 2)
= Number of Indicators
X Highest Score

The assessment results from media and
content experts were used to determine the
feasibility category based on the following
classification:

4.21 —5.00 = Very Feasible
3.41 —4.20 = Feasible

2.61 — 3.40 = Fairly Feasible
1.81 —2.60 = Less Feasible
1.00 — 1.80 = Not Feasible

Subsequently, the summative evaluation
aimed to measure the final competencies or
learning objectives achieved through pre-test and
post-test instruments consisting of multiple-choice
and short-answer questions. The results were used
to analyze effectiveness by measuring students'
improvement in understanding using the gain
score formula (Purwandari et al., 2025). The gain
score formula is as follows:

Gain Score (g)
_ (Post — test Score — Pre — test Score) 3)

(Maximum Score — Pre test Score)

This formula is widely used to assess the
effectiveness of learning interventions by
comparing pre-test and post-test results. The
effectiveness category of students' comprehension
improvement based on gain score is classified as
follows:

g>0.7 =High
0.3 <g=<0.7=Moderate
<03 =Low

RESULTS AND DISCUSSION

This study resulted in the development of an
interactive Android-based learning application
called Taksonify, designed to enhance students’
understanding of taxonomy and the scientific
nomenclature of living organisms. The application
integrates various features, including learning
articles, educational videos, flashcards, interactive
quizzes, and a computer vision-based species
hunting feature that allows students to identify
species directly from photographs of their
surrounding environment. To evaluate the quality
of its development and the effectiveness of its
implementation, a series of formative and
summative tests were conducted involving both
experts and students.

Media Feasibility Validation

The formative evaluation was done by two
experts, one in instructional media and the other in
biological content. The media expert said that the
application got an average score of 4.73 out of 5,
which means it is "very feasible" ( Table 1). The
most important things were how easy it was to use,
how well it worked with other media, and how it
looked, which people said was both pretty and
easy to understand.

The material expert's validation (Table 2)
showed an average score of 4.44, which is "very
feasible." The highest score was for the learning
impact aspect.

Table 1. Recapitulation of media expert validation of the Taksonify mobile app as an interactive biology

learning medium.

No. Statement Item

No. of Indicators Score

Average (Score/

Indicator)
1. Ease of Use 3 14 4.70
2. Visual Appearance 5 24 4.80
3. Media Integration 4 19 4.75
4. Media Benefits 3 14 4.70
4.73
Total 15 71 (Very Feasible)
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Table 2. Recapitulation of material expert validation of the Taksonify mobile app based on biological

taxonomy content appropriateness.

No. Statement Item

No. of Indicators Score

Average (Score/

Indicator)
1. Material Relevance 4 17 4.25
2. Material Presentation 4 18 4.50
3. Exercises and Grammar 5 22 4.40
4. Learning Impact 5 23 4.60
4.44
Total 18 80 (Very Feasible)

These results show that experts consider
Taksonify suitable for use as a learning medium in
schools. The content aligns with learning
objectives and the school curriculum. Validation
results also show that the development process
follows key principles of digital educational media
design. These include clarity of information, ease
of navigation, and alignment with student
characteristics. These aspects align with prior
studies such as Nurjanah et al. (2026) and
Wahyudianto et al. (2025), which emphasize
content relevance, information accuracy, visual
design quality, and interactive navigation in
digital learning media.

Overall, the results confirm that each ADDIE
stage was implemented effectively. This aligns
with findings from Nurrokhmah et al. (2024),
where biology learning media developed using the
ADDIE model achieved high feasibility ratings
from both media and subject matter experts. The
relatively low score in the Material Relevance
aspect (4.25) in Table 2 indicates a need for
improvement in the materials for future
development.

Learning Effectiveness

To test the effectiveness of Taksonify and its
impact on learning outcomes, a summative
assessment was conducted using pre-test and post-
test instruments with a total of 35 students in one
class. The instrument consisted of 22 multiple-
choice and short-answer questions based on the
Campbell Biology book. It was designed to
measure  students’ understanding of the
classification of living organisms, taxonomic
structure, and the application of scientific naming
systems. This evaluation method is in line with
what is usually done in research on learning
media, which uses pre-tests and post-tests to see if
digital interventions have helped people learn (Jii
Toh & Tasir, 2024).

Table 3 shows the results of the test. The
median score before the test was 17, and the
average score was 16.91 out of 22. The average

score on the post-test went up to 20.44 out of 22,
with a median of 22, after an interactive learning
session with Taksonify.

Table 3. Recapitulation of Post-test and Pre-test
Results.

Number of Correct Number of Students
Answers Pre-test Post-test
9 1 0
13 6 0
14 1 0
15 4 0
16 4 3
17 6 1
18 3 1
19 1 2
20 2 2
21 2 2
22 5 14
Summary of Correct Answers
Average 1691  20.44
Median 17 22

Table 3 shows that there has been a clear
improvement in student performance. In the post-
test, 14 students got the highest score, while only
5 students did in the pre-test. The fact that so many
students got the highest score shows that they have
a much better understanding of taxonomy
concepts at the mastery level.

Hake's normalized gain formula is used to
find out how well learning worked with Taksonify
by comparing the scores of the pre-test and post-
test. The outcome is as follows:

(2044 — 1691) _3.53
9= 7022 -1691) 509

0.69 (4)

A gain score of 0.69 was reached, which is in
the middle range (0.3 < g <0.7). This result shows
that Taksonify helps students learn about
taxonomy a lot.
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Role as an Interactive Instructional Medium

The results of the improvements that
occurred show that Taksonify helps teachers a lot
so that students learn well. Students are more
motivated when they can choose how they want to
learn; they can learn through experiences. They
can play games like quizzes with points,
challenges, and interactive feedback. This is
consistent with studies by Furkan Kurnaz &
Kogtiirk (2025) and Ratinho & Martins (2023) that
show gamification enhances engagement and
motivation; it captures students' interest.

Students can learn about living things in their
environment by taking pictures using a species
search feature that uses computer vision. This
changes the way we learn about species from
memorizing to actually experiencing it. All these
features work together to support learning styles,
like visual, auditory, and kinesthetic styles, in one
place. This is what makes Taksonify different
from learning apps and what makes it a full
learning ecosystem that fits with the curriculum.

Taksonify is also helpful for schools that do
not have a lot of teaching tools or can not go on
field trips. The problem of not having devices is
no longer a problem because students now have
personal smartphones and teachers can use these
smartphones in interactive teaching and learning
processes (Yadav & Chakraborty, 2024).

Taksonify is a unique mix that has not been
seen in previous mobile learning apps for
secondary biology teaching. Previous research has
used either gamification or computer vision, but in
this case Taksonify combines both. The species
hunting functionality allows students to recognise
real species from pictures taken in their
environment, linking the taxonomy lessons in the
class to a direct exploration in the field. By
identifying real-world aspects, this turns
taxonomy from a rote memorisation task into an
experiential learning experience. To the best of
our knowledge, no previous work in secondary
biology education has reported a mobile app that
combines gamified assessment, computer vision
species identification, and multi-modal content
delivery, all in a single platform, and with
alignment to national curriculum standards.

This research has a number of benefits for
science education and the wider community. It
provides empirical evidence that a gamified
mobile application with the help of computer
vision leads to a moderate but significant increase
in students’ understanding of biological taxonomy
with a gain score of 0.69. This adds to a growing
body of research supporting the use of technology-
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enhanced approaches in secondary natural science
education.

Taksonify is a structured, curriculum-based
resource for biology teachers that reduces
preparation efforts and increases students’
engagement in taxonomy instruction. The app
provides students the opportunity to build content
knowledge and online literacy abilities through
engaging, self-directed learning. The research
promotes equal access to quality science education
through a mobile solution that can be used on
personal devices, without the need for expensive
lab equipment or field trips. This actively
contributes to the achievement of SDG 4 (Quality
Education), especially Targets 4.1 and 4.4, by
improving learning outcomes and reinforcing
students” ICT abilities via accessible digital
resources.

CONCLUSION

This study successfully created a learning app
called Taksonify to help students learn about
taxonomy in secondary school. Experts said it was
ready to use and gave it high scores for media and
content. The scores were 4.73 and 4.44, which
means the app is very useful. The students who
used Taksonify got better scores. At first, their
average score was 16.91 and increased after using
Taksonify to 20.44. This shows that Taksonify
really helped students understand taxonomy and
scientific names. The improvement was moderate,
with a gain score of 0.69. This also shows that
using games and computer vision in learning can
be a way to support quality education, which is in
line with the goals of SDGs Targets 4.1 and 4.4.

There are some things that this study didn’t
look at which can be done in the future. First, the
app should be tested in large areas to see if it works
everywhere. Second, the experts said the app's
materials are still limited, with a score of 4.25, so
the materials needs to be adjusted. Last, this study
didn’t see if students still remembered knowledge
after a long time. A long-term study that follows
students over time would make the evidence for

gamification-based learning in this subject
stronger.
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