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Abstract 

Genetics is one of the most challenging subjects to study in biology. Biology learning through local fruit 

flies' hybridization experiments, training life skills, and science process skills also concrete abstract genetic 

concepts. Research has been carried out to analyze the learning outcomes of students who study genetics 

through the hybridization of local fruit flies. In conducting experiments, students are assisted by the results 
of research laboratory researchers packaged in audio-visual media. The research consists of a laboratory 

research stage for phenotypic analysis of local fruit flies at the Biology Laboratory of the State University 

of Manado (Figure 1a), packaging the results of laboratory analysis in audio-visual media using Camtasia 
(Figure 1b). and the application of audio-visual media in learning hybridization of local fruit flies by 

students in schools. The application of audio-visual media in schools in learning genetic concepts through 

the hybridization of local fruit flies applies to classroom action research methods. Classroom action research 
subjects in this study were students of class XII MIA 1 SMA N 1 Ratahan, Indonesia. The results showed 

that Biology learning with the hybridization experiment of local isolate fruit flies, in addition to improving 

high school students' learning outcomes on the subject of inheritance, can also improve students' scientific 

process skills. The hybridization experiment of local isolate fruit flies provides a meaningful learning 

experience for students, training the life skills needed in the current era of the industrial revolution 4.0. 
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Introduction 

Drosophila sp. is a type of winged insect that is a 

member of the order Diptera.    Fruit flies became 
the most widely used model organisms in research 

into genetics, physiology, evolution, medicine and 

even biophysics (Irion and Volhard, 2022; Bellen 

et al., 2021; Cheng et al., 2022). Female 
Drosophila melanogaster can produce 50-75 eggs 

per day and a maximum of 400-500 eggs for ten 

days (Akhund-Zade et al., 2021; Koval et al., 
2021). The cultivation of fruit flies is relatively 

easy to maintain because it can use rotten fruit as 
a food source, does not require sterile conditions 

and fruit fly isolates are easily obtained from 

nature (Kolesnyk et al. 2020; Sumampouw et al. 
2017). The use of fruit flies in genetic studies is 

partly because fruit flies have many variations in 

phenotypic characteristics. Variations of 
phenotypic characteristics include eye colour, 

abdomen colour, wing colour, wing shape and 

length, legs colour, thoracic structure etc. (Rolandi 

et al., 2018; Mokosuli et al., 2020; Sumampouw et 
al., 2019). However, phenotypic variations can be 
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observed directly using a  lup or a simple 

microscope.   Furthermore, the life cycle of fruit 
flies is completed in a relatively short time of 14 

days (Flatt, 2020; Semuel et al., 2021). 

Learning the abstract concept of genetics will be 

very appropriate if experimental methods teach it. 

Experimental methods will be able to concrete 
abstract genetic concepts that cannot be seen with 

the naked eye (Orcos et al. 2018), including the 

principle of inheritance of traits through 
hybridization. Furthermore, experimental learning 

through local fruit fly crosses provides 

opportunities for students to develop problem-
solving skills, design experiments, determine 

methods and analyze experimental results (Baken 

et al., 2022). Many experts believe that 

experimental learning improves students' 
creativity and critical thinking skills 

(Sumampouw and Mokosuli, 2017). However, 

students' creativity and creative thinking skills 
were needed in the current era of the industrial 

revolution 4.0. However, teacher assistance is 

vital for students to conduct experiments. By using 

information computer technology, teachers can 
design learning media that help students plan, 

execute and analyze the results of their 

experiments. 

Media is a presentation tool that can process text, 
discourse, images and animations that can be 

processed by the creativity of its users (Savov et 

al., 2022). From so many learning media based on 
information computer technology, learning using 

Camtasia Studio media which is currently being 

developed, has begun to be widely developed. 

This media is classified as audio-visual, which can 
increase students' interest in seeing, hearing and 

knowing the material presented. Camtasia Studio 

is a software that can record everything that is 
going on on the monitor screen. Therefore, this 

software is usually used to make video tutorials or 

presentations (Handayani et al., 2021). This media 

also makes it easier for students if they want to 
learn independently. The media is in the form of 

video tutorials containing material and 

explanations so that students can easily repeat the 
lesson and do it independently (Wurarah and 

Mokosuli, 2019). 

One alternative to increase the effectiveness of the 

learning process is to apply appropriate learning 

media, which can provide space for students to 

learn directly, communicate and experiment to 
solve the problems they face. Educational media 

by the Commission On Instructional Technology 

(COIT) were defined as media that were born as a 

result of the communication revolution that can be 
used for learning purposes in addition to teachers, 

textbooks, and whiteboards (Williamson and 

Piattieva, 2019; Permanasari, 2019). Gagne states 
that educational media are various components in 

the student and student environment that can 

stimulate students and students to learn. In 
addition, learning media is a means to provide 

incentives for the learner so that the learning 

process occurs (Abdulkarim et al., 2018). 

Sulawesi, known as Celebes, has a very high 

endemism of flora and fauna species (Mokosuli et 
al., 2019). Sulawesi is located in the 

biogeographical area of the Wallacea zone, which 

has a diversity of flora and fauna species that differ 
from the western and eastern regions of Indonesia. 

The local fruit flies used in this study came from 

North Sulawesi, namely Southeast Minahasa 

Regency. Local fruit flies were isolated and 
phenotypically analyzed in the laboratory and 

packaged in Camtasia media. The learning media 

becomes a tool for students at the school in 
conducting hybridization experiments of local 

fruit flies. Research has been carried out to analyze 

the learning outcomes of students who study 
genetics through the hybridization of local fruit 

flies. In conducting experiments, students are 

assisted by the results of research laboratory 

researchers packaged in audio-visual media. 

 

Method 

The research consisted of a laboratory research 

stage for phenotypic analysis of local fruit flies at 

the Biology Laboratory of the State University of 
Manado (Figure 1a), packaging the results of 

laboratory analysis in audio-visual media using 

Camtasia (Figure 1b). and the application of 
audio-visual media in learning hybridization of 

local fruit flies by students in schools. The 

application of audio-visual media in schools in 
learning genetic concepts through the 

hybridization of local fruit flies applies classroom 

action research methods. Classroom action 
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research subjects in this study were students of 

class XII MIA 1 SMA N 1 Ratahan. The research 
design used went through 4 stages, namely 

planning, action, observation, and reflection 

(Amaliah et al., 2019) 

 

 

(a)  

 

(b) 

Figure 1. Development of Audio Visual Media Phenotypic Analysis of Fruit flies 

 

Data Collection Techniques 

The type of data in this classroom action research 

is quantitative data. Quantitative data in the form 

of test results of students' abilities in working on 
the questions given and data from teacher 

observations (Sugiyono, 2013). The process of 

collecting data using test and non-test techniques. 
The test technique in question is to use a written 

test and a performance test, while the non-test 

technique is used to observe student activities in 

the form of questionnaires and observations 

. 

 Data Processing Techniques 

Learning process data obtained from observation 

sheets, questionnaire data and learning outcomes 

data were analyzed using the percentage 
technique, namely by calculating the percentage 

of student learning completeness based on the 

criteria, namely for individual absorption, 
declared complete if the level of mastery of the 

material was at least 75% or 7.5 (according to 

KKM set at SMA Negeri 1 Ratahan in the 

2016/2017 academic year). Analyzed using the 

formula: 
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DSI = 
𝑋

𝑌
 x 100% 

Description :  X: Scores earned by students; Y: 

Maximum score;  DSI: Individual absorbency  of 

students (Arikunto, 2006)   

Students are complete in classical learning when 
they obtain a percentage of absorption of 70% of 

all students of class XII MIA 2 at SMA N 1 

Ratahan, which is analyzed using the formula: 

KBK = 
Ʃ𝑁

Ʃ𝑆
 𝑥 100% 

   Information: 

ƩN: The number of students completed 

ƩS: The number of students entirely 

KBK: Completeness of classical learning 
(Arikunto, 2006) 

    

RESULTS AND DISCUSSION 

Research Results 

Cycle I 

The implementation of the first cycle of action 
refers to the implementation plan of the first cycle 

of learning which includes two learning meetings. 

At the first meeting, the teacher explained the 
learning process and showed a learning video 

compiled using the Camtasia program. At the first 

meeting, each group was given an experimental 

project to isolate local fruit flies. The procedure 
and planning of the experimental project were 

prepared by a group of students referring to the 

audio-visual media provided as a reference. The 
experimental project aims to isolate fruit flies 

from nature by using rotten fruit media and to 

reproduce fruit flies from scratch by isolating male 
and female flies and placing them in new media. 

The results of experimental projects carried out by 

students are then made into reports to be 

presented. At the second meeting, the teacher 
guides the students to sit in groups where each 

group consists of 5 members. The group's task is 

to present the results of their experiments and 
discussions. At this meeting, the teacher gave the 

students an evaluation of cycle one. On the 

sidelines and at the end of the lesson, the teacher 

explains the learning material by linking the 

learning material with the real world and the 

surrounding environment. 
In the first cycle, the overall score was 1.705, and 

the average value of student learning outcomes 

was 68.2, so classical student learning 

completeness reached 40%. However, complete 
learning of students as a whole, namely, 15 

students have not achieved complete learning 

while only ten students have completed it. From 
these results, it can be stated that the 

implementation of this first cycle has not achieved 

classical learning completeness. 

 

Cycle II 

In the second cycle, based on the reflection of the 
first cycle, the researcher, as the teacher, 

conducted a brief question-and-answer process 

about the previous material while paying attention 
to where the shortcomings were in the evaluation 

of the first cycle. After completing the question 

and answer session, the teacher continued the 
learning process based on the second cycle 

learning implementation plan. In the second cycle 

at the third meeting, the teacher showed a learning 

video compiled using the Camtasia program. The 
project group of students continued the 

experiment and observation of fruit fly 

hybridization, where the initial stage was carried 
out in cycle 1. The crossing was carried out for 14 

days, and students made observations every day. 

Observations were recorded for group analysis 

and discussion. 

Groups of students then compile the results of 
observations. At the fourth meeting, the teacher 

guides students to sit in groups and present the 

results of group discussions. And continued with 
the evaluation of cycle II. In this second cycle, the 

overall score was 2,321, and the average value of 

student learning outcomes was 82.25, so classical 
student learning completeness reached 98%. This 

means that students have completed their learning 

outcomes. However, individually there is still one 

student who has not reached the criteria for 
completeness, namely 12%; thus, researchers do 

not need to proceed to the next stage, and those 

who have not reached the criteria for completeness 
are remedial. The evaluation results of a cycle I 

and cycle II have a reasonably large comparison 

between the average value and completeness of 
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student learning outcomes classically. The 

average value of the first cycle is 68, while the 
second cycle is 82.25. The classical completeness 

of the first cycle is 40%, while the second cycle is 

98 % (Figure 2). More details can be seen in 

Figure 1. 

 

 

Figure 2. Comparison of the average learning outcomes and student learning completeness 

 

Discussion 

Cycle I 

In the implementation stage of the first cycle, 
students did not get optimal results because when 

researchers applied audio-visual learning media 

using the Camtasia program, some students were 

less severe and not active in the learning process. 
However, students have demonstrated group 

cooperation and the ability to plan, prepare 

experimental materials and conduct experiments 
on isolating fruit flies from nature. In cycle 1, the 

group has not worked solidly because some 

students are less willing to accept the opinions of 
other friends and work as a team. The data 

obtained in the first cycle, the researcher and the 

observer (biology study teacher) reflect by 

analyzing the implementation of the contextual 
stages and the achievement of indicators in the 

first cycle. Is it following the plan that has been 

made or still needs improvements as equipment 
for predetermined action criteria? The data from 

the analysis in the first cycle is used as a reference 

for planning the next cycle. 

The results of the written evaluation in cycle one 

have not shown an average that follows the 

minimum completeness criteria for high school 
biology subjects because students have not been 

able to work together to analyze experimental 

results and data and compile reports. There has not 
been a good discussion in the analysis and 

preparation of the report. The analysis of the 

experimental results is based on the heredity 

concept learning material, which is the material 
for preparing the test questions. Based on 

observations, some students did not understand 

the material presented by their group but did not 

ask or discuss it with their group friends. 

 

Cycle II 

In the implementation phase of cycle II, the 

researchers applied the same learning model, 

namely audio-visual learning media using the 

Camtasia program with the material still on 
heredity (inheritance of traits) where the written 

test was in the form of a description (essay) and 

made improvements based on the results of these 
reflections. After reflecting on the results of the 
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first cycle of research, the researchers approached 

and supervised students who were less active and 
who were not serious in the learning process and 

provided motivation and encouragement that 

could attract students' interest in learning for class 

XII MIA 1 students at SMA N 1 Ratahan, 
Southeast Minahasa Regency, North Sulawesi, 

Indonesia. Students are rewarded with stars when 

they are active in discussions. The teacher asks for 
a video report of the analysis process and reports 

prepared for the presentation. The percentage of 

mastery learning outcomes obtained classically is 
98%, and only one student has not achieved 

mastery learning outcomes. Students who have 

not achieved completeness learn assignments with 

the same material and are remedial. Completeness 
of student learning outcomes based on percentages 

and achievements classically; the learning 

outcomes are declared complete. There is an 
increase in the value of mastery of student learning 

outcomes. 

The use of audio-visual media for the Camtasia 

program by utilizing fruit fly crosses as a medium 

for learning heredity material can provide 
seriousness in learning from students, teaching 

and learning activities are more attractive, 

encouraging students to think critically, making 
students active and easy to understand the material 

being taught. This is also in line with the research 

of Sumampouw et al. (2017; Tumbel et. al. 2022), 
learning using audio-visual learning media can 

stimulate students to think critically. 

Students can also carry out practicum or fruit fly 

cross-research independently, according to what 

has been done by researchers. Experiments and 
practicum activities can increase students' 

motivation and interest (Blumer et al., 2019; 

Wartono, 2003). Because of the problems, they 
can quickly find out, and also they get to see the 

truth of their conclusions quickly and show an 

increase in value at the end of each cycle. In the 

end, they were learning using Camtasia program 
audio-visual media and local fruit fly 

hybridization experiments for learning Mendel's 

Law material improved student learning outcomes 

in class XII MIA 1 at SMA N 1 Ratahan. 

The results of this study prove that students' 

hybridization experiment of local fruit flies makes 

it easier for them to learn and understand the 

concept of genetics. Through experimentation, 

students can concretize the concepts learned in 
textbooks to build their understanding. The more 

concrete students learn learning materials, the 

more learning experiences and students' 

understanding of the material being studied 
(Sanjaya, 2010; Wurarah et al., 2022). Fruit fly 

hybridization is the process of crossing male and 

female fruit flies to produce offspring. Because 
fruit flies complete a life cycle of approximately 

14 days, students can observe and analyze the 

results of observations of the process of crossing 
and inheritance. Observations made by students 

every day train students' critical thinking and 

science process skills. In this study, students' 

scientific process skills were trained, namely 
observing, asking questions, reasoning skills, 

designing experiments and forming networks to 

work together. Thus, the fruit fly experiment 
learning process effectively improves student 

learning outcomes, science process skills, and 

problem-solving abilities. Science process skills, 
problem-solving and data interpretation analysis 

skills are life skills that are very much needed in 

the current era of the industrial revolution 4.0 

(Catal and Tekinerdogan, 2019). 

 

CONCLUSION 

Biology learning with the hybridization 

experiment of local isolate fruit flies, in addition 

to improving high school students' learning 
outcomes on inheritance, can also improve 

students' scientific process skills. The 

hybridization experiment of local isolate fruit flies 
provides a meaningful learning experience for 

students, training the life skills needed in the 

current era of the industrial revolution 4.0. 
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