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Abstract
The development of Information and Communication Technology (ICT) currently requires teachers to make
learning innovations, one of which is learning media, namely digital educational games. This study aims to
determine the effectiveness of implementing digital educational games to improve high school students' learning
outcomes. This research type is a pre-experimental design with a one shoot case study conducted in class X
Mathematics and Natural Sciences in Biology at SMA N 1 Kutasari. The digital educational game used is the
digital education game "Adventure of Plant," developed using the ADDIE model (Analyze, Design, Development,
Implementation, Evaluation). The data collection techniques used were test techniques and questionnaires. The
instruments used were in the form of a test instrument (Pretest-Postest) and a questionnaire. Data were analyzed
using quantitative descriptive and statistical analysis using the Mann-Whitney U test. The results showed that the
pretest means the value was 57.37 (sufficient) with a standard deviation of 8.87, and the posttest means the value
was 77.24. (good) with a standard deviation of 8.74. The Mann-Whitney U test results showed a very significant
difference (Sig. 0,000) between learning outcomes before and after the implementation of digital educational
games. The performance of educational games also gives positive responses from students and teachers. Students
provide an assessment of three aspects of the game: the learning aspect, the material aspect, and the display aspect,
with a score of 3.34 - 3.56 (very good). The teacher's assessment results show a score of 3.0-3.45 in three aspects,
namely the content aspect, the objective aspect, and the instructional aspect. This study concludes that the
implementation of digital educational games effectively improves the learning outcomes of class X students at
SMA N 1 Kutasari, Purbalingga.
Keywords: digital educational games, learning outcomes, Plantae material, learning media.

INTRODUCTION
One of the principles of learning in primary and secondary schools is information and
communication technology to increase the efficiency and effectiveness of learning
(Kemendikbud, 2016). Teachers' application of information and communication technology in
learning needs to pay attention to students' situations and conditions in an integrated,
systematic, and effective manner. The application of information and communication
technology in education can be carried out by teachers, developing ICT-based learning media.
Learning media is a tool used to convey information in learning materials (Kemendikbud,
2016; Falahudin, 2014). In addition to being used as a tool to get material, learning media
developed by teachers must be teaching media that can foster student interest and interest in
learning (Susanto, 2013).
In today's digital era, we have been in a digital native, a condition when we always involve
technology in every aspect of our lives. Computers are no longer considered technology. In a
learning situation, a digital native prefers to do something rather than just knowing (doing
rather than knowing; Smith, 2012). The results showed that most school-age children (8-18
years) prefer to spend time playing digital video games rather than reading books (J.R., Foehr,
& Roberts, 2010). Based on the above situation, it is essential to develop digital-based learning
media, digital educational games.
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Educational games are fun with learning content and focus more on learning activities
developed in education and training programs, including in schools (Hamari et al., 2016). There
is learning content in the game so that educational games can be used as an instructional system.
Digital educational games are one type and genre of games operated on digital devices such as
computers, consoles, and mobile (All et al., 2016).
Teachers can use digital educational games as learning media in the classroom. They are
implementing digital educational games as a learning medium is significant to support students'
learning success. Digital educational games are designed to guide students to actively explore
information, enrich knowledge and strategies while playing (Novaliendry, 2013). Indirectly,
students will carry out the learning process independently. In addition, digital educBesideses
also have advantages in terms of appearance such as text, audio, video, graphics, animation,
and interactivity so that they are expected to attract students' interest to learn through fun
learning (Purnami, 2015). Fun learning will provide stimulation to the learning process so that
information can be received well and help students understand the material easily (Tresnawati,
2016; Ulfa, 2019).
Plantae material has a reasonably broad material coverage, namely the classification of plants
based on general characteristics such as body characteristics, way of life, habitat, and mode of
reproduction (Isnawati, 2014). For good student learning outcomes, students are required to
have a good understanding of the concept. Understanding the idea is the student's ability to
master materials scientifically and their application in everyday life. Learning through digital
educational games is expected to help students understand the concept of Plantae material well
to produce good learning outcomes (Noviyanti, 2014).
Currently, digital educational games can be easily accessed by students and teachers via
internet services. However, there are not many digital educational games that match students'
characteristics, and their content is by the learning objectives/curriculum in schools. A
preliminary study conducted utilizing learning observations in class X at SMA N 1 Kutasari,
Purbalingga shows that Biology teachers have only limited use of learning technology in
PowerPoint for presentations and LCD projectors. The media is still limited to image and video
media, and teachers have never used educational games as learning media in class. The learning
activities of new students are limited to paying attention to the teacher's explanation,
occasionally answering questions from the teacher, and group discussions causing low student
interest. It has an impact on poor student learning outcomes.
On the other hand, the observation results show that in terms of adequate facilities and
infrastructure such as a computer laboratory sufficient for student learning activities, almost
100% of students already have laptops and smartphones. This opens up opportunities for the
implementation of digital educational games at these schools. Therefore, in this study, a digital
educational game was implemented to improve student learning outcomes on Plantae material
at SMA N 1 Kutasari, Purbalingga.
METHODS
This research is a pre-experimental research with a one-shot case study design, carried out in
class X MIPA in the Biology subject at SMA N 1 Kutasari. The study population used 58
students of 30 students of class X MIPA 1 and 28 students of class X MIPA 2 in the 2019/2020
school year. Before the research was carried out, a survey was conducted, a discussion with a
Biology teacher at the school about the use of digital educational games in science learning,
the availability of supporting research facilities, and infrastructure (computer laboratories). A
pre-survey and discussion with the Biology teacher were also carried out to select the game's
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subject matter. The educational game implemented in this study was developed through the
ADDIE stage, namely 1) analysis, 2) design, 3) development, 4) implementation, and 5)
evaluation (Aldoobie, 2015), and due diligence has been carried out by material experts and
media experts with the results "DECENT."
The research data were collected using test techniques and questionnaire filling. The test
technique is carried out to explore data about student learning outcomes before and after
implementing digital educational games. Questionnaire techniques are used to explore student
and teacher assessments related to digital educational games and their learning implementation.
Student learning outcomes data were explored by looking at students' understanding of several
learning indicators (Table 1). The instrument used was in the form of test questions (pretest
questions and posttest questions). The test questions are arranged in written multiple-choice
questions totaling 20 items and five description questions. The questionnaire was prepared
using Likert scale scoring with four scales, namely TS (Disagree), KS (Disagree), S (Agree),
and SS (Strongly Agree). Student questionnaires were compiled as many as 35 statement items,
while a questionnaire for teachers was compiled as many as 30 statements.

No
1
2
3
4
5

Table 1. Learning indicators
Learning Indicators
Comparing the general characteristics of division in kingdom Plantae
(plants).
Knowing the characteristics of the body, way of life, habitat, and
reproduction of mosses.
Knowing the characteristics of the body, way of life, habitat, and
reproduction of ferns.
Knowing the characteristics of the body, way of life, habitat, and
reproduction of seed plants.
Knowing the benefits and roles of plants in the ecosystem, the economy,
and the impact of the decline in plant diversity on the ecosystem

The data analysis technique used was non-parametric data analysis, namely the Mann Whitney
U difference test. This was done because the pretest data were not normally distributed. Data
analysis through Mann Whitney U. was used to determine the difference between student
learning outcomes before and after implementing digital educational games. The quantitative
descriptive data analysis technique was used to analyze the test result data and questionnaires
on teachers and students' opinions about educational games and their implementation in
learning.
The test result data were analyzed in a descriptive quantitative manner by categorizing
according to the following guidelines (Table 2).
Table 2. Guidelines for Categorization of Student Learning Outcomes
No
Value
Letter
Information
1
80 – 100
A
Very Good
2
66 – 79
B
Good
3
56 – 65
C
Enough
4
40 – 55
D
Less
5
30 – 39
E
Very less
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The steps for analyzing the questionnaire data are as follows.
1. Changing the qualitative questionnaire results to be quantitative on a Likert scale (scale
of five).
2. Determine each statement item's average score based on the assessment criteria
guidelines as follows (Table 3).
Tabel 3. Kriteria penilaian minat belajar
Value interval
Criteria
Mi + 1,5 Sbi < X
Very well
Mi + 0,5 Sbi < X ≤ Mi + 1,5 Sbi Good
Mi – 0,5 Sbi < X ≤ Mi + 0,5 Sbi Pretty good
Mi -1,5 Sbi < X ≤ Mi – 0,5 Sbi
Not good
X ≤ Mi – 0,5 Sbi
Not good
Source : Muskania, 2017

Information :
X: actual average score
Mi: The ideal mean
Sbi: ideal standard deviation
Mi: 1/2 x (highest ideal score + lowest ideal score)
SBI: 1/6 x (highest ideal score - lowest ideal score)
RESULTS AND DISCUSSION
The educational games implemented in Plantae learning material are as follows (Figure 1 and
Figure 2)

Figure 1. Digital Educational Game "Adventure of Plant"

Figure 2. Implementation of Digital Educational Games for Class X SMA students
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The implementation of educational games has a positive impact on student learning outcomes.
The results showed an increase in the average value of learning outcomes before game
implementation and after game implementation (Figure 3).

Figure 1. Student learning outcomes before (pretest) and after (posttest) learning using
educational games
Figure 1 shows that the pretest means the value is 57.37 (enough) with a standard deviation of
8.87, and the posttest average value is 77.24 (good) with a standard deviation of 8.74. Before
implementing the educational game, the lowest score was 28 (very less), while after the
implementation of the educational game, the lowest score was 50 (less). The pretest's highest
score was 80 (very good), and the highest score at the posttest was 96 (very good). The results
of statistical analysis using the Man Whitney U test showed a very significant difference (Sig.
0.000) between the pretest scores before implementing digital educational games and the
posttest scores after the implementation of digital games.
This study's results are consistent with the research reported by Perrotta et al. (2013) that the
use of games in learning has a positive impact in increasing learning motivation and student
involvement in learning to increase broader knowledge. Other studies have also reported that
the use of digital games in learning improves student learning effectiveness and outcomes
(Papastergiou, 2009).
The increased learning outcomes after the game's implementation are thought to be due to an
increase in student interest or motivation, which has a positive impact on learning outcomes.
Digital educational games are audiovisual based learning media complete with animations.
Learning using audiovisual can motivate and increase students' interest in learning (Yazdi &
Zandkarimi, 2013). Besides, Dwiyono (2017) states that adding animation to the user
experience will be better because of fun improvisations. The learning outcome is higher than
other pedagogical tools such as video, audio, and images.
The results of other studies support that the use of multimedia shows a positive correlation with
interest in learning (Barak, Ashkar, and Dori, 2011). Students' participation and welfare
demonstrate a strong learning interest in this study to play the game repeatedly. There are also
students who start playing the game first from their friends without some students starter. The
students' interest in learning science is thought to be good because students are faced with
gameplay, namely topics and ideas as rules, actions, decisions, and consequences that allow
students to engage with these topics and concepts through interactions and simulations, rather
than through other conventional learning media.
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Besides, the use of educational games allows learning that is fun for students. The research
results support this that 100% of students admitted that they were happy after playing the game;
the game "Adventure of Plant" could increase students' knowledge and be easily operated. The
results of a similar study were reported by Agustin (2016), showing that around 70% of
students were happy and interested in playing digital educational games as a learning medium.
Other studies have also reported that students feel pleased when games are applied in classroom
learning (Andreas & Casas, 2014). Fun learning will provide stimulation to the learning process
so that information can be appropriately received. Besides being able to increase interest,
playing can also help students understand the material easily (Tresnawati, 2016; Ulfa, 2019).
Different research results were reported by Kim & Shute (2015) that there was no significant
difference in terms of pleasure in students who were given game treatment with students who
were given conventional tests. This is presumably because, in this study, the subjects of class
X high school students admitted that it was their first time playing games in school-related to
learning so that they were pleased and motivated.
The study results also showed a positive response from students and teachers who used games
as media and learning methods in subsequent material. Overall, student assessment of the
digital educational game, which includes three aspects, namely the learning aspect, the material
aspect, and the display aspect, obtains an average of 3.38 (very good). Overall, the teacher's
assessment of the three elements (content aspects, objective aspects, and instructional aspects)
of the digital education game obtained an average score of 3.23 (very good). Games are a
currently popular learning technique, including a medium and assessment in schools ranging
from Kindergarten to many universities (Andreas & Cases, 2014). This can be used as a
reference by the teacher to consider digital games as a medium and alternative assessment in
the classroom. Games that are compiled must pay attention to the educational content in them.
Game goals and reviews must be in line with educational content so that the outcomes seen
reflect learning results (Papastergiou, 2009). The games made are expected to be an alternative
media and biology learning in senior high schools (SMA).
CONCLUSION
Based on the results of research and discussion, it can be concluded that the implementation of
the digital educational game "Adventure of Plant" can improve the learning outcomes of class
X students at SMA Negeri 1 Kutasari, Purbalingga. Students and teachers positively assess
digital educational games with the GOOD ONCE category on various aspects of digital
educational games.
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