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Abstract—Changes that occur rapidly in the ecology of learning have not
been able to respond to learning carried out in class by teachers. The
technological disruption that occurs requires learning activities to optimize the
use of information technology. Likewise, the biology learning pattern is
included in the category of science learning. Immune system content along with
body defense mechanism tends to be an abstract content that is hard to
comprehend by students. Digital flipbook learning media become an innovative
learning medium to facilitate the immune system content understanding for
students. Method used in the research is ADDIE research and development with
the following stages: analysis, define, design, implement, and evaluation. The
research is limited to the development stage. The number of respondents in the
research consists of 30 senior high school students aged 17-19 years and 3
(three) Biology teachers aged 30-40 years for needs analysis. Learning media
expert validation includes 3 (three) teachers and ten students for small group
test. The medium is developed using applications of Microsoft PowerPoint
2010, Movavi Video Editor 14 and Flip PDF Professional. The assessment
results of Digital Flipbook Imunopedia (DFI) learning media development by
the three Biology education experts indicate valid and feasible to be used in
immune system learning process. Average of each feasibility test aspect is
content aspect (3.05), media aspect (2.95), and language aspect (2.95). The trial
test results to small group regarding the DFI content, display, and benefits
indicate a very feasible criterion (3.62). DFI provides a solution to the absence
of learning media for the immune system based on digital flipbooks. Biology
teachers and students can take advantage of learning media to achieve learning
goals of the immune system.

Keywords—Digital Flipbook, Research and Development, Immune System,
Validation
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1 Introduction

Biology Curriculum in Indonesia emphasizes on learning in knowledge aspect as
well as skills and attitude [1]-[4]. The three aspects are developed and measured in
each Biology learning in various levels of education [5]-[7]. Biology is a science that
studies everything related to living organism. It also studies the physiological
processes occurred in the living organism [8]-[11]. High school students study the
immune system in human body that plays a role in defending human body from
disease threats [12], [13]. In this learning stage, students learn the immunity activation
process in human body as a complex mechanism of coordination of organs, tissues,
and cells in the body that work together to protect body from bacterial, viral, and
foreign object infections [14], [15].

In the 2013 Biology Curriculum for science and mathematics program of senior
high school, the immune system content is studied in Grade 11. Basic competence
must be achieved by students is students are capable of applying immune system
concept to improve life quality [16]. In addition, immune system learning could also
improve characters and positive values by linking the immune system concept to the
values of life [15], [17]. Biology learning in Indonesia puts the immune system topic
as a content with the highest incompleteness percentage [15]. Report of National
Examination Result 2019 from the Ministry of Education and Culture (Kemendikbud)
indicates the percentage of students who give a correct answer on immune system
content is the lowest compared to other content than Biology. The fact is influenced
by various factors, among others: broad content scope that causing a lot of contents
are missing [14], [18]. The immune system misconception brings difficulties in
achieving the objectives of immune system learning in students [19]-[21]. Biology
learning should provide opportunities for students to learn how to manage their
knowledge [22]-[24]. Traditional learning is researched to give the impact of
boredom on students [25]. Learning by involving technology in its implementation
can help increase learning motivation [25]-[27]. Students who have good learning
knowledge and management will have good metacognitive skills [28], [29].
Metacognitive skills are required by students in learning Biology to improve learning
achievement [23], [30], [31].

Immune system is perceived as content with a lot of concepts that should be
memorized by students [14], [15], [19]. Research results indicate the limited use of
learning media in conveying content has an effect on students’ immune system
concept mastery [15], [32], [33]. Learning media utilization plays an important role in
improving immune system learning quality [15], [19], [34]. Learning media could
improve students’ knowledge and skills in biology learning [35]-[37].

Learning media implemented in the biology learning could also improve students’
activeness [38], [39]. The reasons are related to features provided in learning media.
Supporting features, such as, display, content presentation, and evaluation facilitate
biology teachers in teaching [5], [40], [41]. The learning media utilization could assist
students who have disabilities. Another function of the biology learning media is
related to the improvement of student interaction [42], [43]. Interaction process
between students is believed could help biology learning achievement [44], [45].
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Learning media could help visualize the abstract immune system concept thus
facilitate students in mastering the biology concept [46], [47].

Learning that integrates digital technology in learning has been widely used [48],
[49]. Digital Flipbook is one of learning media that has been applied in science [50],
[51]. The medium is a digital book that has the advantages of a book as well as
contains animation and video that could not be found in a book. It could be accessed
through smart phone, computer or tablet; thus, its development and implementation
could support students’ digital literacy. Smartphones and tablets are becoming a new
trend in the implementation of instructional media technology [52]-[55]. The unique
characteristics of smartphones and tablets have great potential to enrich the learning
experience of students [56]. Smartphone is the main device used by students in
accessing learning media which is implemented online [57].

Digital learning media are needed by teachers in learning the immune system [15],
[35]. Learning the immune system is expected to help students to master the body's
defense mechanism against something that can harm their body [19], [58]. Learning
related to physiological processes cannot be directly observed by students [59].
Learning media helps students to achieve this understanding through pictures and
videos equipped with explanations in the form of sound and text [37]. The results
showed students who learned the immune system with learning media facilities
showed better learning achievement.

The digital flipbook (DF) utilization in immune system learning is not
implemented optimally in learning process [60], [61]. The flipbook utilization in
learning process could improve concept mastery [62]. Flipbook is proven to be able to
significantly improve concept mastery [63]. It could also improve critical thinking
skill in learning [60]; thus supports students in empowering metacognitive skills.
Another study also proves that it improves concept mastery for students (Darmawan,
Surya, & Jamilah, 2017).

Entering the learning 4.0, immune system learning should be based on technology
[41], [45], [65]. Utilizing technology in learning helps students in cognitive
development [66]. Research on digital flipbook has been conducted on learning at
school. There are, however, no researches that develop digital flipbook to students
who learn immunology; thus, this research is conducted. Various studies have been
carried out to develop flipbook as Biology learning media [50], [51], [63], but none in
immune system content. The virtue of the research at the need of a biology learning
medium that is developed in the form of digital flipbook imunopedia (DFI) that could
assist in immune system learning. The DFI potentials ought to be developed to help
senior high school students to learn immune system. The research aims to produce
DFI learning media that are feasible to be applied to senior high school students.

2 Methods

The research used a research and development method. The research and
development design conducted in every step of ADDIE is illustrated in Figure 1.
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Analysis

Implementation — > Evaluation — Design ‘
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Fig. 1. Stages in ADDIE Model in DFI development implementation.

The research was limited to analysis up to the development stage. The DFI
development stage is elaborated in the following section.

2.1  Analysis

The analysis stage aimed to find out obstacles in biology learning, especially
immune system in school. In this stage, distribution of needs analysis instruments to
students and teachers in a senior high school of Cibinong, Indonesia was conducted.
The needs analysis instruments of students were carried out for 30 students who
learned immune system content using Google Form, whereas needs analysis
instruments of biology teachers were intended to biology teachers who taught immune
system. The student respondents involved were selected randomly, while the teacher
respondents were biology teachers who taught in class X1 majoring in Mathematics
and Natural Sciences. There was one biology teacher who taught in the class;
therefore, teacher’s needs analysis was limited to one respondent. The research
instruments used at this stage were questionnaires and interviews. The instruments
used in the study have been validated by biology instructional media experts and
declared fit for use. The instrument grid for the analysis of learning media needs for
biology students and teachers is shown in Table 1.
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Table 1. Needs Analysis Instrument Grid of Students and Teachers

Respondents Indicator Technique

Perception of students’ difficulty level on immune
system learning

Perception of students’ difficulty based on topic
Learners in immune system learning

Knowledge of the Immune System Interview

Student responses to learning media used on the
topic of the immune system

Questionnaire

Questionnaire

Questionnaire and Interview

Immune system learning tools and media Interview
The teacher's response to the media for clearing .
i Interview
Teacher the immune system
Obstacles to the immune system learning process |Interview
The use of Fliipbook in biology learning Interview

2.2 Design

The design stage was intended to analyze content and compile storyboard. The
content analysis aimed to adjust immune system content to be presented on DFI by
considering core competences, basic competences, and learning objectives in
accordance with the 2013 Biology Education Curriculum. The last activity in the stage
included designing storyboard based on content analysis previously prepared.

Based on the 2013 Curriculum, learning in the immune system has core
competencies, basic competencies and specific learning objectives. The core
competency referred to is the third competency, namely Understanding and applying
factual, conceptual, procedural knowledge in science, technology, arts, culture and
humanities with insights into humanity, nationality, statehood and civilization related
to phenomena and events, and applying procedural knowledge in the field specific
studies according to their talents and interests to solve problems. The basic
competence of learning the immune system is applying an understanding of the
principles of the immune system to improve the quality of human life with immunity
through immunization programs so that physiological processes can be maintained in
the body. Presenting data on the types of immunization (active and passive) and the
types of diseases they control. The learning objectives consist of eight which will be
achieved including:

. Carefully describing the components of the immune system

. Carefully describe the body's defense response mechanism against pathogens

. Suggests self and non-self mechanisms

. Analyze immune system factors against immune system disorders appropriately

. Correctly describe the unique components of the immune system

. Provides data on the types of immunizations and diseases that are controlled
carefully and systematically

7. Admire the order and complexity of God's creation regarding the immune system

that exists in living things

o0k, WN R
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8. Behave honestly, discipline, responsibility, care for the environment, and cooperate
in carrying out learning activities inside and outside the classroom.

2.3 Development

The development Stage conducted included three activities, namely: DFI
development, product validation by biology education experts, and small group trial.
The DFI development carried out in accordance with the storyboard created and used
several supporting applications, Microsoft PowerPoint 2010, Movavi Video Editor 14
and Flip PDF Professional. The developed DFI media went through a validation test
by three biology education experts. The expert validation assessed the DFI learning
media feasibility based on three aspects: content, media, and language. The
assessment results as well as expert comments became a basis in the DFI learning
media improvement. The final development stage comprised trial and assessment to
students who had learned immune system. Students involved in the stage were 10
students. Aspects appraised by the students consisted of display content and DFI
media benefits. The assessment by biology education experts and students referred to
BSNP indicators. The results of DFI feasibility is categorized into four criteria as
indicated in Table 2.

Table 2. Feasibility Test Assessment Scale

Criteria Score
Very Good 4
Good 3
Poor 2
\Very Poor 1

Source: (BSNP, 2014)

The DFI feasibility quality score was obtained based on Formula 1. Once the
percentage value was obtained, the DFI feasibility could be identified according to the
feasibility test score interpretation from BSNP (2014) in Table 3. The research result
data were analyzed descriptively in the form of average and percentage and equipped
with opinions from students and biology education experts.

value obtained
Score =——— x 100%
maximum value

Table 3. Interpretation of Flipbook Imunopedia Feasibility Test Score.

Category Interval Criteria Description
3.25>x<4.00 Very Valid Could be used without revision.
2.50 > x < 3.25 Valid Could be used with a slight revision.
1.75>x<2.50 Less Valid Could be used with many revisions.
1.00>x<1.75 Invalid Could not be used and need consultation.

Adaptation Ratumanan & Laurens [67]
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3 Results and Discussion

The research results were discussed based on every step done, namely: analysis,
design, and development.

3.1  Analysis

Students’ needs analysis: The needs analysis on students was conducted in
December 2019 through survey method assisted with Google Form. The survey
carried out for 30 students of Grade 11 of science class in a senior high school of
Cibinong, Indonesia. The point of view of students in assessing learning and the
media devices they use is important because students are the main users [68]. Several
survey results on the needs of immune system learning media had been analyzed. The
survey results on difficulty level analysis and immune system content topic by
students are presented in Figure 2 and 3.

S

=Very easy =Easy = Quitedifdicult =Difficult = Very difficult

Fig. 2. Perception of students’ difficulty level on immune system learning

= Anatomy of Immune system = Fungsi Immune system = Mechanism of Immune system

Fig. 3. Perception of students’ difficulty based on topic in immune system learning.
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Based on Figure 2. The students’ perception on immunology was that the content is
a quite difficult content to study. Topics in immune system are a high level learning
[58]. This learning contains obligation of analyzing the immune system structures,
functions and work mechanism to strengthen body immunity [14], [35]. The analysis
results on perception of students’ difficulty on immunology content topic in Figure 3,
suggest that students encountered difficulties in learning the immune system anatomy
topic. The immune system anatomy consists of key components including
macrophages, neutrophils, and other cellular components, as well as T v cells, innate
lymphoid cells (ILC), and regulatory T cells (Treg)[69]. The survey results also found
that most students had understood the general concept of immune system, but
difficulties occurred when they were asked to explain in complete sentences. Another
finding on students’ learning difficulty perception on immunology was related to the
many complicated terms and memorization concept. It is similar to various research
results in biology learning that state that biology is difficult since it contains many
terms and memorized [11], [45], [70].

Misconception was also found in the result survey on immune system definition
understanding. There were students who had difficulty to define immune system basic
concept. The students understand immune system as an immunization. Immune
system is a body immune system responsible for immunity, which is a defense against
organisms to protect body from external biological influences by recognizing and
killing pathogens [69], [71]. Immunization is a process to make someone immune to a
disease [16], [72]. The following is one example of student response when they were
asked to explain basic concept of immune system.

“Immunization is a process to give vaccine into the body using a needle as a
formation of antibody against a disease”

The survey results to students suggested that the implementation of biology
learning had used several learning media, such as PowerPoint, props or torso, and
website. The research finding indicates that students’ perception on the use of learning
media as helpful in understanding biology content. The students, however, also stated
that PowerPoint media was a less interesting and boring medium in biology learning.
PowerPoint in the current biology learning process was considered as a conventional
learning medium [36], [73]. The results of biology learning media needs analysis by
students found that learning media needed was media that have various features, such
as pictures, animation, and video and could present an interesting visual display.
Interesting visualization media content could provide good attraction to learning [33].
In biology learning, the students also need the content to be directly related to daily
life and easy to access at any time [74]. Another survey result suggest that e-book
learning media had been used by 80% (n=30) students. Moreover, 76.7% (n=30)
students did not know about flipbook learning media. It indicated that digital flipbook
media were not commonly used in learning process. The students preferred immune
system learning media that contained information with interesting pictures, animation,
and video. The survey results in media development aspect showed that 96.7% (n=30)
students agreed with digital flipbook-aided immune system learning media.

Teachers’ needs analysis: The distribution of needs analysis to biology teachers
was directed to biology teachers who taught in Grade 11 of science class in a senior
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high school of Cibinong, Indonesia. There was one biology teacher who taught in the
class; therefore, in this research stage, teacher’s needs analysis was limited to one
respondent. The point of view and the role of the teacher is very important in the
implemented learning innovation. The teacher's experience and knowledge will
influence planning in designing and applying it to learning [75]. The result of needs
analysis on immune system learning is summarized in Table 4.

Table 4. Biology Learning Tools and Media.

No Tool Media
1 Projector PowerPoint

2 Internet Fiber Torso

3 Laboratory Compact disc

4 White board

Media-aided biology learning aims to facilitate biology learning process [2], [33].
The interview results found that learning media are vital to be used in biology
learning process. Obstacles in the biology learning process are related to students who
have different understanding and learning type [76]. Students with visual
characteristics could understand media with visual characteristics well; likewise, for
audio type or other type of student who are accustomed to reading books. Another
finding in the needs analysis on biology teacher was that the learning process never
used digital flipbook. It was due to teachers who did not have flipbook media.

3.2 Design

The design stage produced content analysis and storyboard. The content analysis
results were in the form of content adjustment based on basic competence and needs
analysis results on teachers and students. Concept produced in the design stage was an
immune system learning topic hierarchy as illustrated in Figure 4.
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1

Immune System Immune System L b I o
Factors Abnormalities Technology zanon
L% Development
Non-Specific Internal Factor Hypersensitivity Vaccine
Immune System

Specific Inmune
Symem i B unOdeﬁcienCy ﬂ
;

Fig. 4. Immune System Learning Topic Hierarchy in DFI Media.

The immune system content in Figure 4 was arranged in order and interesting as a
reference to create story board. The story board was created using Microsoft
PowerPoint 2010 Application. The application was selected since it has various
features that support DFI model concept creation. The storyboard creation became an
important thing as a basis in developing a learning medium.

3.3  Develop

Several activities conducted in the development stage included DFI development,
media validation by three biology education experts, and small group trial to ten
students. The DFI development was started with creating supporting media, such as
teaching content text, model pictures, and animation videos. The media supporting
creation was done using Microsoft PowerPoint 2010 and Movavi Video Editor 14
applications. Next, all supporting media were compiled into a Digital Flipbook using
Flip PDF Professional application. The Flipbook Imunopedia displays are indicated in
Figure 5.
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Fig. 5. Flipbook Imunopedia Display

Once the media were completed, validation was conducted to assess the media
feasibility in learning process. Media validation was assessed in three main aspects,
namely: content aspect, media aspect, and language aspect. The media validation
carried out by three biology education experts. The assessment results of the three
validators were divided into three aspects: content, media, and language aspects.

Content Aspect: The content aspect assessment referred to basic competences,
learning objectives, and learning indicators in accordance with the Indonesian national
education standard containing in the DFI. The assessment results in the content aspect
are presented in Table 5.

Table 5. Validation Results in DFI Immune System Content Aspect by Experts.

No Statements Expertl | Expert2 | Expert3| Average

1 |Suitability of the Flipbook Imunopedia content to 3.00 3.00 3.00 3.00
content competences, basic competences and the
current curriculum.

2 |Clearly outlines the basic competences content of 3.00 4.00 3.00 3.33
the immune system.

3 |Suitability of the Flipbook Imunopedia content to 3.00 4.00 3.00 3.33
immune system learning objectives.

4 |The Flipbook Imunopedia contains skill aspect in 3.00 3.00 3.00 3.00
the core competences and basic competences.

5 [The Flipbook Imunopedia indicates examples of 3.00 4.00 3.00 3.33

immune system application in accordance with
the basic competences.
6 |Accuracy of picture and video illustration in the 3.00 4.00 3.00 3.33
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Flipbook Imunopedia to the immune system

concepts.
7 |Suitability of exercise questions to the immune 3.00 2.00 3.00 2.67
system concepts containing in the Flipbook
Imunopedia.
8 [The use of standard words in the Flipbook 3.00 3.00 3.00 3.00
Imunopedia.
9  |Suitability to thinking development level of 3.00 4.00 3.00 3.33
senior high school students in Grade 11.
10 |Accuracy of structure and grammar (no typo). 3.00 3.00 3.00 3.00
11 |Accuracy in using biology terms. 3.00 4.00 3.00 3.33
12 [The immune system content elaboration is in 2.00 3.00 3.00 2.67

accordance with the current immunology
development.

13 |Question exercises include all core competences 3.00 2.00 3.00 2.67
and basic competences.

14  |Effectiveness of picture illustration in the immune|  2.00 4.00 3.00 3.00
system concept visualization.

15 |(Suitability of videos in the immune system 3.00 3.00 3.00 3.00
concept mechanism visualization.

16 |Diversity of concept presentation in various 3.00 4.00 3.00 3.33
interesting features.

17 |Diversity of scientific facts related to the immune 3.00 3.00 3.00 3.00
system content.

18 |Diversity of exercise question types on the 3.00 2.00 3.00 2.67
Flipbook Imunopedia.

19 [Picture and video model are in accordance with 3.00 4.00 3.00 3.33

thinking development skills of senior high school
students in Grade 11.

20 |It encourages students’ activeness in learning. 2.00 3.00 3.00 2.67
Average 2.85 3.30 3.00 3.05
Category Valid Valid Valid Valid

Based on the above figure, the DFI media according to the content aspect were
valid with a little revision based on validator inputs. The average result of the immune
system content aspect in the DFI was 3.05. Based on the category [67] the content
aspect in the DFI media was in valid category. The DFI revision was conducted by
referring to comments and suggestion from website address expert, supporting
journals of immune system content and improvement in question exercise features.
There were two inputs and comments from the immune system contents on the DFI,
as follows.

It needs to add current issues on abnormalities, disorders, and diseases on immune
system. For example, lupus, etc. (Expert 1).

Cognitive, affective, and psychomotor aspects have been empowered in the media,
although the cognitive aspect is more dominant (Expert 2)

Based on the experts’ assessment and inputs, the DFI learning media improvement
carried out on disorders, abnormalities, and diseases in the immune system that were
included in the end part of the media content. Students needed to study disorders,
abnormalities, and diseases in human anatomy and physiology system learning to be a
wise and grateful person and able to maintain their health well [10]. Learning packed
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in media should consider three aspects, namely: knowledge, attitude, and skills [7],
[77].

Media Aspect: The media feasibility assessment was performed to learn the
quality of composition and features on the DFI. The media feasibility assessment
results could be seen in Table 6.

Table 6. DFI Media Validation Test Results in Language Aspect by the Experts.

No Statements Expert1 | Expert2 | Expert3 | Average
1 Ba}ckground and fea_ture layout selection of the 200 3.00 3.00 267
Flipbook Imunopedia in general.
2 Appropriateness of <_:o|or composition on the 200 3.00 3.00 267
Flipbook Imunopedia.
3 Diversity of picture |Ilgstrfat|on supporting the 3.00 400 3.00 333
content concept visualization.
4 Diversity of plc_tures sup_portlng the immune 3.00 4.00 3.00 333
system content in the Flipbook Imunopedia.
5 |Diversity of videos in the Flipbook Imunopedia. 3.00 4.00 3.00 3.33
6 plversny of presentz_it_lon of website addr_esses on 3.00 3.00 3.00 3.00
immune system additional content material.
7 Uniqueness of each page display on the Flipbook 200 3.00 3.00 267
Imunopedia.
8 Dlv_ers_lty of features that trigger students’ 3.00 3.00 3.00 3.00
curiosity.
Appropriateness of font type and size selection
9 thus it has good readability. 2.00 3.00 3.00 2.67
10 Use of sentences is in accordance with Bahasa 3.00 3.00 3.00 3.00
Indonesia general guidance.
11 |Accuracy of words or sentences writing (no typo). 3.00 3.00 3.00 3.00
12  |Picture quality does not broken when it enlarged. 3.00 3.00 3.00 3.00
13 Correctness of picture and video layout on the 3.00 3.00 3.00 3.00
flipbook imunopedia.
Video and sound quality is not broken and smooth
14 when it displays. 2.00 3.00 3.00 2.67
15 Accuracy in presenting website addresses with the 3.00 3.00 3.00 3.00
destination website .
Average 2.67 3.20 3.00 2.96
Category Valid Valid Valid Valid

The media feasibility test results by the three experts indicated an average score of
2.96. Based on the category [67], the media aspect of the DFI media was in valid
category. The expert assessment also provided inputs and comments. Several
examples of important inputs related to DFI media is as follows.

On the front page should provide information or guide related to DFI direction for
use to optimize application in the biology learning. Direction for use should also be
provided on how to open the book, how to play video, books could be move forward
or backward, and other technical information (Expert 2).

Color selection is still dominated by one color, light blue. It makes the DFI
monotonous. Stronger color combination or color based on sub-topic in the immune
system content should be applied (Expert 1).
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Videos presented on the media should include the source (Expert 2)

Language Aspect: The language aspect was assessed based on the use of
sentences and biology terms written on the DFI learning media. The language aspect
validation results are indicated in Table 7.

Table 7. DFI Media Validation Test Results in Language Aspect by the Experts.

No Statements Expert1 | Expert2 | Expert3 | Average
1 |Sentences used do not have a double meaning. 3.00 3.00 3.00 3.00
2 |The use of sentences is in accordance with thinking 3.00 3.00 3.00 3.00
level of senior high school students in Grade 11.

3 |There is diversity of inductive and deductive 3.00 3.00 3.00 3.00
paragraphs.

4 |The correctness of font size and type selection. 2.00 3.00 3.00 2.67

5 [The correctness of font size and type selection in 3.00 3.00 3.00 3.00
source writing.

6 |The correctness of font size and type selection in 3.00 3.00 3.00 3.00
pictures and videos explanation.

7 |The use of clear sentences without double meaning. 3.00 3.00 3.00 3.00

8 |The suitable of sentence writing to the correct and 3.00 3.00 3.00 3.00
appropriate Bahasa Indonesia.

9 |The appropriateness of biology terms utilization. 3.00 3.00 3.00 3.00

10 |[The use o clear and understandable roman symbols. 3.00 3.00 3.00 3.00
11 |Consistent use of terms and sentences. 3.00 3.00 3.00 3.00
12 |Consistent use of symbols in sentences. 3.00 3.00 3.00 3.00
13 [The use of sentences that trigger students’ curiosity. 2.00 3.00 3.00 2.67

Average 2.85 3.00 3.00 2.95
Category Valid Valid Valid Valid

The assessment of DFI media language aspect from the three experts had average
of 2.95. According to feasibility category [67], the DFI media feasibility in the
language aspect was valid. Some inputs and suggestions from the biology education
experts on the DFI media are as follows.

“There are several parts with smaller font size and the use of sentences that trigger
students’ curiosity” (Expert 1).

Referring to the comment, the media was enhanced by considering font size and
type and improving sentences that could encourage students’ curiosity. Good learning
media content could assist students to develop their cognitive skills through curiosity
enhancement [78]. Students’ curiosity provide good contribution to the attainment of
learning achievement [79].

Once the media was improved by referring to the biology education experts’
assessment and inputs, the next stage would be trial to limited students. The DFI
media trial was done to 10 students of Grade 11 of science class in a senior high
school of Cibinong, Indonesia. Aspects assessed by the students include content,
display, and benefits of the DFI learning media in immune system learning. The trial
results and statements question are presented in Figure 6 and Table 8.
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Fig. 6. Results of small group trial (n=10), (a) content, (b) display, and (c) DFI benefits.

Table 8. List of statements on the small group test.

No Statement
Content of DFI

1 Material on DFI presented systematically.

2 The content on DFI is following the concept.

3 DFI media is easy to use.
Display of DFI

1 Display DFI media according to layout, color, shape, and size.

2 Attractive DFI media display.

3 DFI media can be read properly.

4 Language on DFI media is easy to understand.

5 The DFI media is easy to use.
Benefits of DFI

1 The DFI media can increase motivation in learning the immune system.

2 The DFI media can increase knowledge of the concept of the immune system

The results of DFI media trial on 10 students obtained an average of content aspect
(3.60), display (3.62), and media benefits (3.65). Based on the category [67], the small
group trial was categorized as very valid in the three aspects. Students also provided
arguments that diversity in content presentation in the DFI media that strengthened by
pictures and videos and questions facilitated respondents in mastering the immune
system concept.
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4 Conclusion

The DFI learning media development was valid. The average of validation results
by experts obtained content aspect (3.05) in feasible category, media aspect (2.96) in
feasible category, and language aspect (2.95) in feasible aspect. The results of DFI
learning media trial on small group that involved 10 students resulted in a very valid
category in the three aspects, namely content (3.60), display (3.62), and media
benefits (3.65). Flipbook learning media on biology and science learning have been
developed [50], [51], [63]. This learning media contributes to the solution to the
availability of learning media for the immune system that is not currently available.
Good distribution of the immune system content in the learning media will facilitate
students to master the immune system concept. The DFI learning media development
had met the feasibility aspects of a learning medium. Learning biology related to
physiological processes such as the body's defense response mechanism against
pathogens cannot be directly observed by students (Wulandari, Herlita, & Nurmiyati,
2020). This DFI learning media helps students to be able to analyze the body's
mechanisms through pictures and videos equipped with explanations in the form of
sound and text. Several things to be considered in the DF development with Flip PDF
Professional application were related to the necessity to prepare many picture models
and more varied written content. Therefore, the media could be well arranged so that
functions of each DFI feature could run maximally. At the stage of analysis, students
found fundamental misconceptions about the definition of the immune system.
Misconceptions that occur in students can result in students' cognitive development
being constrained in studying biology further [80], [81]. A trial to larger student group
should be done to find out the effectiveness of the DFI learning media.
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