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Abstract: Cell division is an abstract material for middle school students in which learning resources
and supporting learning media are compulsory to use. This research and development aimed at
developing learning supplement book of mitotic cell material for IX graders which eases them to
identify cell division, particularly in mitotic phase. This study was developed based on ADDIE
model which comprised of four stages (i.e. Analysis, Design, Development, Implementation, and
Evaluation). The validation test was conducted by teaching and learning material experts. The two
stage tests were conducted in small and large trial groups. The qualitative and quantitative data
gained were analyzed using percentage. The results showed that the percentage values were 86.2%
(very feasible) for teaching material, 99.4% (very feasible) for learning material. The small-scale trial
gained 87.8% (very feasible), meanwhile the large-scale test gained 88.3% (very feasible). In conclu-
sion, the mitotic learning supplement book of cell division material for junior high school can be
used as teaching material in classroom learning activities.
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1. Introduction

Science learning is a learning process which involves the process of observing and
analyzing natural phenomena. Maiyena and Pinta (2014) stated that not only is science
learning process focused on cognitive aspect, but it also includes attitudes, products, pro-
cesses, and the applications which are carried out as a whole. This because, in science
learning, there is a process which emphasizes the relationship among natural phenomena.

Biology is a part of science which studies about living things and their natural sur-
roundings. The objects in biology are often encountered in real life. According to
(Minarno, 2001), learning biology must emphasize experiences achievement about the ob-
jects studied by students. Basically, not all study objects can be seen directly as there are
many abstract concepts of science which are difficult to understand.

Cell division is one of abstract materials studied in biology. According to (Cimer,
2012), cell division has been considered as one of the difficult materials to comprehend.
This because cell division is a process which cannot be seen directly. Cell division is an
abstract material for students as they can only imagine it. Moreover, there are limited
teaching materials which are supported with facts. In the other words, most of cell divi-
sion materials are theoretical.

The low students’ understanding related to cell division material, especially mitosis,
is proven by the low score gained. Lestari (2014) reported that the IX-graders' daily exam
scores, especially in cell division material, in the last two years were below the standard
(below 70 as the minimum completeness criteria/MCC). The need analysis conducted by
researchers in SMP Muhammadiyah 2 Malang in October 2018 also showed the same re-
sults. This means that students have not been able to understand the material of cell divi-
sion optimally. This is occurred because the materials are presented in textbooks and
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worksheets without being supported by sufficient facts to support learning activities
based on observations. Furthermore, the need analysis results showed that 82% of stu-
dents have never done learning to identify mitotic phases through real objects by conduct-
ing practicum. In addition, 96% students expected a teaching material which supports
learning activities by observing real objects directly. The same problem was also found in
the two other junior high schools i.e. SMP 4 Muhammadiyah and SMPN 8 Malang.

Teaching material plays an important role as supporting material in learning activi-
ties. Teaching material is used by teachers and students in learning activities. Hence,
teaching material aims to ease teacher in delivering learning material learnt by students
to achieve certain competencies. Teaching material is organized in several forms such as
textbook, module, supplement book, handout, worksheet, model, audio teaching mate-
rial, interactive teaching material, and so forth.

Supplementary book supports learning activities (Rani et al., 2020). It generally con-
tains concepts in terms of information which complement main book (Lestari, 2014). Sup-
plement book can also be developed based on the practicum observation. It facilitates stu-
dents to observe cell division directly based on the need the facts of real objects. Thus,
students obtain learning experiences directly, as the additional information is accurate
and up-to-date. This will provide positive influence as the supplementary book is well
managed and planned. Not all lesson materials can be loaded fully in textbook, thus, the
existence of supporting books is necessary to facilitate students in achieving learning
goals.

Based on the above premises, it is necessary to develop supplementary books which
contain of mitotic phases material for IX graders. The supplementary book developed re-
fers to the Curriculum 2013 with a good presentation and equipped with pictures of cell
division phases. Thus, it can be used as teaching material to improve student understand-
ing.

2. Materials and Methods

This research and development employed ADDIE model constructed by Dick and
Carry. This model comprised of five stages i.e. Analysis, Design, Develop, Implement, and
Evaluate. This study developed a supplementary book and cell division preparations uti-
lized to support learning activities in improving student understanding.

2.1. Analysis

The analysis was carried out through two activities consisted of teachers' and stu-
dents' need analysis and curriculum analysis. The need analysis stage was carried out in
SMP Muhammadiyah 2 Malang. The activities carried out at this stage were interview
with science teachers and distributing questionnaires to 20 students. Meanwhile, the cur-
riculum analysis was conducted to ensure that the supplementary book developed is in
accordance with Curriculum 2013. At this stage, the analysis was done to ensure that the
Competency standard and Competency Achievement Indicators set by government are
covered in the learning material developed. This stage was conducted through interviews
during initial observations done with science teachers at school.

2.2. Design
At this stage, planning is carried out to determine the elements needed in supplement
book such as competence and indicators according to the Curriculum 2013, learning strat-
egies, methods, and evaluation techniques.

2.3. Develop
At the development stage, several activities were conducted. They were started with
searching and collecting various sources which are relevant to the material, manufactur-
ing mitotic supplement book presented with original images based on the results of ob-
servations, layouts setting, validating teaching materials, revision I, limited trial, and re-
vision II (if needed).
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2.4. Implement
At the large-scale trial stage, it was determined whether the product feasible or not
based on the both material and learning media aspects. Thus, the final product is feasible
and can be produced and utilized in learning activities especially in cell division material.
The trial test was done on 30 participants at SMP 2 Muhammadiyah Malang.

2.5. Evaluate
The evaluation stage was carried out at each stage in terms of formative evaluation.
The results of the formative evaluation were used as a reference for improvement steps at
each stage in case any improperness were found on the teaching materials

3. Results

The results of development research can be described through stages as follows.

3.1. Analysis

The needs analysis results showed that the student needs for supplement book that
was 100%. This means that all respondents (students) tended to gain an additional book
in the form of supplement book which can support their learning activities in terms of
bringing them closer to the facts directly. In addition, the interview results with some stu-
dents indicated that the learning activities of this material had never used teaching mate-
rials which approach students to the real facts and display the original image.

Meanwhile, based on the learning goals and curriculum analysis, a specific goal for
supplement book development was determined. The goal was to support the implemen-
tation of all core competencies, basic competencies, and specific indicators of mitotic cell
division sub material. Thus, the concepts understanding can be achieved optimally.

3.2. Design

The preparation of the supplementary book framework includes gathering infor-
mation related to competencies and learning objectives, developing information into
learning materials, and developing subject matter from literature studies. The literature
sources include the Curriculum 2013 student science book, the Curriculum 2013 teacher
science book, the Biology Volume 2 of Campbell (2008), as well as several literature
sources from the internet. In addition, in this phase, the validation of supplementary book,
content, as well as teacher and student response questionnaires were also carried out.

3.3. Development

The development product resulted was a supplement book. The validation of the
product was done by expert lecturers and science teachers. The validation process covered
teaching materials and content. The validation results of teaching material validation
questionnaires can be seen in Table 1.

Table 1. The validation results of supplementary book by teaching material experts

No. Assesment criteria Presentage (%) Category Validation level

The properness with teaching
1 60 Fair Revision required
material principles

2 Book format 70 Feasible No revision
3  Content feasibility 75 Feasible No revision
4  Prersentation 60 Fair Revision required
5  Language 70 Feasible No Revision
6  Benefit 80 Feasible No revision

Total 73 Feasible No revision
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The validation results of the supplementary book after revision are served in Table
2.

Table 2. The validation results of supplementary book by teaching materials experts after revision

No. Assesment criteria Presentage (%) Category Validation Level

The  properness  with
1 80 Feasible No revision
teaching material principles

2 Book Format 87.7 Feasible No revision
3 Content feasibility 80 Feasible No revision
4  Prersentation 85 Feasible No revision
5  Language 85 Feasible No revision
6  Benefit 100 Feasible No revision

Total amount 86.2 Feasible No revision

The validation assessment results of supplementary book by material experts are
served in Table 3.

Table 3. Validation results of supplementary book by content experts

Percentage (%)

No  Assessment criteria Before After Category Validation
revision revision fevel
1 Content feasibility 98.3 100 Very feasible No revision
2 Language 100 100 Very feasible No revision
3 Presentation 100 100 Very feasible No revision
Average 99.4 100 Very feasible No revision
The results of student responses are available in Table 4.
Table 4. Small-Scale Trial Results
Respondent
No Presentation — Total score
1 The appearance of the supplement book is interesting 5 20
2 The colors used in the supplement book are interesting 5 19
3 The letters used in the supplement book are appropriate 5 16
A The material in the supplement book is easy to s 1

understand
The command questions in the supplement book are

easy to understand

6  The picture on the supplement book is clear 5 18

7 Adding new knowledge 5 18
Total 123
Maximum score per item 4
Total maximum score 140

Precentage 100%
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The results of a large-scale trial with 26 grade IX junior high school students consist-
ing of 26 students can be seen in Table 5.

Table 5. The results of large-scale trial of supplementary book

Respondent
No Assessment aspect Total score
number
The supplementary book presentation is
1 PP Y P 26 94
interesting
2 The color used on the book is interesting 26 89
The alphabets used on the book is
3 26 88
appropriate
The materials served in the book are easy
4 26 91
understood
The instructions used in the book are easy
5 26 90
understood
6  The figures served in the book are clear 26 92
7 The book contents add new knowledge 26 99
Total 643
Maximum score per item 4
Total maximum score 728
Percentage 100%

At this trial stage, data from the field trial results will be presented from the supple-
ment book product to see the effectiveness after using the mitosis learning supplement
book on cell division material in junior high school. After using the supplement book,
students were given an evaluation question regarding mitotic learning for 45 minutes
with a total of 30 students. The results of the evaluation test data can be seen in Table 6.

Table 6. Grade IX students' work evaluation scores using learning supplement books

No Name Minimum Completeness Criteria Evaluation Score
1 SAI 73 87
2 RE 73 81
3 FP 73 85
4 DIP 73 87
5 AM 73 80
6 AP 73 88
7 FAM 73 87
8 KPL 73 86
9 AS 73 85
10 AP 73 84
11 CTP 73 80
12 AIP 73 80
13 KM 73 83
14 SPI 73 82
15 JA 73 85
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No Name Minimum Completeness Criteria Evaluation Score
16 FAP 73 75
17 RUK 73 78
18 AK 73 85
19 AF 73 86
20 QBI 73 87
21 NIP 73 87
22 AS 73 80
23 DN 73 80
24 AUH 73 90
25 SH 73 85
26 MP 73 85
27 RAM 73 83
28 SD 73 87
29 LA 73 86
30 SS 73 82

Based on the difference in the results of the evaluation data after using the mitosis
learning supplement book with the school's KKM score, it showed significant results that
there was an increase in the score or score obtained by students. Based on these results,
when compared with other classes that have not used supplement books as supporting
teaching materials, there is a difference in grades, namely Class B and C have an average
score of 77 and 79 respectively. Meanwhile, class A who has used supplement books ob-
tained the average grade before the use of the supplement book was 78 then after the
application of the supplement book the grade average was 83.

3.4. Evaluation

The evaluation stage is carried out through formative evaluation activities by collect-
ing data through several methods, namely observation, interviews at the initial research
activities so as to produce data that can be used to improve this supplement book.

4. Discussion

The supplementary book development was started by conducting need analysis. It is
one of crucial step to ensure that the learning media developed is really needed by the
subjects targeted. Heong et al. (2012) stated that need analysis is a key factor in generating
idea. In this study, 100% of the respondents stated that they need supplementary book to
support their learning activities. The same analysis was done by many researchers to de-
velop high quality learning media (Bowling et al., 2008; Ilma et al., 2018) and other learn-
ing attributes (Hudha et al., 2017) . In the other words, the demand of the supplementary
book is high, thus, the supplementary book development is the right solving for the issue,
in terms of teachers and students’ needs. Thus, the development process can be pro-
ceeded.

Moreover, the curriculum analysis showed that the standardized competence in Cur-
riculum 2013 can be determined as the basis for supplementary book development. In the
development stage, learning media validation is compulsory. This aims to guarantee that
the media developed functions well. Not only in developing book, several previous re-
searchers did validation on their evaluation instrument (Gormally et al., 2012), (Hudha
et al, 2017), module (Irwan et al, 2019), and so forth (Dung & Fatmawati, 2018;
Gulbinskiené et al., 2017). Table 1 proved that, according to material experts, the supple-
mentary book was still need to be revised for several points. The lowest percentage
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achieved in the book was the properness of the book with the teaching material principles
as considerable as its presentation. Thus, the researchers need to revise them.

Notwithstanding that there only two aspects are necessary to revise, but the re-
searcher did revise all criteria assessed to optimize the book. Thus, the feasibility of the
book was great (Table 2). Furthermore, based on material expert assessment (Table 3),
there, actually, were no criteria need to be revised. The only criteria below 100% was con-
tent feasibility (98.3%). Yet, the researchers need to optimize this criterion to meet 100%.

In addition to validation assessment, the small- scale trial achieved was 100% (Table
4). This means that the book developed was well accepted by student. Similarly, in the
large-scale trial, the maximum score was gained by the supplementary book (Table 5).
Trial process in developing learning attributes is a considerable step to measure the effec-
tiveness of the attributes developed (Muhaimin, 2015; Rani et al., 2020; Septiani &
Rustaman, 2017; Tang et al., 2020).

Not only were stop in the validity assessment and trial steps, but the supplementary
book feasibility was also ensured by assessing students scores. The results (Table 6)
showed that all students achieved the scores above the minimum completeness criterion
(73). The lowest scores gained by student were 75 and 78; while the 28 student’s scores
remain were above 80. This is an important prove that the supplementary book developed
is applicable to support students’” learning process.

5. Conclusions

This research and development produced a supplementary book for cell division ma-
terial in term of mitosis based on ADDIE model which contained of five stages, namely:
1) Analysis, 2) Design, 3) Development, 4) Implementation, 5) Evaluation. To go further,
the supplementary book was validated by material experts and teaching materials ex-
perts. The average validation score of the three aspects (feasibility, language, and presen-
tation) assessed is 99.4% which is in the very feasible category. The validation of teaching
materials experts was also done on six aspects, namely, teaching materials, book format,
content feasibility, presentation, language, and benefits. The average value gained in the
first stage validation is 73%. Meanwhile, the second stage validation achieved the average
value of 86.2% of all aspects with a very decent category. The small-scale trial obtained
the average score of 87.5% (very decent) and the average score for the large-scale trial is
88.3% (very decent). Furthermore, the evaluation results showed that there was an im-
provement of students' achievement as they used the book. The students' scores reached
above the minimum completeness criterion determined by school (73). Thus, the book is
feasible to be used in improving students' understanding about cell division material, es-
pecially in mitosis.
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