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ABSTRACT
This research aimed at discovering genetic diversity of Rhizopora mucronata in the Timor Island, in which it
could be implemented as learning sources on the genetic course based on local natural resources. There were
two stages of this research, namely quantitative-qualitative descriptive research, and development research used
4D model. 16 mangroves vegetation existed in the Timor Island were taken as the sample of research. Samples
were analyzed at the Cell and Molecular Biology Laboratory and Plant Physiology, Tissue Culture and
Microtechnical Laboratory, Brawijaya University. Field test was carried out in 5th semester of Departement of
Biology Education, Universitas Muhammadiyah Kupang. The results of this study indicated that the genetic
diversity values of (He) R. mucronata were 0.666. The highest value of genetic diversity (He) was in Sumlili,
Abudenok, and Tanjung Bastian (0.667), while the lowest value was in Sulamu and Tanjung Tuamese (0.664).
Based on the results of dendrogram, generally the R. mucronata grouping was not related to the geographical
position. Distant populations tended to form one subgroup. The analysis results of genetic diversity were further
developed into leaflets, in which it had been validated by the experts. The mean scores of quality assessment of
teaching materials were 3.755, while the mean results of material assessment were 3.755. The results of field
test or wider scale test show that leaflets used as teaching materials are included in the effective category or can
be declared as effective learning resources.
Keywords: Genetic Diversity, Rhizopora mucronata, Timor Island, learning sources, leaflet, genetic, local
natural resources

1. INTRODUCTION
Timor island is one of areas in East Nusa Tenggara (NTT),
Indonesia, in which it is surrounded by the sea.
Administratively, the Timor island is divided into four
regencies/cities, i.e. Kupang City, Kupang Regency, South
Central Timor Regency, North Central Timor Regency and
Belu Regency (1). This island is also a land border between
Indonesia and República Democrática de Timor-Leste
(RDTL) (2). In the coast of Timor Island, mangrove
vegetation is often found, one of which is the Rhizopora
mucronata species [3.4].
Mangrove ecosystem has an important role
ecologically, economically, and socially for the coastal
communities (5–7). The mangrove ecosystem can grow up
well in the tidal zone along the coastline of tropical regions
i.e. lagoons, swamps, deltas, and river mouths [8.9]. This
ecosystem is complex and dynamic but unstable (10).
Factors affecting the zoning distribution are related to the
response of plant species to soil conditions, wave exposure,
tides and salinity as well as a combination of local chemical
and physical conditions. Such a land condition impacts on

the zoning construction of plants and animals distribution
i.e. the difference of crab species on the different land
condition (11).
Genetic diversity is a gen variation on one species
determined by the numbers of gen which have more that
alleles (polymorphic genes), and the numbers of alleles for
each gen (12). The existence of polymorphic genes also
indicated that several individuals in a population have
heterozygote gen, in which genetic diversity contributes on
the population abilities to adapt on the environmental
changes (12). Furthermore, the genetic diversity plays an
important role in the adaptabilities of certain species,
because when a specie’s environment changes, small
variations of genes are needed so that the species are able to
and adapt (13–15). Various concepts and development on
the genetic reviews are necessary to be communicated to the
communities, especially to the students/ prospective
biology teachers (16–20).
Consequently, during this time the learning process on
genetic course carried out by Departement of Biology
Education, Faculty of Teacher Training and Education,
Universitas Muhammadiyah Kupang, was still deemed not
utilizing the surrounding environment as a source of
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learning, and still relied on the use of textbooks that were
not in accordance with the learning competencies to be
achieved (21). In fact, a learning using textbook seems to
still be conventional, and tends not to provide motivation
for students in understanding the concepts related to the
lecture material provided [22.23]. According to the
observation results, discussion with the lecturers and
analysis of learning outcomes can be stated that the genetic
diversity is not yet fully understood by the students. Of
course, this will impact on the weak competence of these
biology teacher candidates. Of course, this will impact on
the weak competence of these biology teacher candidates.
Truthfully, science learning must be designed to
educate the students to develop scientific thinking skills or
known as scientific learning and participate actively in the
learning process (24–27); thus, a patter on the students’ self
can be constructed to develop their thinking ability,
learning, and caring attitude towards the surrounding
natural environment (28). Hence, an appropriate teaching
material is needed to be designed so that the genetic
diversity material is easy to be understood by the students
and the learning process becomes more meaningful. The
learning is expected to be more meaningful and will be more
effective it the learning uses appropriate learning sources
(29). One of main components that determines the quality
of learning sources is the involvement of environmental
elements (30–33). Learning material integration using
surrounding environment issues and varied learning method
can ease the students to solve the environmental problems
and construct the caring attitude towards the surrounding
environment. The integration of information, material, and
local resources are expected to be able to motivate the
students in learning [29.34.35].
The students’ creativity can be developed by means of
active mindset by utilizing the environment and even local
potency as the learning sources (36). Learning sources
based on local potential can be packaged in the teaching
materials designed to achieve the learning objectives (37).
The accuracy in utilizing the learning sources in the
teaching and learning processes has a profound effect on the
achievement of learning objectives. One of the choices of
teaching materials that is thought to be interesting, effective
and has an impact is the media of leaflets. Some previous
studies conclude that leaflets are easy to be used as a
medium for the delivery of interesting learning materials
and reduce boredom. (38). Leaflet are usually designed
carefully and completed by an illustration using simple
languages, short and easy to understand. Leaflets should
contain materials that can lead the students to master one or
more basic competencies (39).
Besides, leaflets are attractive to look at, easy to
understand, stimulate the imagination in understanding the
content, and are more concise in delivering the information
content (40). Another advantage of using leaflets are the target
can adapt and learn independently. Leaflets are also practical
because they reduce the need for taking notes, the target can
see the contents while relaxing. In addition, leaflets are very
economical, the various information can be given or read by
the members of the target group, so that it can be discussed.
Leaflets can provide the detail information which not given

orally, easy to make, to reproduce, to improve and easily
adapted to the target group (41), (42). In this research, the

researchers integrate the research results about genetic
diversity of Rhizopora mucronata in the Timor Island.
Scopus and Google Scholar search results show that in
a limited amount, the integration of mangroves or the results
of mangrove research have been carried out by previous
researchers. Some topics that can be raised as examples are
“mangrove wetland ecology exploration project” (43),
“diversity of mangrove forest gastropods” (5), “mangrove
forest genetic resources - a training manual” (44),
“mangrove ecosystem introduction on elementary students”
(45), “integrating nature conservation and biodiversity
education in teaching in general schools” (46), and “booklet
development based on research identification of fiddler crab
(Uca spp.) diversity in mangrove ecosystem”. According to
previous research data, it can be concluded that there are
only five researches/reviews related to “topic mangrove” as
a learning source, in which it exists in the books or modules.
Those reviews are still general, not specific on the genetic
diversity, species of R. mucronata, and leaflets. Hence,
based on the given explanation and it is in line with the
needs of genetic learning in the Departement of Biology
education, this research is necessary to be carried out.
Therefore, this research is a development research on the
results of previous studies by utilizing the results of research
to be used as a learning resource in the form of leaflets, so
that this article is different from other existing publication
articles. This research contributes in providing an
alternative source of genetic learning in college (especially
for biology education students – who are future biology
teacher candidates). This learning source has an element of
novelty because it is developed based on the results of the
research of species R. mucronata that has been done
previously on the Timor Island (47) (based on local
resources)..

2. MATERIAL AND METHOD
2.1. Time and Place
Sampling was carried out in 2017 to 2018. There were 16
mangrove vegetation taken as the mangrove leaf samples,
in which those were form the Timor Island, NTT including;
Kupang Regency (Pulau Pasir, Sumlili, Salupu, Tesabela,
Oematnunu, Nunkurus, Bipolo, Pariti, and Sulamu),
Kupang City (Paradiso), Malaka Regency (Kletek and
Abudenok), and Timor Tengah Utara Regency (Humusu C.,
Tanjung Bastian , Oemanu, Tanjung Tuamese).
Subsequently, the samples were analyzed the Cell and
Molecular Biology Laboratory and Plant Physiology,
Tissue Culture and Microtechnical Laboratory, Brawijaya
University.
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2.2. Research Procedurs
The research method referred to the stages of Research and
Development (39). The research began by analyzing the
material requirements. This research was conducted based
on observing facts as a systematic sign of plants (48). The
data that analyzed were the emergence of DNA bands
analyzed to obtain the value of genetic diversity.
The results of polymerase chain reaction (PCR) that
had been electrophoresis were taken a picture and analyzed
using band pattern scoring, in which it used the software
PyElph version 1.4., the bands pattern that emerged
(positive) were given the score of 1 and the bands pattern
that did not emerge (negative) were given a score of 0.
Furthermore, from the calculation results, it was carried out
a grouping analysis (cluster analysis) using the UPGMA
method based on the coefficient similarity of Jaccard’s by
means of software MVSP 3.2 program. The data obtained
from the research results were about the genetic diversity;
then, those were used as learning sources in which packaged
in a learning material in the form of local resource-based
leaflet.
The development procedures of leaflets learning material
referred to the development model of Thiagarajan, namely
4-D model (49).

2.3. Teaching Materials Development Model
The development research was carried out in Departement
of Biology Education for the students of VA and VB
semesters to find out the effectiveness of learning (lectures)
in Genetics courses using the teaching materials in the form
of leaflets after the 4-D development stages. The 4-D
development model included of the Define stage, the Design
stage, the Develop stage, and the Disseminate stage. Data
collection techniques used were questionnaire, test, and
observation sheets. While the instruments used were expert
validation questionnaires, student response questionnaire to
learning using leaflets that were developed as well as a test
on the genetic diversity material. Overall data obtained in
this research were analyzed using qualitative descriptive
analysis. Overall, the 4 D development stages were
described in the following explanation.

2.3.1. Define Stage.
In this stage, the researcher collected the information
relating to the product to be developed. The define stage
included five main stages, namely: a) front-end analysis; b)
student analysis; c) task analysis; d) concept analysis; and
e) formulation of objectives. The front-end analysis began
with the knowledge, skills and initial attitude of students in
learning the genetic diversity material. Then, need
assessment was carried out in the form of material
developed in the development results of leaflets. The next

stage was to determine the content of the material to be
designed in the learning process or lecture.

2.3.2. Design Stage.
In the design stage, several stages were carried out, namely
(1) determining the objectives of developing leaflet
teaching materials, (2) preparing benchmark reference tests,
namely the initial steps connecting between the define and
design stages using a questionnaire, (3) preparation of
leaflets teaching materials based on local resources (4) the
initial design was the initial result of the product design in
the form of a leaflet that would be developed (5) preparation
of instruments to measure the validity and effectiveness of
the leaflet.

2.3.3. Develop Stage.
The develop stage covered up: Expert validation, products
produced from the second stage were then validated by
Biology material experts and leaflet teaching material
experts so that it could be known whether the products
produced were appropriate and suitable for use and the
measuring instruments used had met the condition or not yet
eligible. In addition to knowing the validity of leaflet
teaching material products developed, the validation also
aimed at determining the appropriateness of the instruments
used to measure the validity and effectiveness of the
product. In addition, the validation also aimed at obtaining
the recommendations, and suggestions for improvement of
products that had been developed.
Data analysis techniques included the feasibility analysis of
teaching materials on genetic material leaflets based on
validation stages I and stage II by the validators, student
responses, and analysis of student test results during the
learning process. The data obtained in this research were in
the form of qualitative data obtained during a small group
test (consisting of 8 students) that were analyzed
descriptively qualitatively and converted to a scale table.
The scores obtained were then converted to four scale
qualitative data adopted from Millah (50), in which those
were elucidated on the Table 1.
Table 1. The Qualitative Data of Scale Four
Scores
Values
Criteria
Number
Calculation
A
Very Good
4
3.51 – 4.0
B
Good
3
2.51 – 3.50
C
Quite Good
2
1.51 – 2.50
D
Not Good
1
1.00 – 1.50
After the validation by experts, then an analysis of the
results of the validation was carried out. If the results of the
analysis of draft product data 1 were valid, the product was
stated to be suitable for use. Meanwhile, to determine the
effectiveness or improvement of student learning outcomes
in local resource-based genetic courses was by using the
formula 1:
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𝑔=

𝑝𝑜𝑠𝑡𝑡𝑒𝑠𝑡 𝑠𝑐𝑜𝑟𝑒𝑠− 𝑝𝑟𝑒𝑡𝑒𝑠𝑡 𝑠𝑐𝑜𝑟𝑒𝑠
𝑚𝑎𝑠𝑥 𝑠𝑐𝑜𝑟𝑒𝑠−𝑝𝑟𝑒𝑡𝑒𝑠𝑡 𝑠𝑐𝑜𝑟𝑒

(1)

Then, the results of Gain calculation were categorized into
3 groups (51), in which it was elucidated in the Table 2.

Table 2. Conversion of Gain Scores to Qualitative
Gain Score
Category
g > 0.7
High
0.7 > g > 0.3
Moderate
g > 0.3
Low

2.3.4. Disseminate Stage.
Disseminate stage was the stage of using tools and teaching
materials that had been developed on a broader scale. After
conducting a field test, and the product leaflets for teaching
genetic diversity material were declared to have been valid

and effectively used in the learning process, the next step
was to disseminate or spread to other classes.

3. RESULT AND DISCUSSION
3.1. Genetic Diversity of R. mucronata
Amplification of DNA bands from 48 R. mucronata
samples using six RAPD primers, OPA-05. OPA-07. OPA08. OPA-10. OPA-11 and OPA-14 showed the results of
DNA band amplification from each of the various primers
with different resolutions ranging from bleak and thin to
clear and thick. The PCR product was then screened using
PyElph software version 1.4. Then, the results could be
analyzed. The DNA bands that were successfully amplified
totaled 820 bands with sizes ranging from 200 to 1500 bp
as shown in the Figure 1.

Figure 1. DNA Profile of the Amplification Results of PCR-RAPD Using Primers (a) OPA-05. (b) OPA-07 and (c)
OPA-08
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Based on the Figure 1, it could be seen that the OPA-05
Primer showed a pattern of DNA bands totaling 23 bands
with sizes ranging from 280 to 1345 bp and the percentage
of polymorphic bands at 73.91%, OPA-07 primers totaling
23 bands with sizes ranging from 450-1110 bp and
polymorphic percentages of 86.96%, and OPA-08 primers
amounted to 27 bands with sizes ranging from 270-1315 bp

and the percentage of polymorphic bands was 81.48%.
While the level of primary informativeness was 0.93.
The DNA band size from PCR-RAPD results, number of
DNA bands, percentage of polymorphism and Polymorphic
Information Content (PIC) of the six primers used in the
PCR-RAPD reaction in 48 samples of R. mucronata were
presented in the Table 3.

Table 3. The Bands Size of DNA R. mucronata and the Informativeness of Each Primer

No
1
2
3
4
5
6

Name of
Primers
OPA-05
OPA-07
OPA-08
OPA-10
OPA-11
OPA-14

Size Range of bp
280-1350
300-1480
210-1500
200-1325
200-1120
200-1210
Total

The results of the research in Table 3 above showed that in
the 6 (six) primers used, a range of bp size of 200-1500 was
obtained with the number of bands ranging from 116-155.
While the percentage of polymorphic bands ranged from
86.96-93.48% with Polymorphic Information Content

Number of
Bands
124
116
155
139
155
131
820

Σ Polymorphic
%
DNA Bands Polymorphic
128
86.96%
113
93.48%
150
90.74%
135
91.305%
151
90.91%
127
90.91%
804

PIC
0.953
0.953
0.953
0.953
0.953
0.953

(PIC) of 0.953. The data were then analyzed to determine
the level of genetic diversity of Rhizopora mucronata
growing on Timor Island, East Nusa Tenggara. The
Dendrogram results from the analysis of the level of genetic
diversity of R. Mucronata were presented in Figure 2.

Figure 2. The Dendrogram 18 Mangrove Samples of R. Mucronata in the Timor Island Area – NTT. The Numbers to the
Right of the Dendrogram Indicated Grouping
Based on Figure 2, it could be seen that 18 samples of R.
mucronata in the eastern part of Timor Island formed 6
clusters with similarity coefficient values of 0.24 or 24%.
Samples that clustered in the first cluster were Oemanu 2,
Oemanu 3, and Tanjung Tuamese (1, 2, 3). Samples that
clustered in the second cluster were Tanjung Bastian 3 and

Oemanu 1. Samples that clustered in the third cluster were
only Tanjung Bastian 2. Samples that clustered in the fourth
cluster were Humusu C 2, Humusu C 3, and Tanjung
Bastian 1. Samples that clustered in the fifth cluster were
Humusu C 1 and Abudenok (1.2.3). While the sixth cluster
consisted of Kletek (1, 2, 3).
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Meanwhile, 30 mangrove samples of R. mucronata in the
western part of the Timor Island (unpublished data) formed
3 main groups and formed 12 subgroups with a similarity
coefficient value of 0.42 or 42%. The first group formed 2
sub-groups, namely the first sub-group consisting of Pariti
2, Pariti 3, Sulamu 1, Sulamu 2, and Sulamu 3 and the
second sub group consisting of Bipolo 1, Bipolo 2, Bipolo
3, and Pariti 1. While the second group consisted of 6 subgroups, namely the first sub-group that consisted of
Paradiso 1 and Oematnunu 3, the second sub-group
consisted of Oematnunu 2 and Tesabela 3, the third subgroup consisted of Tesabela 1. Tesabela 2, and Oematnunu
1, the fourth sub-group consisted of Salupu 2 and Salupu 3,

the fifth sub-group consisted of Salupu 1 and Sumlili 3, and
the sixth sub-group consisted only of Sumlili 2. The third
group consisted of 4 sub-groups namely the first sub-group
consisting of Nunkurus 1, Nunkurus 2, Paradiso 2, and
Paradiso 3, the second sub-group consisting only of Sumlili
1. The third subgroup consisted of Nunkurus 3 and Pulau
Pasir 2, and the fourth sub-group consisted of Pulau Pasir 1
and Pulau Pasir 3. Furthermore, to find out the genetic
diversity of the 6 R. mucronata populations in northern
Timor Island, calculations were made based on the size of
the PCR-RAPD band and the number of bands according to
the genetic diversity parameters as presented in the Table 4.

Table 4. The Measurement Results of Genetic Diversity on the 16 population of R. mucronata in the Timor Island, East
Nusa Tenggara.

No
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

Population
Kletek
Abudenok
Humusu C
Tanjung Bastian
Oemanu
Tanjung Tuamese
Pulau Pasir
Sumlili
Salupu
Tesabela
Oematnunu
Paradiso
Nunkurus
Bipolo
Pariti
Sulamu
Total
Mean

Number of
Samples
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
48

Na

Ne

He

2.993
3.000
2.997
2.999
2.997
2.974
2.996
2.999
2.990
2.998
2.982
2.990
2.995
2.976
2.987
2.967
47.84
2.99

25.333
25.000
26.000
24.667
25.000
25.333
12.667
11.167
10.667
10.333
10.833
10.833
10.500
12.000
12.500
11.833
264.666
16.542

0.666
0.667
0.666
0.667
0.666
0.664
0.666
0.667
0.666
0.666
0.665
0.666
0.666
0.664
0.665
0.663
10.65
0.666

Notes: Na = Number of alleles observed; Ne = Number of effective alleles; He = Genetic diversity

The parameters used to indicate the genetic diversity in the
population were the number of observed alleles (Na), the
number of effective alleles (Ne), and genetic variation (He)
(52). Based on the Table 4, it could be seen that the diversity
value (He) of R. mucronata on the Timor Island, East Nusa
Tenggara ranged from 0.663-0.667. This indicated that the
genetic diversity of R. mucronata on the Timor Island was
classified as moderate.
The grouping of R. mucronata individuals from the
same population into one subgroup showed that in a
subgroup was influenced by geographical location. This
was presumably because the distribution of R. mucronata
on the Timor Island originated from the same elders which
caused a close kinship between the individual plants. This
tendency was caused by genetic recombination (53).
Genetic proximity between the populations was often
associated with geographical proximity (54), although this
was not always the case in population genetic studies (55).

The genetic diversity of a population could also occur due
to the interaction of several factors, namely mutation,
migration, recombination, selection, and drift. Mutation,
migration and recombination of genes would enrich
diversity in natural populations, whereas genetic selection
and drift tended to reduce variation (56).
The existence of difference was also expected due to
the distribution of R. mucronata assisted by the flow of sea
water at low tide. This sea water flow allowed the
mangroves of R. mucronata to be carried out by currents so
that they could be washed away to other locations. In
addition, the R. mucronata could also do a cross-breed with
the help of insects, although it was very unlikely. According
to Uslan (57), random marriages allowed the process of
gene transfer or migration through pollen transfer and could
cover large areas of spread.
High diversity values in the mangrove population of R.
mucronata could be caused due to environmental conditions
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in which to grow. As it was known that the climatic
conditions in East Nusa Tenggara, especially on the Timor
Island in general was a dry climate. These environmental
stress conditions became a limiting factor that had selected
the R. mucronata for a long time to produce R. mucronata
that had genetic resistance to environmental conditions.
Pratiwi (58) asserted that geographical location could
isolate a plant which caused a gene flow to be obstructed.
Haryjanto et al., (59) added that variations in a trait in a type
of plant could occur between geographical regions.
Growing environmental differences could be a major driver
in the process of differences in genetic makeup due to local
adaptation. The difference in genetic order would affect the
appearance of a certain character. In addition, high diversity
could also be caused by cross-marriages (outcrossing)
between the individuals who had distant kinship
relationships.
Marriage between the individuals with large genetic
distance or extended kinship had the effect of increasing
heterozygosity (60). Outcrossing could cause random
recombination in samples which were very common in
types of flowering plants cross pollinating, causing
diversity between the individuals (61).While the low value
of diversity could be estimated because the marriage that
occurred only involved the individuals who were
genetically close together. Marriage between the
individuals who were genetically close or the same kinship
had the effect of increasing the homozygosity (60). Plants
that had a close genetic distance illustrated the high genetic
similarity that when crossed would produce individual
plants with low genetic diversity. Low genetic diversity
would have implications for individual survival which was

also quite low due to the lack of diversity of genes derived
from the bloodstocks (62).

3.2. Leaflets Design of the Genetic Diversity of
R. mucronata
To obtain a teaching material in the form of leaflets that met
the valid and effective criteria, it had been carried out in
accordance with the development stages using the 4-D
model. The define stage was carried out in the form of a
preliminary analysis which was a needs analysis related to
the learning process or lectures in the Genetics course.
Based on observations, it was found that the more lectures
were provided a lecture with lecture methods and textbooks,
in which it had not been able to explain the concept of
material that was easily understood by the students. The
genetic diversity material was chosen in research
development because this material was a material that
required more understanding of the concept compared to
other material. The initial stage taken was to choose one of
the appropriate Basic Competencies.
Development of teaching materials began with analyzing
the material needed in accordance with the competencies to
be achieved. The leaflet teaching material compiled was the
result of research on the genetic diversity of Rhizopora
mucronata on the Timor Island. The leaflets developed
were then used as a learning resource for genetics courses
based on the local natural resources. Whereas the
Recapitulation of Draft Validation Results I by material
experts and teaching material experts was presented in the
Table 5.

Table 5. The Results of Leaflets Revision Based on the Validation Results of the Media and Material Experts

Revision
Aspects

Cover

Completeness
of Material

Before Revision

After Revision

• University logo was laid above the title
• The writing of Genetic word should be complete
with the course
• In order to be interesting and simple, the author's
name did not need to use a title
• There was a cropped part of the image

The cover part was
updated based on the
recommendations

• Mentioned the population and place to grow the
mangrove plants of R. Mucronata
• The material was still too long and not very
interesting and the objectives had not been
conveyed in accordance with the achievements of
the Genetic Course learning indicators

• The population of
growing place were
listed on the material
completeness part
• The material had been
summarized and added
interesting sentences
according
to
the
indicators of genetic
learning achievement
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Content
Design

Images

• There was an error on the writing of mangrove
plant name
• An error on the similarity placement of
dendrogram
• The image placement of DNA profile of the PCR
results should be ordered based on the primer
profile of RAPD listed in the leaflets
Supporting images such as dendrogram, DNA image
of PCR results using Transilluminator photo needed
to be displayed to clarify the materials; thus, the
students learned more about the concept of genetic
diversity based on dendrogram and DNA images
displayed so that the material about the level of
genes as inheritance was not only abstract but also
real

The next stage was the design and development of leaflets,
followed by data validation stage obtained in the
development of learning devices and teaching materials
consisting of product feasibility testing data, limited trial
data, and field trial data. In general, the characteristics of
local resource-based leaflets developed were the data and
information on local natural resources based on the genetic

The content design was
updated based on the
recommendations

The suggested images
had been displayed with
attractive
color
gradations so that the
students were happy in
learning the Genetics
Course

information (genetic diversity). Based on the material
experts and the teaching material development experts, the
leaflets were in the Very Good category and ready to be
implemented in the learning process. The results of the R.
mucronata’s genetic diversity leaflet design was presented
in the Figure 3.
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Figure 3. The Genetic Diversity Leaflets of R. mucronata
The develop stage was a stage that aimed at producing the
final product after validation, revision, and small group
trials or limited trials. At this stage, all the material and all
components supporting the leaflet including the learning
tools used were validated by the material experts and the

teaching material experts. The development tests included
of individual trials, small group trials, and actual field or
class trials. The results of the leaflet assessment by media
experts (validator 1) and material experts (validator 2) were
presented in Table 6.

Table 6. The Revision Results of Leaflets Based on the Validation Results by the Media and Material Experts

Assessment Results
Validator 1 Validator 2
Cover
3.61
3.60
Contents Design
3.61
3.60
Material Completeness
3.91
3.90
Material Contents /
3.89
3.92
Substances
Total
15.02
15.02
Mean
3.755
3.755
Assessment Aspects

Based on the data in Table 6 above, it showed the
average rating of the developed teaching material was 3.755
while for the average results of the evaluation of the

Category

Mean
3.60
3.60
3.90

Very Good
Very Good
Very Good

3.90

Very Good

15
3.75

material developed was 3.755. This assessment was
included in the category of very valid so that the leaflets
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could be used as additional learning resources in Genetics
courses based on the local natural resources.
Based on the results of small-scale test, it was carried out
revisions in accordance with the recommendation from the
material experts and teaching materials experts. The next
stage was a field test or a broader scale test conducted on
the students in the actual class. In this large-scale test, the
research data was collected after the learning was given
using leaflets based on local resources, in which it was
obtained from the pre-test and post-test scores. The average
pre-test and post-test scores and normalized Gain values
were presented in Table 7.

Table 7. The Average of pre-test and post-test Scores,
as well as N-Gain
Components
Scores

Average Scores of pre-test
Average Scores post-test
Gain
Normalized Gain t (N-Gain)

58.36
74.21
15.85
0.95

Based on the Table 7, the average pre-test score was 58.36
and the average post-test score for learning outcomes was
74.21. While the gain score was 15.85 and the N-gain was
0.95. This indicated that the improvement of pedagogic
abilities in the Genetics course was in the high category, and
shows that the selection of leaflets as teaching materials is
very effective. The advantage of using leaflets in learning
in Genetics courses was that it could improve the students’
ability to understand the concept of genetic diversity more
easily. The histogram of the normalized gain value of the
study results was presented in Figure 4.

Frequency

Histogram of Normalized Gain Score

Low

Moderate

High

Category

Figure 4. The Histogram of Normalized Gain Scores
The figure 4 showed that the number of students whose
normalized gain scores were included in the low category
was 1 person, the normalized Gain value was 17 people, and
10 students were included in the high normalized Gain score
category. This indicated that the learning using genetic
diversity material leaflets eased the students to learn the
concept of material when compared to the learning using
the books since the material contained in leaflets were
usually arranged systematically and sequentially

geographical position. Distant populations have a tendency
to form one sub group. The assessment results of teaching
material are 3.755 whereas the material assessment results
are 3.755, as well as the leaflets developed is categorized in
a very good category. The broader results of field test and
scale test show that the leaflets used as the teaching material
are categorized as very effective or be able to stated as very
effective learning sources. Then, the implementation of
leaflets can be reviewed from the effectiveness on semester
level, background, students’ initial ability, and lecturers’
competencies. Those are recommended to be carried out by
further researchers.
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