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Abstract: The main objective of environmental education is to promote pro-environmental behav-
iors; increasing knowledge and understanding are the first steps. Active learning plays a crucial
role in increasing engagement levels and achieving positive behavioral development. We aimed
to evaluate the effectiveness of a wildlife-friendly farming curriculum, including active learning,
presented to 223 students aged 13-15 years from ten middle schools in Garut Regency, Indonesia,
from June to September 2019. Using pre- and post-questionnaires, we found that knowledge retention
and understanding increased if students completed an exercise that involved an active discussion
with parents and if the class was engaged (monitored via WhatsApp groups) in an active learning
experiment. Key concepts regarding wildlife-friendly farming, such as mutual benefits for wildlife
and humans, the provision of ecosystem services by animals, and the use of organic farming, were
more frequent if students discussed the program with parents or if they were engaged during the
experiment. We found evidence that student engagement via active learning increased knowledge
retention and understanding of wildlife-friendly farming. Similar approaches should be used to
promote wildlife-friendly farming approaches from even younger ages and should be tested with
other projects aimed at producing pro-environmental behaviors.

Keywords: knowledge transfer; learning styles; coffee; environmental education; conservation
education; agroforestry; STEM; VARK; Bloom’s taxonomy; organic

1. Introduction

Conservation education is a type of environmental education with the specific aim
of influencing people’s knowledge, attitudes, emotions, and behavior about wildlife and
wild places [1]. Conservation education is a key element in fighting species extinction [2]
by increasing knowledge and promoting positive attitudes [3,4]. The ultimate goal of
environmental education is triggering behavioral change, although many conservation
education projects achieve only the first step of Bloom’s taxonomy of educational objec-
tives [5]—i.e., an increase in knowledge [3,4]. It is often possible to reach the second level
of Bloom’s taxonomy and have an increase in understanding; thus, pupils can comprehend
and interpret the concepts shared during conservation education activities (e.g., they are
able to explain a concept in their own words) [6]. Many studies in developing countries
high in biodiversity also only assess the short-term increase in knowledge (i.e., imme-
diately after an intervention), and medium- to long-term evaluations are still relatively
uncommon [3,7-13].

The main target audiences of conservation education programs are children mainly
due to the fact that the development of their attitude towards the environment starts at the
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early stages of learning, and it is challenging to change it at later stages [14]. Paradoxically,
wildlife is threatened with extinction at a fast pace, and understandably, it would be a
priority to target an audience whose actions can have rapid effects [15]. A growing body of
research indicates that there is a positive influence on children in sharing knowledge with
their parents [7,15]. Thus, favoring the communication between children and parents by
implementing project activities that include this interaction could reach a wider audience
and meet both short- and long-term conservation targets.

High levels of engagement during conservation education activities play a crucial
role in achieving positive behavioral development [16,17]. It has been shown that active
learning, as a teaching method where individuals are directly involved in their learning
process, can increase engagement levels [18,19]. Examples of activities that involve ac-
tive learning include group discussion, role play, and games used to promote creative
thinking, independence, and problem solving [20]. Emerging technologies such as What-
sApp have been recently used to increase engagement in conservation education programs
and improve learning experiences (e.g., [21,22]). A learning style is defined as the way
an individual gathers, processes, and responds to information [23]. Teachers can apply
different learning styles to meet students’ preferred learning styles and, thus, create an
inclusive learning environment since it has been shown that students” engagement is
enhanced through the use of their preferred learning style [24,25]. The VARK (visual,
auditory, read/write, and kinaesthetic) model is one of the most common models used
in environmental education [23,26,27], indicating that curricula should be implemented
considering different learning styles. At the same time, learning styles may change even
for an individual during different points along the learning process; therefore, maintaining
diversity across a curriculum is crucial.

In Indonesia, smallholder farmers comprise 96% of coffee farmers [28], meaning they
have the autonomy to change management strategies in their fields. Already the nature of
these smallholder farms include a level of plant diversity and organic management that
is friendly to wildlife [29]. This curriculum was in coordination with a larger initiative
that aimed at promoting wildlife-friendly and organic practices to coffee farmers in the
Garut Regency and other areas in Java [30]. This also included experiments to understand
the importance of organic and wildlife-friendly farming in increasing and protecting
biodiversity (e.g., butterflies and other pollinators [31,32]; mammals [33]; birds [34]; and
invertebrates [35]). In this project, we have already obtained Wildlife Friendly certification
for a community of ~400 coffee farmers in Garut regency from the Wildlife Friendly
Enterprise Network™ in October 2020 [30].

We aimed to evaluate the effectiveness of a curriculum including active learning and
different learning styles in students from middle schools in Indonesia. After the successful
development of a curriculum aimed at increasing knowledge on the Critically Endangered
Javan slow loris (Primates, Nycticebus javanicus) [11,36], we created a curriculum with
the aim of increasing knowledge and understanding of the importance of wildlife in
coffee fields and on highlighting the importance of organic and wildlife-friendly farming
practices. In particular, we investigated the effectiveness of multiple activities on the
retention of knowledge. These activities included a frontal lecture inclusive of different
learning styles alongside a hands-on experiment (i.e., active learning) for the class with the
supervision of teachers and an activity to be completed at home with the help of parents.
Our main research question was to understand if our curriculum, including interventions
with different learning styles, active learning, and interaction with parents, could bring
an increase in knowledge and understanding regarding wildlife-friendly coffee farming.
We predicted that this combination of learning styles and varied adult interactions would
improve knowledge of organic and wildlife-friendly farming and on the importance of
wildlife in coffee fields. We considered that additional factors, i.e., school location and the
occupation of the parent, might affect the knowledge retention of students.
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2. Materials and Methods
2.1. Participants

We visited ten middle schools with students who were, on average, 13-15 years old in
Garut Regency, Indonesia, from June to September 2019. We visited each school twice, with
four weeks between visits. A total of 233 students (age: 14.1 + SD 0.7 years) were present
in both sessions and participated in the curriculum. Six schools (126 students) were located
in rural areas, and four schools (107 students) were in urban areas. Class sizes ranged from
17 to 29 students (mean: 23.2 £ SD 4.6 students). We do not present the name and locations
of the schools to maintain the anonymity of participants.

2.2. Curriculum

We delivered the curriculum in three parts: a teaching session, an experiment for
students to be completed with the help of teachers, and an activity to be conducted with
the help of parents or an adult guardian at home. The teaching session (a frontal lesson that
included a PowerPoint presentation, videos, and interaction with students) was completed
during the first visit and lasted around two hours (Table 1).

Table 1. Parts of the curriculum delivered to ten middle schools (233 students) in Garut Regency,
Indonesia, with target Bloom levels and learning styles used.

Activity

Teaching session

Type Bloom’s Level Learning Style
PowerPoint presentation with

videos and interaction with Knowledge Visual, auditory
students

Experiment
(Active learning)

Four weeks of the experiment
(starting at the end of the teaching
session). WhatsApp groups to keep
track of class engagement.

Visual, auditory, read /write,

Knowledge, understanding and kinaesthetic

Parent/Guardian test

Questionnaire to complete with
parents/guardians at home and
requiring discussion of the activities
performed in class. A sample of
coffee was given to stimulate
discussion. A pamphlet with a
summary of the information was
given to facilitate discussion.

Visual, auditory, read /write,

Knowledge, understanding and kinaesthetic

The topics discussed in the first session were: (1) An introduction to the concepts of
conservation biology and an introduction of the project, including some facts about the
biology and ecology of the flagship species of the project, the Critically Endangered Javan
slow loris; (2) Pollination and seed dispersal and the importance of animals in pollination
and seed dispersal; (3) The importance of biodiversity in agroforestry environments; (4) The
importance of wildlife in coffee plantations; (5) What is wildlife friendly and organic coffee
and why it is important to promote it. At the end of the first session, we left a pamphlet
with a summary of the information, including pictures, which was given to each student so
that students had the chance to check their notes independently.

At the end of the first session, we initiated a hands-on experiment for students to
perform at their schools for four weeks. Each class was given two coffee seedlings and
two different fertilizers—one organic and one inorganic (NPK fertilizer) [32]. With the
organic fertilizer, we also provided EM4, an organic component (phytohormones plus
micronutrients) to add to the fertilizer for better growth performance [30]. We also asked
each class to join a WhatsApp group, and we asked teachers to join the group as well to
make sure the whole class was active and uploading pictures of the plants and commenting
on the advances of the experiment (e.g., growth of the plants, issues) every week. This was
a group activity where teachers were responsible for handling the fertilizers and uploading
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content to the WhatsApp group. We considered a class engaged when we received weekly
updates (pictures of plants and comments on the experiment) for the whole duration of
the experiment.

At the end of the first session, we also gave samples (30 g) of ground coffee from our
Wildlife Friendly coffee farmers for the parents/guardians to taste. To favor a discussion of
what organic is and the importance of organic farming, we provided two types of coffee,
one organic and one inorganic, with different labels. We asked the students to give a
questionnaire to their parents (to be completed together), including the key arguments that
we discussed in the first session. After four weeks, we went back to each school to perform
a post-test. The class with the best plant and the most active class in the WhatsApp group
received a prize (a whiteboard and some equipment for the school). In the second session,
we also collected the questionnaire completed by parents/guardians (Figure 1).

Figure 1. Representation of the different parts of the curriculum delivered to ten middle schools
(233 students) in Garut Regency, Indonesia: (A) Pre-test conducted before the frontal lecture; (B) Cof-
fee plants given to each school for the 4-week experiment; (C) Samples of ground coffee given to each
pupil to stimulate discussion with their parents/guardians.

2.3. Questionnaires

We used open-ended questionnaires [37]. In the pre-questionnaire (first session), we
asked the following questions: (1) Name; (2) Occupation of the father and mother; (3) What
do you know about Javan slow loris (we used the term “kukang”—the local name of the
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animal); (4) What is the meaning of organic and wildlife-friendly coffee? What are the
benefits? (5) Are there animals that can help coffee plantations? How do they help?

In the post-questionnaire (second session), we repeated questions 4 and 5 of the pre-
questionnaire. For convenience, in the results, we refer to these questions as “questions
on organic and wildlife-friendly farming” and “questions on the importance of animals
for coffee plants”. In addition, we asked if they participated in the previous session, what
they liked about that session, and if they discussed the session with parents/guardians.
The questionnaire given to parents/guardians included the questions: (1) Do you often
drink coffee? If so, which kind of coffee? (2) Have you tried the coffee with the blue label
(organic) or no label (inorganic)? (3) Did you like that coffee? And why do you like it?
(4) Do you know anything about organic coffee and the benefits of it? (5) What is your
opinion about the obstacles to producing organic coffee? (6) Do animals help coffee plants?
If so, how? These questions were meant to indicate whether the student discussed the topic
with their parents/guardians.

2.4. Data Analysis

We translated the questionnaires from Bahasa Indonesian to English. We coded the two
questions that were asked in both sessions based on common themes. We also considered
the order if multiple answers were given to the questions. We plotted the proportional
rank and the frequency of the answers given. The proportional rank is the average rank of
the responses for each student who provided an answer [37]. The proportional rank for
each student was calculated as 1/order of the answer, e.g., 1 for the first answer, 0.5 for the
second answer, and 0.33 for the third answer.

To evaluate if the answers to the post-questionnaire were influenced by factors, we
further grouped the answers to the two questions. We ran Generalized Linear Mixed
Models for each of the answers (the binary outcome was 1 if the student gave that answer
and 0 if the answer was not given) with the school as a random effect. We used the
predictors of the school’s setting (rural vs. urban), the response to the parent test given (1 if
the student discussed with the parents, assessed via the answers to the questionnaire given
to parents; 0 if the student did not give back the parent questionnaire or if the answers
indicated that the student did not discuss the activity with the parent), engagement with the
experiment (1 for students from the schools that provided regular reports on the experiment
with coffee plants; 0 for students from the schools that did not provide information on the
experiment), and occupation of the parents (1 if at least one of the parents is a farmer; 0 for
any other occupations). We present the estimated model means and standard errors. We
ran the tests via IBM SPSS v 27 and considered p = 0.05 as a level of significance.

3. Results
3.1. Pre-Test Versus Post-Test

A total of 156 students (67.0%) did not provide a response to the question on organic
and wildlife-friendly farming in the pre-test. In the pre-test, students mainly referred
to organic as “healthy” and “natural” (both 13.1% of the students), while key answers
such as “no chemicals” and “livestock manure as fertilizer” were provided by only 5.5%
and 3.8% of the students, respectively (Figure 2A). The number of students who did not
provide a response decreased to 103 (44.2%) in the post-test, and students provided more
correct answers (Figure 2B). For example, the answer “no chemicals” was provided by
15.5% of the students, and “livestock manure as fertilizer” was provided by 9.0% of the
students. The students were also able to provide more specific terms relative to organic and
wildlife-friendly farming, such as “natural waste as fertilizer” (so not just manure) given
by 9.9% of the students and other answers that linked to coexistence and mutual benefits,
increased animal health, increased productivity, and increased habitat quality /protection.
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Figure 2. Answers to the question: What is the meaning of organic and wildlife-friendly coffee?
What are the benefits? The questionnaire was given at the first session (i.e., pre-test); (A) and second
session (i.e., post-test); (B) in ten schools with 233 students in Garut Regency, Indonesia.

A total of 151 students (64.8%) did not provide a response to the question on the
importance of animals for coffee plants in the pre-test. Most of the students who provided
answers referred to “civet coffee” (16.1%), a common but unethical practice in the area
where civets are put in cages and force-fed to produce civet coffee. The students also
provided correct answers such as “animal feces as fertilizer” (14.8%), “worms fertilize
soil” (3.9%), and “pollination” (2.1%) (Figure 3A). Some students, however, also provided
negative answers such as “hunting dogs” (1.7%) or focused on pests that damage plants.
The number of students who did not provide a response decreased to 69 (29.6%) in the
post-test, and students provided more correct answers (Figure 3B). Students provided more
examples of ecosystem services given by animals: “seed dispersal” (33.0%), “pollination”
(25.8%), “select best berries” (4.3%), and “kill coffee pests” (1.7%). Students also gave more
examples of animals that were beneficial to farmers, and the percentage of students who
referred to “civet coffee” decreased to 3.0%.
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Figure 3. Answers to the question: Are there animals that can help coffee plantations? How do
they help? This questionnaire was given at the first session (i.e., pre-test); (A) and second session
(i.e., post-test); (B) in ten schools with 233 students in Garut Regency, Indonesia.

3.2. Predictors of Post-Test Response

The percentage of students who did not give an answer to the question on organic
and wildlife friendly-farming on the post-test was more frequent in students who did not
present the parent test (73.4 &= SE 6.3% vs. 45.6 &= SE 7.3% of the students who discussed the
questionnaire with the parents/guardians) and in students from schools that did not engage
with the experiment (80.5 &= SE 7.2% vs. 36.6 &= SE 4.9% of the students from the schools
that engaged with the experiment) (Table 2). The percentage of students who gave answers
in relation to coexistence and mutual benefits (for humans and wildlife) was higher if the
student presented the parent/guardian test (5.9 = SE 3.0% vs. 1.4 £ 1.1% if the student did
not discuss the questionnaire with parents/guardians). The percentage of students who
gave answers related to increased coffee productivity was higher in students from rural
schools (14.5 £ 6.8% vs. 3.5 = 1.8% of students from urban schools). The percentage of
students who gave answers related to natural farming without chemicals was higher in
students from schools that engaged with the experiment (48.3 & 5.4% vs. 11.5 £ 6.0% of
the students from the schools that engaged with the experiment). The other estimates were
not significant.
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Table 2. Results of the Generalized Linear Mixed Models with responses to the question: What is the

meaning of organic and wildlife-friendly coffee? What are the benefits? The questionnaire was given

in ten schools to 233 students in Garut Regency, Indonesia.

Response Variable Predictor Estimate Std. Error T-Value p-Value
Intercept 0.49 0.25 1.99 * 0.047
Rural school 0.21 0.22 0.92 0.360
No answer Parent test —0.74 0.21 —3.52 ** <0.001
Experiment —1.20 0.27 —4.44 ** <0.001
Farmer parent 0.23 0.25 0.93 0.352
Intercept 1.66 0.44 3.81** 0.002
. Rural school 0.14 0.30 0.46 0.650
Coexistence and mutual  p o tagt 0.63 0.32 1.98 * 0.048
benefits Experiment 0.38 0.44 0.85 0.394
Farmer parent —0.67 0.44 —1.52 0.130
Intercept 1.58 0.40 3.97 ** 0.001
Rural school 0.16 0.33 0.49 0.625
Increased animal health Parent test 0.21 0.34 0.63 0.530
Experiment 0.41 0.45 0.91 0.365
Farmer parent -0.21 0.40 -0.52 0.602
Intercept 1.82 0.38 4.76 ** <0.001
Increased coffee Rural school —0.75 0.30 —2.46* 0.015
productivity Parent test —0.01 0.28 —0.03 0.980
Experiment 0.25 0.41 0.59 0.555
Farmer parent -0.27 0.35 —0.76 0.451
Intercept 1.82 0.46 3.94 ** <0.001
Increased habitat Rural school —0.86 0.45 —-1.92 0.056
quality/protection Parent test 0.27 0.30 0.91 0.363
Experiment -0.31 0.54 —0.58 0.564
Farmer parent —0.03 0.37 —0.09 0.928
Intercept 1.36 0.47 2,91 ** 0.004
Rural school —0.29 0.52 —0.56 0.579
Increased human health Parent test 0.61 0.33 1.84 0.067
Experiment 0.18 0.66 0.27 0.791
Farmer parent -0.07 0.34 -0.21 0.835
Intercept 0.09 0.25 0.38 0.707
. . Rural school —0.42 0.23 —1.81 0.072
Natural farming without — p_ /oy et 0.29 021 138 0.169
chemlcals Experiment 1.16 0.32 3.58 ** <0.001
Farmer parent 0.03 0.24 0.10 0.920
Intercept 1.52 0.39 3.86 ** <0.001
Rural school 0.16 0.33 0.49 0.628
Use of accessible materials Parent test 0.42 0.34 1.24 0.217
Experiment 0.32 0.45 0.71 0.477
Farmer parent —0.25 0.40 —0.64 0.525

*p < 0.05;* p < 0.01.

The percentage of students who did not give an answer to the question on the im-
portance of animals for coffee plants in the post-test was higher in students who did not
present the parent/guardian test (43.2 & SE 7.7% vs. 11.2 &+ 4.0% of the students who
discussed the questionnaire with the parents/guardians) and in students who did not
have a farmer as a parent/guardian (35.2 + 4.8% vs. 15.8 £ 6.8% of the students who had
a farmer as parent) (Table 3). The percentage of students who gave answers relating to
the provision of ecosystem services was higher if the student presented the parent test
(80.1 £ 5.3% vs. 42.2 £ 7.3% if the student did not discuss the questionnaire with parents).
The other estimates were not significant.
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Table 3. Results of the Generalized Linear Mixed Models with responses to the question: Are there
animals that can help coffee plantations? How do they help? The questionnaire was given in ten
schools to 233 students in Garut Regency, Indonesia.

Response Variable Predictor Estimate Std. Error t-Value p-Value
Intercept 1.54 0.32 4.88 ** <0.001
Rural school —0.24 0.27 —0.90 0.369

No answer Parent test —1.04 0.22 —4.68 ** <0.001
Experiment 0.22 0.28 0.77 0.445
Farmer parent —0.62 0.28 —2.25*% 0.025
Intercept 0.88 0.37 2.38* 0.018
Rural school 0.62 0.42 1.48 0.141

Help plant growth Parent test 0.27 0.28 0.94 0.350
Experiment 0.17 0.45 0.38 0.706
Farmer parent —0.02 0.30 —0.06 0.954
Intercept —0.93 0.27 —3.40 ** <0.001

. Rural school 0.13 0.26 0.50 0.616

Provide ecosystem Parent/guardian

services test & 1.04 0.22 4.82 ** <0.001
Experiment -0.33 0.28 -1.19 0.234
Farmer parent 0.37 0.24 1.53 0.127

*p <0.05 * p<0.01.

4. Discussion

Here, we showed how a curriculum developed considering a combination of different
learning styles and active learning activities, favoring a clear increase in mid-term (i.e., after
a month) knowledge retention and understanding in middle school students in Garut
Regency, Indonesia. We developed our curricula using several activities and education
materials that were tested in previous projects in Indonesia and other developing countries.
For example, we left a pamphlet with a summary of the information given to each student
so that the student could check the information at home since providing educational
materials to consult at home was found to be an important factor for improving knowledge
retention and understanding [8,11,38]. We developed activities for the whole class with the
supervision of teachers, as teacher involvement in conservation education has been shown
to bring a positive effect on students [11,39].

A key component to improve the knowledge retention and understanding of students
was the activity that involved an active discussion between parents/guardians and students.
Students who showed proof (i.e., filled questionnaire) that they had a discussion with their
parents/guardians about the topics covered in the lecture were able to provide detailed
information on complex topics such as the coexistence and mutual benefits of farmers and
wildlife and the provision of ecosystem services by wildlife. Several studies demonstrated
knowledge transfer between parents and children participating in conservation education
programs (e.g., [7,15]). The retention of complex information relating to environmental
issues is particularly complex even for educators [9]; thus, our findings are particularly
promising for the future of conservation education. We suggest that the discussion of the
curricula with parents helps students to understand more complex topics, and we advocate
the use of similar activities when developing conservation education curricula.

The second key activity that brought an evidential increase in knowledge retention
by students was the experiment with coffee plants under the supervision of teachers.
Students from schools that engaged with the experiment, in fact, gave more answers and
were particularly successful in understanding that organic farming is natural in farming
without chemicals. The experiment involved, in fact, the use of two types of fertilizers
(i.e., organic and chemical), meaning that students had to actively engage in this activity
under the supervision of teachers. This experiment was a clear example of how active
learning through practical activities and interactions with other students and educators can
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increase engagement levels and, thus, their knowledge and understanding of the topic [19].
Thinking about the development of pro-environmental behaviors, a direct experience
with nature has been shown as a key factor in determining young people’s paths and
conservation education outcomes in developing countries [40].

Students from rural schools better retained the information that wildlife-friendly and
organic farming can lead to increased coffee productivity compared to students from urban
areas. In conservation education, it has often been found that students and educators
living in a rural context are more likely to retain knowledge relating to environmental
issues [3,7,9,10]. Knowledge retention from these participants is often better than from
participants from urban areas, although educators from rural areas in developing countries
are expected to have lower academic preparation compared to teachers from main urban
areas such as Garut [41]. Brown et al. [11] suggested that students from several rural areas
of Indonesia were keener on learning about Javan slow loris than students from urban
areas since they were more likely to have had personal experiences of interacting with the
animal. It is evident that the context of the school should be considered when developing
and implementing an environmental education curriculum.

One of the findings in our study was that the response rate was relatively low, espe-
cially in the pre-test. While we believe that most of the students who left the questionnaire
blank did not know the answer, we also think that a minority of students did know some
of the answers and did not reply. In fact, during the presentation and in the first session,
we interacted with students after they filled out the questionnaire at the beginning of the
session, and we found that students from some schools had some knowledge of the topics
but did not reply to the related questions. This could relate to a difference in culture as, at
the beginning of each session, we asked the students to leave the questions blank if they did
not know the answer. That might have made some students reluctant to attempt an answer
even if they had some knowledge of the topic. We are confident, however, that the findings
are coherent with the design of the study and that the knowledge increase was tangible and
dependent on the diverse activities and learning styles used in our curriculum. In addition,
the teaching sessions were always conducted with the same educators. We, thus, think
that this limitation did not bias our results, but we would like to warn practitioners that a
similar issue might arise.

5. Conclusions

In conclusion, we found evidence that student engagement via active learning and
the use of diverse learning styles increased knowledge retention and understanding of
wildlife-friendly farming in middle school students in Garut Regency, Indonesia. Indone-
sia’s national curriculum encourages educators to create multi-style learning environments
through a range of different activities [42], and we achieved this throughout the devel-
opment and delivery of our conservation education program. We must highlight that
an increase in knowledge and understanding from an environmental education program
does not necessarily result in behavioral changes [3,43], and as such, other actions are
necessary to reach a behavioral change that can result in long-term benefits in the area.
Several barriers can prevent the emergence of pro-environmental behaviors after conser-
vation education interventions [44]; therefore, careful planning should be considered to
reduce those barriers. We are promoting other actions in the Garut Regency to encourage
wildlife-friendly farming among farmers [30], and in the future, it will be important to link
these actions with further curricula that aim at including interactions between students,
educators, and other adults.
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