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Abstract

This study investigated the effectiveness of the orientation, identify, discussion, deci-
sion, and engage in behavior (0IDDE) learning model in enhancing biology learning
outcomes, critical thinking, ethical attitudes, and engagement among high school stu-

dents in Indonesia. Employing a quasi-experimental design with pre- and post-tests,
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the research included 66 randomly sampled students, evenly divided into experimen-
tal and control groups. Data were gathered through validated observation sheets, ethi-
cal attitude questionnaires, and tests, with analysis of covariance (ANCOVA) analysis
conducted following normality and homogeneity tests. Results indicated significant
improvements across all measured variables in the experimental group compared to
the control group. The findings suggest that the 0IDDE model was more effective than
conventional methods in fostering comprehensive educational outcomes in biology,
as its problem-based approach promotes active learning, ethical decision-making,
and collaborative problem-solving, aligning well with the needs of 21st-century edu-
cation. This study underscores the model’s potential for broader application across
various subjects to enhance critical thinking, ethical behavior, and sustained student
engagement.

Keywords

critical thinking — ethical attitudes — learning engagement — biology education —
OIDDE learning model

1 Introduction

Learning is an ongoing process of acquiring knowledge, which results in a
change in behavior. These behavioral changes are shaped by new experiences
gained through learning (Djamaluddin & Wardana, 2019). The outcome of
learning has often been referred to as “learning outcomes,” which encompass
changes in behavior across the affective, cognitive, and psychomotor domains
(Mahananingtyas, 2017; Nurrita, 2018). To maximize these outcomes, learning
should be structured to provide holistic guidance and skills. In the global era,
holistic skills are essential for addressing global challenges (Miseliunaite et al.,
2022).

In Indonesia, particularly in high schools, there has been limited research on
the effectiveness of various learning models in improving the learning process,
especially in biology education (Azizah & Alberida, 2021; Herman & Rahmat,
2023). This includes evaluating how well these models enhance students’
critical thinking skills and ethical attitudes. Learning outcomes serve as a key
measure of students’ mastery of the material (Fitrianingtyas & Radia, 2017),
reflecting their overall achievement (Mahajan & Singh, 2017). Therefore, learn-
ing outcomes must be clear, learner centered, and focused on the expected
performance or understanding (Garcia, 2021), especially in the context of biol-
ogy education.
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Biology education is closely linked to the development of critical thinking
skills, which are essential in today’s globalized world due to their wide-ranging
impacts. However, some research has suggested that learning outcomes in
biology do not always significantly reflect these skills (Suharsono et al., 2017).
This discrepancy underscores the need for effective teaching methods to culti-
vate critical thinking (Kinoshita, 2022; Setyowati et al., 2018).

In Indonesia’s archipelagic regions, where students may face limited access
to educational resources and infrastructure due to geographical isolation,
improving biology learning outcomes is particularly relevant. These challenges
can impact the quality of education and student engagement, especially in sci-
ence subjects like biology, which often require hands-on learning and labora-
tory work.

The orientation, identify, discussion, decision, and engage in behavior
(oIDDE) learning model is specifically designed to enhance engagement and
critical thinking through structured stages that foster active learning and
decision-making. In resource-limited settings such as archipelagic regions,
where traditional lecture-based methods may fail to fully engage students, the
01DDE model offers an alternative approach. By encouraging students to take
an active role in their learning, this model has the potential to improve biology
learning outcomes despite logistical and infrastructural challenges. Therefore,
investigating the effectiveness of the 0OIDDE model in enhancing high school
biology learning outcomes is of great importance.

Moreover, critical thinking skills are essential for addressing complex prob-
lems, including environmental issues (Santi et al., 2018). Developing these
skills requires diverse and engaging teaching methods (Hwang et al., 2023).
Unfortunately, studies indicate that junior high school students in Indonesia’s
archipelagic regions have relatively low critical thinking skills, likely due to the
prevalence of traditional teaching methods that lack problem-solving oppor-
tunities and student-centered approaches (Susilawati et al., 2020).

Developing critical thinking skills is vital for helping students solve everyday
problems (Syafitri et al., 2021). However, research on enhancing critical think-
ing in biology through the 01DDE learning model has still been scarce. Teachers
can employ various learning models to improve critical thinking, learning out-
comes, and engagement, especially in biology. However, Indonesia’s biology
education faces many challenges, including didactic issues, curriculum con-
straints, and insufficient learning facilities (Khoiri et al., 2020). Additionally,
science teachers often lack proper training and resources, including laboratory
equipment, which hinders effective biology instruction.

Several initiatives have been aimed at improving science education in
Indonesia, including teacher certification, curriculum innovation, and col-
laborative international research (Faisal & Martin, 2019). These initiatives can
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significantly impact biology learning, influencing not only learning outcomes
and critical thinking skills but also ethical attitudes and student engagement.
In education, there has often been a primary focus on learning outcomes and
critical skills, while aspects such as ethical attitudes and student engagement
have frequently been overlooked. This has been especially true in Indonesia’s
archipelagic regions, where unique geographic and cultural contexts cre-
ate specific educational challenges, and where ethical attitudes and student
engagement have not been sufficiently studied (Hudha et al., 2018).

In these isolated and diverse regions, ethical attitudes are particularly cru-
cial for fostering social cohesion and mutual respect among students from
varied cultural backgrounds. With limited access to external resources and
diverse perspectives, these communities rely heavily on locally rooted values
and interpersonal relationships. Developing ethical attitudes in education can
thus promote tolerance and inclusivity, preparing students to contribute posi-
tively to their communities. Moreover, in today’s global era, ethical attitudes
play an essential role in shaping students’ character and values, fostering a
moral, tolerant, and well-behaved society (Tsoraya et al., 2023).

Despite the importance of ethical attitudes, many high school biology
teachers focus primarily on cognitive aspects of learning, neglecting affective
aspects such as ethical attitudes (Chowdhury, 2016). The increasing instances
of unethical behavior among students in Indonesia’s archipelago have under-
scored the need to emphasize ethical attitudes in education (Ardiana et al.,
2022). Similarly, student engagement in biology learning requires further explo-
ration. The OIDDE learning model offers a promising, innovative approach to
address these educational challenges. This study aims to evaluate the effective-
ness of the OIDDE learning model in improving critical thinking skills, learn-
ing outcomes, ethical attitudes, and learning engagement among high school
students in the eastern Indonesia.

2 The 01DDE Learning Model

The OIDDE learning model, developed and validated by Hudha et al. (2016),
has demonstrated reliability and practical application in educational settings.
Recognized as an innovative educational tool, it has been awarded copyright
status by the Directorate General of Intellectual Property under the Ministry
of Law and Human Rights of the Republic of Indonesia (Registration Number:
EC00201701142). This copyright is held by the first author (Hudha, 2016).
Readers are encouraged to apply the OIDDE learning model in their teaching
by following the syntactic framework provided in this publication. The specific
steps in the OIDDE model are detailed in Table 1.
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TABLE 1 Phases of the 0OIDDE learning model
Phase Teacher activities Student activities
Phase 1: — Guide students in preparing — Prepare and engage with
Orientation to learn the material. the material.
— Present materials that incor- — Listen, observe, and take
porate values and ethical notes.
issues (bioethics). — Pay close attention to case
— Share case studies, his- studies and ethical issues
torical narratives, videos, or presented.
documentaries to introduce
ethical dilemmas.
Phase 2: — Assign students to identify — Identify ethical dilemmas
Identify ethical dilemmas within case in the material.
studies, facts, and narratives. — Select priority dilemmas
— Ask selected students to for group discussion.
briefly explain identi- — Explain identified dilem-
fied dilemmas for class mas as part of a class
discussion. discussion.
Phase 3: — Divide students into small — Form groups of 4-5
Discussion heterogeneous groups of members.

4—5 members.

— Guide students to prioritize
ethical dilemmas from indi-
vidual findings as topics for
group discussion.

— Instruct each group to assign
roles relevant to the chosen
discussion topic.

— Facilitate group discussions,
ensuring they are demo-
cratic, honest, and ethical.

— Moderate as each group
presents discussion results to
the class, followed by a Q&A.

— Direct groups to document
discussion outcomes as
a foundation for ethical

decision-making.

— Deliberate within groups
to select priority ethical
dilemmas for discussion.

— Assign appropriate roles
for each group member.

— Engage in discussions
with a focus on demo-
cratic, honest, and ethical
participation.

— Present group discussion
results to the class and
participate in Q&A.

— Document discussion
outcomes for use in ethical

decision-making.
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TABLE 1 Phases of the 0OIDDE learning model (cont.)

Phase Teacher activities Student activities

Phase 4: — Guide each group to collab- - Collaboratively formu-
Decision oratively formulate ethical late ethical decisions as

decisions based on their
discussions.

Instruct students to develop
individual ethical decisions,
reflecting on group discus-
sion topics.

Direct each student to docu-
ment their individual ethical
decisions independently.
Provide prepared sheets

for students to record their
individual ethical decisions.

a group based on group
discussions.

Reflect individually on
group topics to make per-
sonal ethical decisions.
Document individual ethi-
cal decisions on provided
sheets.

Phase 5: Encourage students to Reflect on and document
Engage in reflect on and document personal ethical behav-
behavior ethical behavior related to ior aligning with group

the decisions made during
discussions.

Facilitate class conclu-
sions on learning outcomes
and understanding ethical
responsibilities.

decisions.

Participate in summariz-
ing class conclusions with
integrity and responsibility.
Honestly report your
contributions and commit-
ment to ethical behavior.

ADAPTED FROM HUDHA ET AL., 2016

2.1 Research Questions

This study was aimed at evaluating the effectiveness of the OIDDE learning

model for high school students in island regions through biology education.

The specific research questions were as follows:

1. How does the 0IDDE learning model enhance the biology learning out-
comes of high school students in the islands?

2.  How does the OIDDE learning model affect the development of critical
thinking skills in high school students in the islands?
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3. How does the OIDDE learning model influence the ethical behavior of
high school students in the islands?

4. How does the OIDDE learning model contribute to increasing learning
engagement among high school students in the islands?

3 Research Methodology

31 General Background
This study employed a quasi-experimental research design with a control
group, utilizing a non-equivalent pre-test and post-test format. The experi-
mental group was taught using the OIDDE learning model, while the con-
trol group followed conventional methods. The research was conducted with
10th-grade biology students at one high school, covering ecosystem topics. The
study included three weekly sessions, each lasting 120 minutes, for a total of
360 minutes of instruction. The topics covered across these sessions included
ecosystem components, interactions within ecosystems, the relationship
between biotic and abiotic factors, levels of organization, and the flow of mat-
ter and energy within ecosystems.

The 0IDDE learning model was applied to students in the experimental
group, following the stages outlined by Hudha et al. (2018), as shown in Table 1.

TABLE 2 Implementation of biology learning topics on ecosystems using the OIDDE learn-
ing model across three meetings

Phase Student activities in first Student activities in
and second meetings third meeting

Orientation Students analyzed material on Students analyzed biogeo-
ecosystem components and chemical cycles and current
interactions within various environmental changes
biomes across the Earth’s and engaged actively and
surface. positively.

Identify Students identified interaction Students identified ecological

dilemmas by examining eco-
system interactions in biomes,
focusing on relationships
(mutualism, commensalism,

parasitism, and predation)

dilemmas related to biogeo-
chemical cycles (carbon,
nitrogen, water, sulfur, and
phosphorus) and their con-

nection to environmental
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TABLE 2 Implementation of biology learning topics (cont.)

Phase Student activities in first Student activities in
and second meetings third meeting
and emerging ecological changes, using these insights
paradigms. for group discussions on

environmental balance.

Discussion In groups, students discussed Students participated in
the interaction dilemmas, discussions on ecological
created food web schemes to dilemmas linked to biogeo-
analyze trophic levels, and chemical cycles and environ-
explored ecological relation- mental changes, analyzing
ships and paradigms. edaphic and atmospheric

cycles and discussing solu-
tions for environmental
balance.

Decision Students made critical deci- Students made ethical deci-
sions individually and in sions individually and in
groups, focusing on ecosystem groups based on their analy-
interactions and emerging sis of biogeochemical cycles
ecological paradigms. and environmental impacts,

developing perspectives on
environmental stability.

Engage in Students individually reflected Students committed to ethi-

Behavior on their ethical attitudes and cal behaviors that support

committed to honest behav-
iors that support ecosystem
sustainability.

ecosystem sustainability,
focusing on biogeochemical
cycle continuity and mini-
mizing negative impacts on
the environment.

The control group, on the other hand, was taught using the conventional teach-
ing methods typically employed by their teachers.

In the experimental group, the ecosystem content in the biology curriculum
was delivered over three sessions following the 0OIDDE model. In contrast, stu-
dents in the control group received the same content using the conventional
teaching methods typically applied by their teacher. The details of the ecosys-
tem material covered in these sessions are provided in Table 2.
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3.2 Research Sample

The study population consisted of 66 10th-grade students, who were randomly
assigned into two groups. Class X-A, with 33 students, served as the experimen-
tal group, and Class x-B, also with 33 students, served as the control group.

3.3 Instrument Development

This study examined four key variables: (1) Critical thinking skills — the ability
to analyze arguments, draw conclusions based on reasoning, evaluate or assess
information, and make decisions or solve problems. (2) Learning outcomes —
the specific competencies or abilities acquired by students after participating
in the learning process, encompassing cognitive, affective, and psychomo-
tor domains. (3) Ethical attitudes — an individual’s overall positive or nega-
tive response to ethical or unethical behavior, or adherence to rules and laws.
(4) Learning engagement — an attitude reflecting cognitive involvement, active
participation, and emotional commitment in all learning activities.

The instruments used in this research included (1) observation sheets for
evaluating the implementation of both the OIDDE learning model and the
conventional learning model; (2) questionnaires assessing students’ ethical
attitudes toward ecosystems, administered both before and after the interven-
tion; and (3) pre-test and post-test questions to measure learning outcomes,
critical thinking skills, and ethical attitudes.

Before using, the observation sheets and ethical attitude questionnaires were
validated by expert validators, with all instruments deemed valid. Validation of
the question items was conducted using the Pearson correlation test, and the
analysis was supported by spss 22.0 for Windows. The results of the validation
showed that each question item was valid, as indicated by a p-value of less than
0.05. The reliability of the questions was tested using Cronbach’s alpha, which
yielded a value of 0.669, indicating that the question instrument was reliable
(Siregar, 2013).

For ethical attitudes, in addition to test-based measurements, non-test mea-
surements were conducted using a questionnaire related to students’ ethical
attitudes toward ecosystems. The questionnaire consisted of 15 statements that
students were asked to respond to, reflecting their individual attitudes toward
ecosystems. Ethical attitude data was collected using a 4-point Likert scale to
assess each item: (1) strongly disagree, (2) disagree, (3) agree, and (4) strongly
agree (Syaifudin, 2012). A detailed description of the ethical attitude question-
naire is presented in Table 3.
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TABLE 3 Questionnaire on high school students’ ethical attitudes toward the ecosystem

No Questions Answer

1 A caring attitude towards ecosystems will have
an impact on the survival of ecosystems.

2 Humans play a decisive role in the continued
existence of ecosystems.

3 I realize that the benefits of ecosystems are for
humans and other ecosystems.

4 Participating in ecosystem conservation efforts
will have an impact on the balance of ecosystems.

5 Destruction of ecosystems will affect both humans
and the ecosystems themselves.

6 Encouraging others to participate in ecosystem
conservation is a caring attitude that should be
practiced.

7 Exploiting the ecosystems around us is a harmful

action to ecosystem conservation.

8 The environment is provided for all living beings,
not just for humans.

9 Humans, as part of the environment, are the main
actors in environmental management, so they
must always strive to maintain the sustainability,
balance, and beauty of ecosystems.

10  To maintain the balance of nature and pre-
vent further damage, it is essential to cultivate
human behavior or ethics to always care for the
environment.

11 Environmental ethics not only fulfills human
rights and duties towards the environment, but
also limits behavior and controls various human
activities to ensure they remain within the bound-
aries of maintaining environmental balance.

12 Destruction of ecosystems will have negative
impacts on the surrounding environment.

13 Identifying good ecosystem management prac-
tices is an ethical attitude that should be taken

before deciding to manage natural environments.

ASIA-PACIFIC SCIENCE EDUCATION 10 (2024) 442—470



452 HUDHA, OKTAPIANI AND RAHARDJANTO

TABLE 3 Questionnaire on high school students’ ethical attitudes (cont.)

No Questions Answer

14  Deciding on the appropriate ethical stance to
resolve ecosystem destruction issues is an action
that should be taken after understanding the
ethical problems in ecosystem conservation.

15  Analyzing various concepts to create an
argument for the ethical stance on ecosystem
conservation is a wise and prudent step in
ecosystem management.

3.4 Learning Implementation Observation Sheet

The learning implementation observation sheet, used to measure learning
engagement, was applied to both the experimental group and the control
group. The observation sheet focused on four main aspects, as outlined by Weil
and Joyce, (1978) and Joyce and Weil, (2003): implementation of the phases of
the 0IDDE learning model, implementation of social systems, application of
principles of reaction, and implementation of support systems.

These four aspects were further developed into 22 measurable indicators,
which were assessed using a Likert scale. The indicators were categorized as
follows: seven indicators for model construction, five for the social system, four
for the principles of reaction, and six for the support system. All indicators
were rated on a 5-point Likert scale, with the following ratings: 1 = very bad,
2 = not good, 3a = fairly good, 4 = good, and 5 = very good. The observation sheet
for learning implementation is presented in Table 4.

The scores obtained from Table 4 were then converted into learning imple-
mentation assessment categories based on the University of Muhammadiyah
Malang Learning Assessment Standards (Universitas Muhammadiyah Malang,
2020), as follows: 80.0 (outstanding), 75.0-80.0 (excellent), 70.0-74.9 (very
good), 60.0-69.0 (good), 55.0-59.9 (fair), 40.0-54.0 (pass), and < 40.0 (fail).

3.5 Data Analysis

Data analysis was conducted using analysis of covariance (ANCOVA) to assess
the effectiveness of the 0OIDDE learning model compared to the conventional
learning model in relation to learning outcomes, critical thinking skills, and
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TABLE 4 Learning implementation questionnaire for high school students’ engagement in
biology and ecosystem content

Number Aspects of learning implementation Scores

1 2 3 4 5

A Learning states

1. The learning stages are organized in a clear and
systematic manner.

2. The learning stages are logical and rational.

3. The learning stages outline activities for both

teachers and students.
4. Activities reflect the interaction flow between
teachers and students.

5. Activities focus on mastering ecosystem knowl-
edge and environmental ethics.

6. Activities emphasize ethical decision-making.
Activities promote ethical attitudes among
students.

B Social system

1. Activities encourage students to discover and
construct ethical concepts.

2. Activities promote student interaction.

3. Activities foster student-teacher interaction.

Activities embody religious norms, honesty, polite-
ness, and ecosystem responsibility.
5. Activities promote collaboration and respect in

ecosystem discussions.

C Reaction principle
The teacher provides resources such as textbooks
and articles.

2. The teacher motivates and engages students.

3. Activities stimulate curiosity, idea exploration, and
scientific communication.

4. Students can ask questions when facing concept
difficulties.
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TABLE 4 Learning implementation questionnaire (cont.)
Number Aspects of learning implementation Scores
1 2 3 4 5
D Support system (nurturant effect and instructional effect)
1. Learning tools align with the learning phases.
2. Learning tools meet objectives to improve con-

ceptual understanding, critical thinking, ethical
decision-making, and ethical behavior.

3. Instructional effects (concept mastery, critical
thinking, ethical decision-making, and behavior)
are clearly and logically stated in the learning
stages.

Instructional effects align with learning goals.

5. Accompanying impacts like improved critical
thinking are integrated logically.

6. Ethical attitudes are aligned with learning

objectives.

ethical attitudes (based on pre-test and post-test results). Before performing
the ANCOVA, normality was evaluated using the Kolmogorov-Smirnov test, and
homogeneity was assessed with the Levene test. All data analyses were carried
out using spss for Windows, version 22.

4 Results

The research results provide insights into the impact of the OIDDE learning
model on enhancing learning outcomes, critical thinking skills, ethical atti-
tudes, and learning engagement among students in both the experimental and
control classes. The data analysis outcomes are detailed below.

41 Learning Outcomes

The differences in student learning outcomes between the experimental and
control classes are shown in Table 6. The one-way ANCOVA results presented in
Table 5 indicated an F value of 27.643, with a p-value < 0.0001, demonstrating
a significant difference in learning outcomes between the experimental and
control classes (F(1,37) = 27.643, p = 0.004). This result suggests that the OIDDE
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TABLE 5 Results of one-way ANcova on biology learning outcomes of high school students

Source df F Sig.
Learning outcomes 1 9.434 .004
Class 1 27.643 <.000
Error 37

p < .05 indicates statistical significance, with p < .0o1 showing a higher level of significance

TABLE 6 Mean corrected scores of high school students’ learning outcomes in conven-
tional vs. OIDDE learning models

Group Pre-test Post-test Score increase  Corrected mean
Conventional 45.85 65.05 19.20 65.850
OIDDE 49.85 78.15 28.30 77.350

learning model was effective and significantly improved learning outcomes for
students in the experimental class compared to those in the control class.

Next, the corrected mean analysis for each class, specifically comparing the
experimental class (using the OIDDE learning model) and the control class
(using the conventional learning model), is shown in Table 6. The corrected
average score for the experimental class (M = 77.350) was higher than that for
the control class (M = 65.850), indicating that students in the experimental
class achieved better learning outcomes. The final post-test scores and the
improvement from pre-test to post-test were consistently higher for the experi-
mental class. These results indicated that the 0IDDE learning model was more
effective in enhancing biology learning outcomes than conventional teaching
methods.

4.2 Critical Thinking Skills
The next section of data analysis focused on the improvement of students’ crit-
ical thinking skills for both experimental and control class students, as shown
in Table 7. The calculated F difference in the OIDDE learning model treatment
was 25.183, with a p-value < 0.0001, indicating a significant variation in critical
thinking skills between the experimental and control classes (F (1,37) = 25.183,
p > 0.0001).

Table 8 presents the average pre-test and post-test scores for both classes.
According to the ANCOVA test results, the corrected mean score for critical
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TABLE 7  ANCOVA results on critical thinking skill achievement of high school students

Source df F Sig.
Critical Thinking 1 26.466 <.000
Class 1 25.183 <.000
Error 37

Total 40

*p < .oo1 indicates statistical significance

TABLE 8 Corrected mean scores for critical thinking skills of high school students

Group Pre- Post- Score % Enhancement Corrected
test test increase mean

Conventional 67.20 74.85 7.65 11% 74.490

OIDDE 66.00 83.00 17.00 26% 83.360

thinking skills in the experimental class (M = 83.360) was higher than the cor-
rected mean score in the control class (M = 74.490). This difference was evi-
dent in both the average post-test scores and the improvement from pre-test
to post-test. Therefore, the OIDDE learning model positively influenced the
enhancement of students’ critical thinking skills in the experimental class.
Overall, the OIDDE learning model significantly improved students’ critical
thinking skills in the experimental class compared to the conventional learn-
ing model used in the control class. This finding suggests that applying the
OIDDE model to biology learning, especially in ecosystem studies, creates a
more conducive learning environment for developing higher-order thinking
skills. The structured stages of the 01DDE model - orientation, identify, discus-
sion, decision, and engage in behavior — encourage active participation and
deeper engagement with the content, making the learning process more inter-
active, student-centered, and meaningful compared to traditional methods.
In line with Agustina and Abidin (2022), Bayu et al. (2022), and Ningrum
and Murti (2023), who argued that improving critical thinking competency
requires effective and innovative learning models, this research shows that the
OIDDE model can significantly enhance students’ critical thinking abilities.
Additionally, as highlighted by Heard et al. (2020) and Rodzalan et al. (2020),
sustaining improvements in critical thinking skills requires attention to various
factors, including students’ physical well-being, intellectual development, and
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continuous motivation. The 01DDE model indirectly supports these aspects by
fostering an engaging, interactive learning environment that encourages active
learning and intellectual curiosity. This holistic approach aligns with the need
for a learning model that not only enhances cognitive skills but also motivates
and sustains students’ interest and engagement.

4.3 Ethical Attitudes

The next research section presents an ANCOVA analysis of data on the ethical
attitudes of students in both the experimental and control classes toward eco-
systems after participating in biology lessons on ecosystem material, as shown
in Table g.

Table g provides a summary of the ANCOVA test results, which were used
to analyze the impact of the learning model on students’ ethical attitudes.
The results clearly showed that there was a significant difference between
the experimental and control classes in terms of ethical attitudes, with
F (1,37) = 24.439 and p < o.oo1. This indicates that the OIDDE learning model
was more effective in significantly enhancing the ethical attitudes of students
in the experimental class than it was in the control class, which followed a
conventional learning model.

The increase in ethical attitudes through the OIDDE learning model is
notable. This is because the OIDDE learning model’s structure specifically
fosters the development of attitudes, particularly in its fifth stage: “Engage in
behavior.” This stage represents the culmination of the learning process, where
students’ ethical involvement becomes evident through their participation in
problem-solving activities and dilemmas related to the teaching material.

Next, the class averages for both the experimental class (using the OIDDE
learning model) and the control class (using the conventional learning model)
are compared (Table 10).

Table 11 shows that the corrected mean for the experimental class
(M = 83.233) was higher than that of the control class (M = 74.612), showing that
the ethical attitudes of students in the experimental class, who engaged with
the OIDDE learning model, were significantly better than those in the control
class, who followed a conventional learning approach.

The significant increase in ethical attitudes in the experimental class high-
lights that learning ecosystem-related biology topics through the oIDDE
learning model may have enhanced students’ ethical awareness and sense
of responsibility toward the environment. These findings align with previous
research by Hudha et al. (2018), which demonstrated that the OIDDE learn-
ing model effectively increases students’ understanding of life ethics, ethical
decision-making, and ethical attitudes.
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TABLE 9  ANCOVA results on ethical attitudes of high school students

Source df F Sig.
Class 1 24.439 <.000
Error 37

Total 40

*p < .oo1 indicates statistical significance

TABLE 10  Average ethical attitude scores of high school student

Group Pre- Post- Score % Enhancement Corrected
test test increase mean

Conventional 67.00 74.85 7.85 12% 74.612

OIDDE 66.2 83.0 21.80 25% 83.233

TABLE 11 Learning engagement levels of high school students by learning model

Learning model Percentage Category
Conventional 70% Good
OIDDE 78% Excellent

Ichsan et al. (2020) further emphasized that 21st-century ecosystem educa-
tion must be contextual and foster higher-order thinking skills to effectively
address environmental issues. In this regard, the OIDDE learning model is
well suited for fostering foster higher-order thinking skills, as it encourages
critical, creative, and analytical thinking applied to problem-solving in biol-
ogy education. Tasrif (2022) reinforced this idea by highlighting that fostering
higher-order thinking skills includes the ability to think critically, creatively,
and analytically to solve problems using information and data. The 0OIDDE
learning model, by focusing on problem discovery, ethical decision-making,
and behavioral involvement, supports the development of these higher-order
thinking skills.

In addition to the pre-test and post-test measurements of ethical attitudes
(as shown in Tables 10 and 1), researchers also assessed students’ ethical
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Student Agreement Levels by Learning Model (Control vs OIDDE)
100%
18%
80% e 37%
60% 6%
40% 76%
65% 63%
20%
24%
0% 6%
Pre-Test Post-Test Pre-Test Post-Test
Control OIDDE
mStrongly Disagree M Disagree Agree Strongly Agree

FIGURE1 Questionnaire results on students’ ethical attitudes before and after
implementing the learning model in the experimental and control groups

attitudes in both the experimental and control classes using a questionnaire.
The results of this assessment are illustrated in Figure 1.

Figure 1 shows that students in the experimental group, who were taught
using the OIDDE learning model, exhibited significantly stronger ethical atti-
tudes toward ecosystem issues compared to students in the control group. In
the pre-test for the experimental group, 37% of students strongly agreed with
ethical statements regarding ecosystems, while in the post-test, this percent-
age increased to 76%. This reflects a 39% improvement in students’ ethical
attitudes after learning with the oIDDE model. Additionally, there was a nota-
ble decline in students expressing only agreement (from 63% in the pre-test to
24% in the post-test), indicating a positive shift from moderate agreement to
strong agreement in ethical attitudes.

In contrast, the control group displayed more varied ethical attitudes toward
ecosystem issues. In the pre-test, 6% of students disagreed, 76% agreed, and
18% strongly agreed with the ethical statements. By the post-test, there was a
17% increase in the number of students strongly agreeing, from 18% to 35%.
This improvement was accompanied by a slight decrease in the percentage
of students who agreed, dropping from 76% in the pre-test to 65% in the
post-test. Overall, while there was some improvement in the control group, it
was not as pronounced as in the experimental group.

The data shown in Figure 1 highlight one of the main advantages of the
OIDDE learning model: It effectively motivated students to express ethical
behavior independently, with integrity and honesty, particularly in relation to
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ecosystem issues. This is not commonly observed in other learning models.
Chairilsyah (2016) noted that honesty is a critical aspect of daily life, and as
Cooper et al. (2023) argued, honesty encourages individuals to behave ethi-
cally. Additionally, Bonnie et al. (2022) emphasized that honesty is closely
related to well-being. Therefore, ethical attitudes, as reflected in honesty, play
a fundamental role in students’ lives and behavior.

In addition to improvements in learning outcomes, critical thinking skills,
and ethical attitudes, the study also measured student learning engagement
for both the experimental and control classes. Learning engagement data
was collected using observation sheets during biology lessons on ecosystem
material. As noted earlier, engagement levels were then categorized based on
the University of Muhammadiyah Malang Learning Assessment Standards
(Universitas Muhammadiyah Malang, 2020). According to these standards,
scores are classified as follows: > 80.0 (outstanding), 75.0-79.9 (excellent),
70.0-74.9 (very good), 60.0-69.9 (good), 55.0-59.9 (fair), 40.0-54.9 (pass),
and < 40.0 (fail).

As shown in Table 11, students in the experimental class, who were taught
using the OIDDE learning model, achieved an engagement score of 78%, which
falls into the ‘excellent’ category. In contrast, students in the control class, who
followed the conventional learning model, scored 70%, placing them in the
‘very good’ category. While the difference between the two percentages is 8%,
this suggests that the 0OIDDE model may contribute to a higher level of student
engagement. However, further research with a larger sample size and addi-
tional engagement metrics would be beneficial to confirm these findings.

5 Discussion

5.1 Effectiveness of the 0OIDDE Learning Model

This model is particularly valuable in Indonesia’s archipelagic regions,
where logistical challenges and limited resources can hinder the effective-
ness of traditional, lecture-based teaching methods. By providing a struc-
tured, student-centered approach, the 0IDDE model offers a feasible and
impactful solution to enhance student engagement and critical thinking in
resource-constrained environments. The results indicated that the OIDDE
learning model was highly effective in enhancing learning outcomes, critical
thinking skills, ethical attitudes, and learning engagement compared to the
conventional learning model used in the control class. Students in the experi-
mental class consistently outperformed those in the control class across all
measured domains, demonstrating the value of the oIDDE model in fostering
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a more meaningful and engaging learning experience. This aligns with prior
studies that have emphasized the importance of innovative, problem-based,
and contextual learning models in achieving significant educational outcomes
(Hajeniati & Kaharuddin, 2022).

This research reinforces earlier findings that have indicated that the oIDDE
learning model improves the critical thinking skills of students and their cre-
ative thinking abilities (Ma'rifatillah et al., 2019). The results are also consistent
with studies that have highlighted the significance of ethical attitudes in biol-
ogy education (Kohli et al., 2015; Chen and So, 2017). The 01DDE learning mod-
el’s positive impact on ethical attitudes, which had been previously observed
in prospective biology teachers, has also been shown here in the context of
high school students (Hudha et al., 2018).

The OIDDE learning model is well-suited to 21st-century educational
demands, characterized by critical thinking, problem-solving, collaboration,
creativity, and innovation (Aslamiah et al., 2021; Wulandari, 2021). This model
can be highly effective in creating a constructive, student-centered learning
environment, which is essential for developing students’ cognitive and ethical
competencies in modern education. The integration of the model’s stages into
science education can foster a conducive and innovative learning atmosphere,
benefiting students academically and personally.

5.2 Enhancing Critical Thinking and Ethical Attitudes

The development of ethical attitudes is especially crucial in these culturally
diverse and geographically isolated communities, where fostering social cohe-
sion and mutual respect among students from varied backgrounds is essential.
The 01DDE model’s emphasis on ethical reasoning aligns with these commu-
nity needs, supporting students in becoming responsible and ethically aware
citizens. The improvements in critical thinking skills and ethical attitudes
among students in the experimental class highlight the effectiveness of the
OIDDE learning model, particularly in the context of biology education. The
model’s problem-based approach encourages students to actively engage in
solving ethical dilemmas related to ecosystem issues. This active involvement
fosters critical thinking and enables students to make informed, ethical deci-
sions, a skill that is vital for addressing 21st-century challenges (Rahman et al.,
2023; Haulia et al., 2022).

One of the key advantages of the 0IDDE learning model is its capacity to
create an active learning environment. The stages of the model encourage
students to engage in hands-on problem-solving, fostering both indepen-
dent thinking and teamwork. This collaborative learning environment helps
develop critical thinking and ethical attitudes, as students work together to
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address real-world issues. Small group discussions, in particular, encourage
cooperation, which is essential for improving learning outcomes and engage-
ment (Kvellestad et al., 2021).

5.3 The Role of Problem-Based Learning in Science Education

The 01DDE learning model’s emphasis on problem-based learning aligns with
research that has demonstrated the importance of addressing contextual,
real-world problems in education. By presenting students with issues related
to ecosystems, the model promotes the development of critical thinking skills,
ethical attitudes, and greater engagement in learning. The effectiveness of this
approach was evident in the significant improvements observed in the experi-
mental class, where students were more motivated, engaged, and capable of
making ethical decisions compared to the control class (Pozas et al., 2020;
Bahri & Corebima, 2015).

5.4 Strengths of the oIDDE Model

The sequential stages of the OIDDE learning model, from orientation to
decision-making and behavior engagement, play a crucial role in its effective-
ness. Each stage was designed to encourage students to think critically, col-
laborate, and engage in ethical decision-making. The flexibility of these stages
allows teachers to incorporate real-world problems and contextual learning
into their lessons, enhancing both cognitive and affective learning outcomes.
This step-by-step approach has proven to be effective in fostering deeper learn-
ing, ethical understanding, and student engagement in biology education.

The research uncovered several new findings related to the implementation
of the OIDDE learning model. First, both teachers and students in island high
schools were introduced to an innovative and effective learning model that
fostered greater awareness of ethical dilemmas in biological issues. Second,
students developed critical thinking skills and learned to engage in ethi-
cal decision-making through group discussions. These findings highlight the
OIDDE model’s potential for promoting student-centered learning and foster-
ing a deeper understanding of complex environmental issues.

The OIDDE learning model has been demonstrated to be effective in
enhancing learning outcomes, critical thinking skills, ethical attitudes, and
engagement among high school students. Based on the research findings, we
recommend that the oIDDE model be adopted in various subjects beyond
biology to promote critical thinking, ethical behavior, and student engagement
across disciplines. Additionally, further research should explore the applica-
tion of the 0IDDE model in different educational contexts and subject areas,
focusing on the development of student integrity, ethical decision-making,
and problem-solving skills.
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6 Conclusion

This study demonstrated the effectiveness of the 0OIDDE learning model in
enhancing various educational outcomes, including learning achievement,
critical thinking, ethical attitudes, and student engagement, within the specific
context of high school biology education in Indonesia’s archipelagic regions.
Students in the experimental group, who were instructed using the OIDDE
model, demonstrated significantly higher performance across these domains
compared to their peers in the control group who were taught with conven-
tional methods. These findings underscore the potential of the OIDDE model
to address the demands of 21st-century education by promoting skills such as
critical thinking, problem-solving, ethical reasoning, and active learning.

The 0oI1DDE model’s structured, problem-based stages were particularly
effective in developing students’ critical thinking and ethical attitudes. Given
the geographical and logistical constraints faced by schools in isolated regions,
where traditional teaching methods often fail to engage students fully, the
0IDDE model offers a valuable alternative. By enabling students to interact
with real-world environmental issues and ethical dilemmas, the model not
only enhanced cognitive skills but also fostered a sense of responsibility and
ethical awareness. These qualities are crucial for preparing students to con-
front complex global and local challenges, aligning with the broader goals of
holistic education.

In addition to cognitive benefits, the model’s impact on ethical attitudes
highlights the importance of integrating ethical reasoning and behavior into
science education. The “Engage in behavior” stage of the 0OIDDE model was
particularly effective in this regard, encouraging students to participate actively
in ethical discussions and decision-making related to ecosystem issues. This
stage aligns with research advocating for educational models that go beyond
content mastery, aiming to cultivate students’ holistic development, including
ethical and social responsibilities.

The findings also revealed that the OIDDE model fosters a more engaging
and collaborative learning environment, which is beneficial in settings where
students may otherwise have limited exposure to interactive learning. Students
taught under the oIDDE model reported higher levels of engagement, likely
due to the model’s emphasis on student-centered, active learning strategies
that increase motivation and cooperation. This aligns with the study’s empha-
sis on creating inclusive, supportive learning environments that are critical
for fostering student engagement and success in regions facing educational
resource limitations.

Overall, the 01DDE learning model has shown its effectiveness in improving
learning outcomes, fostering critical thinking, and developing ethical attitudes

ASIA-PACIFIC SCIENCE EDUCATION 10 (2024) 442—470



464 HUDHA, OKTAPIANI AND RAHARDJANTO

in biology education. Future research should explore the 01DDE model’s appli-
cability across other subjects and educational settings to examine its broader
impact on student engagement, ethical development, and critical thinking
across disciplines. Expanding the use of this model may contribute to the cul-
tivation of ethically minded, critically thinking individuals prepared to tackle
complex societal and environmental challenges.

7 Limitations and Recommendations

This study was conducted with students from a single high school in Indonesia’s
archipelagic region, focusing specifically on biology education. Consequently,
the findings may not be fully generalizable to other subjects, educational
settings, or geographic regions. Consequently, the findings may not be fully
generalizable to other subjects or educational settings. However, the positive
outcomes observed here provide a valuable foundation for future research
exploring the implementation of the 0IDDE model across different subject
areas and diverse educational contexts.

Another limitation is that the 0IDDE model was new to both students and
teachers at the research site. As with any new educational model, there was an
adjustment period that may have influenced the initial impact. Future studies
might consider longer implementation timelines to allow students and teach-
ers to become more familiar with the model, enabling a more accurate assess-
ment of its sustained impact. Such studies could also explore adaptations of
the model to better fit resource-limited settings, ensuring its accessibility and
relevance in regions with fewer educational resources.

Based on the findings of this study, we recommend expanding the adoption
of the OIDDE model in various educational levels and subjects beyond biology.
The model’s structured approach, which fosters critical thinking, ethical atti-
tudes, and student engagement, aligns well with the competencies required
in 21st-century education. In contexts where traditional, lecture-based teach-
ing methods prevail, the 0OIDDE model provides a student-centered alterna-
tive that encourages holistic development — an approach particularly relevant
in Indonesia’s archipelagic regions where students may face limited access to
diverse learning opportunities.

Additionally, the 0oIDDE model can serve as an effective framework for cul-
tivating critical thinking skills and promoting ethical behavior, both essen-
tial qualities for modern learners. By integrating this model into diverse
educational contexts, educators can support the holistic development of
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students, encouraging deeper engagement and ethical awareness. These rec-
ommendations underscore the value of the 0OIDDE model in advancing inno-
vative, student-centered learning strategies that prepare students for complex,
real-world challenges.

Future research should focus on exploring the applicability of the OIDDE
model in other subject areas and regional contexts, particularly those with
similar geographic and resource-based challenges. By doing so, the model’s
potential to advance innovative, student-centered learning strategies can be
more fully understood, enabling educators to cultivate ethically aware, criti-
cally thinking students prepared to address complex societal and environmen-
tal issues.
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