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ABSTRACT

This study examines the impact of  Inquiry-Based Learning (IBL) on enhancing critical thinking skills in an open 
and distance learning (ODL) environment, focusing on a biology education program. The research employed a 
pre-experimental one-group posttest-only design with 35 students participating in online sessions. These sessions 
involved formulating questions, designing experiments, conducting observations, and analyzing data. Quantita-
tive analysis using percentages, means, standard deviations, and regression revealed that over 75% of  students 
achieved very good performance in key areas like formulating hypotheses and designing experiments. The regres-
sion analysis confirmed that IBL significantly affected critical thinking skills (R² = 0.849; p = 0.05). The study 
concludes that a systematic learning design that encourages active learning and provides continuous feedback is 
crucial for developing critical thinking skills in ODL settings. These findings provide insights for curriculum de-
velopers and educators to optimize IBL implementation, thereby enhancing educational outcomes and fostering 
independent learning in distance education environments. Further research is suggested to refine this approach 
and ensure deeper understanding and application of  scientific principles. 
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INTRODUCTION

In the rapidly evolving landscape of  edu-
cation, developing critical thinking skills is a pa-
ramount goal for preparing students to navigate 
complex biological concepts, solve real-world 
problems, and make informed decisions (Kill-
pack et al., 2020; Taghinezhad & Riasati, 2020; 
Loy et al., 2022; Coyte, 2023; Cossu et al., 2024; 
Song et al., 2024). Critical thinking involves the 
ability to analyze arguments, identify biases, eva-
luate evidence, and draw reasoned conclusions. 
These skills are essential for students in biology, 
where understanding intricate systems and ma-
king data-driven decisions are crucial (Amin et 

al., 2020; Killpack et al., 2020; McFadden & Fu-
selier, 2020; Sadeghi et al., 2020; Spence et al., 
2020; Kreher et al., 2021; Aston, 2023; McKee et 
al., 2023). Traditional teaching methods have of-
ten fallen short in fostering these essential skills, 
particularly within the constraints of  open and 
distance learning (ODL) environments.

The shift towards ODL systems necessi-
tates innovative pedagogical strategies that can 
effectively engage students and enhance their 
critical thinking abilities (Rahayu & Sapriati, 
2018; Chusni et al., 2020; Pursitasari et al., 2020; 
Cortázar et al., 2021; Garrison, 2022; Tomesko 
et al., 2022; Bekteshi et al., 2023; Al-Haddad et 
al., 2024; Pereles et al., 2024; Santos-Díaz et al., 
2024). Inquiry-Based Learning (IBL) presents a 
promising approach, emphasizing student-driven 
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inquiry and problem-solving to enhance critical 
thinking, especially in biology education where 
analytical and evaluative skills are crucial (Gó-
mez & Suárez, 2020; Martín-Gámez et al., 2020; 
Mitarlis et al., 2020; Liu et al., 2021; Irwanto, 
2023; Nzomo et al., 2023; Muhamad Dah et al., 
2024; Rahayu et al., 2024).

Empirical evidence underscores the effecti-
veness of  IBL in enhancing various skills across 
various educational contexts (Costes-Onishi et 
al., 2020; Fatmawati & Rustaman, 2020; Abaniel, 
2021; Ganajová et al., 2021; irado-Olivares et al., 
2021; Öztürk et al., 2022; T Chu et al., 2023; de 
Jong et al., 2023; Hsu et al., 2024; ). A meta-ana-
lysis confirmed that IBL significantly improves 
learning outcomes, including critical thinking 
and problem-solving skills (Duran & Dökme, 
2016; Jerrim et al., 2019; Gómez & Suárez, 2020; 
otiriou et al., 2020; Wu et al., 2021; Öztürk et al., 
2022; SCoyte, 2023). For example, students en-
gaged in IBL are better at formulating research 
questions, designing and conducting experiments, 
and analyzing data systematically (Spence et al., 
2020; Killpack et al., 2020; Doucette et al., 2021; 
Kreher et al., 2021; McKee et al., 2023; Li et al., 
2024). These skills are crucial for understanding 
complex biological systems and applying theore-
tical knowledge to practical problems (Gómez & 
Suárez, 2020; Killpack et al., 2020; Lameras et 
al., 2021; McKee et al., 2023). Furthermore, in-
tegrating digital tools with IBL increases student 
motivation and engagement, making science edu-
cation more accessible and effective in ODL sys-
tems (Liu et al., 2021; Pereles et al., 2024). These 
findings highlight the potential of  IBL to trans-
form biology education, particularly within ODL 
frameworks, by providing a robust structure for 
active learning and continuous feedback (Chusni 
et al., 2020; Sotiriou et al., 2020; Ahmadi et al., 
2023; Coyte, 2023).

Pursitasari et al. (2020) and Wale & Bis-
haw, (2020) found that IBL significantly enhances 
students’ critical thinking by engaging them in ac-
tivities that require questioning, experimenting, 
and reflecting on their learning processes. Kill-
pack et al. (2020) and Liu et al. (2021) demonstra-
ted that the use of  IBL in biology education 
improves students’ understanding and abilities.  
Additionally, previous researhers highlighted that 
structured inquiry tasks in biology significantly 
boost students’ performance in various cogniti-
ve domains, including formulating hypotheses, 
designing experiments, and analyzing data (Fat-
mawati & Rustaman, 2020; Killpack et al., 2020;  
Spence et al., 2020 Kreher et al., 2021; Chu et al., 
2023; Coyte, 2023; McKee et al., 2023; Hsu et al., 
2024; Li et al., 2024).  

Despite the demonstrated benefits of  IBL, 
significant gaps remain in the literature, particu-
larly concerning its application in ODL settings. 
Most existing research has focused on traditional 
classroom environments, with limited studies 
examining the impact of  IBL on biology learning 
in ODL systems (Killpack et al., 2020; Liu et al., 
2021). While various studies have demonstrated 
the positive impact of  IBL on student perfor-
mance, such as engagement and critical thinking, 
there is a lack of  comprehensive research specifi-
cally addressing its efficacy in biology education 
within ODL contexts (Bekteshi et al., 2023; Chu 
et al., 2023). Furthermore, while teacher and stu-
dent acceptance of  IBL has been explored, there 
is still a need for in-depth studies on the practical 
challenges and strategies for implementing IBL 
in ODL environments (Coyte, 2023; Hsu et al., 
2024).  Addressing these gaps is crucial for de-
veloping effective educational practices that en-
hance critical thinking and biology learning out-
comes in ODL systems.  For instance, Bekteshi 
et al. (2023), Pereles et al. (2024) and Tomesko et 
al. (2022) emphasize the necessity for innovative 
strategies to adapt IBL for ODL environments, 
highlighting the need for empirical studies to vali-
date these approaches. Coyte, 2023point-out that 
while the theoretical benefits of  IBL are well-do-
cumented, its practical implementation in ODL 
settings remains under-researched. Additionally, 
research on enhancing 21st-century skills through 
IBL highlights the need for innovative strategies 
to adapt IBL for ODL learning management 
(Bekteshi et al., 2023; Coyte, 2023). 

This study aims to investigate the impact 
of  Inquiry-Based Learning (IBL) on the deve-
lopment of  critical thinking skills in students en-
rolled in a biology education program within an 
open and distance learning (ODL) system. While 
this research aims to explore the impact of  IBL 
on critical thinking skills, several limitations must 
be acknowledged. First, the study focuses specifi-
cally on a biology education program, which may 
limit the generalizability of  the findings to other 
disciplines. Second, the research is conducted 
within the context of  an ODL system, which 
may not fully capture the dynamics present in 
traditional classrooms. Third, the study is limited 
to a specific educational institution, which may 
influence the applicability of  the results to other 
contexts.

METHODS

This research utilized an experimental 
one-group posttest-only design (Johnson & Chris-
tensen, 2014; Kumar, 2011) examining the deve-
lopment of  inquiry-based learning (IBL) and its 
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influence on students’ critical thinking skills in a 
Natural Resources and Environmental Conserva-
tion course. The course was conducted within a 
biology education program utilizing an open and 
distance learning system in Indonesia. The pilot 
project included 35 students—24 women and 11 
men—who participated in eight online tutorial 
sessions aimed at enhancing their IBL and critical 
thinking skills.

The research commenced with a com-
prehensive planning and preparation stage. The 
objective was to design and prepare the IBL ac-
tivities and materials. This involved conducting 
an extensive review of  the literature on IBL and 
critical thinking in biology education to develop 
relevant and effective activities. Detailed lesson 
plans, instructional materials, and assessment 
rubrics were created based on the findings from 
the literature review and consultations with ex-
perts.

The next stage involved the implemen-
tation of  the IBL program. During this stage, 
students engaged in various activities including 
formulating research questions, designing and 

conducting experiments, documenting observa-
tions, analyzing data, and synthesizing their fin-
dings into comprehensive formats such as videos, 
reports, or presentations. Reflective sessions were 
integrated into the program to allow students to 
assess the strengths and weaknesses of  their ex-
periments. The implementation was conducted 
entirely online, utilizing a Learning Management 
System (LMS) to facilitate and monitor student 
engagement.

Monitoring and assessment were crucial 
components of  this research. Throughout the 
IBL activities, students’ engagement and skill 
development were closely monitored using the 
LMS. Tutors evaluated student discussions and 
assignments using detailed rubrics designed for 
IBL and critical thinking assessments. These rub-
rics included indicators for various skills such as 
formulating hypotheses, designing experiments, 
conducting observations, analyzing data, and ref-
lecting on the process (see Tables 1 and 2). The 
evaluation process aimed to gauge the effective-
ness of  the IBL approach in enhancing critical 
thinking and conceptual understanding.

Table 1. Indicator and Rubrics of IBL

Indicators Assessment Rubrics

Indicator 1: Formulating questions/ hypotheses The statements are pertinent, aligned with the 
research scope, significant, feasible, and con-
sistent with the researcher’s domain expertise.

Indicator 2:  Designing experiments The experimental design is relevant to the re-
search question and hypothesis, encompass-
ing all necessary equipment, materials, and 
procedures.

Indicator 3: Conducting experiment/observation Demonstrates proficiency in conducting ex-
periments, observing systematically and accu-
rately, and collecting data efficiently.

Indicator 4: Analyzing data Data analysis involves the capability to pro-
cess, analyze, and interpret the collected data 
effectively.

Indicator 5: Concluding and writing a full report Draws conclusions, presents findings/results 
clearly, and utilizes appropriate scientific ref-
erences.

Indicator 6: Performing reflections Reflection entails evaluating methodolo-
gies, critiquing the processes used, assessing 
strengths and weaknesses, and developing im-
provement plans.

The final stage of  the research involved 
data analysis. The data collected from student as-
sessments were analyzed to determine the impact 
of  the IBL program on critical thinking skills. 
Descriptive statistics, including percentages, me-
ans, and standard deviations, were calculated to 

summarize the data. Inferential statistics, spe-
cifically regression analysis, were performed to 
examine the relationship between participation 
in the IBL program and improvements in critical 
thinking skills. Table 2 shows indicator and rub-
rics of  critical thinking skills
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Table 2. Indicator and Rubrics of  Critical Thinking Skills

Indicators Assessment Rubrics

Indicator 1.
 Analyzing arguments

Analyze and evaluate arguments in various formats, 
incorporating complex case studies.

Indicator 2.
Observing and considering observations

Systematically observe, record, and reflect on observa-
tions on a regular basis.

Indicator 3.
Defining terms and considering definitions

Formulate key defini-tions and support them with rel-
evant examples.

Indicator 4.
Make decisions and consider the results.

Make informed deci-sions based on avail-able infor-
mation and conduct thorough analysis of  the results.

Indicator 5.
Deciding on a course of  action

Plan, execute, evaluate self-initiated projects, and de-
velop compre-hensive improvement plans.

The statistical analysis was conducted 
using software such as SPSS or R, following gui-
delines from established methods (Tabachnick & 
Fidell, 2013; Meyer et al., 2023; Field, 2024).

The research instruments used in this stu-
dy included assessment rubrics for both IBL and 
critical thinking skills. The IBL assessment focus-
ed on six key indicators: formulating questions/
hypotheses, designing experiments, conducting 
experiments/observations, analyzing data, con-
cluding and writing a full report, and performing 
reflections. Tutors used these rubrics to score stu-
dent performance, categorizing the results into 
five criteria: very good, good, sufficient, poor, 
and very poor (see Table 3). Similarly, the criti-
cal thinking assessment included five indicators: 
analyzing arguments, observing and considering 
observations, defining terms and considering de-
finitions, making decisions and considering the 
results, and deciding on a course of  action. These 
rubrics were used to evaluate student discussions 
and assignments, ensuring a comprehensive as-
sessment of  their critical thinking abilities.

Table 3. Criteria for Inquiry and Critical Thin-
king 

No Score Criteria

1  80-100 Very Good

2 70-79 Good

3 60-69 Enough

4 40-59 Less

5 30-39 Very Less

To enhance the research stages and met-
hodologies, modifications were made based on 
sources referred to by the researcher. These modi-
fications included the incorporation of  additional 
reflective activities, the use of  more interactive 
and collaborative online tools, and the integrati-

on of  peer feedback mechanisms to further sup-
port student engagement and learning. These mo-
difications aimed to address challenges identified 
in previous studies, such as learner isolation and 
inadequate feedback in ODL settings (Tomesko 
et al., 2022; Bekteshi et al., 2023; Pereles et al., 
2024). 

RESULTS AND  DISCUSSION

The assessment of  Inquiry-Based Learning 
(IBL) revealed varying levels of  proficiency across 
different stages of  the inquiry process. This sug-
gests that students excelled in planning and struc-
turing their experiments, which is a crucial skill in 
scientific inquiry. These findings highlight areas 
where students require further development, par-
ticularly in data analysis and experiment conduc-
tion, as illustrated in Figure 1.

Figure 1. Performance of Skills in IBL

In examining students’ critical thinking skills, 
the research revealed significant findings. Predomi-
nantly, students exhibited performance across all 
tasks, which underscores their ability to engage deep-
ly with the material and think critically. This suggests 
that while students are generally proficient in critical 
thinking, there are specific areas, particularly in ob-
servation and analysis, that need enhancement, as 
shown in Figure 2.
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Figure 2. Performance of  Critical Thinking Skills

The quantitative descriptive analysis of six stu-
dent skills in inquiry learning showed diverse levels of  
performance. The findings indicated that the highest 
average performance was in analyzing data, with 
indicators of designing experiments also showing 
high proficiency and consistency among students. 
Indicators of formulating questions and hypotheses 
demonstrated strong mean performance, indicating 
general proficiency among students. The skills of  
conducting experiments, observing, and reflecting 
showed moderate to good performance but with 
some variability. The indicator of performing reflec-
tions had the highest standard deviation, suggesting 
varied proficiency levels among students. Concluding 
and creating a report had the lowest mean score, in-
dicating challenges in this area for many participants. 
Table 4 provides detailed data on the performance of  
IBL skills.  

Table 4. Data on the Results of  IBL Skills Per-
formance

Inquiry Learning Skills Mean Std. Dev

Indicator 1 (N = 26) 91.5385 11.81264

Indicator 2 (N = 33) 94.9697 4.33362

Indicator 3 (N = 19) 90.7368 13.39918

Indicator 4 (N = 15) 96.9333 7.95044

Indicator 5 (N = 18) 78.3333 15.71810

Indicator 6 (N = 17) 86.6471 17.31669

Similarly, the analysis of critical thinking skills 
revealed a high mean score, indicating strong perfor-
mance in this area. The skills assessed included ana-
lyzing arguments, observing and considering observa-
tions, defining terms, making decisions, and deciding 
on a course of action. The low standard deviation 
suggested consistent performance among students, 
with few outliers. Table 5 presents detailed data on 
critical thinking skills performance.

Table 5. Data on the Results of  Critical Thinking 

Critical Thinking Skills Mean Std. De-
viation

Indicator 1 (N =34) 86.2647 9.00272

Indicator 2 (N =34) 82.2857 8.48380

Indicator 3 (N =34) 86.2647 9.00272

An analysis of  students’ understanding of  
ecosystem topics, including the interactions bet-
ween biotic and abiotic components, indicated 
varied levels of  proficiency (see Figure 3).  The 
distribution of  level of  understanding suggests 
that the majority of  students have a satisfactory 
to very good understanding of  the topic, with 
only a minor fraction performing poorly.

Figure 3. Students’ Understanding of  Content

A regression model was applied to explo-
re the relationship between IBL skills and criti-
cal thinking performance. The model included 
several predictors from the IBL indicators and a 
dependent variable representing critical thinking 
skills. The model summary displayed a very strong 
correlation (R value) and a significant proportion 
of  variance explained by the model (R Square). 
The adjusted R Square, which accounts for the 
number of  predictors, was slightly lower but still 
indicated a good model fit. The significance le-
vel (Sig. F Change) was 0.005, indicating that the 
predictors significantly improved the model. The 
Durbin-Watson statistic suggested no significant 
autocorrelation in the residuals, confirming the 
model’s reliability.  The ANOVA results further 
confirmed the model’s significance, with a high 
F-statistic and a significance level of  0.005, rein-
forcing that the model is statistically significant. 
The findings demonstrated that effective inquiry 
discussions significantly enhance critical thinking 
performance.
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Table 6. Relationship Between Critical Thinking and Inquiry Learning Skills in the Task 

Model R R 
Square

Adjusted 
R Square

Std. Error of 
the Estimate

Change Statistics Durbin-
WatsonR Square 

Change
F 

Change
df1 df2 Sig. F 

Change

1 .921a 0.849 0.763 6.00472 0.849 9.849 4 7 0.005 1.850

a. Predictors: (Constant), Discussion 8, Discussion 7, Discussion 6, Discussion 2
b. Dependent Variable: Task 

ANOVAa

Model Sum of Squares df Mean Square F Sig.

1 Regression 1420.520 4 355.130 9.849 .005b

Residual 252.397 7 36.057    

Total 1672.917 11      

a. Dependent Variable: Assignment
b. Predictors: (Constant), Discussion 8, Discussion 7, Discussion 6, Discussion 2

The application of IBL in teaching ecosystem 
topics within biology education enhances understan-
ding and engagement with biological concepts (Kill-
pack et al., 2020; Taghinezhad & Riasati, 2020; 
Loy et al., 2022; Coyte, 2023; Cossu et al., 2024; 
Song et al., 2024). IBL encourages students to ask 
questions, design experiments, and analyze results, 
fostering creativity and innovation  (Gómez & Suá-
rez, 2020; Martín-Gámez et al., 2020; Mitarlis et 
al., 2020; Liu et al., 2021; Nzomo et al., 2023; Ir-
wanto, 2023; Muhamad Dah et al., 2024; Rahayu 
et al., 2024) . It prepared students to tackle complex 
biological problems, contributing to advances in bio-
logical research and education (Gómez & Suárez, 
2020; Killpack et al., 2020; Lameras et al., 2021; 
McKee et al., 2023). Emphasizing student-led inves-
tigations and active learning makes biology educati-
on more dynamic and effective (Gómez & Suárez, 
2020; Killpack et al., 2020; Lameras et al., 2021; 
McKee et al., 2023). 

The findings from this study indicate that whi-
le students show proficiency in designing and con-
ducting experiments and formulating research ques-
tions, there is a need for improvement in data analysis 
and presentation. Structured guidance and feedback 
through online platforms can enhance these skills  
(Chusni et al., 2020; Sotiriou et al., 2020; Ahmadi et 
al., 2023; Coyte, 2023). Future IBL programs should 
focus on enhancing analytical and communication 
skills and providing comprehensive guidance on ref-
lection processes to deepen research understanding 
(Fatmawati & Rustaman, 2020; Killpack et al., 
2020; Spence et al., 2020; Doucette et al., 2021; 
Kreher et al., 2021; McKee et al., 2023; Li et al., 
2024). Sharing these results supports the educational 
community in understanding how students acquire 
inquiry skills and the challenges they face, contri-
buting to the development of best practices (Gómez 
& Suárez, 2020; Martín-Gámez et al., 2020; Mi-

tarlis et al., 2020; Liu et al., 2021; Irwanto, 2023; 
Muhamad Dah et al., 2024).

Furthermore, the results showed a strong link 
between inquiry discussion skills and critical thinking 
task performance, indicating that effective inquiry 
can significantly enhance critical thinking  (Duran 
& Dökme, 2016; Jerrim et al., 2019; Gómez & 
Suárez, 2020; Sotiriou et al., 2020; Wu et al., 
2021; Öztürk et al., 2022; Coyte, 2023). Focusing 
on these strategies can help develop essential skills in 
students (Costes-Onishi et al., 2020; Fatmawati & 
Rustaman, 2020; Ganajová et al., 2021; Abaniel, 
2021; Tirado-Olivares et al., 2021; Tirado-Oliva-
res et al., 2021 Öztürk et al., 2022; Chu et al., 
2023; de Jong et al., 2023; Hsu et al., 2024).  Futu-
re directions for IBL include providing more support 
in critical thinking, especially in decision-making and 
evaluation, and incorporating hands-on exercises like 
case studies and project-based learning (Fatmawati 
& Rustaman, 2020; Killpack et al., 2020; Spen-
ce et al., 2020; Kreher et al., 2021; Chu et al., 
2023; Coyte, 2023; McKee et al., 2023; Hsu et al., 
2024; Li et al., 2024). Structured feedback and op-
portunities for reflection can further sharpen decision-
making abilities (Chusni et al., 2020; Sotiriou et al., 
2020; Coyte, 2023). Revisiting the learning design to 
emphasize decision-making and outcomes can imp-
rove educational effectiveness (Gómez & Suárez, 
2020; Killpack et al., 2020; Lameras et al., 2021; 
McKee et al., 2023).

Critical thinking skills developed through stu-
dying ecosystem topics in biology education signifi-
cantly enhance learning success in other biology cour-
ses (Killpack et al., 2020; Pursitasari et al., 2020; 
Wale & Bishaw, 2020; Liu et al., 2021). These skills 
enable rigorous analysis and evaluation of complex 
biological concepts, leading to deeper understanding 
(Gómez & Suárez, 2020; Killpack et al., 2020; 
Lameras et al., 2021; McKee et al., 2023). Criti-
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cal thinking also fosters independent learning and 
resilience, aiding students in adapting and excelling 
in various academic contexts (Gómez & Suárez, 
2020; Killpack et al., 2020; Lameras et al., 2021; 
McKee et al., 2023). Integrating critical thinking in 
ecosystem studies promotes a holistic understanding 
of biology, encouraging connections between ecologi-
cal principles and other biology areas, thus enriching 
the overall educational experience (Costes-Onishi 
et al., 2020; Fatmawati & Rustaman, 2020; Ga-
najová et al., 2021; Tirado-Olivares et al., 2021; 
Öztürk et al., 2022; Chu et al., 2023; de Jong et 
al., 2023; Hsu et al., 2024).

The research significantly contributes to bio-
logy courses in open and distance learning (ODL) 
systems by providing evidence of the effectiveness 
of Inquiry-Based Learning (IBL) in enhancing criti-
cal thinking and inquiry skills. The study highlights 
the potential of IBL to create more interactive and 
engaging learning experiences, which is crucial for 
ODL where student engagement can be a challenge. 
By incorporating IBL, educators can facilitate active 
learning and deeper understanding of biological con-
cepts, addressing the common issues of learner isola-
tion and passive reception of information typical in 
ODL (Fatmawati & Rustaman, 2020; Killpack et 
al., 2020; Spence et al., 2020; Kreher et al., 2021; 
Chu et al., 2023; Coyte, 2023; McKee et al., 2023; 
Hsu et al., 2024; Li et al., 2024).

In the context of distance education, IBL 
provides a robust framework for engaging students 
and ensuring active participation despite physical 
separation (Tomesko et al., 2022; Bekteshi et al., 
2023; Pereles et al., 2024). IBL encourages the use 
of digital tools and online platforms for conducting 
experiments, sharing findings, and collaborating with 
peers, making learning more interactive and engaging  
(Cortázar et al., 2021; Liu et al., 2021; Tomesko et al., 
2022; Bekteshi et al., 2023; Pereles et al., 2024). This 
approach helps mitigate some of the challenges of  
distance education, such as isolation and lack of im-
mediate feedback, by fostering a sense of community 
and ongoing interaction. By developing critical thin-
king skills through IBL, students in a distance educa-
tion system become more self-sufficient and capable 
of managing their learning independently, leading to 
better educational outcomes. 

The findings on the effectiveness of  inqui-
ry-based learning (IBL) significantly contribute 
to the field of  biology education. The research 
demonstrates that IBL not only enhances stu-
dent engagement and understanding of  biologi-
cal concepts but also fosters critical skills such as 
creativity, problem-solving, and communication. 
By promoting active learning and deeper compre-
hension, IBL helps develop critical thinking skills 

essential for tackling complex biological challen-
ges. Moreover, this study offers refined teaching 
strategies aimed at improving learning outcomes 
and better preparing students for advanced stu-
dies. The research also highlights the versatility 
of  IBL across different educational settings, in-
cluding traditional and open distance learning 
environments, and provides a comprehensive 
framework for its implementation to maximize 
learning effectiveness. The versatility of  the IBL 
and its comprehensive framework are the novel-
ties offered by this research. By identifying speci-
fic areas where students may need further deve-
lopment, such as data analysis and presentation, 
the study offers targeted solutions for curriculum 
design and instructional strategies. The positive 
impact of  IBL on student outcomes suggests its 
potential to transform biology education by foste-
ring independent thinking and preparing students 
for future scientific endeavors.

CONCLUSION

This study demonstrated that Inquiry-
Based Learning (IBL) significantly enhances 
critical thinking and inquiry skills in a biology 
education program within an open and distan-
ce learning (ODL) system. Students excelled in 
designing experiments but needed improvement 
in data analysis and reporting. The regression 
analysis confirmed a strong correlation between 
effective inquiry discussions and critical thinking 
performance. The findings underscore the need 
for structured guidance, immediate feedback, 
and the integration of  interactive tools to sup-
port student engagement and skill development 
in ODL. For effective implementation, educators 
should focus on incorporating detailed feedback 
mechanisms, interactive digital platforms, and 
collaborative activities that simulate real-world 
scientific inquiry. Additionally, curriculum deve-
lopers should design comprehensive IBL activi-
ties that address the identified areas of  improve-
ment, ensuring students receive a well-rounded 
educational experience. These insights provide 
valuable recommendations for educators and po-
licymakers to optimize IBL, thereby improving 
educational outcomes in open distance learning 
environments.
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