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Introduction

Abstract: Critical thinking disposition is a component of higher-order thinking
skills required to meet 21st-century challenges. This research aimed to develop
a Moodle-assisted Guided Inquiry model (GI-Moodle) for General Biology e-
learning and to enhance university students' critical thinking disposition.
Fenrich's instructional model was used in this development research.
Meanwhile, a quasi-experimental study was conducted at the implementation
stage. This study was carried out at the Faculty of Applied Science and
Engineering, Undikma. The data were collected using validation sheets and the
California Critical Thinking Disposition Inventory. Descriptive quantitative
analysis and ANCOVA were done. The results revealed that: the general
biology e-learning developed was reliable and valid; students' critical thinking
disposition increased from the pretest to the posttest, where the GI-Moodle
students achieved better than the WhatApp Group-assisted Guided Inquiry
students (GI-WAG) and WhatApp Group-assisted Structured Inquiry students
(SI-'WAG); the implementation of GI-Moodle and GI-WAG E-learning did not
have a significant effect, but it was significantly different compared to the SI-
WAG class. In conclusion, GI-Moodle is a viable option for enhancing college
students critical thinking disposition through General Biology e-learning. It can
be a reference for development in other learning.

Keywords: Critical thinking dispositions; E-learning; General biology; Guided
inquiry; Moodle

thinking as the process of reasonable determination of
what to believe or do. College students face a variety of

Higher-order thinking skills (HOTS), specifically
skills or procedures used for critical thinking (Gunawan
et al., 2019; Tong et al., 2022), are required to meet the
problems of the 21st Century (Afandi et al., 2018;
Irwanto, 2023; Sumarwati et al., 2020). Critical thinking
is analytic and evaluative thinking with the purpose of
reaching conclusions. It involves the process of
deductive and inductive reasoning (Alismaiel, 2022;
Facione, 2015; Shaw et al., 2020), which demands a
superior level of reasoning to attain the desired outcome
(Wechsler et al., 2018). Ennis (1996) describes critical
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challenges in daily life. Therefore, they should be able to
solve their own problems through the process of
learning.

According to Ennis (1996) and Facione (2015),
critical thinking consists of two dimensions (aspects):
cognitive and affective. The cognitive dimension of
critical thinking is critical thinking skills, while the
affective dimension is critical thinking disposition.
Critical thinking disposition is a tendency to employ
critical thinking skills in a situation (Facione et al., 1994;
Robillos, 2022). Critical thinking disposition influences
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decisions regarding whether to utilize critical thinking
in a situation and enables one to become a superior
critical thinker (Syahfitri et al., 2019; Syahfitri & Firman,
2022). This highlights the significance of critical thinking
disposition in the learning process.

The cognitive component of critical thinking is
insufficient to make a student a critical thinker, so the
critical thinking disposition needs to be taught in the
classroom (Ennis, 1996; Sendag et al., 2015; Syahfitri &
Firman, 2022). Critical thinking disposition is a constant
intrinsic urge to engage with challenges and make
judgments through critical thinking (Facione, 2015;
Fitriani et al., 2018). Critical thinking disposition consists
of seven components, namely: 1) inquisitiveness, 2) self-
confidence, 3) truth-seeking, 4) open-mindedness, 5)
analyticity, 6) systematicity, and 7) maturity (N. C.
Facione et al., 1994; Gunawan et al., 2019; Robillos, 2022).
In short, critical thinking disposition refers to one's
awareness to think critically, so it is essential for
students and needs to be empowered in learning
activities.

Empowerment of students' critical thinking
dispositions in Indonesia has yet to be done optimally.
Most educators rarely apply to teach designs that
develop higher-order thinking skills (Fauzi & Sa'diyah,
2019), so it has an impact on student learning outcomes,
including critical thinking dispositions. This is evident
from the research results, which prove that most
students show a low level of critical thinking disposition
(Fitriani et al., 2018; Temel, 2014). Students have low
critical thinking because they lack a thorough
understanding of analyzing essential data and
managing  scientific  resources (Jaganathan &
Subramaniam, 2016).

One of the efforts to enhance students’ critical
thinking disposition in the classroom is to involve
students in investigative activities (Gunawan et al., 2019;
Sendag et al., 2015). Guided Inquiry (GI) learning, for
instance, can facilitate investigative activities through
student-centered instruction (Margunayasa et al., 2019;
Setyawan et al.,, 2020). The GI learning model places
emphasis on strengthening students' skills, students'
understanding, and confidence in science-related
activities (Eichenholtz & Bellard, 2017). In addition, the
scientific labor featured in this learning model enables
students to directly observe, generate concepts, and
draw conclusions about newly acquired knowledge
(Khoiri et al., 2020; Putra et al., 2018). This explains that,
besides emphasizing the skills, the GI learning model
also emphasizes the achievement of other learning
outcomes. Previous research indicates that GI has a
positive effect on students' learning outcomes and
critical thinking (Ibnusaputra et al., 2023; Putra et al.,
2018; Verawati et al., 2020).
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Due to the COVID-19 pandemic, the GI learning
model has to be implemented online and offline.
Therefore, the use of information and communication
technology (ICT), such as the Modular Object-Oriented
Dynamic Learning Environment (Moodle), is important.
Moodle is a learning platform developed as a
dependable and secure integrated system to build a
learning environment that is suitable for every user
(Aikina & Bolsunovskaya, 2020; Utari et al., 2023) and to
enable lecturers and students to communicate at any
time using communication tools (Makruf et al., 2022;
Schettini et al.,, 2020). Moodle can assist lecturers in
generating and administering online learning, in
addition to offering a variety of elements that can be
incorporated into learning, such as learning materials,
quizzes, discussion forums, and assignments
(Sumarwati et al., 2020). This proved the significance of
the use of Moodle in education, particularly overcoming
the restricted frequency of face-to-face encounters
between students and lecturers (Almusharraf & Khahro,
2020; Nurwahidah et al., 2022; Schettini et al., 2020).

Moodle-assisted Guided Inquiry (GI-Moodle) is
presented as e-learning. It may be implemented in online
and offline courses and can be easily accessed. Because
GI-Moodle learning involves students in research
activities (Eichenholtz & Bellard, 2017; Khoiri et al.,
2020), the courses that can utilize GI-Moodle are those
that integrate investigative activities. The review of the
curriculum of the undergraduate program at the Faculty
of Engineering and Applied Science, Undikma, revealed
that General Biology is a subject equipped with research
activities. According to the Biology Education
Curriculum Undikma, the objective of General Biology
is for students to be able to comprehend and explain the
concepts of biology as a prerequisite for advanced
biology courses. This objective can be accomplished if
students actively seek information without relying on
the lecturer's content. Through e-learning-based inquiry
activities, students will be more engaged and
independent in pursuing knowledge sources using the
GI-Moodle learning model.

The developed GI-Moodle e-learning is an
interactive mobile technology that can facilitate
communication between students and lecturers. In GI-
Moodle e-learning, lecturers followed students in their
investigation activities. The function of lecturers in
assisting students is necessary for the optimal results of
the learning process. The current study aimed to
develop a Moodle-assisted guided inquiry model (GI-
Moodle) for general biology e-learning and enhance the
student's critical thinking.
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Method

Research Design

This study was a part of a Research and
Development study that aimed to generate a Moodle-
assisted Guided Inquiry model for General Biology e-
learning. The e-learning model was developed using
Fenrich's instructional development model (Figure 1).

There were six phases conducted during the
development of the product, namely: Analysis,
Planning, Design, Development, Implementation,

Evaluation and Revision. Each of the phases is explained
in the following sections.

The objective of the Analysis phase is to discover
and analyze classroom issues and to establish the
desired learning outcomes. Utilizing a requirements
analysis questionnaire, problems were identified
through observation and interviews. The needs analysis
questionnaire was completed by students who had
taken General Biology as well as the course lecturers.
The subsequent stage was Planning. During this phase,
learning activities were details planned, along with
performance objectives and assessment systems. This
Design phase focused on preparation, the adoption of the
original design of the instructional tools, and the
development of the e-learning portal. After the Analysis,
Planning and Design phases, instructional tools will be
produced, which is an E-learning prototype.
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Figure 1. Fenrich’s instructional development model (Fenrich,
2005)

The Development stage followed the preceding
stages. During the Development phase, an evaluation of
the e-learning prototypes was conducted through a
validity test to examine the feasibility of the learning
materials, the accuracy of the concepts, and the
feasibility of the learning media. The validity test was
conducted by three experts, one for each factor
evaluated. In the classroom, valid and improved e-
learning was then deployed. The Implementation phase
was a quasi-experimental research phase in which
produced e-learning was applied in the classroom. The
Review and Revision phase was a continuous process that
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occurred at each stage of the development cycle
(Fenrich, 2005).

The pretest-posttest non-equivalent control group
design was used in the quasi-experiment (Cohen et al.,
2018). The experimental research design is presented in
Table 1.

Table 1. Quasi-Experimental Research Design

Pretest Treatment Posttest
o1 X1 02
(0X) X2 04
05 X3 06
Notes:

01, O3, O5: pretest scores; 02, O4, O6: posttest scores
X1: Guided Inquiry-Moodle (GI-Moodle)

X2: Guided Inquiry-WhatsApp Group (GI-WAG)

X3: Structured Inquiry-WhatsApp Group (SI-WAG)

The quasi-experimental study involved three
treatment groups, namely: the experimental, positive
control, and negative control groups. The experimental
group (X1) was taught using the GI-Moodle learning
model, the positive control group (X2) was taught using
the GI-WAG learning model, and the negative control
group (X3) was taught using the SI-WAG learning
model. The learning activities were conducted online
and offline. The first meeting of each discussed subject
was conducted online, while the second meeting was
offline. The General Biology course covered five topics,
including Cytology, Reproduction, Photosynthesis,
Ecosystems, and Biodiversity. During the online session,
students were directed to identify subject-related
problems, select learning tools and resources, and
develop the investigation procedure (GI), while the
lecturer designed the investigation procedure (SI).
During the offline meeting, students conducted
investigations based on the investigation procedures set
beforehand. The investigation’s findings served as the
basis for students’ conclusions. Due to the pandemic
conditions, it was not possible for this learning activity
to take place entirely offline.

Research Sample

The sample was determined using a cluster random
sampling technique. This technique commenced with an
equivalency test (ANOVA test) utilizing the SPSS
program, the results of which indicated that all
population members possessed equivalent academic
abilities. Then, three classes were randomly selected as
the research sample: X1 as the experimental group
(consisting of 31 students), X2 as the positive control
group (consisting of 32 students), and X3 as the negative
control group (consisting of 27 students). Thus, the
research participants consisted of 90 students enrolled in
the General Biology course during the 2021/2022
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academic year at the Faculty of Engineering and Applied
Science, Undikma, Indonesia.

Research Instrument and Data Collection

This study used validation sheets and The
California Critical Thinking Disposition Inventory as
instruments (CCTDI). The validation sheets were used
to examine the validity of the generated product,
whereas the CCTDI was used to identify the students'
critical thinking dispositions. This investigation utilized
an adapted version of the CCTDI developed by Facione
et al. (1994). Prior to its usage in the study, the validity
and reliability of the research instruments were
examined and confirmed. The critical thinking
dispositions of the students from the three treatment
groups were measured with a pre- and post-test,
administered before and after all learning sessions,
respectively.

Data Analysis

Using qualitative descriptive analysis, the findings
of the validity test of the e-learning components were
studied, specifically by averaging the scores obtained
from the three validators. The findings of the average
score are stated according to the criteria presented in
Table 2 (modified from Ratumanan & Laurens (2011)).

Table 2. Validity category

Interval Category Notes
10<SV<15 Poor Cannot be u.sed, needs to be
considered carefully

1.6 <SV<2.5 Fair Can be used with major
revision

26 <SV<35 Good Can be used with n}lr'lor
revision

3.6 <SV< 4.0 Very Good Can be used without
revision

Using parametric statistical techniques, notably
Analysis of Covariance (ANCOVA), data on the
student's critical thinking disposition were evaluated to
demonstrate an increase (difference) in the critical
thinking dispositions of each treatment group. The
normality and homogeneity tests were performed before
conducting the ANCOVA test. The One Sample
Kolmogorov Smirnov test was utilized for the normality
test, while Levene's Test of Equality of Error Variances
was utilized for the homogeneity test. The LSD (Least
Significant Different) test was used for the ANCOVA
findings that indicated differences between the
treatment groups. With a significance level of 0.05 (5%),
SPSS was used to conduct the parametric statistical
analysis.
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Result and Discussion

Results

The development of e-learning GI-Moodle in this
study consisted of six (6) phases: Analysis, Planning,
Design, Development, Implementation, as well as
Evaluation and Revision (Fenrich, 2005). The needs
analysis results indicated that the instructional activities
often involved lecture, discussion, question-and-
answer, and assignment delivery methods for the
subject matter. Moreover, throughout practicum
activities, students utilized a simple practicum manual
(already equipped with problems, work procedures, and
tools and materials). Consequently, a Learning
Management System (LMS) is essential for supporting
online learning activities to meet learning objectives
effectively. WhatsApp Group (WAG) was the most
popular medium for online education. The needs
analysis determined that measuring students' critical
thinking dispositions were rarely conducted, even
though 87.8% of students stated they needed critical
thinking dispositions as prospective educators. Based on
the needs analysis results, learning outcomes must be
adapted to meet the needs of the 21st Century, namely,
to develop student competencies related to higher-order
thinking skills, including the disposition critical
thinking.

Planning was the process that followed the needs
analysis and consisted of the following activities:
designing learning activities, establishing performance
objectives, and building evaluation systems. Based on
the results of the problem analysis and the desired
learning objectives, the Guided Inquiry learning model
was implemented in the classroom. The pandemic
required learning activities to take place online, so the
application of the GI learning model was assisted by
LMS-Moodle.  Considering this, the projected
performance objective was to provide e-learning that
employed the Guided Inquiry learning model supported
by Moodle and enhanced students' critical thinking
dispositions. This research employed an assessment
technique to evaluate the product's validity and create a
field test design for use in the implementation phase. In
this instance, the tested components comprised a
validation tool for evaluating the practicability of the
General Biology e-learning prototype built during the
Design phase.

The Design phase focused on developing the
instructional tools (e-learning prototypes) and the e-
learning portal. The instructional tools were organized
in accordance with the Guided Inquiry learning model
and the subjects discussed in the classroom, including
cytology, the reproductive system, photosynthesis,
ecology, and biodiversity. This initial design stage

yielded prototypes of the General Biology instructional
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tools, including a syllabus, lesson plans, student
worksheets, PowerPoint, a critical thinking disposition
questionnaire, and validation sheets. Next, an LMS-
Moodle portal was created. The e-learning portal
required a server that serves as a repository for e-
learning content and applications that may be accessed
via a specific URL. The location (URL) of the e-learning
portal developed for this study is http://saidil.ikip-

Very Good
Good

Teaching
Material Experts

Experts

Biology Concepts
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mataram.ac.id/. The e-learning portal was inputted and
developed based on the expected requirements.

In the Development phase, the prototypes of the
General Biology instructional tools (e-learning
components) were evaluated in a validity test by three
experts. The validity test measured the feasibility of the
instructional materials and media as well as the
correctness of the biology concepts integrated in the
tools. Figure 2 illustrates the validity test findings.

Good Good

Learning Media
Experts

Mean

Figure 2. The results of the prototypes’ validity test

Figure 2 shows the results of the validity test. Based
on the validity test findings, the developed teaching
materials achieved a score of 3.4 (good), the correctness
of the biology concepts scored 3.6 (very good), and the
feasibility of the media scored 3.5 (good). The three
experts who also served as validators suggested
adjusting the operational verbs used to formulate course
learning outcomes and learning indicators, correcting
typographical errors in the texts, improving the
formulation of learning steps in lesson plans to make
learning more student-centered, and improving the
formulation of problems given to students in both lesson
plans and student worksheet. Experts also
recommended incorporating summarizing activity at
the end of each lesson, as well as providing general
instructions on how to operate the e-learning platform.
In addition, problems discussed in the classroom should
be more contextual. Some formulations of practice
questions or exams must be modified so that students
can comprehend them better. The name of the editor
must be written on the front cover of the student
worksheet, and the visuals on the PowerPoint slides
must correspond to the topic being explained. Generally,
the prototype of each instructional tool received a
respectable average rating of 3.5. Therefore, the

prototypes of the instructional tools must be updated in
accordance with the validators' recommendations prior
to their implementation in the classroom.

The wvalidated and improved e-learning
components contained instructional tools such as video,
audio, and student data, which had been integrated into
the created e-learning portal. In order for e-learning to
be implemented in the classroom, the e-learning portal
with LMS-Moodle was designed according to the
specified requirements.

In the Implementation phase, students’ critical
thinking dispositions were identified using CCTDI. The
data were then evaluated to establish the critical
thinking dispositions of students from each treatment
group. Figure 3 illustrates the results of the analysis.
According to Figure 3, the mean pre- and post-test scores
of students’ critical thinking dispositions taught through
e-learning GI-Moodle, GI-WAG, and SI-WAG
experience different levels of increase. The largest
increase was observed in the GI-Moodle e-learning
group (11.1%), followed by the GI-WAG group (9.3%),
and the SI-WAG group (6.8%).
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Figure 3. The mean pre- and post-test scores of students’ critical thinking dispositions

In addition, data on students' critical thinking
dispositions were assessed using parametric statistics,
resulting in more precise data regarding differences in
student competency between treatments. The test of
parametric statistical significance with ANCOVA was
preceded by normality and homogeneity tests. The
purpose of the normality test was to assess whether the
data were normally distributed. The normality test
result is presented in Table 3. Table 3 shows that both the
pre- and post-test data were normally distributed (Sig.
pretest = 0.676 > 0.05, and Sig. post-test 0.558 > 0.05). The
homogeneity test sought to assess whether the
distribution of both pre- and post-test study data was
homogeneous. Based on the Table 3, the pre- and post-
test data had homogeneous variances (Sig. pretest =
0.152 > 0.05, and Sig. posttest 0.569 > 0.05).

Table 3. The results of the normality and homogeneity tests

Data Sig. Normality ~ Sig. Homogeneity a
Pretest 0.676 0.152 0.05
Posttest 0.558 0.569 0.05

Based on the results of the normality and
homogeneity tests, it was stated that the pre- and post-
test data were distributed normally and had
homogeneous variances. The assumption tests' results
indicated that the data in this study fulfilled the
requirements for the parametric statistical analysis of
ANCOVA. The ANCOVA results are presented in Table 4.

Table 4. The Results of ANCOVA

Source df  Mean Square F Sig. (p)
Learning
Model 2 40.208 6.445 0.002

Table 4 shows an F-calculated of 6.445 and a p-value
(0.002) smaller than the alpha (0.05), meaning that there
was a difference in the critical thinking dispositions
between students in the GI-Moodle, GI-WAG, and SI-
WAG groups. Furthermore, an LSD test with 5% of
significance was done to determine which learning
model had the most significant effect on students' critical
thinking dispositions. The LSD test results are depicted
in Table 5.

Table 5. The Students” Mean Score Significance Difference Based on the LSD Test

Group Mean Mean Corrected Enhancement LSD Notation
Pretest Posttest

GI-Moodle 54.895 60.980 59.591 11.085% a

GI-WAG 52.045 56.888 58.397 9.306% a

SI-WAG 53.719 57.396 57.203 6.845% b

Based on the LSD test results displayed in Table 5,
it was known that the mean score of students in the GI-
Moodle group did not differ substantially from that of
students in the GI-WAG group. The same LSD notation
was recorded by both groups, confirming this finding. In
contrast to the SI-WAG students, the GI-Moodle group
achieved a significantly higher mean score of critical

thinking dispositions, as evidenced by the disparity
between the LSD notations received by the two groups.

Discussion

This study resulted in the development of e-
learning for General Biology utilizing the Guided
Inquiry (GI) learning approach supported by Moodle.
The use of technology in e-learning in the form of
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Moodle is an adaptation to the implementation of
learning, which has switched from offline (face-to-face)
techniques to online learning (Almusharraf & Khahro,
2020; Chootongchai & Songkram, 2018; Makruf et al,,
2022). E-learning can overcome the spatial and temporal
limits of offline learning, allow students and lecturers to
connect and communicate at any time and from any
location (Herayanti et al., 2018; Schettini et al., 2020).
Moodle is one of the LMS that may build a digital-based
learning environment, hence facilitating the online
learning process (Aikina & Bolsunovskaya, 2020;
Makruf et al, 2022; Nurwahidah et al., 2022). A
technology-supported online learning system is highly
recommended for higher education (Antén-Sancho et
al., 2023; Bekteshi et al., 2023; Zidoun et al., 2016) since it
can promote critical thinking skills (Ninghardjanti &
Dirgatama, 2021), as well as foster creativity and
motivation in the classroom (Yu et al., 2018).

General Biology e-learning based on the Moodle-
assisted Guided Inquiry has been deemed valid and
appropriate for usage in educational settings. Figure 2
depicts the results of the validity test demonstrating this.
Validity testing is crucial for determining the quality or
viability of the developed product (Cynthia et al., 2023;
Quinto, 2022; Sutiani et al., 2021). E-learning feasibility
was evaluated based on three factors: characteristics of
learning (teaching materials), aspects of the veracity of
concepts/materials, and aspects of learning medium
(Sutiani et al., 2021; Syahfitri et al., 2019). The results of
the feasibility test were deemed satisfactory; thus, it was
necessary to amend the instructional tools in accordance
with the validators’” suggestions. The amended e-
learning components were then entered and developed
into a portal that had been established in accordance
with the required criteria to produce e-learning that is
suitable for implementation in learning activities. In the
implementation phase, the effectiveness of e-learning in
enhancing students’ critical thinking dispositions was
evaluated.

The experimental study conducted during the
implementation phase revealed that GI-Moodle-based e-
learning was helpful in fostering students' critical
thinking dispositions. Figure 3 depicts the mean pre-
and post-test scores of students' critical thinking
dispositions in the three treatment groups, which
increased after the implementation of the GI-Moodle,
GI-WAG, and SI-WAG models. The rise in each class
varied, with the GI-Moodle e-learning class showing the
greatest increase, followed by the GI-WAG group, and
the SI-WAG class showing the smallest gain. In addition,
the results of the ANCOVA test in Table 5 indicated that
the mean dispositions of students' critical thinking
differed between GI-Moodle, GI-WAG, and SI-WAG
implementations of e-learning. Previous research has
shown that the GI learning model is successful at

Desember 2023, Volume 9 (Special Issue), 280-291

enhancing students' critical thinking skills, which
supports the findings of this study (Indawati et al., 2023;
Miftakhurrohmah et al.,, 2023; Pursitasari et al., 2020;
Sutiani et al., 2021; Verawati et al., 2020).

The student’s critical thinking dispositions in this
study were improved because of the GI model’s
emphasis on student activity (Margunayasa et al., 2019;
Putra et al., 2018), in which students were asked to
establish investigative procedures, collect data, and
make conclusions (Llewellyn, 2013; Sutiani et al., 2021).
Beginning with research questions (problems) given by
the lecturers, students collaborated to design the
procedure, data collecting, data analysis, formulate
conclusions, and communicate their findings (Indawati
et al., 2023; Miftakhurrohmah et al., 2023; Yuliati et al.,
2018). Consequently, GI is student-centered,
collaborative, and problem-based (Khoiri et al., 2020;
Pedaste et al., 2015; Setyawan et al., 2020).

The lecturer's role in Gl-based learning is to guide
students through a series of questions designed to
promote concept exploration. The lecturer is also
responsible for directing students to do investigation
activities and create arguments based on the gathered
evidence (Artayasa et al., 2018; Pursitasari et al., 2020).
Lecturers ask questions to direct students to their tasks,
namely to develop investigation procedures (Irwanto,
2023; Khoiri et al., 2020). Students in groups develop
procedures by identifying their own sources of the
necessary information and actively interacting with one
another, for instance by working together and
exchanging opinions among friends (Setyawan et al,,
2020; Yuliati et al., 2018). The students will enhance
inquisitiveness,  self-confidence, analytical, and
systematic skills through these learning exercises.

The procedure developed by students is then
consulted with lecturers and presented so as to produce
appropriate investigative procedures (Llewellyn, 2013).
Online consultation activities and presentations provide
the students with valuable feedback. These exercises will
cultivate student self-confidence, open-mindedness, and
maturity. At the subsequent offline meeting, the
students complete an investigation based on a technique
approved by the lecturers (Llewellyn, 2013). These
investigative activities will encourage students to prove
or truth-seeking using field-based evidence (Turner et
al., 2018). Students are also encouraged to organize their
findings in tables, diagrams, or graphs to draw
conclusions based on the gathered data (Pursitasari et
al.,, 2020; Verawati et al., 2020). These learning activities
can encourage students’ critical thinking, so training and
enhancing their critical thinking dispositions
(Weinstein, 2017).

In GI-Moodle, Moodle is utilized to facilitate online
GI instruction. The primary advantage of electronic-

based learning in the form of Moodle is that it enables
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students to connect electronically during learning
activities with both fellow students and lecturers (Aikina
& Bolsunovskaya, 2020; Herayanti et al., 2018). Moodle
also enables lecturers to manage learning and exchange
information with students swiftly and flexibly (Makruf
et al., 2022) and enables lecturers and students to
communicate utilizing communication tools whenever
and wherever (Anggraeni & Sole, 2022; Schettini et al.,
2020; Sumarwati et al., 2020).

In addition, according to another finding of this
study, GI-Moodle was not significantly different from
GI-WAG in enhancing the students’” critical thinking
dispositions. Several factors, including differences in the
intensity of inquiry and the use of Moodle, may
contribute to this finding. Previous research
demonstrated that the two levels of inquiry, namely SI
and GI, have distinct effects on learning outcomes
(Bunterm et al, 2014). GI is a more complicated
investigation level than SI (Artayasa et al, 2018;
Bunterm et al., 2014; Yanto et al., 2019). In GI, students
must independently construct investigation processes,
whereas, in SI, the investigation procedures are
established by the lecturer (Artayasa et al, 2018).
Therefore, students enrolled in GI learning have greater
latitude to undertake inquiries than those enrolled in SI
courses (Yanto et al., 2019).

Participation in learning assists students in
acquiring the knowledge or comprehension necessary to
investigate a topic. In accordance with this, Eichenholtz
& Bellard (2017) stated that GI is a learning paradigm
that actively engages students in investigative activities,
providing students with hands-on experience in solving
problems relevant to the content they are studying
under the supervision of the lecturers. This
demonstrates that GI is student-centered, focuses on
skill development, and can give students experiences in
basic inquiry (Llewellyn, 2013). The experience obtained
by implementing GI in the classroom can boost students’
knowledge and confidence, hence impacting their
critical thinking dispositions.

Using technology in the form of MOODLE can
increase student activity in learning activities (Makruf et
al., 2022; Schettini et al., 2020), thus affecting learning
outcomes, including critical thinking dispositions. A
technology-supported online learning system is widely
suggested for student-centered learning (Bekteshi et al.,
2023; Zidoun et al.,, 2016), since it may considerably
enhance students’ thinking skills (Chootongchai &
Songkram, 2018; Setyawan et al., 2020). Moodle can
increase the effectiveness of a learning process (Schettini
et al., 2020) specifically by increasing direct interaction
of students with learning materials, providing
discussion facilities for students with their lecturers and
other students, providing feedback and facilitating
students to collaborate (Aikina & Bolsunovskaya, 2020).
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In conclusion, Moodle can support GI learning in
enhancing students’ critical thinking dispositions. This
is corroborated by the findings of earlier indicating that
technology-based learning has a favourable effect on
students” critical thinking dispositions studies
(Gunawan et al., 2019; Robillos, 2022; Sendag et al.,
2015). According to the findings of other previous
studies, using Moodle to learn can enhance college
students' thinking skills (Chootongchai & Songkram,
2018; Cynthia et al., 2023; Sumarwati et al., 2020). This
study focused on enhancing critical thinking
dispositions; hence, additional research is required to
demonstrate the impact of e-learning on students'
thinking skills and other learning outcomes. In addition,
the development of e-learning was limited to General
Biology classes; consequently, it is essential to build
equivalent e-learning in other courses that demand a
greater aptitude for critical thinking or other learning
outcomes

Conclusion

This study has produced a product in the form of
General Biology e-learning, which is valid, practical, and
effective. The e-learning is based on the Guided Inquiry
learning model supported by Moodle. The use of
technology in the form of Moodle in e-learning is an
adaptation to the application of 21st-century learning,
where formerly face-to-face (offline) learning
methodologies are beginning to be combined with
online learning. Based on this research finding, it can be
stated that the General Biology e-learning generated is
legitimate and suitable for use in education and that
General Biology e-learning using GI-Moodle can
increase students' critical thinking dispositions. The
study results also indicated that the implementation of
GI-Moodle in e-learning did not differ considerably
from that of GI-WAG in terms of enhancing students'
critical thinking dispositions, despite the fact that the
two models differed significantly from the SI-WAG
model. Consequently, General Biology e-learning using
GI-Moodle might serve as a means of enhancing
students' critical thinking dispositions. The learning
model can be applied to different topics of Biology
learning and learning in general.

Acknowledgments

The first author would like to thank the Lembaga Pengelola
Dana Penelitian/LPDP (Indonesia Endowment Fund for
Education, Call Center: 1500652), Ministry of Finance, Republic
of Indonesia, which has provided scholarships for doctoral
studies at the Universitas Negeri Malang, Indonesia.

Author Contributions
All authors have read and agree to the published version of the
manuscript.

287



Jurnal Penelitian Pendidikan IPA (JPPIPA)

Funding

The authors received financial support for research,
authorship, and/or publication of this article from the
Lembaga Pengelola Dana Penelitian (LPDP), Ministry of
Finance, Republic of Indonesia, through the Domestic
Indonesian Lecturer Excellence Scholarship Scheme (BUDI-
DN).

Conflicts of Interest

The authors declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

References

Afandi, A., Sajidan, S., Akhyar, M., & Suryani, N. (2018).
Pre-service science teachers’ perception about high
order thinking skills (HOTS) in the 21st century.
International  Journal of Pedagogy and Teacher
Education, 2(1), 301-308.
https:/ /doi.org/10.20961/ijpte.v2i1.18254

Aikina, T. Y., & Bolsunovskaya, L. M. (2020). Moodle-
Based learning: Motivating and Demotivating
Factors.  International  Journal of  Emerging
Technologies  in  Learning,  15(2), 239-248.
https:/ /doi.org/10.3991/ijet.v15i02.11297

Alismaiel, O. A. (2022). Develop a new model to measure
the blended learning environments through
students’ cognitive presence and critical thinking
skills. International Journal of Emerging Technologies
n Learning, 17(12), 150-169.
https://doi.org/10.3991/ijet.v17i12.30141

Almusharraf, N., & Khahro, S. (2020). Students
Satisfaction with Online Learning Experiences
during the COVID-19 Pandemic. International
Journal of Emerging Technologies in Learning (IJET),
15(21), 246.
https:/ /doi.org/10.3991/ijet.v15i21.15647

Anggraeni, D. M., & Sole, F. B. (2022). Analysis of 4-C in

Moodle-Based Online Learning in Science
Learning Media Courses. Jurnal Penelitian
Pendidikan IPA, 8(3), 1612-1617.

https:/ /doi.org/10.29303 /jppipa.v8i3.1818

Antén-Sancho, A., Fernandez-Arias, P., & Vergara-
Rodriguez, D. (2023). Impact of the covid-19
pandemic on the use of ICT tools in science and
technology education. Journal of Technology and
Science Education, 13(1), 130-158.
https:/ /doi.org/10.3926/jotse.1860

Artayasa, 1. P., Susilo, H., Lestari, U., & Indriwati, S. E.
(2018). The effect of three levels of inquiry on the
improvement of science concept understanding of
elementary school teacher candidates. International
Journal of Instruction, 11(2), 235-248.
https://doi.org/10.12973/1ji.2018.11216a

Desember 2023, Volume 9 (Special Issue), 280-291

Bekteshi, E., Gollopeni, B., & Avdiu, E. (2023). The
challenges of conducting online inquiry-based
learning among tertiary level education. Journal of
Technology and Science Education, 13(1), 92.
https:/ /doi.org/10.3926/jotse.1700

Bunterm, T., Lee, K., Ng Lan Kong, J., Srikoon, S.,
Vangpoomyai, P., Rattanavongsa, J., & Rachahoon,
G. (2014). Do Different Levels of Inquiry Lead to
Different Learning Outcomes? A comparison

between guided and structured inquiry.
International Journal of Science Education, 36(12),
1937-1959.

https:/ /doi.org/10.1080/09500693.2014.886347

Chootongchai, S., & Songkram, N. (2018). Design and
development of SECI and moodle online learning
systems to enhance thinking and innovation skills
for higher education learners. International Journal
of Emerging Technologies in Learning, 13(3), 154-172.
https://doi.org/10.3991/ijet.v13i03.7991

Cohen, L., Manion, L., & Morrison, K. (2018). Research
methods in education (8th ed.). Routledge Taylor and
Francis Group.

Cynthia, C., Arafah, K., & Palloan, P. (2023).
Development of interactive physics E-module to
improve critical thinking skills. Jurnal Penelitian
Pendidikan IPA, 9(5), 3943-3952.
https://doi.org/10.29303 /jppipa.v9i5.2302

Eichenholtz, S, & Bellard, E. (2017). Enhancing
Kuhlthau’s Guided Inquiry Model Using Moodle
and LibGuides to Strengthen Graduate Students’
Research Skills. In Distributed Learning: Pedagogy
and Technology in Online Information Literacy

Instruction  (pp.  93-109).  Elsevier  Ltd.
https:/ /doi.org/10.1016,/B978-0-08-100598-
9.00005-2

Ennis, R. H. (1996). Critical Thinking Dispositions: Their
Nature and Assessability. Informal Logic, 18(2), 165-
182. https:/ /doi.org/10.22329/il.v18i2.2378

Facione, N. C., Facione, P. A., & Sanchez, C. A. (1994).
Critical thinking disposition as a measure of
competent clinical judgment: the development of
the California Critical Thinking Disposition
Inventory. The Journal of Nursing Education, 33(8),
345-350. https:/ /doi.org/10.3928 /0148-4834-
19941001-05

Facione, P. (2015). Critical Thinking: What It Is and Why
It Counts. Measured Reasons LLC, 1-30.
https:/ / www .researchgate.net/publication/2513
03244

Fenrich, Peter. (2005). Creating instructional multimedia
solutions: Practical guidelines for the real world.
Informing Science Press.

Fitriani, H., Asy’Ari, M., Zubaidah, S., & Mahanal, S.
(2018). Critical Thinking Disposition of Prospective
Science Teachers at IKIP Mataram, Indonesia.

288



Jurnal Penelitian Pendidikan IPA (JPPIPA)

Journal of Physics: Conference Series,
https:/ /doi.org/10.1088/1742-
6596/1108/1/012091

Gunawan, G., Harjono, A., Herayanti, L., & Husein, S.
(2019). Problem-based Learning Approach with
Supported Interactive Multimedia in Physics
Course: Its Effects on Critical Thinking
Disposition. Journal for the Education of Gifted Young
Scientists, 7(4), 1075-1089.
https:/ /doi.org/10.17478 /jegys.627162

Herayanti, L., Gummabh, S., Sukroyanti, B. A., Ahzan, S.,
& Gunawan, G. (2018). Developing moodle in
problem-based learning to improve student
comprehension on the concepts of wave.
Mathematics, Informatics, Science, and Education
International Conference (MISEIC), 157(Miseic), 134-
137. https:/ /doi.org/10.2991/ miseic-18.2018.33

Ibnusaputra, M., Wilujeng, 1., & Kuswanto, H. (2023).
Development of electronic worksheet Guided
Inquiry to reduce misconceptions and improve
High School students’ concept mastery on straight
motion material. Jurnal Penelitian Pendidikan IPA,
9(5), 2653-2663.
https://doi.org/10.29303 /jppipa.v9i5.2738

Indawati, H., Sarwanto, S., & Sukarmin, S. (2023). Effect
of Guided Inquiry Models and Open Inquiry of
Wave and Sound Vibration Materials on Critical
Thinking Ability in terms of Science Process Skills.
Jurnal Penelitian Pendidikan IPA, 9(1), 42-47.
https:/ /doi.org/10.29303 /jppipa.v9il.1994

Irwanto, 1. (2023). Improving preservice chemistry
teachers’ critical thinking and science process skills
using research-oriented collaborative inquiry
learning. Journal of Technology and Science Education,
13(1), 23-35. https:/ /doi.org/10.3926 /jotse. 1796

Jaganathan, P., & Subramaniam, I. (2016). Incorporating
higher order thinking skills in task-based learning
for Malaysian undergraduates. International Journal
of Contemporary Applied Sciences, 3(2), 274-288.
http:/ /www ijcar.net/assets/pdf/Vol3-No2-
February2016/16.pdf

Khoiri, N., Huda, C., Rusilowati, A., Wiyanto, Sulhadi,
& Wicaksono, A. G. C. (2020). The impact of guided
inquiry learning with digital swing model on
students’ generic science skill. Jurnal Pendidikan
IPA Indonesia, 9(4), 554-560.
https://doi.org/10.15294/jpii.v9i4.26644

Khotimah, K., Hastuti, U. S., Ibrohim, & Suhadi. (2021).
Developing microbiology digital handout as
teaching material to improve the student’s science
process skills and cognitive learning outcomes.
Eurasian Journal of Educational Research, 95, 80-97.
https:/ /doi.org/10.14689/EJER.2021.95.5

1108(1).

Desember 2023, Volume 9 (Special Issue), 280-291

Llewellyn, D. (2013). Teaching High School Science
Through Inquiry and Argumentation (R. Najar & ]J.
Nemer, Eds.; 2nd ed.). Corwin A Sage Company.

Makruf, 1., Rifa’i, A. A., & Triana, Y. (2022). Moodle-
Based Online Learning Management in Higher
Education. International Journal of Instruction, 15(1),
135-152. https:/ /doi.org/10.29333/1ji.2022.1518a

Margunayasa, I. G., Dantes, N., Marhaeni, A. A.I. N,, &
Suastra, I. W. (2019). The Effect of Guided Inquiry
Learning and Cognitive Style on Science Learning
Achievement. International Journal of Instruction,
12(1), 737-750.
https:/ /doi.org/10.29333/iji.2019.12147a

Miftakhurrohmah, N. L., Masykuri, M., Ariyani, S. R. D.
A., & Noris, M. N. (2023). Effect of Guided Inquiry-
Based Excretion System E-Module to Improve
Critical Thinking and ICT Literacy Skills for
Students. Jurnal Penelitian Pendidikan IPA, 9(2), 681-
689. https:/ /doi.org/10.29303 /jppipa.v9i2.2036

Ninghardjanti, P., & Dirgatama, C. H. A. (2021). Building
critical thinking skills through a new design
mobile-based  interactive  learning  media
knowledge framework. International Journal of
Interactive Mobile Technologies, 15(17), 49-68.
https:/ /doi.org/10.3991/1jim.v15i17.23801

Nurwahidah, I, Widiyawati, Y., Sari, D. S., Masykuri,
M., & Budiyanto, C. W. (2022). The use of project-
based Moodle science learning integration on the
theme of city noise. Jurnal Penelitian Pendidikan IPA,
8(4), 2028-2035.
https:/ /doi.org/10.29303/jppipa.v8i4.1469

Pedaste, M., Médeots, M., Siiman, L. A., de Jong, T., van
Riesen, S. A. N., Kamp, E. T., Manoli, C. C,
Zacharia, Z. C., & Tsourlidaki, E. (2015). Phases of
inquiry-based learning: Definitions and the inquiry
cycle. Educational Research Review, 14, 47-61.
https:/ /doi.org/10.1016/j.edurev.2015.02.003

Pursitasari, I. D., Suhardi, E., Putra, A. P., & Rachman, I.
(2020). Enhancement of student’s critical thinking
skill through science context-based inquiry
learning. Jurnal Pendidikan IPA Indonesia, 9(1), 97-
105. https:/ /doi.org/10.15294/jpii.v9i1.21884

Putra, B. K. B., Prayitno, B. A., & Maridi. (2018). The
effectiveness of guided inquiry and instad towards
students” critical thinking skills on circulatory
system materials. Jurnal Pendidikan IPA Indonesia,
7(4), 476-482.
https:/ /doi.org/10.15294 /jpii.v7i4.14302

Quinto, J. D. G. (2022). Development and Validation of
Survey Instrument on Game-Based Learning
Approach (SIGBLA). International Journal of
Emerging Technologies in Learning, 17(15), 233-242.
https:/ /doi.org/10.3991/ijet.v17i15.33267

289



Jurnal Penelitian Pendidikan IPA (JPPIPA)

Ratumanan, G. T., & Laurens T. (2011). Assessment of
learning outcomes at the level of education units (2th
Ed.). Unesa University Press.

Robillos, R. J. (2022). Impact of LoiLooNote Digital
Mapping on  University = Students” Oral
Presentation  Skills and Critical Thinking
Dispositions. International Journal of Instruction,
15(2), 501-518.
https:/ /doi.org/10.29333/1ji.2022.15228a

Schettini, C., Amendola, D., Borsini, 1., & Galassi, R.
(2020). A blended learning approach for general
chemistry modules using a moodle platform for
first year academic students. Journal of E-Learning
and Knowledge Society, 16(2), 61-72.
https://doi.org/10.20368/1971-8829/1135197

Sendag, S., Erol, O., Sezgin, S., & Dulkadir, N. (2015).
Preservice Teachers’ Critical Thinking Dispositions
and Web 2.0 Competencies. Contemporary
Educational Technology, 6(3), 172-187.
https://doi.org/10.30935/ cedtech/ 6148

Setyawan, A., Aznam, N., Paidi, & Citrawati, T. (2020).
Influence of the use of technology through
problem based learning and inkuiri models are
leading to scientific communication students class
VIL. Journal of Technology and Science Education,
10(2), 190-198.
https://doi.org/10.3926/JOTSE.962

Shaw, A., Liu, O. L., Gu, L., Kardonova, E., Chirikov, 1.,
Li, G, Hu, S, Yu, N, Ma, L., Guo, F., Su, Q., Shi, J.,
Shi, H., & Loyalka, P. (2020). Thinking critically
about critical thinking: validating the Russian
HEIghten® critical thinking assessment. Studies in
Higher Education, 45(9), 1933-1948.
https:/ /doi.org/10.1080/03075079.2019.1672640

Sumarwati, S., Fitriyani, H., Setiaji, F. M. A., Amiruddin,
M. H, & Jalil, S. A. (2020). Developing
Mathematics Learning Media Based on E-learning
Using Moodle on Geometry Subject to Improve

Students” Higher Order Thinking  Skills.
International  Journal — of  Interactive  Mobile
Technologies, 14(4), 182-191.

https:/ /doi.org/10.3991/1JIM.V14104.12731

Sutiani, A., Situmorang, M., & Silalahi, A. (2021).
Implementation of an Inquiry Learning Model
with Science Literacy to Improve Student Critical
Thinking Skills. International Journal of Instruction,
14(2), 117-138.
https://doi.org/10.29333/1j1.2021.1428a

Syahfitri, ]., & Firman, H. (2022). CTDBT instruments to
measure the critical thinking disposition based on
gender in biology education student. Jurnal
Penelitian  Pendidikan IPA, 8(5), 2437-2442.
https:/ /doi.org/10.29303 /jppipa.v8i5.1650

Syahfitri, J., Firman, H., Redjeki, S., & Sriyati, S. (2019).
Development and validation of critical thinking

Desember 2023, Volume 9 (Special Issue), 280-291

disposition test in biology. International Journal of
Instruction, 12(4), 381-392.
https:/ /doi.org/10.29333/1ji.2019.12425a

Temel, S. (2014). The effects of problem-based learning
on pre-service teachers’ critical thinking
dispositions and perceptions of problem-solving
ability. South African Journal of Education, 34(1), 1-
20. http:/ /www.sajournalofeducation.co.za

Tong, L. C., Rosli, M. S., & Saleh, N. S. (2022). Enhancing
HOTS using Problem-Based Learning and Digital
Game in the Context of Malaysian Primary School.
International ~ Journal — of  Interactive  Mobile
Technologies, 16(2), 101-112.
https:/ /doi.org/10.3991/ijim.v16i02.27677

Turner, R. C., Keiffer, E. A, & Salamo, G. ]J. (2018).
Observing inquiry-based learning environments
using the scholastic inquiry observation
instrument. International Journal of Science and
Mathematics Education, 16(8), 1455-1478.
https://doi.org/10.1007/5s10763-017-9843-1

Utari, H. S. T. Budiharti, R. Sukarmin, S.,
Wahyuningsih, D., & Haryani, F. F. (2023).
Development of learning media Moodle-based on
static fluids. Jurnal Penelitian Pendidikan IPA, 9(10),
8713-8721.
https:/ /doi.org/10.29303/jppipa.v9i10.4367

Verawati, N. N. S. P., Hikmawati, & Prayogi, S. (2020).
The effectiveness of inquiry learning models
intervened by reflective processes to promote
critical thinking ability in terms of cognitive style.
International Journal of Emerging Technologies in
Learning, 15(16), 212-220.
https:/ /doi.org/10.3991/ijet.v15i16.14687

Wechsler, S. M., Saiz, C., Rivas, S. F., Vendramini, C. M.
M., Almeida, L. S.,, Mundim, M. C., & Franco, A.
(2018). Creative and critical thinking: Independent
or overlapping components? Thinking Skills and
Creativity, =~ 27(November  2017),  114-122.
https://doi.org/10.1016/j.tsc.2017.12.003

Weinstein, S. (2017). Scaffolding to promote critical
thinking and learner autonomy among pre-service
education students. Journal of Education and
Training, 4(1), 69.
https:/ /doi.org/10.5296/jet.v4i1.9871

Yanto, B. E., Subali, B., & Suyanto, S. (2019). Improving
students’ scientific reasoning skills through the
three levels of inquiry. International Journal of
Instruction, 12(4), 689-704.
https:/ /doi.org/10.29333/1j1.2019.12444a

Yu, K., Tang, H., Gong, R., Dong, J., & Hu, S. (2018).
Effects of the application of multimedia to library
use education on learning motivation and learning
satisfaction. Eurasia Journal of Mathematics, Science
and Technology Education, 14(7), 2987-299%4.
https:/ /doi.org/10.29333/ ejmste /90628

290



Jurnal Penelitian Pendidikan IPA (JPPIPA)

Yuliati, L., Riantoni, C., & Mulfti, N. (2018). Problem
Solving Skills on Direct Current Electricity through
Inquiry-Based Learning with PhET Simulations. In
International Journal of Instruction (Vol. 11, Issue 4,
pp- 123-138). www.e-iji.net

Zidoun, Y., el Arroum, F., Talea, M., & Dehbi, R. (2016).
Students” perception about mobile learning in
Morocco: Survey analysis. International Journal of
Interactive Mobile Technologies, 10(4), 80-84.
https:/ /doi.org/10.3991/ijim.v10i4.5947

Desember 2023, Volume 9 (Special Issue), 280-291

291



