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ABSTRACT

The limitations of inquiry-based teaching modules impact the low critical thinking skills
of students. The research objective is to develop an inquiry-based module to improve
students' critical thinking skills. This development research uses the Borg and Gall
model in designing and testing the module. The development was carried out in
February - November 2020 at Batik Senior High School 1 of Surakarta, Central Java.
The subjects of this study were students of class XI-Science Batik Senior High School 1
of Surakarta. The assessment of the feasibility and effectiveness of the module uses a
validation instrument by linguists, material experts, and learning experts. Assessment of
students' critical thinking skills using HOTS questions. The effectiveness of the module
was tested using the Z test. The results concluded that the module was feasible to use

Leaming innovation in learning with a feasibility score of 3.83 (linguistic aspect), 3.92 (material aspect), and

3.80 (learning aspect). Furthermore, this module effectively improves students' critical
thinking skills as indicated by the results of the Z test (0<0.05). This study recommends
the development of inquiry-based modules in improving students' critical thinking skills.
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INTRODUCTION

The 21st-century learning reform expects students to have creative-innovative competencies (Sandika &
Fitrihidajati, 2018; Sari et al., 2020), think critically in solving problems (Abosalem, 2016; Maas et al., 2018),
communication and collaboration (Weinberger & Shonfeld, 2018), literacy on technological developments
(Hussin, 2018), contextual learning skills (Bray & Tangney, 2016; Suryawati & Osman, 2018), and literacy on
media and information (Sajidan & Afandi, 2019). Therefore, the mandate of the 2013 Curriculum also focuses
on student-oriented learning, learning with a scientific approach, and competency-based (Mastur, 2017;
Sufairoh, 2016; Susilana & lhsan, 2014). The learning innovations carried out simultaneously are expected to
improve students' higher-order thinking skills (Opara & Oguzor, 2011; West, 2015), which ultimately improves
the quality of learning (Isaacs, 2012; Mas'ud et al., 2019).
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Critical thinking skills can be trained in students through continuous, structured efforts (Changwong et al.,
2018) and guidance (Setiawati & Corebima, 2017). Vong and Kaewurai (2017) state that in training students'
higher-order thinking skills, it is necessary to change perspectives and put students as users of information,
not just recipients of information, to foster critical thinking skills. Furthermore, these efforts need to be
integrated into appropriate learning models and methods (Bevins & Price, 2016; Suryawati et al., 2018).

Several research results reveal that the learning model that is considered effective in improving critical
thinking skills is a model based on problem (Criollo-C & Lujan-Mora, 2019; Pluta et al., 2013), project (Anstey,
2017; Chu et al., 2016), or inquiry-based learning (Adnan & Bahri, 2018; Prayitno et al., 2017). Such a model
is strongly indicated to have implications for critical thinking skills because it provides a contextual learning
experience for students. Students can also dive into problems directly to learn to find realistic solutions
(Ferreira & Trudel, 2012). In other words, scientific thinking skills, such as identifying, formulating problems,
making hypotheses, collecting data to conclude, can be learned more contextually by students (Jasti et al.,
2014; Nurhikmayati, 2019). However, the completeness of learning with this kind of inquiry model needs to be
evaluated (Kim, 2015). The results of observations in schools indicate that the existing modules are relevant
to the material but have not been developed based on inquiry. Therefore, it impacts improving students'
critical thinking skills, which are not optimal. Some of the modules developed in recent years have limitations,
such as not raising realistic problems around students contextually and not implementing the guided-inquiry
model comprehensively.

On the other hand, a practical module in improving critical thinking skills can provide contextual
independent learning experiences for students (Su'udiah et al., 2016; Suryawati & Osman, 2018).
Contextually in question is to provide problems that are closely related to students' daily lives (Broekhuis et
al., 2022). Moreover, to strengthen students' engagement with problems, modules need to be developed with
the dimensions of knowledge and dimensions of higher-order thinking through questions based on high-order
thinking skills (Lestari et al., 2018; Raaijmakers et al., 2018). Some researchers also stated that students'
active involvement in learning needs to be raised in the module so that it can train and improve students'
scientific skills (Casanoves et al., 2017).

Biology is one of the fields of study that needs to be studied with a scientific approach (Parmin & Savitri,
2020; Rofieq et al., 2021) to teach critical thinking skills (Birgili, 2015; Fisher, 2016; Nurhikmayati, 2019). The
problems that exist in the perspective of biology are directly related to student life, such as the human
circulatory system (Adeyemi, 2012). Most of the modules in the study of the human circulatory system are
only textual and have not provided students with sufficient learning space to practice critical thinking skills
(Danantyo et al., 2020; Ramadhani et al., 2021). The module developed in this study provides students with
learning activities about five problems in daily life, namely sickle cell anemia, leukemia, hemophilia,
atherosclerosis, and blood transfusion errors. Critical thinking skills are trained in formulating problem
formulations, giving reasons, drawing conclusions, providing explanations, and evaluating. This development
research aims to develop a guided-inquiry module on the circulatory system and measure the feasibility and
effectiveness of the module in improving students' critical thinking skills.

METHOD

The module development in this research uses the Borg and Gall model (Gall et al., 2003). The instrument
for collecting data on the feasibility of the module uses a validation questionnaire, a module practicality
questionnaire, critical thinking skills questions, and an analysis of the results of critical thinking skills answers.
Three experts carried out module validation, including linguists, material experts, and learning experts.
Validation by linguists includes aspects of graphic feasibility and language feasibility. Material expert
validation includes content feasibility, material feasibility, and guided inquiry while learning expert validation
focuses on module practicality. Finally, the teacher carries out the validation of the practicality of the module.
The module validation score uses a Likert scale, with a score of 1 to 4. The data obtained from the expert and
teacher validation sheet questionnaires are in the form of scores calculated by equation (1).

T o X e (1)

m n

where: ¥ is a average score; X X s a total score obtained; "™ refers to number of items; and " refers to
number of validators.
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The classification of module quality includes excellent, good, sufficient, deficient, and very insufficient
using equation (2). Product validity indicators on the minimum criteria are sufficient (Sari et al., 2016). The
score obtained is converted into a qualitative scale according to Table 1.

highest score—lowaest score (2)

interval spacing =
P 9 number of interval classes

Table 1. Guidelines for converting quantitative to qualitative data

Score Score range Criteria
A 34<x<4 Excellent
B 28<x<34 Good
C 22<x<28 Sufficient
D 16<x<22 Deficient
E 1<x<16 Very Insufficient

Table 2. The effectiveness test cycle

Pretest Treatment Posttest
Control group Tic - Tac
Experimental group T X Toe

The module effectiveness test was conducted in class XI-Science Batik SHS 1 of Surakarta. A total of 160
students were involved as research subjects, consisting of 78 students in the experimental class and 82
students in the control class. The experimental class is a class that learns using a guided inquiry-based
circulatory system module, while the control class uses student worksheets that are not based on inquiry. The
method of implementing the module effectiveness test was carried out by pretest and post-test (Table 2).
Normality and homogeneity tests were carried out with a significance level of 0.05. Test the effectiveness of
the module with the Z test after the data is declared normal and homogeneous. The module is effective in
improving critical thinking skills if the value of Z count < Z table with a significance of 0.05. This means that
there is a difference in the average value of critical thinking skills of experimental group students compared to
the control group, so it can be said that the guided inquiry-based circulatory system module is effective in
improving students' critical thinking skills.

RESULTS AND DISCUSSION

The results of the problem identification show that the modules used in the circulatory system study
include blood tissue, circulatory organs (heart and blood vessels), circulatory processes, and circulatory
system disorders. The module has also been equipped with practice questions and material deepening.
However, the level of difficulty of the questions is still classified as low-order thinking skills, so it is not optimal
to train students' critical thinking skills. In addition, the results of the initial identification of critical thinking skills
show that the average test results of students' critical thinking skills are 56.3. Furthermore, information
deepening is carried out to design a realistic development solution. At this stage, the solution offered is to
develop a module based on a scientific approach and equipped with questions based on high-order thinking
skills (Bahri et al., 2020; Zubaidah et al., 2015). This module was developed based on the guided inquiry
model.

Furthermore, the module was developed with problem-based learning indicators (Cargas et al., 2017),
inquiry-based (Vong & Kaewurai, 2017), and contextual (Amin et al., 2017). In the module some activities
provide learning experiences with process skills such as observing, experiencing, induction, deduction, and
communication (Budiarti et al., 2016), which involve the active participation of students (Amin et al., 2017).
The learning content in the module contains activities to analyze authentic problems in real life, collect data,
verify hypotheses, analyze, evaluate, use various learning resources, build new knowledge, solve problems,
and study with group work to discuss findings and share ideas (Vong & Kaewurai, 2017).

The integration of the guided-inquiry model in the developed module adopts from Maniotes and Kuhlthau
(2014). The guided inquiry syntax in the module consists of opening lessons, immersing ideas, exploring
problems, identifying solutions, collecting supporting data, making reports, sharing, and evaluating. An
explanation of the activities of each syntax is presented in Table 3.
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Table 3. Guided inquiry stages were developed in the module

Guided inquiry syntax

Teacher activities

Student activities

1. Open (motivation)

2.Emmerse (building background
knowledge)

3. Explore (develop problem
formulation)

4. |dentify (determine the appropriate
problem formulation)

5. Gather (Discussion, data
collection)

6. Create (compile reports)

7. Share (presentation)

The teacher provides problems which can be
in the form of pictures, videos, and questions
that stimulate students to think.

The teacher provokes students to suggest
ideas related to the problem.

The teacher gives students the opportunity
to develop questions related to the problem.

The teacher guides students to determine
questions related to the problem.

The teacher provides the opportunity for
students to collect information from various
sources.

a)  The teacher guides students to
analyze, connect the information that
has been obtained.

b)  The teacher gives students the
opportunity to compile research reports
and presentation texts.

The teacher provides the opportunity and

guides the students to compile a

Students are triggered to think about
problems and formulate questions based
on teacher instructions.

Students put forward ideas related to the
problem, which were conveyed by the
teacher.

Students develop questions that may
occur.

Students determine questions related to

the problem.

Students collect information from various

sources in accordance with

predetermined questions. Learners

document information in accordance with

the question.

a) Students analyze, link the
information that has been obtained.

b) Students compile material presented
by the community (in class or school)

Students submit research results to the
community (at least in front of the class).

presentation script.
The teacher guides students to evaluate the
achievement of research objectives.

Students evaluate the achievement of
research objectives.

8. Evaluate (reflection)

Ennis (2011) states six elements in critical thinking focus, reason, inference, situation, clarity, and
observation. Students who study with this module get a learning experience in formulating and focusing on
problems, giving rational and logical reasons, giving conclusions, defending and understanding situations to
clarify focus by formulating supporting questions, providing supporting explanations, and reviewing decisions
made or reflections (Zubaidah et al., 2015). This module is structured with investigative activities with the
theme of circulatory system disorders, namely sickle cell anemia, leukemia, hemophilia, atherosclerosis, and
blood transfusion errors. Each theme presents contextual problems: sickle cell anemia, leukemia, hemophilia,
atherosclerosis, and blood transfusion errors. Each investigative activity involves students actively thinking
scientifically by observing the problem giving conclusions, and reflecting on the investigation results (Hossain
et al., 2018; Jasti et al., 2014). Students observe and formulate the main and supporting problem formulations
in the first syntax.

Then in the second syntax, students collect data or information related to the contextual case under study
so that students can give reasons according to the data or information. In exploration activities, students
formulate supporting problem formulations that are used further when identifying and formulating the correct
problem with the teacher's guidance from a structured problem formulation. At the solution identification stage,
students are trained to evaluate existing solutions. Moreover, students need to gather information following
the formulation of the problem, discuss with groups to conclude, maintain data/information, and provide
explanations according to the formulation of the problem (Kim, 2015). Furthermore, students are trained to
collect information, give good reasons, give correct explanations, and draw conclusions (Alhassora et al.,
2017; Cargas et al., 2017; Pluta et al., 2013; Shofiyah et al., 2013). Students' data is used as material in
compiling research reports. This research report is in the form of a wall magazine. At this stage, students also
practice developing creations. The prepared reports are shared in a sharing session. The students are trained
to communicate and convey data and information to give reasons and correct explanations as a form of
practice. Finally, students are trained to evaluate or review their research achievements in the final stage
(Kristiani et al., 2015; Masek & Yamin, 2011). So by carrying out activities in the module, students practice
formulating problem formulations, giving valid reasons, providing correct explanations, drawing conclusions,
and evaluating.

The results of the validation of the experts are presented in Table 4. Linguists give a score of 3.84, the
assessment of material experts is 3.96, while the results of the assessment of learning experts are 3.92.
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These results indicate that the module has excellent validity. Furthermore, this module is very suitable for use
in learning. The module practicality shows the same result, very good with a score of 3.80. Thus, its
practicality in learning is classified as very good. However, the teacher gave input that the implementation of
this module should pay attention to the availability of time and conformity with the learning implementation
plan.

Table 4. Module scores of the validators

Validator Score Criteria
Learning expert 3.92 Excellent
Material expert 3.96 Excellent
Linguist 3.84 Excellent
Teacher 3.80 Excellent

Improvements in the development of this module were carried out following input from experts and revised
the module cover design by adding more specific images. In addition, revision of the concept map design,
structuring the design of the module content, adding images or illustrations to support concept understanding,
tidying up existing images, adding technology material to overcome disorders that occur in the circulatory
system, and adding an assessment rubric for student work guidelines.

A further stage of development is a limited trial. The revision module was piloted on ten students. They
were testing students by reviewing the readability and understanding of the module language. Furthermore,
students are allowed to read and complete the activities contained in the module. At the end of the trial,
students gave input that the module was practical enough to use, with a score of 2.7. Finally, product revision
is an activity to improve the module according to input from ten students. Revisions from student input consist
of terms of language, module understanding, and image legibility, namely clarifying the image.

The pilot phase of the guided inquiry-based circulatory system module in a broader scope was carried out
to see the effectiveness in improving students' critical thinking skills. After being declared valid and practical in
a limited trial, this trial was carried out. The large-scale trial involved 80 students of Batik SHS 1 Surakarta
class XI-Science-2 and XI-Science-3 as the experimental class. Class XI-Science-4 and XI-Science-5 as the
control class, consisted of 84 students. In practice, students are divided into several working groups with
heterogeneous group members, namely students with high, medium, and low abilities. These groups carry out
investigative tasks starting with factual cases as observations, namely cases of leukemia, sickle cell anemia,
hemophilia, atherosclerosis, and blood transfusion errors. Then the task is continued by compiling the leading
problem formulation, compiling the accompanying problem formulation to explore the research theme,
collecting data according to the problem formulation, drawing conclusions, and reflecting on the research
achievements.

Based on the activities integrated into the module, students are trained to be skilled in critical thinking
because indicators of critical thinking skills are included in learning activities (Budiarti et al., 2016; Irwan et al.,
2019; Khasanah et al., 2017; Vong & Kaewurai, 2017). In addition, task completion involves students'
activeness in the investigation (Amin et al., 2017). The stages of research activities in the module are
scientific approaches so that they can train students' critical thinking skills (Amin et al., 2017; Vong &
Kaewurai, 2017). The application of the guided inquiry syntax is reflected in the results of research and
monitoring student assignments on research activities in the module. After learning, all samples were given a
test with questions about critical thinking skills. The average results of the critical thinking ability test are
presented in Table 5. The control class got an average score of 69, and the experimental class got a score of
82.7. The average value of the pretest results is 56.3. The pretest score is the value obtained before the test
subject with the developed module. These results indicate a difference between the pretest and posttest
scores in the control class and the experimental class. The average value of the experimental class is higher
than the control class. Therefore, the value of critical thinking skills after using the module is higher than the
pretest score. Thus, increasing the value of critical thinking skills leads to an increase in student learning
outcomes.

Table 5. Value of critical thinking skills

Class The average pretest score The average post-test score
Control 56.3 68.2
Experiment ' 79.6
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The results of the module effectiveness test show that Zeount (-9.85) < Zianie (1.96) (see Table 6), so it can
be concluded that there is a difference in the average value of critical thinking skills of students who use the
module with students who do not use the module. In other words, the guided inquiry-based circulatory system
module effectively improves students' critical thinking skills.

Table 1. Z test result

Control class Experimental class
Mean 69.01 82.69
Median 71.42 82.14
n 83 77
n-1 82 76
CL (critical limit) +1.38
Z table (a = 0,05) +1.96
Z count -0.85

The results of the development and test of the guided inquiry-based circulatory system module show that it
is valid and practical, so it is feasible to use. This module can effectively improve critical thinking skills. Some
of the strengthening indications are the features developed in the module, including indicators of critical
thinking skills included in learning activities, namely formulating problem formulations, collecting data,
providing reasons, drawing conclusions, and evaluating (Maniotes & Kuhlthau, 2014). Learning activities use
a scientific approach, namely a guided inquiry model, from immerse, explore, and evaluation (Fisher, 2016;
Wijayaningputri et al., 2018). In this syntax, indicators of critical thinking skills are carried out, namely
formulating problem formulations, collecting data, giving valid reasons, and evaluation/reflection. Modules are
also developed with daily contextual problems and equipped with critical thinking questions. Furthermore, the
students are actively involved in the investigation (Yucel & Usluel, 2016).

However, this module has some weaknesses, which can be used for further refinement. Some of the
weaknesses referred to include the implementation of this module taking longer than the planned time. These
obstacles were overcome by adjusting the topics' order to strengthen the interrelationships between the topics
discussed. In this case, atherosclerosis is discussed first because, in this activity, students also learn about
the histology of the heart and blood vessels, bioprocesses of blood flow, and contraction of the heart muscle.

CONCLUSION

This research and development show that the guided inquiry-based circulatory system module is very
feasible and practical to use in learning. Furthermore, the use of this module is also effective in improving
students' critical thinking skills. Further development of the guided-inquiry-based module is how to combine
suitability, depth of material, learning experience, and time availability to increase its effectiveness.
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