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Abstract

This study aims to determine the effect of Levels of Inquiry-Interactive Demonstration on
students' critical thinking ability at UIN Sunan Kalijaga Yogyakarta. This research is a quasi-
experimental type with a pretest-posttest control group design. The research sample was taken
using a cluster sampling technique. The sample consisted of the experimental class (PGMI A)
composed of 41 students using the Inquiry-Interactive Demonstration model. The control class
(PGMI B) was composed of 41 students using conventional learning models lecture and
assignment methods. The data collection technique used was a test through quizizz, google form,
observation, and documentation. The data analysis technique used descriptive statistics which
were, preceded by a normality test. Hypothesis testing using the T-test. The results showed that
the pretest-posttest mean score increased, namely the pre-test 68.49 and the post-test 85.27 with
Tcount 11.95 > Ttable 2.023. Then the results of the sig value. 0.000 < 0.05 means that using
the Inquiry-Interactive Demonstration model has a significant effect on students' critical thinking
abilities on the topic of waves and sound.

Keywords: levels of inquiry model, interactive demonstration, critical thinking ability,
online learning

INTRODUCTION

Implementing an online learning system in all Indonesian schools from early childhood to higher
education since the beginning of March 2020 is the result of the outbreak of the Covid-19 pandemic.
This situation is a big challenge for educators in maximizing online learning. Although students cannot
be done learning face-to-face, it must still prioritize the demands of 4C skills in the 21st century, which
include critical thinking and problem solving, creativity and innovation, communication, and
collaboration. One crucial aspect that must be presented during learning activities is critical thinking.
Critical thinking is reflective thinking that makes sense and focuses on deciding what to believe or do
(Ennis 1993). Referring to Bloom's cognitive taxonomy (Lukitasari, Hasan & Murtafiah 2019), critical
thinking is the highest level, which refers to analyzing, synthesizing, and evaluating. A critical person
has skills in answering difficult questions where information is limited and can be explained rationally
(Dholo et al. 2019). Someone who thinks critically will be able to answer important problems well and
use abstract ideas to model problem solving effectively. In elementary school students, critical thinking
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becomes a motivation to know more about knowledge and be stored in long-term memory (Hu et al.
2016). Besides, there is also a significant relationship between critical thinking and cognitive learning
outcomes (Siburian et al. 2019).

Several research results on critical thinking ability in Indonesia show that critical thinking ability is
still low. Research conducted Kirana & Kusairi (2019) shows that the average critical thinking ability
of science education study program students in the early semester is only 31.12, very low categories,
and final semester students in the low category 47.06. Several other research results, namely the low
critical thinking category score of 36.1 (Rosyidah et al. 2020). Students need to be trained intensively
to improve their critical thinking ability and be familiar with questions that stimulate critical thinking
ability (Gunawan, Sarwanto & Nurosyid 2019) (Dholo et al. 2019). Based on the research that has been
done, many factors cause low critical thinking ability. The factors include misconceptions, not being
used to applying physics concepts in everyday life, needing to get stimuli, difficulty making or
identifying assumptions, and having difficulty identifying data.

Educators can practice their students' critical thinking ability in various ways to produce an active
learning atmosphere in the classroom. One way is the use of an appropriate learning model that is
student-centered. The learning model is a conceptual framework that describes a systematic procedure
for organizing learning experiences to achieve learning goals (Trianto 2010). One of the student-
centered learning models that makes students active and develops their critical thinking ability is
inquiry learning (Duran & Dokme 2016). In general, the inquiry is obtaining information through
scientific investigation to determine a phenomenon that occurs (Dewey 1938). Learning using the
inquiry model is an example of meaningful learning (Sudigdo & Setiawan 2020). First, students are
involved in the assimilation process when combining existing experience and knowledge with new
information that is being learned. Second, students modify existing concepts to overcome current
problems to bring up new ideas. According to the National Science Education Standards in Wenning
(2005) inquiry is an activity of students to develop knowledge and understanding of scientific concepts
as scientists learn science about nature.

Wenning developed the inquiry learning model into a multilevel model called the Levels of Inquiry
Model. This level of inquiry consists of six levels. The inquiry levels are discovery learning, interactive
demonstration, inquiry lessons, lab inquiry, real-world applications, and hypothetical inquiry (Wenning
2005). The six stages are sorted based on the intellectual abilities involved (students) and the
controlling party (educators) in learning. Wenning introduced the Level of Inquiry model for science
learning. One of them is an interactive demonstration. This learning's primary purpose is to invite
students to explain and create hypotheses that involve educators to get, identify, face, and complete
alternative conceptions (towards main knowledge). Levels of Inquiry The model in science learning is
partly based on John Dewey's learning model, namely experiential learning (Wenning 2011). The use
of experiential learning and inquiry practice is directed at increasing the general scientific literacy of
students. According to John Dewey, teaching theory must be more closely related to the desired
outcome and that the best way to make students more aware and scientifically informed is through
experiential learning (Wenning 2011).

Delivering lectures through online media has become the latest modification that the education
system in Indonesia has had to do as a result of the current pandemic situation. In the application of
online learning based on the survey conducted by Bao (2020), five impact principles must be
considered: a) the relevance of online instructional design and learning, b) effective delivery, c)
adequate support; d) participation increases the depth of learning, and (e) contingency plans to deal
with unexpected online educational platform incidents. All of these are principles that must remain in
online learning so that learning remains meaningful. Further findings indicate that essential aspects to
be applied in online classes are quality and timely interaction between students and lecturers, the
availability of technical support, online class modules, and modifications to accommodate practical
class implementation (Deepika 2020). Of course, the role of technology is critical in bridging the
learning process. Of the various learning processes carried out in Indonesia, some of which are used,
namely the WA group, google classroom, quizizz, khoot, zoom, google form, and many more. Herein
lies the innovation made by educators. They must apply the right learning model, make students active,
and the essence of learning can be widely absorbed even though education is carried out online.
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Based on some problems described previously, it is necessary to make efforts to innovate an
adaptive physics learning model according to the conditions of the non-face-to-face learning system
(online learning). The purpose of this study was to determine the effect of the application of levels of
the inquiry-interactive demonstration on students' critical thinking ability in learning physics material
Waves & Sounds based on online learning.

METHODS

This research was a quasi-experimental study with a pretest-posttest control group design. This
research was conducted at UIN Sunan Kalijaga, which is located at JIn. Marsda Adisucipto, Yogyakarta
in March-May 2020. The subjects in this study were PGMI fourth semester students of advanced
science class A and B classes with 82 students taking Waves and Sounds. This study involved two
classes: the experimental class or the treated class and the control class or the untreated class. The
experiment class (PGMI A) learning was carried out using Levels of Inquiry-Interactive Demonstration
learning. In contrast, the control class (PGMI B) was carried out using conventional methods, namely
the lecture and assignment methods. The design of the pretest-posttest control group is shown in
TABLE 1 (Sugiyono 2011).

TABLE 1. Pretest-Posttest Research Design with Control Group

Class Pre-test Treatment Post-test
Experiment O1 X1 02
Control 03 X2 O4

Information :

X1 = Treatment in experimental class

X2 = Treatment in control class

O1 = The ability to think critically at the beginning (pretest) of the experimental class
02 = Final critical thinking ability (posttest) of experimental class

O3 = The control class' pretest critical thinking ability

04 = Final critical thinking ability (posttest) of the control class

The research instruments used in this study were treatment instruments and measurement
instruments. The treatment instruments used were syllabus, lesson plan (RPP), and student worksheets
(LKM). Learning is delivered online with the WA group's help and learning videos based on the
interactive demonstration learning model. The measurement instrument used was a critical thinking
ability test instrument that was validated by two expert validators. The revised validation results were
then tested for validity, level of difficulty, distinguishing power, and reliability to determine the critical
thinking ability test instrument's appropriateness to be used in the study. The test was conducted by
giving ten multiple-choice questions and ten essay questions to students using the quizizz platform and
google form to measure critical thinking ability. The data analysis technique in this study uses a
guantitative approach. Before analyzing the data, the normality prerequisite test was first carried out.
Statistical tests carried out quantitative data analysis. The statistical tests used in making decisions are
paired t-test, homogeneity test, and independent sample test. All data analyzes were performed using a
statistical program in the form of SPSS. The hypotheses tested in the study are as follows:

Ho = There is no significant difference in students' critical thinking abilities with
inquiry-interactive demonstration learning (experimental class) and using the
assignment lecture method (control class).

Hi = There is a significant difference in students' critical thinking abilities with inquiry-
interactive demonstration learning (experimental class) and using the assignment
lecture method (control class).
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RESULTS AND DISCUSSION

The Inquiry model consists of six inquiry levels, namely discovery learning, interactive
demonstration, inquiry lesson, lab inquiry (3 types - guided, bounded, and free), real-world
applications, and hypothetical inquiry (Wenning 2005). The interactive demonstration is the second
level of learning. The higher the investigation stage, the higher the intellectual ability of the students
involved in education. However, educators' lower level of involvement means that students are
increasingly active in taking roles during the learning process and scientific investigation. The inquiry
hierarchy of the levels of inquiry model and the level of intellectual ability of students and the
involvement of educators' role is shown in TABLE 2 (Wenning 2005).

TABEL 2. Hierarki Dasar Levels of Inquiry Models

Discovery Interactive Inquiry Imquiry Lab Real-world Applications (2 | Hypothetical Inquiry
Learning Demonstration Lesson (3types) types) (2 types)
Lower <« Intellectual Shophistication —» Higher
Teacher <= |ocus of Control  —» Student

Interactive demonstrations generally consist of educators manipulating (demonstrating) scientific
equipment and then asking probing questions about what will happen (predictions) or how something
might happen (explanation). Educators are tasked with explaining, developing, and asking probing
questions, getting responses, asking for further reasons, and helping students reach evidence-based
conclusions. Educators will generate prejudices and then confront and resolve whatever is identified.
Educators model appropriate scientific procedures at the most basic level, thereby helping students
learn implicitly about the inquiry process (Wenning 2005).

[ Interactive Demonstration ]

FIGURE 1. Interactive Demonstration Learning Syntax

FIGURE 1. explains that interactive demonstration learning consists of 5 stages, namely
observation, manipulation, generalization, verification, and application (Wenning 2011). Furthermore,
students and lecturers' activities while carrying out learning using interactive demonstration syntax are
described in TABLE 3.

TABLE 3. presents an explanation of each stage of interactive demonstration learning that should
be carried out by students and the lecturer. The demonstration activities in question can be in the form
of science experiments (practicum), short video clips, or other methods used by educators to
demonstrate the material to be conveyed to students. This demonstration process must run interactively,
meaning that the lecturer must provide predictions and explanations of how something can happen and
open up spaces for interaction with students. Students witness demonstrations and have to play an
active role by giving opinions, input, or even constructive criticism (criticizing). According to Ennis,
indicators of critical thinking abilities include providing simple explanations (elementary clarification),
building basic skills (basic support), concluding (inference), providing further explanations (advanced
clarification), developing strategies and tactics (strategy and tactics) (Costa & Presseisen 1985, p. 54).
Based on the indicators of critical thinking skills, a grid of pretest and posttest questions is made.

The main components in education in the industrial era 4.0 are (1) the thinking component includes
critical, creative, and problem-solving thinking, and (2) the action component includes communication,
collaboration, digital literacy and technological literacy. Critical thinking is undoubtedly one of the
essential components in dealing with uncertain changes in the industrial era 4.0, so educators need to
teach and develop these abilities to students (Maulana 2018, p. 14). Through critical thinking, a person
can give reasons and explain the wrong information to make it right (Lau 2011, p. 3). In the process,
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critical thinking requires openness to thinking, humility, and patience so that it can help a person
achieve deep understanding. Critical thinking also provides students opportunities to construct their
knowledge (Maulana 2018, p. 14). Through essential thinking ability, students are expected to be
responsive and caring in facing and solving problems in their lives.

TABLE 3. Explanation of the Interactive Demonstration Syntax

Syntax Explanation
Observation Students observe a phenomenon that invites their interest and elicits a response. Students
describe what they observe.
1. Students observe a demo video (about the depth of the sea) displayed by the lecturer on
zoom media.
2. Student knowledge is explored by conducting questions and answers between students
and lecturers.
3. Students describe what they see.
4. Furthermore, students are asked to construct their knowledge by discussing with their
group through the WA group according to the small group that has been created.
Manipulation 1. Students predict and discuss ideas that can be investigated with their groups by referring
to student worksheets (LKM). For example: How to measure sea depth from sea level
without having to dive into the sea? What kind of noise do whales make and for what? etc.
2. Students develop approaches that can be used to study this phenomenon.
3. Students make plans to collect qualitative and quantitative data and implement these plans.
4. Lecturers monitor and observe the course of group discussions through the monitoring of
the WA Group.
Generalization Students build new principles or laws from a phenomenon as a necessity. Students provide a
plausible explanation of this phenomenon.
1. Students provide an incoming explanation of each question related to this phenomenon
based on the results of discussions with the group.
2. Students submit concrete evidence, for example count results, pictures, or demonstrate
using video as well.

Verification Students make predictions and test using the basic laws learned in the previous chapter.
Application Students collect their data individually and make conclusions.
Individual students can conclude the application of the concept of sound to solve other life
problems.

According to Ennis, indicators of critical thinking ability include providing simple explanations
(elementary clarification), building basic skills (basic support), concluding (inference), providing
further explanations (advanced clarification), developing strategies and tactics (strategy and tactics)
(Costa & Presseisen 1985, p. 54). A person who can use his cognitive skills to think critically and can
perform cognitive activities, such as interpretation, analysis, evaluation, inference, explanation, and
self-management (Lismaya 2019, p. 8). In this study, the assessment of critical thinking was used by
referring to the instrument grid based on the critical indicators of thinking from (Ennis 1993), which
are as follows:

TABLE 4. Aspects and Indicators of Critical Thinking Ability
Aspect Indicator

Give a simple explanation Rewrite, mention, and explain.

(Elementary Clarification) Focus on questions and analyze arguments.
Understand something critically.

Build basic skills Observe and consider the results of observations.
(Basic Support)

Deducing and inducing, and considering the results of deduction
and induction.

Conclude Make and consider the value of decisions.
(Inference) Construct explanations of new knowledge.

Describe the findings based on accurate sources.
Provide further explanation Determines action.

Advan larification - -
(Advanced Clarification) Justify or calculate with accuracy.

Devise strategies and tactics Rewrite, mention, and explain.
(Strategy and Tactics)

Focus on questions and analyze arguments.
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This study used two classes by comparing the results before treatment (pre-test data) and when what
gave treatment (post-test data). The pre-test data is given when the learning to be used in the research
has not been carried out. At the next meeting, the research class was given treatment using the
Interactive Demonstration learning model. The material used in this research is Waves & Sounds. The
test of critical thinking abilities on the wave & sound material is quantitatively based on the pre-test
and can see post-test data in TABLE 5.

TABLE 5. Results of Quantitative Analysis of Critical Thinking Ability
Descriptive Statistics

Maximu Std.
N Minimum m Mean Deviation
Pre-Test Experiment 41 60 82 68.49 6.128
Post-Test Experiment 41 76 98 85.27 6.046
Pre-Test Control 41 55 80 67.10 6.164
Post-Test Control 41 72 88 79.61 4521

Valid N (listwise) 41

Based on the data from the quantitative analysis of critical thinking abilities in TABLE 4, What can
see that the average value of critical thinking abilities in learning, from before and after being treated,
both in the experimental group and the control group, seemed to have increased. In the experimental
group, the average pretest score was 68.49, then treated using an interactive demonstration learning
model, which resulted in an average post-test score of 85.27. Furthermore, in the data analysis results
in the control group, the pretest's mean value was 68.24, then treated using a conventional learning
model that resulted in an average post-test score of 79.76. Based on the data, the comparison between
the two groups shows that the interactive demonstration model is a more appropriate learning model to
help students improve their critical thinking abilities. Good essential capabilities of thinking will help
students solve physics problems, especially those covering Waves & Sounds, either in the form of
questions or in the application of everyday life.

Furthermore, the normality test was carried out. The normality test is a prerequisite test as a basis
for conducting statistical tests of the paired t-test. In the normality test, what will know whether the
data obtained comes from normally distributed data or not? The normality test was carried out in both
classes up to the experimental class or the control class on the pretest data and post-test data. The
normality test results in the experimental class obtained a pretested data significance value of 0.061 >
0.05, which means that the data is normally distributed and the post-test data shows a significance value
of 0.147 > 0.05, which means that the data is normally distributed. In the control class, the pretest data
significance value is 0.071 > 0.05, which means the data is normally distributed, and the post-test data
shows a significance value of 0.095 > 0.05, which means that the data is normally distributed. The
overall results show that the four data are normally distributed to perform the statistical paired t-test.
The results of the analysis of the normality test can be seen in TABLE 6.

TABLE 6. Results of Normality Test Analysis

Kolmogorov-Smirnov? Ket.
Class Statistic  df Sig.
Critical Pre-Test Experiment (ID) 134 41 .061 Normally Distribution
Thinking  Post-Test Experiment (ID) 120 41 147 Normally Distribution

Ability Pre-Test Control (Conventional) 132 41 071 Normally Distribution
Post-Test Control (Conventional) 127 41 .095 Normally Distribution
a. Lilliefors Significance Correction

Furthermore, the paired t-test calculation is carried out to find out whether there is a difference when
before being given treatment and after being given treatment in the form of the application of the
interactive demonstration learning model in the experimental class and the conventional learning model
in the control class. Paired t-test was then analyzed on pretest data and posttest data. The results of the
paired t-test on the pretest and posttest data can be seen in TABLE 7.
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TABLE 7. Results of Paired t Test Analysis

Paired Differences t df Sig. (2-tailed)
95% Confidence
Std. Interval of the
Std. Error Difference
Mean  Deviation Mean Lower Upper
Pair 1 Pre-Test -16.780 4.751 742 -18.280  -15.281  -22.614 40 .000
Experiment -
Post-Test
Experiment
Pair 2 Pre-Test -12.512 7.187 1122 -14.781  -10.244  -11.147 40 .000

Control - Post-
Test Control

After obtaining the paired t-test analysis results in TABLE 7 based on the pre-test and post-test data
in the experimental class with a significance value of 0.000 < 0.05 so that HO is rejected, it means that
there is a significant difference between the pre-test and post-test mean scores. The difference in the
paired t-test results shows that students' critical thinking abilities are getting better in learning the
Waves & Sounds material. So, this proves that the interactive demonstration learning model has a
strong enough influence on students' critical thinking ability.

TABLE 8. Homogeneity Test Results
Levene Statistic dfl df2 Sig.

Critical Based on Mean 2.818 1 80 .097
Thinking Based on Median 2.218 1 80 .140
Ability Based on Median and with 2.218 1 69.524 141
adjusted df
Based on trimmed mean 2.702 1 80 .104

Based on the homogeneity test results in TABLE 8, it is known that the value of significance (Sig.)
Based on Mean is 0.097 > 0.05, so it can be concluded that the variance of the post-test data for the
experimental class and the post-test control class is the same or homogeneous.

TABLE 9. Independent Samples Test Results

Levene's Test
for Equality of

Variances t-test for Equality of Means
95% Confidence
Interval of the
Sig. Mean Std. Error Difference
F Sig. t df  (2-tailed) Difference Difference Lower  Upper
Critical Equal 2.818 097 4799 80 .000 5.659 1.179 3.312  8.005
Thinking  variances
Ability assumed
Group Statistics
Std.
Kelas N Mean Deviation Std. Error Mean
Critical Post-Test Kelas Eksperimen (1D) 41 85.27 6.046 .944
Thinking Post-Test Kelas Kontrol 41 79.61 4521 706
Ability (Konvensional)

Based on the results of the independent sample test in Table 9, the Sig value is obtained. (2-tailed)
of 0.000 < 0.05, so it can be concluded that there is a difference in students' average critical thinking
ability between the use of interactive demonstration learning models and conventional learning models.
The results showed that the interactive demonstration learning model had an influence on the critical
thinking ability of 41 PGMI A students in the fourth semester of the Advanced Science subject at UIN
Sunan Kalijaga Yogyakarta. The level learning model's influence of the roving students' critical
thinking ability is in a strong category.
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TABEL 9. Result Description Statistics

Paired Samples Statistics
Mean N Std. Dev Std. Error Mean
Pair 1 Pre-Test Experiment 68.49 41 6.128 .957
Post-Test Experiment 85.27 41 6.046 944

100

85.27

80

68.49

60

40

20

Pre-test Post-test

FIGURE 2. Increase in Students' Pretest-Posttest Average Score

In the experimental class with an interactive demonstration learning model, it can be seen that the
average post-test minus the pre-test average is obtained t-count = 16.78. Based on Table 7 and Figure
2, it can be seen that there is an increase in the average pre-test and post-test scores in the experimental
class. Furthermore, in more detail, the following shows the percentage increase in the average pretest-
posttest score of indicator students' critical thinking abilities in FIGURE 3.
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FIGURE 3. Percentage of Students' Pretest-Posttest Average Score Increase for each Indicator

Based on FIGURE 3, the percentage of increase in the average score of indicator students' critical
thinking abilities is obtained:

The elementary clarification indicator, showing an average pretest score of 81%, while the
post-test score is 92%.

The basic support indicator shows an average pretest score of 73%, while the post-test score
is 86%.

The inference indicator shows an average pretest score of 72%, while the post-test score is
89%.

The advanced clarification indicators, showing an average pretest score of 70%, while the
post-test score is 87%.

The strategy and tactics indicators showed an average pretest score of 52%, while the post-
test score was 82%.
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So seen from the increase in the percentage of indicators, it can be interpreted that there is an
increase in critical thinking abilities as seen from the increase in the average percentage of post-test
scores after learning using interactive demonstrations.

The results obtained in this study are following previous research on the use of interactive
demonstration learning models. It is said that the competence to explain scientific phenomena and the
competence to interpret scientific data and evidence has increased significantly (Arief & Utari 2015),
and learning outcomes have increased (Sulistiawan, Sumardi & Berman 2017). Interactive learning
when online learning requires technology-based media that is capable of transferring information and
can be a means of connecting communication between lecturers and students. One of the active learning
models that has been carried out, namely learning using the joyful-inquiry interactive demonstration
model assisted by android games, can improve student cognitive learning outcomes on the material of
the human respiratory system (Mustikasari, Suwono & Farhania 2020). Interactive demonstration
learning with formative web assessment can improve students' critical thinking skills in static flow
material (Harizah, Kusairi & Latifah 2020). Another study on understanding the dynamics of student
involvement in scientific inquiry (inquiry) in online learning (Jaber, Hufnagel & Radoff 2019). In this
study, it was stated that even though it minimizes teachers' role in online learning, learning is still
oriented towards student activity in conducting inquiry activities. Based on these three previous studies,
the researcher conducted research on the effect of inquiry-interactive demonstration on critical thinking
ability using online learning media and answering the research hypothesis that there are significant
differences in students' critical thinking abilities with inquiry-interactive demonstration learning
(experimental class) and using the lecture assignment method (control class).

SUMMARY

Based on the discussion and research results that have been described, it can be concluded that the
Level of Inquiry-Interactive Demonstration model can help improve critical thinking abilities.
Especially the topic of Waves and Sounds in fourth-semester PGMI students on the Advanced Science
subject of UIN Sunan Kalijaga Yogyakarta online learning. The results showed that the pretest-posttest
mean score increased, namely at pre-test 68.49 and post-test 85.27 with the results of t-count 11.955 >
t-table 2.023 and the result of sig. 0.000 < 0.05. This means that the use of the Inquiry-Interactive
Demonstration model has a significant effect on critical thinking ability. The increase in critical
thinking ability can also be seen from the increase in the average percentage of students' pre-test post-
test scores on the five aspects of critical thinking indicators used as references when making questions.
The five aspects of critical thinking ability used as references include elementary clarification, basic
support, inference, advanced clarification, and strategy and tactics. Besides, compared with
conventional learning models, namely the lecture and assignment methods, interactive demonstration
results are more effective.
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