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ABSTRACT. Inquiry-centered education is important in science education, but in the actual education field, scientific research is
being done in a uniform manner due to realistic difficulties. In this study, we use RS (Reverse Science) as a secondary chemistry
class to provide opportunities for students to engage in inquiry learning and scientific thinking through process-oriented activities. In
this study, we developed and applied it to explore the effects on the scientific inquiry abilities of middle school students and checked
the students' perception of it. For the application of the program, 128 students were selected from 6 classes of the 2nd grade in D dis-
trict middle school, 64 from the experimental group and 64 from the comparative group. The experimental group taught RSP-based
the chemistry inquiry programs and the comparative group taught instructor-led classes and verification experiments on the same
topic over the seventh hour with three themes. In addition, we analyzed the results of the pre- and post-test by using the science
inquiry ability test, and discussed the effects of the program based on the students' perceptions through class observation, student
activity area, questionnaire and interview. As a result, the class using the program showed statistically significant changes in the sci-
ence inquiry ability of secondary school students. Specifically, the experimental group was found to be significant in its prediction
among the subcomponents of basic exploration ability compared to the comparative group. The differences have also been shown to
be significant in terms of data translation, hypothesis setup and variable control, which are subcomponents of integrated exploration
capabilities (p <. 05). In addition, students became interested in the process of creating the theory of science, and were highly inter-
ested in collaborating with their friends. It also provided students with opportunities to experience scientific thinking through pro-
cess-oriented inquiry. Finally, based on the positive impact of the RSP-based chemistry inquiry program on students, we were
able to identify the potential use of the program.
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Table 1. Reverse Science from Product vs. Reverse Science Principle

Reverse Science from Product Reverse Science Principle

O (Experience) Analysis of similar products due to lack of available 0 (Exploratory) the cognitive step for hypothesis setting can not be
design information reached and the experimental design information is insufficient, gen-
— Design information extraction related to the intention of the devel- eralized scientific law analysis
oper and system operation — Extraction of information about scientist's intention or inquiry ability

» (Principle) The goal of science exploration has changed from experi-
ence-oriented class to scientific theory-oriented exploration class
which is based on scientific thinking.

— Discover how scientific knowledge is created and enhance the abil-
ity to explore the new scientific rules.

» (Cognition) Invention education aims at developing creative think-
ing rather than making a handcraft

— Discover how knowledge is connected and related to creative
invention ideas.

O (Application) The scientific principle already found

— Inquiry instructional strategy to cultivate inquiry principle, scientific
thinking ability and scientific inquiry ability in scientific inquiry rule

— Inquiry-based strategies that enhance internal motivation to ulti-
mately discover new scientific phenomena

O (Invention) Other products already made
— An inventive area that has new creative ideas

FAZ olE WA Ao B, ¥, A8 3dAR RSP7|Ht 315} Bt T2 0| S}

T B55 FHdskaL, vpA R SA| Q] A A oA v = 7Hd A% T4 RSP7|%E 315t ©+ 9] =] ¥}
W e 3l Ak NdE 5 =S ST ofApo] At I 2f RSP7|RE ofe} gt =91 9] v aLs}7)
SHAIRE = o B e T o K e FA A A pekxte) At A& P o= P eket 7 4
st A& sAshe A2 ool AR, A7 < =Y RSP7IRE sfsf g+t =& vl aLsto] 3533t
utet 28 A A A A S TRkl v Ewske I Zpo| ML Abw B 312} FHok(Fig. 1).

olFof st E S S5 o U= Aot Foare] Agtmbge dutHo s A QA oA RH

| Process of Science Inquiry Learning based on RSP Process of Hypothesis-Testing Model |

1. Presentation and analysis of Generalized Scientific 1. Explore and Identify Problem
Theory - Identifying problems through open-ended
® Identifying problems through generalized | ., exploration.
scientific principles. |
® Setting a hypothesis based on scientific
princif)les (di}slzussion activity). 4 hne 2. Setting a hypothesis —
- Setting a hypothesis based on problems
(discussion activity).
! |
| 2. Experimental design by Student-centered 3. Experimental design
® To verify the hypothesis, designing | ., - To wverify the hypothesis, designing
experiments. experiments.
(e.g. Designing the method to identify and (e.g. Designing the method to identify and
control the variables, and Choosing the control the variables, and Choosing the
experimental tools by students.) experimental tools.)
| |
|| 3. Experiment o 4. Experiment
| |
|| 4. Conclusions and Compare with scientific principles. 5. Hypothesis Verification L]
®  Step to explain scientific principles with data | - Step to accept, modify, or reject a hypothesis
from experiments by students. from data from experiments.
If the scientific principles are not explained, If the hypothesis is not accepted, returning to
returning to process of the experimental design or process of the setting a hypothesis.
the experimental.
® Confirming and learning  scientific 1
principles from teacher’s feedback.
6. Application and generalization

Figure 1. Comparison of Process between Science Inquiry Learning based on RSP and Hypothesis-Testing learning Model.
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Table 2. Comparison of verification, discovery, exploration, investigation type laboratory instruction and Science Inquiry Learning based

on RSP

Confirmation experiment

Discovery experiment

Research experiment

O Experimental procedure given

O Focus on inquiry content

O The goal of Scientific concept
confirmation

O Inductive Approach

0 Experimental procedure given

0 The goal of scientific concept discovery

0 Student establishes hypothesis after problem recognition

0 Establish a new hypothesis if the hypothesis is
rejected through experimental results

0 It takes a lot of time

Science Inquiry Learning based on RSP

. 0 i
U Students create experiment procedures A deductive approach

0 Focus on inquiry process inquiry ability

0 Establish concrete hypothesis based on the common
scientific principle (theory)

0 Goal is to improve scientific thinking and O Feedback and modification of the testing process is

needed if it is not possible to explain the scientific
principle (theory)
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Table 3. Steps and main activities of Science Inquiry Learning the RSP

Step Main Activity

Role of a Teacher

Generalized
Scientific Theory before learning science concepts

» Steps to present scientific laws or theories

- Providing opportunity to think about the background of
the law, not memorize the laws of science

Setting a * Analyzing scientific laws

Step 1 hypothesis

<Searching> the laws of science

» Establishing a valid hypothesis for obtaining

- Providing opportunity to explore better hypotheses
through experimentation

Variable control . .
specific experiment plan

* Finding a variable based on a hypothesis for a

- Finding the variables, verifying the validity of the
hypothesis, and creating a more specific experimental

home
<SItTenpd§:r Experimental * Setting a concrete experiment based onthe =~ — The process of preparing the specimens, quantities, and
standing> design variables procedures
Explore * Performing the experiment based on the - Identify, correct, and test problems from the experiment
Sten 3 conducted experimental procedure and its process
< . i f A f .
<Applicl:)ation> Conclusionand Comparison of experimental results with - Opportunity to find problems and errors in the experi-
foedback generalized scientific laws ment process through discussion in comparison with

* Steps to discover problems in the experiment

the original scientific law
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Table 6. The result of Independent sample t-test result on scientific inquiry ability areas (post-test)

. Post-test
Division Group M D t p
Experimental 1.91 0.690
Observation Xperimenta -1.290 200
Comparison 2.06 0.710
Experimental 1.91 0.684
Classificati 1.018 311
assitication Comparison 177 0.868
Basic inquiry Experimental 2.05 0.744
o M 205 .838
ability castre Comparison 2.02 0.968
Experimental 2.13 0.766
Reasoning Xperlm.en 4 1.223 224
Comparison 1.94 0.957
Experimental 2.17 0.767
Predicti 2.741 .007**
redietion Comparison 1.80 0.780
Experimental 2.25 0.777
Dat i 2.613 .010*
ala conversion Comparison 1.83 1.032
Experimental 1.73 0.930
Int t the dat 1.391 167
fierpret the data Comparison 1.50 0.976
Integrated . . Experimental 1.73 0.761
- o Sett hypoth 3.149 .002%*
inquiry ability ~ ©C e @ TYPORIESIS Comparison 130 0.810
Experimental 242 0.662
Variabl trol 3410 .001**
anable contro Comparison 1.94 0.942
Experimental 1.83 0.808
G lizati .388 699
eneraiization Comparison 1.77 1.004

#p<.03, **p<.01
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Table 7. Perceptions about the communication process in Chemistry Inquiry learning based on RSP

Question content 5 4 3 2 1 M(SD)
I had more discussions with my friends in this class. 12 29 20 1 1 3.79 (0.826)
During this inquiry class, we shared enough information about the tasks or ideas
and feelings we knew about the projects with our friends in the group activities. 1 36 13 3 ! 383 (0.827)
Durmg this inquiry class, I tr'led to cooperate with other friends in the group 15 34 13 1 1 3.95 (0.805)
activities to carry out the assignment.
During this inquiry class, I acted with respect to the various thoughts of my 12 41 10 1 3.98 (0.701)

friends in the group activities.
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Table 8. Perceptions about the creation of scientific knowledge in Chemistry Inquiry learning based on RSP

Question content

4 3 2 1 M(SD)

This inquiry class helped me understand how scientists think and work in

the process of discovering scientific theory

31 20 3 - 3.73 (0.766)
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Table 9. Perceptions about the fear of failure related in Science Inquiry learning based on RSP

Question content 5 4 3 2 1 M(SD)
C(.)mpa.red to tradlt}onal lgborgtory class.es, there was no fear of a 10 25 23 7 3.58 (0.882)
failure in the experiment in this exploration class.
Table 10. Student response to “What are the most important steps in the course of the experiment?”

Item Rate (%) Student Response Frequency
= [ can solve the problem by knowing the problem correctly. 5
Understanding the problem exactly 46.88 =1 think that it is important to know the problem so that I can make good. 23
assumptions and conduct experiments on the next step.

. . . = [ think that it is important to establish a hypothesis. 4
Finding hypothesis and control variants  17.19 I need to know hypothesis and control variables for accurate experiments. 5
Accurate testing according to the exact 1406 ° I have to follow the exact procedure correctly to get the exact results. 4
experimental procedure ) = [ have to test the hypothesis correctly to see if it is right or wrong. 4

= The more information I gather, the easier it is to come to a conclusion. 3
Collecting and analyzing a variety of data  10.94 = In order to get accurate results during the experiment, it is important to 2
analyze the data.
. . = [ have to plan a test specifically so that we can conduct it correctly. 3
Planning a concrete testing process 1094 I think planning an experiment is more important than performing it. 1
FH Aler of7)a ks Bt Wil Ad 3 3 o= Ade wishs ARt AdS fIR A gl 8%
ol oM 2529l BjI=E Kol wAbof|A EHele S0l A7 Yoz At MY E =3l
AT A2 k= A5-7F w5 gk shA|ut o gt & A A AR ook '@ sHg o di o] wAIE 1t
50] Ao, Weta] o] £ Belsts Ao obd THA o] ofshz Zlo] ML AT AR W] 9% 7% 1A
2ol GoA H GAME 8152 Aalste] SpgSo] Asf  o)y] RO EaGI /H W MBS ATt 54y
SPEleb A4S Bel A HRE WL FE /SR oA o AP whed] FRstThE 4G A E Aot HER
Ago] gt £ gol 7120] Bt olut ¥ AQE APE 98] 7Hdo] Fasithn AzE Aom vehyt,
Z1 0 2 W oltH(Tuble 9). T AY S A3 sHEQ] 49 Fes] ARsA 7t
B3 e FASHE TS A4 Ay Byt olo] Mo Bx] EuX| & 4 ek $HY A Hol o] 3}
et WA 23] Sl A= e o= LA TK(Table 10) AEE 7HAe S84 A4kl Sl Aoz detEr
A dES de= I A M Sad dAIE == T T 7P olBE GAE S A2l = 4.26%7)
Azl Al 46.88%7} wAl A4S HEHSHA stefshe A A B A4, 26.23%7F 7 A7 18.03%7F HQl
17.19%7F 714 B EA) WS BH= 0 olekn gudch  BA” eha S s chTable 11).

Table 11. Student response to “What are

the most difficult steps in the inquiry learning?”

Item Rate (%) Student Response Frequency

= | have to consider so many things when I establish a hypothesis. 2
= | think that it is difficult to establish a hypothesis. 10

Setting a hypothesis 26.23 =] cannot establish a good hypothesis. 1

= | argue with friends when I establish a hypothesis. 1

= | think that it is difficult to describe a hypothesis specifically. 2

Setting experiment conditions I need a lot of time. :
. 18.03 =1 think that it is difficult to find the experimental conditions. 14

(Variable control) . . .

= | get confused and miss some parts when I set experiment conditions. 2

= | cannot figure out the exact situation. 1

= [ do not understand the experiment. 5

. = | feel difficulty to make an order during the experiment. 1

Create experimental procedure 4426, I feel difficult to make a plan for an experiment so I do not have one. 2
= [ need to take care of everything in detail. 1

= | think that it is difficult to describe an experiment in specific way. 11

Performing an experiment 3.28 = 1feel difficult than I expected after performing the experiment. 2
Interpretation of experimental results 4.92 =T have trouble to make a conclusion from experimental results. 3
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