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The purpose of this study is to develop a survey tool of scientific character for elementary student which
connects science education and character education effectively by figuring out traits of elementary students’
character being presented in teaching and learning context of elementary school science. For this, we
adapted the theocratical model from the previous research which defined scientific character as the
competencies being able to practice in concrete teaching and learning context of science. Based on
this model, we developed the survey tool as ‘Scientific Character Inventory for Elementary Student’
to assess elementary students’ scientific character as the competences to practice the virtues being pursued
in the context of elementary school science and verified its reliability and validity. As a result of an
exploratory and confirmatory factor analysis, we confirmed all the items could be summarized into 28
items and eight constructs such as scientific problem-solving, self-management, self-reflection,
communication, interpersonal skill, community participation, global citizenship, and environmental ethics
awareness. We found that minimum reliability coefficient of constructs was over than 0.5 and reliability
coefficient of the total items was 0.878. And also, there was modest relationship between each construct
and the total score of scientific character. These results show that the developed survey tool can be
useful in evaluating the effectiveness of science character education. This study is meaningful in that
it systematically reveals constructs of scientific character which can be raised in concrete context of
science teaching and learning so as to suggest the survey tool to assess this.
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Table 1. Structure of Scientific Character(Jung, Nam & Im, 2018)

Dimension Area Virtue Competency Meaning
(Construct)
Wisdom Problem solving We s.hould solve the problem critically.through re.specting evidences and
thinking carefully in the context of science learning.
Individual Self as moral Diligency Self-management We shoulq carry out diligentl}./ through l}aving patience and controling
agent Self-management ourselves in the context of science learning.
Courage Self-reflection We should béhave honestly and express ourselves truly in the context of
Honesty science learning.
Care We should accept the opinions of others through listening to them carefully
. Communication and we should express our opinions reasonably in the context of science
Relations with Communication learnin
g.
others
Courtes Interpersonal We should respect and manage everyone who we meet in the context of
Y relationship science learning with justice and without discrimination.
. (Social) . S We should keep our social responsibilities and follow the rules of the
Relational o Social participation L . .
Responsibility communities in the context of science learning.

Relations with - - - -
We should be interested in the common problems of human beings relating

society Care
Justice Global citizenship to science and we should understand the diversity of the world in the context
of science learning.
Relations with Care Ethical Consciousness ~ We should respect and care for the object of science inquiry such as natural
nature Responsibility of environment environment and object of the experiment in the context of science learning.
Item development Face validation Exploratory factor analysis Confirmatory factor analysis Confirming
(pilot test) reliability & validity
40 items 35 items n=86 35 items n=512 28 items
5 Likert-scale Review and in-depth Item relevance Item relevance 28 items
interview with Discriminating ability Discriminating ability Item-total consistency
= 4 experienced teachers = Item-total consistency = Item-total consistency = Internal consistency
Internal-consistency Internal-consistency Factor correlation
Improving readability Checking construct validity Checking construct validity
through pilot test with Changed into 4 Likert-scale
2 students One item in each construct was
revised into negative statement
Figure 1. Research process
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Table 2. Structure of preliminary survey tool for scientific character

Construct Example of the questionnaires Noof
questionnaires

Problem solving I thought there was a problem in my own inquiry process. 5

Self-management I tidied up the places and the tools used after the scientific experiments. 5

Self-reflection When I make mistakes during the experiments, I tell myself honestly without hiding facts or making 5
excuses.

Communication When 1 insist on my own thoughts, I speak based on evidences. 5

Interpersonal relationship I do not violate the human rights of my friends (life, liberty, right to be respected, etc.) by words or 5
actions when doing science inquiries.

Social participation When doing science activities, I follow safety rules and class rules well. 5

Global citizenship Even though I felt uncomfortable, I practiced small behaviors such as energy conservation and garbage 5
segregation for my family, society, and humanity.

Ethical Consciousness of When | am doing experiments with living plants or animals, I handle the subjects with care. 5

environment
Total 40
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Table 3. Factor loadings, eigenvalues, and percentage of variance for preliminary survey items (n=512)

Previous theocratical

Factor loadings

Construct Item number (preliminary)
construct 1 2 3 4 5 6 7 8
Problem-solving 1. T observe natural phenomena or experimental results as 0.598
closely as possible. ’
Scientific Problem-solving 3. I record the results of the experiment well and think about 0.602
problem solving it in relation to the conclusion. ’
Problem-solving 4. When 1 do experiments, I wonder if there is a problem 0.539
with our inquiry process. ’
Self-management 8. If difficult problems arise in science class, I try to solve 0.630
it without giving up. ’
Self- Self-management 9. When 1 finish my science experiments, I arrange the 0427
management experimental tools and the surrounding areas well. ’
Global citizenship 31. I practice small things such as energy conservation or 0.568
garbage segregation for all of us, even if it is inconvenient. ’
Self-reflection 12. When I make a mistake during the experiment, I am straight 0.659
forward about it without omission or making excuses. '
Selfreflection Self-reflection 13. 1 apologl.ze to my f'r1enfis if I'rr.lake a mistake during 0.738
an experiment or scientific activity.
Self-reflection 14. When I write an experiment report, I copy the results
. 0.221
of another friend or other group.
Communication 16. If a friend asks me or says something, I listen carefully 0611
and give the answer to him or her. ’
Communication 17. If 1 have a friend who does not agree with me when
Communication I do science activities, I listen to their opinions and think 0.449
about their situations.
Communication 18. Even if my friend’s opinion is different from mine, if 0451
I think their reasons make sense, I will accept their opinion. '
Self-management 10. T am not annoyed with my friend, even though he or
. . 0.673
she made a mess during the experiment.
Interpersonal 21. I do not complain even when I team up with a friend 0.671
relationship who is not good in doing scientific activities. '
Interpersonal Interpersonal 22. When I do science inquiry, I do not discriminate my friends 0.652
relationship relationship by gender, appearance, economical condition, etc. '
Interpersonal 23. 1 respect my friends and do not make fun or mock them 0.416
relationship when we do scientific inquiry together. ’
Interpersonal 24. 1 do not assist when I see a friend who needs help in 0223
relationship a science experiment. ’
Self-management 7. 1 do not get involved actively in the science activities. 0.621
Communication 19. I do not listen attentively when other teams present in 0571
our science class. ’
Community
participation Social participation ~ 25. I try to fulfill my responsibilities until we complete our 0341
science group activity. ’
Social participation ~ 26. When I do science experiments, I cannot wait for my 0.561
turn, I want to go first. ’
Global citizenship 28. T am interested in science and technology that can help
people in other countries who are struggling with war, 0.790
food shortages, and natural disasters.
Global Global citizenship 29. 1 am not interested in many countries’ various cultures 0.449
citizenship involving science. ’
Global citizenship 30. I am interested in solving the problems faced by humanity,
such as food shortages, energy exhaustion, and the 0.818
treatment of incurable diseases.
Self-management 5. 1 do not play with experiment instruments in science class. 0.634
Ethical consciousness 32. I do not waste materials, I use only the amount I need 0543
FEthical of environment when doing science experiments. '
consci'ousness of Ethical consciousness 33. When I use living things as my experiment materials, 0450
environment of environment I treat them with utmost care and respect. ‘
Ethical consciousness 34. I know that the development of science can alter the natural 0368

of environment

environment.

832



Development of Survey Tool for the Scientific Character of Elementary Student

Table 4. Framework of Scientific Character Inventory for Elementary Student

Dimension Area

Construct

Items in preliminary

Items in final version

version (Appendix)
Scientific problem-solving (3) 1,34 1,2,3
I“di(vgi)d“al Self as r(“g‘;ral agent Self-management (3) 89,31 456
Self-reflection (3) 12,13,14 7,8,9*
Relations with others Communication (3) 16,17,18 10,11,12
®) Interpersonal relationship (5) 10,21,22,23,24 13,14,15,16,17*
Relational Relations with society Community participation (4) 7,19,25,26 18%,19%,20,21%*
(19) @) Global citizenship (3) 28,29,30 22,2324
Relations with nature Ethical F:onsciousness of 5323334 25262728
4 environment (4)
() : Numbers of items
* 1 reversed coding
Table 5. Internal consistency of Scientific Character Inventory for Elementary Student
Reliability Reliability ~ Reliability cLa0ity of
Dimension Area Construct Item-total of construct of area of dimension th.e e
correlation items
(Cronbach «)
Scientific problem-solving 684k .597
]I)rfrll\e];(r:(?rll Self as moral agent Self-management 161%%* 618 764 764
Self-reflection .638* .500
Relations with others Communication o1 266 737
Interpersonal relationship 748%%* .670 878
gierllaet;(;?;]l Relations with society Corgrlr;l;r:ltydi::;ﬁitlon Z;Z*** Zi 622 814
Relations with nature Al conseiousness of - oo 564 564
environment
**Ekp <001
Table 6. Factor correlation matrix obtained by factor analysis using varimax and oblique rotation on the 28 items
Factor (Construct) 1 2 3 4 5 6 7 8 Total
Scientific problem-solving 1.00
Self-management ST78%* 1.00
Self-reflection J373%* Al4%* 1.00
Communication A48** 503%* 373%* 1.00
Interpersonal relationship A42%* S507** 358%* 520%* 1.00
Community participation 374%%* S547F* A406%* 387** 534%%* 1.00
Global citizenship A69%* 382%* 256%* 272%* 285%* 257** 1.00
Ethical consciousness of environment — .438%** 531 340%* A45%* AT1HEE A39%* 204 1.00
Total TATH* 794%* .630%* .694+* T15%* 692%* 619%* 689%* 1.00
** p < .01
2t AA}F =39 AFE HE A== kS modest) TF=O 2 Q1AWR=d|(Ravid, 1994) 2535+
g TIRLY A ] 87 B9] TP AZEE 0500
AEHoE SuE 519] TASY YA QXS 2] 915 o4 0670A0]E Vieht GRS 4-20] AFES o] Folck 25
Fok-Z237F Al AlZ]% Al9x(Cronbach a)E 2Rl O}Oﬂl:} nE 2 SRR TERolA] AAF B0 47 o AlFEL 0.56404] 0.764
P £ A A 05301]*1 0.76 2 A= AL o= 2t 2 SRIFAI A AAF E=qte] AFe= 0.878%2 AMEE IR
BEo] FEH £A2 % g Qgaks 24 715—0] 0324 3, TH1R10] 871 9] oIS AR TBkIA 4= Aol
v

QBN BE 05014 069]  ARAGE A1 A7) Table 63} 2o] EAH O folgt 2]
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