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The development of an Instrument for Measuring the Creative
Engineering Problems Solving Propensity for STEAM

Ju-Won Kangl, Younkyeong Nam®

(*Gyeongnam Science High School, “Pusan National University)
ABSTRACT

This study is to develop a valid and reliable instrument for measuring students’ creative engineering
problem solving propensity. The creative engineering problem solving is operationally defined in this
study as a creative problem solving skill in an engineering context. To develop the instrument, first we
define seven common constructs between engineering problem solving skill and creative problem solving
skill through an intensive literature review; motivation, context, personal character, engineering design,
engienering habits of mind, understandings of engineering and engineers, communication skill, and
collaboration skill. Based on the seven constructs and the face validity test conducted by two in-service
science teachers and 4 experts in science education research, 40 preliminary items were developed. Then
the preliminary instrument was implemented in a science gifted highschool to measure the reliability of
the instrument. From the 40 items, 34 items were selected through the initial reliability test by Cronbach’s
a (>.75). Finally through the three times of factor analysis process, 28 items in five construct categories
were selected; motivation (3 items), engineering design (6 items), engineering habits of mind (9 items),
understandings of engineering and engineers (4 items), communication and collaboration skill (6 items).
The factor analysis result showed that the reliability of each construct category was between .733 to .892.,
meaning that the instrument is reliable in terms of the higher structural validity (each item is categorized
in an appropriate construct category). We expect that the creative engineering problem solving propensity
instrument developed in this study can be used in various contexts for STEAM education research as a
reliable and valid instrument

Key words : engineering design, creative problem solving, engineering problem solving, exploratory factor
analysis
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Fig. 1. Research procedures and methods
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Table 1. Items in the preliminary instrument
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Table 2. Descriptive statistics of the preliminary instrument
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Table 3. Exploratory factor analysis results
84 T3 M3
A 1891 289l 3891 4891 589l
3 1, 17, 21, 25, 26, 12, 36, 37, 11, 15, 24, 32, 13, 14, 18,
Qo] B 27, 28, 29, 30, 31 38, 39, 40 33, 34, 35 19, 20 2, 3,4, 22
( tﬂi - U;) (al, d7, d11, €2, e3, (d, gl, &2, (d1, ds, el, f1, (d3, d4, d8, (a2, a3, a4, d12)
e e4, e5, ¢b, ¢7, e8) g3, g4, g5) 2 13, f4) d9, d10)
23 1, 11, 21, 25, 26, 12, 36, 37, 13, 14, 18, 15. 32, 33
ool 1A 27, 28, 29, 30, 31 38, 39, 40 19, 20 ’34 ’35 ’ 2,3, 4, 22
! T s
1, d1, d11, €2, e3, d2, gl, g2, d3, d4, d8, a2, a3, a4, d12
s @ o e (@ el 8 ( @, fl, 0 5, @2 did)
ed, e5, eb, €7, eB) 23, g4, g5) d9, d10)
33 1, 21, 25, 26, 27, 12, 36, 37, 13, 14, 18,
qo] B 28, 29, 30, 31 38, 39, 40 19, 20 2,3,4,22 32, 33, 34, 35
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Table 4. Exploratory factor analysis result of the final instrument

a0 < 82 B4 A=
C ™ SA-A F 54 %k EAHA (%) (cronbach’s o)
a2 629 547
571 a3 650 573 2,560 9142 733
ad 698 572
d3 712 588
d4 645 608
3% ds 678 500
4 o 90 ol 3.125 11.162 797
d10 675 539
d12 397 561
al 641 500
di11 737 649
2 542 553
354 3 586 495
A ed 670 567 5493 19.618 892
e 5 654 541
b 750 .689
e7 789 729
€8 800 703
il 735 720
383} 2 509 535
o) 5 <08 709 2.355 8412 765
£4 710 702
d2 605 779
&F gl 718 5%
E g2 79 710
19 3 ol =99 3.748 13.387 846
=g g4 778 729

g5 586 674
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Table 6. Correlation of the factors in the final instrument
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