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ABSTRACT

This research aimed to analyze the definition of becoming a qualified
chemist and to study the causal factors influenced becoming a qualified chemist of
chemistry undergraduate students in Thailand. An exploratory sequential mixed-
method was conducted in this study, For the first phase, the qualitative design was
conducted to analyze the definition of becoming a qualified chemist. The semi-
structured questionnaire was research instrument. The sample consisted of 32 people
who involved in chemistry from school and university level across Thailand; 8
chemistry teachers from secondary school level, 8 lecturers in chemistry from
university level, 8 chemists or chemistry researchers, and 8 chemistry laboratory staffs.
The results revealed that the definition of becoming a qualified chemist was the ability
of person to explain natural phenomenon, nature and phenomenon of matter through
using scientific process and skill for inquiring and applying knowledge and express the
characters of chemist by using systematic thinking, with positive scientific attitude.
In addition, there were 2 factors enhancing towards becoming a qualified chemist; the
first factor was the internal factors including (1) positive attitude towards chemistry,
and (2) experiences in scientific activities, and the second factor was the external
factors that consisted of (1) teaching and learning management model in chemistry
subject, (2) encouraging by chemistry teachers at secondary school level,
(3) characteristics of a chemical master person, and (4) the role of a chemistry lectures
at the university level. The second phase was the quantitative design that to study the
casual factor effecting becoming a qualified chemist of graduate students in Thailand.
The sample were 550 junior and senior chemistry undergraduate students. There were
586 online respondents; 290 who studying from faculty of education and 296 from

faculty of science. The questionnaire consisted of 3 parts: general information, the



perspective toward qualified chemist, and the factors that influenced qualified
chemists. Hypotheses testing of the structural equation model using PLS-SEM.
The results show that the hypotheses support statistically significant at the level of .01
only 2 hypotheses: teaching and learning management model in chemistry, and
characteristics of a chemical master person. The results of the Importance-
Performance Matrix analysis found that the efficiency level higher than .10 and over
than 70% for all factors.

Keywords: becoming a qualified chemist, enhancing factors to be a qualified chemist,

chemistry students
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Iagias asilot9nularunIsmAIRstALT Banssrelian (Content Validity

Index : CVI) ML 5yd I 7 A Ineilaaeil CVI 58ming .80-1.00 wagA1mIuidasiy

o '
v = v A

NNIINAalEiutnAnunTudn 3-4 awell AangAnwenans war a1vneaionangsy

ANgINIAaniLazmalulag unnInerdeasaiuasuns Inenundannll (dldnaudiegns
339) $1U9uU 30 A fAenudetulean veIATeUUIASTIING .780-.980 Araudasiuves
LUUABUANUTRTy WU 1982 uagiinszsimangiunasuniagld ttest SAdaus 2.291-
4.804 Fadien p-value aendn .05 fasandmdenianizdomauiisuunldlide fmanu

71U 55 U9

¢ v a

N5ATIZRYDUALTIUSUU

v
N15IATIAERANUFIN N1TIATIEvTeyalAldTauasiantseazdendoyanalty
wazAedy drudsuvuninsgiunaniaududned dnswadannnmeanuduined

W%’auﬁamimaaummL.Lmﬂ@miwdwmLaﬁaﬁummmLﬁuﬁ'ﬂmﬁﬁ’uﬁagaﬁﬂﬂ

N15M529EBUAINUEDAAA B9VBILULAANISIN LN BEUTUILAS B9L9ET19T U

(%

N v 13 v v o v 4 o I o v Y
filaseasiemuesAusenauiilanivuall uazieduladndudsdunalauwdasnguiudu
AU TImunzaud Ui sl dmuall Jasizidvinalisanwsonnududnied
peglUsNTL SmartPLS 3.0 (Ringle et al.,2015)

[ L4

N15A32388UANNFIAATD9TENI 1 lURamuaNAg Ui udayaldelsedng

[ |

Tagldanlagunaas (Chi-Square) t1anlaauaisluiidedrdgnisaifinsedaimnuuiandu
(p) @4n31 .05 waneIndANUaRAAd 095ENIsANNAFIUAUT oY AT IUTEINY wazd1A
laauasidedAynvadfnsoninuuiazidu (p) desnin .05 wanan Tunanuaunfigu

LifianuaenadesivtoyalisUsedng (ansd guaing, 2556)

ArruLUsUsTIUN annlaLad o (Average Variance Extract) #38 AVE 1ag

Y =

ANADR AVEIZHDIUAIUINAINTBIINNAU.5 hanII19UTWEY @11015005U18ANULUSUSIY

YaIUIlaunNnNINSeeay 50 (Hair et al., 2013)
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A1ANNLT N UVRIBIAUSENBU (Composite Reliablity) %38 CR lunisnagau
AMAINLATANULT e avaAT ol Iilun153TY (Hair et al, 2014) lnefiA1Auies
Usenau (Composite Reliablilty) azdpsiianunnnin .7 Fediednduszaviiveusulaluns

PNAADUANUTDLUYDI89AUSENBY

AT aduRBALean 1 vBIAsaUUIA (Cronbach’s Alpha: O ) m1uLWIAR
w89 Cronbach(Cronbach’s Alpha) Tagldinasiunnnii .7 §adussaun veusulaly

mimmaaummﬁaﬁu (Hair et al., 2014)

A19M31879U Heterotrait - Monotrait Correlation Ratio (HTMT) 14 inAa1u
Fleamsadeduun TnewSoudioudug 9 sewingmudswls Aidestiosndn 1 drannni 1
LLaij‘m@mwmﬁmm\‘iL%QﬁﬂLLUﬂ \neidadulame HTMT< 1.0 (Jorg Henseler & Christian
M.Ringle & Marko Sarstedt, 2015)

1 o 1 ] Y b4 1 2 L] 1 . 6

ﬂwnmaﬂ'nmmusn%aagﬂLLUULﬁuw'Nmst R“ 138191 overall effect size Lngun
AB R? = .19, 33, .67 kansindvsnadanndaninasiuiunetadenadns 1 Uunaisas
g9 AR (Chin,1998 ; Hock and Ringle, 2006)

1 o a ‘{ o 174 1 2 [ a a a a U =

ArduUszaNSn1sviwiedaean Q2 Lun1sussiliudninadanvndilaing
Tumsarnensal A% TnUosdLUsHaa ns (predictive relevance) uinileaiiesla
Fanuan1senaulanes Q2 = .02, .15 way .35 kandln fakUsweaanusavlglunisnennsal

AvaswUsdunalavesiudsaulaluseiun Urunans waggs aua1iu (Cohen, 1988)

A1Aud u1salun1snensal vaen Us Googness of Fit: GoF = R? com
(Tenenhaus et al., 2005) Toedi com=AVE {u global criteria wag R? Ao global effect size
YrglunsnensalA1veaLUsauna laveIRlUTANUNMIINITHANTT GoF=.308 .406 Lay
578 wanTIAINAINsaAInAzUALRuLUTve IR uUsEana lawesianUsnulalussaus

U1unane uaggs muanu (Henseler & Sarstedt, 2013)
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ﬂﬂiwﬂaauaumagm (Path Coefficients and Significance Levels) n13A11304
FuUszaAns idunia PLS-SEM arldnisnaaeunisiveddgnisadfvesnisidmesaae
N3¥UIUNT Bootstrapping G?fﬁﬂi%UWﬂﬁ Bootstrapping ﬁ]ﬂsﬁ,umimm\immLsﬁaﬁu%\i
nMsUseiiudmsineimeadsuazaunanedeulnIgIuvestarndnesiield
ALY HANI9ER R (Helm et al., 2010:Henseler & Sarsted, 2013 Hair et al,, 2014)was
Tinadansdusdoyaiifvldfiuduieataiumndeyalval Inesunuynildannisgus,
Tagvialuazimuagiuau 5000 4a (Hair et al, 2011; Wong, 2013) NSMAA0UALNAFIY
§28n55UIUANS Bootstrapping 11 wldnsmageuaunAgiui diuanisufiasniaien

a v v o w

(one-tailed) IneduUseans 1@un19wa9 Inner Model fiszautivdan .01 %38 .05

o
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PNNITNA 27 WHaNISUTELTUAMULI B90TUT9uUN (Discriminant Validity) a2
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VDUUNINTTINANTENING .606-.774
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A1519% 28 HANTIATIEENIEI HTMT (Heterotrait-Monotrait)
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RNGH
LARARTIAFDIV AL 787 904 696
UszaunIsainig 743 823 716  .887
AneFans

msadvayuvesagiadly 715 739 675 800 765

S¥AUITsULANNaUUaY

UNUIMUeIanseweily 708 718 668 788 836  .798

SLAUNRINGIAY

NN 28 WANITIATIZINORNIIEIL HTMT (Heterotrait- Monotrait) iA151314

Y {
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AN5199 29 HANSAATITIIFLU WA LRk UUEEYIaY (Inner VIF)
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L unN198NsNa A1 A1 SE ANERR AN
Fulszans negau t  p-value

JULUUNITIANITTEUNTHOUT LI 125 047 2.627 .009%*
wil -> anuduinadl
wanffaaedvnadl -> Aradudn 141 .059 2.386 017
LAl
nsaduauuvesasadluseiudsoy 112 047 2.406 016
Anvmeulay > anuduiinedl
anurYeIUARAAULUUMIGLAT > 363 034 10.640 .000%*
Anudutinad
UNUIMYBIe1NsaAilusEau .095 053 1.795 073
WINeae -> Anuduinad
Useaun1sai 19T nendIgns -> 066 .054 1.230 219
Auduinad
JULUUNNTIANSITUNNSHR UL 374 .053 7.052 .000**
Ad > LanaRTinsedy LAl
nsaduayuvesasadlusedvlisen 169 .050 3.395 001**
Anwmeulas -> LanaRTinRedy AT
SNUULVRIYAABAULUUNINAT > 059 036 1.647 .100
naRTinRe v LAl
UNUIMYBIeNNsaailuseau 097 051 1.886 .059
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Usgaunisal eI nedans -> 265 051 5.253 .000%*
naRTinReIvLAs
FULUUNITIANITIEUNTHRUT LI 662 031 21.067 .000**

Wil -> Miatuayuvedngiaillusysy

JsguAnwIRauUay
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L UNI9BNT WA A1 A1 SE ANEDA A1

Fulszans negau t  p-value

JULUUNITIANITTEUNTHOUT LI 644 .035 18.549 .000**

Al -> unumvesenaTdiaiiluseau

UWAINYIAY
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MOINLAERS

UNUIN 999913158 LA TUTE AU 621 037 16.605 .000%*

UMINYIRY -> ANYULVDIYAAR

AULUUNILAL]

**p<.01, SE: Standard Error (ﬂ’nmamﬂ?{aummyu)
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Indirect Effect) 189U33895NaRBALUTANY
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A1 SE
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nagau t

A1

p-value

JULUUNITIANITTEUNTHOUT LI
IS 3 ¢ LY
Al -> unumvesNsEiniilusyey
UMINYIRY -> ANUULYBIYAAA

AULUUNILAL]

402

.039

10.129

.000%*

g‘ULLUUma%’mmn‘%aumiaauiw%w
Wil -> Msadvayuvesselluseiy
U = '3
UsgUANYINDUUANY -> Usyaunisal

MOINYIFANS

249

.035

7.011

.000**

nsaduay uvesng Al luseay

U = '3
UsgUANYINDUUANY -> USyaunisal

NIINYIFNERNS -> LANARTAHBIY

=]

bAU
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UNUINYRI81315¢ LAl tusEAy
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v = [ g =
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AN5199 32 HANTIATITNABVIENAN1998U (Indirect Effect) vaatladeiinanasuwlsany (sia)

WHUNI9DNS WA AN A1 SE ANER AN
[} = Q‘
duuseans nedau t  p-value
JULUUNITIANITTEUNTHOUT LI 066 015 4.402 .000**

Wil -> nsadvayuvesswedlusedy
TseufnwImaulany -> ﬂizaumicﬁ

MEINYIENARS -> LARART A F DY

a
LA

*¥p<.01
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AULUUNILAL]

**p<.01, SE: Standard Error (ﬂ’nmamﬂ?{aummyu)
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Abstract

The objectives of this study were to 1) analyze the definition of chemist; 2) analyze the
factors that promote to be a chemist according to the point of view of the teacher Chemistry
teachers and personnel This study was a qualitative research by interviewing key informants
A semi-structured questionnaire was used as a tool Key informants included 8 chemistry
teachers, 8 chemistry lectures, 8 chemists or chemical researchers, and 8 chemistry laboratory
staff, totaling 32 people fromschools and higher education institutionsacross the country which
made a specific selection based on the selection criteria The study found that Chemistry is The
ability of a person to desaibe natwal phenomena, nature and phenomena of matter By using
scientific processes/skills to seek knowledge and apply knowtedge and express the experimental
personality by using systematic thinking. The factors that promote the chemistry of students in
chemistry divided into 2 factors: 1) in-person factors, consisting of 2 aspects: (1) good attitude
towardschemistry, and (2) scientific experience, and 2) external factors, consisting of @ aspects
(1)a model ofteachingand leaming management in chemistry, (2) support of chemistry teachers
in secondary school, (3) characteristics of a chemical master person and (4) the role of a
chemistry lectures at the university level.
Keywords: Becoming a qualified Chemist, Enhancing Factors to be a qualified chemist
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Abstract

Many Factors were enhanced qualified chemists as perceived by teachers, lectures, and
chemist staff in Thailand, There were interesting to see what factors will influence the becoming
a quatified chemist of chemistry students in Thailand. The purpose of this study was 1o causal
factor affecting of becoming a qualified chemist of chemistry students in Thailand. The samples
were 550 third- and fourth-year of chemistry students. The online respondents were 586. Data
was collected using an online questionnaire which consisted of 3 parts; general information,
tecoming a qualified chemist, and the factors that Influenced becoming a qualified chemist.
The path analysis of the structural equation medel used PLS-SEM. The results showed that 10
paths were statistically significant. There were 2 positive influence factors on statistically significant
becoming a gualified chemist at the level of .01 consisted of a model of teaching and learming
management in chemistry and characteristics of a chemical master person.

Keywords: becoming a qualified chemist, chemistry learning, chemistry Students
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AANUIN A AMNINVINLATDINBYATN 1 ANAYLANNTNEINTIVDLLDNY
(Content Validity Index : CVI) U24lUUAUANNLNINITINY
lﬂl [ o/ = L= =
1309 ANututinadivastindneraiviaiiluuszmalneg

: MIAANINEUATBNT WAL

A15199 A.1 ANRITAIIUADAARDIVRILUVABUNULTBN1ITE 1509 AuduniATiveg

Y

tnfnwanvieiilulszmealng : nslvanumineuasBvsnadsaive

. AZLUUNISNINTUNVBIELTLIVIUAUN
v = U v

UYan I-CVI
1 2 3 q 5

1. aududniedl

1.1 85U18UTINYNITANNETTUNIR 535U ARAUTINGNITAlveaans

1 4 4 4 3 3 1.00
2 3 4 4 3 3 1.00
3 4 4 4 3 4 1.00
4 4 4 4 2 4 0.80
5 4 3 4 3 4 1.00
6 4 i i 1 3 0.80
1.2 Wnszurums/sinyenaingraanslunisiaamaiuiuaziiniug bl
Uszanald
1 4 4 4 2 4 0.80
2 4 4 4 3 4 1.00
3 4 2 4 3 4 0.80
4 4 4 4 2 3 0.80
5 4 4 4 4 4 1.00
6 1 2 4 2 4 0.40
1.3 yadnniinnaaesenisldaruAnesnadussuy suvaiianediinma
Weeans
1 4 4 4 2 4 0.80
2 4 4 4 4 4 1.00

3 q 3 q 3 4 1.00
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AZLUUNITNANTUN VB BEIY QY AUT

foil -CVI
1 2 3 4 5
4 4 3 4 4 4 1.00
5 4 3 4 4 4 1.00
6 4 4 4 4 4 1.00
2. Yadeiidaiaiumnudutined
2.1 Tadysunuumsdnnisiseunisaeuseivail
1 4 4 q 4 q 1.00
2 4 4 q 4 q 1.00
3 4 4 4 4 4 1.00
4 4 3 4 4 4 1.00
5 4 4 4 4 4 1.00
6 q q q q q 1.00
7 4 4 4 3 4 1.00
8 4 4 4 4 4 1.00
9 q q q q q 1.00
2.2 Yaduianedianeiviad
1 4 3 4 4 4 1.00
2 4 4 4 3 4 1.00
3 1 2 4 3 a4 0.60
4 4 3 4 4 4 1.00
5 4 4 4 4 4 1.00
6 q q q q q 1.00
7 4 4 4 3 4 1.00
8 3 4 4 4 4 1.00
2.3 Tadumisatvayuresagiailuszrudseufnwnaulaty
1 4 4 4 4 4 1.00
2 4 4 3 2 4 0.80
3 4 4 4 2 4 0.80
4 4 4 4 2 4 0.80
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AZLUUNITNANTUN VB BEIY QY AUT

toil -CVI
1 2 3 q 5
5 3 4 4 2 4 0.80
6 4 4 4 q 4 1.00
7 3 4 4 2 4 0.80
8 4 4 4 2 4 0.80
2.4 YafudnuairvasuARaAuLUUNINAL
1 4 4 3 1 4 0.80
2 4 4 3 3 4 1.00
3 4 4 4 3 4 1.00
4 4 3 4 4 3 1.00
5 4 3 4 4 3 1.00
6 2 2 4 3 4 0.60
7 a 4 4 2 4 0.80
8 4 4 4 4 4 1.00
2.5 Jaduunumue9919158LAlllusEAULNAINGaY
1 3 4 3 4 4 1.00
2 q q 3 q 4 1.00
3 i i q q q 1.00
4 4 4 4 3 4 1.00
5 i i q q q 1.00
6 q q q 3 4 1.00
7 4 i i 3 3 1.00
8 i i q q q 1.00
2.6 Yadeuszaunsalyaingeans
1 4 4 4 q 4 1.00
2 q q q 3 4 1.00
3 4 3 4 4 4 1.00
4 4 3 4 4 4 1.00
5 3 4 4 3 4 1.00
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AZLUUNITNANTUN VB BEIY QY AUT

foil -CVI
1 2 3 4
6 3 4 4 4 1.00
7 1 4 4 4 0.80
S-CVI/AVE 0.93
e *Tofignanfiadesnnluidulunuinasives Lynn (1986) Fsimuaindgieame

(%

[

5-7 A58AN I-CVI faws 0.80 Yl
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ANANUIN A AMNINVDILATDINBYATN 2
191U UN ALY t-test VBILUUEBUAULNDNISIAY
lﬂl [~ LY = L= al
1599 ANUTuTnAlvasnAned@v AN luUsewmdlne

: MIAANINEUATBNT WAL

A157197 A.2 N15ILASILIMIBIUNINLUNLAelY t-test vpanmaztama1uluwUvaBUAY
WaN15398 1599 anududnaiivesin@nwiarvadilulsemelng : n5li

AUYNYLAL BYDNALTIF N

JoA10Y t-test p-value ulana

1. anududniedl

1.1 85u18U51nN190N1955U YA

535UALAZUTINGNTIVDIETS

1.1.1 2.887 0.014 Twunla
1.1.2 3.889 0.002 Twunle
1.1.3 2.291 0.041 Twunle
1.1.4 2.489 0.029 Twunla
1.1.5 3.873 0.002 Twunla
1.1.6 2.970 0.012 Twunla

1219 nsguluUnIs/ N neenig

ANIANENT LUNITUAIMIAIINS hazi

Ausluyssenaly
1.2.1 1.549 0.147 uunlila
1.2.2 2.714 0.019 Twunla
1.2.3 2.465 0.030 Twunla
1.2.4 2.714 0.019 wunle
1.2.5 3.333 0.006 Twunle

1.3 yAdNAININNARDIAI8AT Y
AMNANDENNTUTEUU FIUATLAnARTIA

MINYIANENT

1.3.1 2.449 0.031 wunts
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JoA10Y t-test p-value ulana
1.3.2 1.333 0.207 Tuunldle
133 2.384 0.035 Twunle
1.3.4 2.038 0.064 Tuunlale
1.3.5 3.674 0.003 Twunla
1.3.6 3.897 0.002 Twunle
2. YadeidaaSuaududnad
2.1 Jadesuuuun1sdanisiseunns
gousIeIv LAl
2.1.1 1.667 0.121 Tuunldle
212 3.361 0.006 Twunle
2.13 1.667 0.121 Twunldle
2.1.4 3.576 0.004 Tuunle
2.15 4.201 0.001 Twunle
2.1.6 4.330 0.001 Twunla
217 3.266 0.007 Twunla
2.1.8 4.804 0.000 Twunla
2.1.9 4.201 0.001 Twunla
2.2 Yadranmifinnedynadl
2.2.1 2.475 0.029 Twunla
222 4.472 0.001 Twunle
223 1.732 0.109 Tuunlula
224 3.578 0.004 Twunla
2.2.5 4.804 0.000 wunla
2.2.6 3.118 0.009 Twunla
227 2.782 0.017 wunle
2.3 Jadunmisaduayuvesajiadly
3sé’uﬁﬁauﬁﬂwmauﬂma
231 2.782 0.017 wunle
2.3.2 4.201 0.001 Twunla
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JoA10Y t-test p-value ulana

233 2.449 0.031 Twunla
2.3.4 4.201 0.001 wunla
235 3.266 0.007 Tuwunle
2.3.6 1.806 0.096 Tuunldle
2.3.7 3.179 0.008 Twunle
238 3.897 0.002 Twunla

2.4 Y38 ANYULIDIYARARULUUNNY

LAl

2.4.1 3.057 0.010 Twunla
242 3.873 0.002 Twunle
243 2.771 0.017 Twunla
244 3.674 0.003 Tuunle
245 2.782 0.017 Twunle
2.4.6 3.674 0.003 Twunla
247 3.612 0.004 Twunla

2.5 Jaduunu1naede13158Ladlu

JEAUUNNINEAY

2.5.1 2.782 0.017 Twunla
252 3.897 0.002 wunla
253 3.674 0.003 Twunla
254 2.717 0.019 wunla
2.55 3.674 0.003 Twunla
2.5.6 2.941 0.012 Twunla
2.5.7 2.782 0.017 wunla
258 3.536 0.004 Twunla

2.6 UadeUsraunsalynainendans
2.6.1 3.266 0.007 Twunle
2.6.2 3.897 0.002 wunle
263 2.038 0.064 Twunldle
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JoA10Y t-test p-value ulana
2.6.4 3.897 0.002 Twunla
265 3.179 0.008 Twunle
2.6.6 2.711 0.019 wunla
2,67 4.330 0.001 Twunla
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