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ABSTRACT

Globally, critical thinking skills h
STEM-based 3pp1‘0achc§ haves b::; been acknowledged as an important goal of education and integrated
this study examined integrated STEMerorted' to have the potential to enhance critical thinking. Therefore,
bislooy stadents” ot oo | instructional material for genetic learning to increase secondary school
iology students’ cntical thinking skills. The s ; : : :
test-post-test control group desi Th e study adopted a quasi-experimental design, specifically a pre-
domly el ; gn. The sample size was made up of 112 students, two schools were
randomly selected and assigned to the experimental ;
up of 58 stud dq ental and control group. The experimental group was made
p of 58 students and the control group was 54. An integrated STEM approach module was developed for
the experimental group, critical thinking skill pproach module was develope
 ded = seliability of b, - Olhlﬂkmg skill test was us@ for pre-test and post-test data. The mstrument
y g1 critical g u;e;(li]l-n - 0.76 for all the subskills of critical thinking skills. The pre-test results
n ; Wﬂkdlmkmg, == subskills of inference, recognizing assumption, deduction, interpretation, and
f:valugtlor.l} WA s 93, F (5, 94) = 1.370, p = (.24) > 0.05, indicating that the two groups were equivalent
n ﬂlqr critical thinking skills bfifo.te treatment. The findings of the within-group comparison show that the
experimental group shows a significant difference between pre-test and post-test with a large effect size
(d'-{=1.56) compared to the cpnfml group with a small effect size (@*=0.01). The between-group comparison
using MANOVA shows a significant difference in students’ critical thinking skills of inference, recognizing
assumption, deduction, interpretation, and evaluating arguments (Wilks’ A = 31, F (5,106) = .68,p = (0.00)
< 0.05). Therefore, it can be concluded that an integrated STEM approach was more effective in enhancing
students’ critical thinking skills.
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INTRODUCTION

The nations of the world are continually confronted with global competition and the need for mankind to solve
problems such as climate change, environmental degradation, resource utilization, and coptrol. On the other hand,
companies, industries, and employees arc constantly challenged by the demand for mnovatve products am;
solutions to emerging problems by their clients. Dealing with these proplemsvan.d many more requires Pm:;;] m;
future employees to be able to think critically. Therefore, critical thinking skill 1s one of .thc most so‘:\g;{;zs;} ’;‘h Y
employers of labour, to improve and increase their outputs (P21, 2015; Retnowat, Riyadi and S:bannéu ). : ;sl
underscores the importance of education that is relevaat t the needs of the 21st c:;lmi:ymininzzis u::];s nc:ﬁ 0(; 5
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competition in the ploh

in 21st century |t':lrmng 18 NOt on memorizay | (Kalelioglu and Giilbahar, 2014; P21, 201 5). The emphasis
ation and ro

yse, deduce, interpret, and drs Vlr learning but on the acquisition rff(‘t)mp(:tc|1c|cq and the
accord n the litera e v |' a conclusion as well as app]y these skills to solve problems in
ngh 'll_‘“'"}’. the significant role of critical thinking skills for meanmgful
s of labour observed that graduates are deficient in critical thinking
: .T‘:"UWMI et al., 2020). This implies that the instructional strategies
' —— snpl-,h" ‘ ]t :;rnv:s cntical thinking skills,
their relevance to the needs of the individ (I( that “the country’s educational goals shall be set out in terms of
century skills such as criticy] ond et 1C ua a‘nd lhf’sc of the society” in consonance with the world, the 21st
ative thinking skills and the integration of technology are what is relevant to

the present labour market (Papadaki i
akis Sifaki, S
others. Padakss, Vaiopoulou, Sifaki, Stamovlasis, Kalogiannakis and Vassilakis, 2021) among

ability to infer, anal
ﬂ‘."l Ilfl l]ll'fl' 1S an
T
living in the 21st century, However, emp)
and pmhh‘m-sul\-mg ‘ ’ ployer

NC’\C h l S8, S iCH(( tea hl- | (fa“llng (lU not seem to ctlh’rmCC -l‘tUdE"
rert ((..,‘( C ngaldl i
. : . .
countrics ()' th(‘ W("l(in (-‘I’CLI:‘"‘ 0

in Nigeria (P ..
mismatch between the skills sl - ngcn;? (I’.nan and Adedeji, 2012; Retnowati et al., 2020). There seems to be a
reported a lack of skills SUC‘h.aq c:)és Eict?:.mc,m the c.lf.tssroom and the skills required in the labour market. They
paradigm shift from class room"m cal thinking, dCClSlon-making, and analytical skills. This, however, calls for a
that will foster critical t]:‘jﬂkin g Siﬁﬁcgﬂs that are tradju'pnally based and focus on lower skills to a new paradigm
emphasize students’ active explotatio orouka, Papadakis and Kalogiannakis, 2020). The new paradigm should

i n in the instructional ptocess, where instruction is characterized b -
question prompts, b . . 4 ) 1 § characterized by open
al,, 2018). These elements may bring abi:)ut ;:ds on, minds-on, and authentic learning, among others (Thibaut et

as critical thinking skills. aningful learning and acquisition of twenty-first-century skills such

ended problem solving,

However, despite the importance of critical thinking to problem-solving and meaningful living in the 21t

century, researchers have reported a deficiency of critical thinking skills among learners across the world, Nigeria

md;s:;: (GC;OSS;'; and Nel,‘201 3; Salami, 201'3; Wartono, Hudha and Batlolona, 2018). To enhance students’ ability
o anc achievement in science, there is a need to adopt appropriate instructional approaches and models
e others. Warthno et a]_. (201_8_) reported that approprate instructional models can enhance meaningful
leamning and the ability to think critically. Therefore, learning models with the potential of enhancing critical
thinking skills could be integrated STEM approach because it is characterised by hands-on and mind-on activities
as repo'rtcd by researchers (Duran and Sendag, 2012; Thibaut et al., 2018). Integrated STEM education is an
instructional approach in that science and mathematics concepts are leamed in the context of technology and
enginecring. Students engage in scientific inquiry, and technological and engineering design iterative processes. In
support of this (Sumami and Kadarwati, 2020) opined that STEM-based instruction enables students to develop
and formulate ideas to solve problems thus engaging their Higher Order Thinking Skills (HOTS). The approach
is a learner-centred while the teachers act as a facilitator in the leamning process. Thus, it provides the liberty for
students to engage in higher cognitive processes such as ideas generation, evaluation, inference, explanation, and
drawing conclusions which could enhance learners’ critical thinking skills. In the next subsections, the statement
of the problem, research questions, methodology, results, and discussions will be discussed.

Statement of Problem

The impact of globalisation and the evolving economy has inﬂut_znced r]:!e school system to reconsider ways of
effective teaching and leaming because the current conventional instructional practices in the classroom were
designed in the 20th century, which was a period of the industrial-based economy and was not envisioned for the
knowledge-based economy of the 21st century (Jacobs, 2010; ‘\?Vagucr, 2098). While the practices in the classroom
in Nigeria are keeping the status-quo (conventional instructional practices) the present workplace d_em_and is
evolving very fast. There is an agreement in previous litcraturc. that the development of 21st century skl]l;'] is very
vital to the economy and technological development (Pickering, 2010; Wagner, 20Q8)t: Nevezlthuglezs,d %ezs
students do not demonstrate the ability to think critically, that is they lack the ability to infer, conclude deduce,

1 fi : i ; 11).
recognise i d Adedeji, 2012; Salami, 2013; Stapleton, 201
The m:sm: (l;tsa(::itl::; to the fa’::,t that classroom interaction is dominated by the teacher and knowledge

inlei i 4 hich is characterised by
isiti e | ion i ed on lower thinking skills of Bloom’s taxonomy W
acqmsn_mn'dunng mstruct:lon 1sw folil:;sming- [nnovative instructional strategies that are studegt—centn;d and
:;I:::ztﬁlnl; rec;ll, 1: 10 which could stimulate thinking skills are not adop}c;ll. t;Il‘%m: evaluation also focuses
s active learning £ :
on facts and lozver cognitive skills. Therefore, students exhibit a low level of critic inking

skills and students’
perf in sci atinues to dwindle in Nigeria (Ezeudu, Ofoegbu and Anyaegbunnam, 2013; Pitan and
ormance in science co
Adedeji, 2012; Salami, 2013). Hence, the need to explore

alternative teaching approaches that may cnhanc;
tude ‘sition of critical thinking skills is required. One of such instructional strategies may be integrate
students’ acquisition of crt thinking
STEM education.
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Statistics have shown that STEN

1 base
..I(I (l(("'):" -
1ons will increase by 17% » 4
1crease by 17% ability to employ more workers

compare to the non-STEM occ
S TEM occupation wi i
o ’ ‘ uch will |
is critical to an ndividual’s al ‘ ingfolie i e 210 |
wha i §s than 10% (Butcher, 2013). Theref: - :
€ 2 meanin » 2013). Therefore, STEM educatio
: Hion

wavs. STEM-based knn\\‘h'dg(‘ and skj
of the critical role of STEM r.‘(hlcati(.m
and designing STEM-based lmtnlcrln;m
such as cntical thinking skills.

The lack of critical thinking skills iy, 1
effectively in the global market and‘alq in
study examined fostering critical tl\ir]ki;:)r
students in Minna, Niger State. ’

s have g :::,l:f:,:.?l ltl‘ljc-.?l]sr ('(‘?ntlll"\’ because it empowers society in several
ol s (2“;” 0(." m;u ¢ innovations and the quality of life. In view
o activities 1o 3 ik pined that cmphgsls should be placed on developing

1ance meaningful learning and acquisition of learning skills

nation’s ;

st e f:m}-c \:vnrkfnrcc will negatively affect the quest to compete

Skills oo, '.atlnn s quest for sustainable development. Therefore, this
Ploying an integrated STEM approach among secondary school

Research Question

" 5 TOQ h 'Il“'\l‘l(')n. that 1S t()["“]latcd to ide S tudy.
'} (' -
] ¢ TesScar gu d thc

1. Does the integrated STEM
) . - a 1o
N ugg ach enhance secondary school students’ critical thinking skills in the

Research Hypotheses

;l:: f?rltl]owir}g null hypotheses were formula

1. There is no significant : . ,

crtical thinking SKill i the experm . orrerenice in the within-group compatison of secondary school students’
4 expetimental and contm] iy condary school students

HO:. There is no significant mean diff i
. s . e .
it ey ce 1n secondaty school students’ critical thinking skills between the

LITERATURE REVIEW

Relevant literature to this study was reviewed under th wing i
] ant \ : e follo sub-headings; i
critical thinking skills, and in each sub-sections, empirical studies were high]igi:itcd.gs g Ao

Integrated STEM Approach

STEM education seems to have thff pf)tcnu'al to foster students’ ability to think crtically because it is
characterised by question prompts, questioning, real- world open-ended problem, collaboration, and self-directed
leaming among others. Sumarni and Kadarwati (2020) investigated the effects of Ethno-STEM project-based
instruction on critical and creative skills among secondary school students, the findings indicated that students’
critical thinking skills were enhanced. Han, Capraro, and Capraro (2016) reported that STEM-based instruction
enhanced students learning outcomes. Similarly, Mater et al. (2020) conducted on the effects of STEM on critical
thinking skills, and the results showed that the experimental group who learned with the STEM approach had
improved critical thinking skills compared to the traditional group.

Phonchaiya (2014) examined the effect of STEM education on leamers’ development of critical and creative
skills, the findings showed that STEM education enhanced students’ ctig'cal thinking. Similardy, Oonsim and
Chanprasert (2017) conducted a study on promoting the critical thinking skills of secondary school students using
STEM-based instruction in physics. The findings indicated that STEM educaf:lon enhanced students’ al:!lhty to
think critically. Kim, Sharma, Land, and Furlong (2013) reported that xr_lstrucnonal approaches characterised by
questioning serve as scaffolds that provided students with the opportunity for deeper thought and enhanced the

development of critical thinking skills.

Critical Thinking Skills

Critical thinking is a complex phenomeno :
immarde gl literatl-ll’:l?l (,FaCiO_ﬂﬁs 1222; Eﬁgc::lﬁ;?’e?;;ﬁ: and conclude to make decisions
a cognitive skill that involves the ability to Interpres Trr > ) e, e
(Fa::)jg(:];c’ 2011). Therefore, in this study critical thinking is the process of learning that requires students to gen

. ing dimensions have been
: / ion to make 2 . The followlng ¢
ideas, analyse, interpret, evaluate, and draw ; ;0;::;51:;2 ons, deduction, and evaluation (Smith, Rama and Helms,

rally and categorised into several

has been defined seve
T and Glaser, 2010). It is defined as

that results in interpretation,

adopted; inference, interpretation, recogniz : g
b S G]z?:r, s Cddcalm r:nk::lisaz: :::E:ni;:npof assumption among secondary school
evaluation of arguments, deduction and making 101€

students in this study. s /10

© 2022 by Author/s
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: 1S an important goal of scie " ’ .
: : g $ - : srefore -—
taught critic al thinking skills in the scienc I i f science educanon. Therefore, students can be

¢ classroom. How

s well 48 2 leass ‘ wever, $ re -8 ellecuve teac

strategy as well as a learning environment that will enha g oklls Sevelopment. Kok s ool
1

opined that the leaming environment and mstructional

1ce thinking skills development. Kek and Huyjser (201 1)

= 11 § —— strategies sho . > L .
define a problem and generate and analyse information to sol . 1uld help the leamer develop the ability to
g solve a /

their ability to think critically among others problem. In view of this, to help students improve

The lear
arming env it
with the opportunity to take charge of theiy Liknieig g, environment should be modified to provide students

STEM classroom activities that foster experiences
interaction, inquiry, and the open-ended problem ('An
and Sendag, 2012).

The theory that supports critical thinkin

' \s highlighted earlier, critical thinking ——

alnd collaborate to solve a problem (Johns, 201 2). Integrated
that are interdisciplinary and characterized by small group
significantly impact students’ ability to think critic ally (Duran

e coppitive doeml s i hevels, exch oF ﬁ,:[::::;:d in lk-n}mimn Bloom’s work (Bloom, 1956) who classified
& 1 Waugh, 2006). Criti = . corresponds to the cognitive ability of d
I.mﬂ‘““ -,;n; Aau\t; |. 6) (,-nm;al l.hmklng and scientific thinking are cnﬁznccd b aZt:) i:‘_" . 'Tml(ll:m:)“ ke
thinking abtlities ¢ — and FitzPatrick, 2016). Kuhn (2002) conce luaﬁ 1s " 'fy h irrlispin. gehiarss
thinking of an individual and as an example of h ceptualized scientific t inking to mean everyday
ot and ol i saiions Wkl ] ple o hlgh'Cl.'-ordcr thinking. Consequently, the STEM activities are
' Scientific thinking is the process ()(l:'ou d enhance critical thinking which is synonymous with scientific thinking.
ey i T g kno\;’-kd rau(mi_ll thought that must be adapted to promote the increase of scence
ncsctishity it cxp’lomtion and foll ge-:l(iekmE process (Kuhn, 2010). This form of thinking provides the
:3 E}; puesh i g e proble(r)n“;s 2 ctit sqt‘:inuﬁc method or procedures of problem-solving where leamers
s i - >aentific procedures such as enga k
' 3 ge, explore, expand, elaborate, and
evaluate (5E), as well as drawing a conclusion (Bybee, 201 0). The engineering design pmces:pwas adopted for this
study and seems to align with the 5Es, J ‘
g:he q::leé:;:scc:ﬁ; ::;:;‘;mg;’}f crtical thinking skills was also adopted; therefore, the instructional content
‘IN- 'gmshoul d becgmdcnt—ccggt.red ':hStUdyh\VaS _supported by thg social constructivist theory which emphasis that
caming . rough active engagement in the learing process and learning should take
place in a social context.

Integrated STEM Approach and Critical Thinking Skills

The integrated STEM approach is characterized by a driving question that will provide the students to think
critically for example what do you understand about the problem? This question will stimulate the ability to think.
This approach provides the opportunity for students to generate their ideas, find solutions to an open-ended
problem, and engage in hands-on and mind-on activities (English, 2016). The approach is also characterized by
collaboration among students where students share and justify their ideas. Han et al. (2016) opined that employing
an integrated approach in the instructional process that encourages student engagement and exploration in
classroom instruction could promote critical thinking skills and the transfer of these skills from the classroom to

a real-life situation.
Literature has advocated that scientific thinking can be seen as part of critical thinking skills (Suciad, Al,
are investigation, analyse, inference, and

Imaningtyas and Anggraini, 2018). Hence the stages of scientific thinking
argument (Kuhn, 2002; Sudiati et al., 2018), which are similar to activities than could foster the individual ability to

think critically. It is important to highlight that an integrated STEM education approach could provide the latitudes
for students to engage in scientific thinking and in the process enhance their critical thinking skills. Watson and

Glaser (@) ritical thinking definition and test were adopted for this study.

RESEARCH METHODOLOGY
i d because of the researcher’s inability to employ true
i sl e this case, intact classes were used for both the

randomization as well as control all external variables. In unity schools in Niger State,

experim .Th ulation of the study is all .
e ((lzll:;“;:(l:l;li?u? wasca’;?)f;;tcd o select two schools from the population, these

ngcna- 1a. Fi fent sam i 3 ed by th
schools Wl:::’ ;thne‘c’leT;::ed onpsimilar characteristics su'ch i}ieﬁ;fzt }?:; Z};Ct;t‘}:;f“;‘:ﬁ:zii i“;; sa.mZ mg
Nigerian 1 well-equipped science laboratories, ST S
to an experimental and control group, tWO intact classes “;2%) and 54 (48%) students were assigned to the

group. A total of 112 students were i:_wolvcd, where 58 (
experimental and control group, respectively.

The quasi-experimental resea

© 2022 by Authot/s
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and the e y 3 » i accuse
e husband 1s threatening divorce. (Soltis ”{}I(())“Nd
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An example of an open-ended ])_I_XW)I(TH_;'_”'"‘" .
‘m —————

gcience Critical Thinking Instrument

l)q(a was (()"(‘(tl‘ll us! l‘"g [hl . 1 NC(C ( rit1 al ]I k e 2T
YCICNC i .( 11n l.". l( t ( l
g o4 (\s .I I ’ thc test l l’ 8 9.
£l (& as madce )f ﬁv(. uDsec "‘()Hq
St was up « SUDs

inference, recognizing assumption, inte :
e ~ i s rpretation, deduct
the Watson and Glaser Critical Thinki 11, deduction, and evaluati i
and Glaser, 1980). The SCTT mcav.::rcr-lg Appraisal Test WGCTA) wmcﬁﬂtﬁesc subskills were adopted from
€ ¢ & it 0§ problem reco~ res an mndividual’s ability to def;nc a mb? 1s almultlp.le-chmce test (Watson
evaluation, and draw conclu;ions gl'n'lisc Wh?ther an assumption is made F:)r n Cm,fc L L
presented with a genetic Pmblcn;x a:sedSkﬂlS ate related to solving 2 Probler: t;n s(,)cri‘::clate hypotheses, perform
evaluate the ideas, and select the E)cst ide]: ;:Udﬁnlts 'cIl;ﬁnc B problen, Rasla hy;()%;’;:cz;zimf; -
findings. All the questions in the subskill apply. The leamers evaluate the entire : e
, e 5.5 S § ar C process and communi
e aiical thiskieg ves e based on scientific content. The SCTT items were ad:;tgd f:(?:;
The SCTT was made up of fifty i
: questions (each section has 10 questi ;
: uestons). 3
T; :hr:hr:l:jl? t;:;ifl_ :;l:!slfleb :;iut;:atlon ;:xperFs and their observations an;] comz:::?ts?:remjs:;r: ;;“’35 Vﬂidﬂtﬂ(dmby
d Bougie, 20 ctions of the instrument was between 0.71, and 0.78 which w; g
an ugic, 2010). The pre-test was administered, followed s and ©. . as considered adequate
dmini , followed by the intervention, and after the intervention

post-test was administered.

Treatment

material was developed for the implementation of an i

, . an integrated STEM

instructional process was based on a 5-phased iterative engineering design pr ocef':? Identify ipgfoach. ;hc
deas. design a solution, evaluate th luti d dissemi : : A problem, gather
ideas, design , € ate the sol _uon, and disseminate the findings. This approach is learner-centred while
the tci_lcher acts as a fadilitator. The facilitator employed question prompts or questioning and clues. The students
learn in 2 small group o_f five students through collaboration with each other and with the facilitator. At the
beginning of the struction, the students were presented by an open-ended scenario ot problem; A problem or
scenario that engages students’ ability to think, the problem must have sevetal ways to resolve the problem. The

problem should be relevant to learners’ real-life, for example, the genetic problem or scenario in this study. This

problem relates to the social and real-life of the learner.

The first phase is understanding or defining the problem which involves understanding the problem through
analysing it and identifying the goal of the problem. The second phase, generation of ideas involves researching
for scientific knowledge and ideas in the process students learn the instructional content of biology that can be

that will be applied in solving

used to solve the problem. The leamers brainstorm to establish the right idea or ideas
fying their ideas. The third phase is the design solution,

the problem. During this phase, students €n in justi
; ; : st solve the open-ended problem. The students evaluated

which includes the application of the ideas generated to ‘
the solution developed to determine whether the goal of solving the problem have been achieved and finally
vities involve higher cognitive activities which will lead to the enhancement of
roblem, driving queston and

disseminate the findings. These activities ; p
critical thinking skills. The leamning Process is characterized ZY aan)p@“’—‘;dc pm
3 Wil .
question prompts among others. An example of an opcn-cnde problem is sho LT e
: : lem, gen rate and analyse ideas (the s
The approach provided the Jatitudes for students t© define the [:lﬂt’:l:;eﬁm;d the problem and t© provide the

search for materials online and in textbooks to gathet informatio . : the facilitator of the
ch while teachers serve as the
of five (5) students €2 . s, among others.

solution. The students work in small groups - ;
laming process through question prompts, 127 ches snd O explins the problem, eXplaio ¢
group were taught using the conventional (n'adilional methO;l) Wﬁs e

concepts of genetics that will be required to sglve the problem-

not actively engaging in the classroom inSTVCE® s

An instructional




ok ) Integrated STEM and Crtical Thinking il
" pretest results of the experimental and contro] gr _
ﬁ&_’f - Value }-—ﬁ‘"l;‘i’]_!’lr_‘fﬁ['ﬂg‘_ﬂhcal thinking skills
EfeC  —iiars trace 982 Hypothesis d ;
1\'";1:6 lambda 018 £176.208% yp(s 000 [ Eeror df Sig.
B o oy TP S 2176208 - 106.000 000
[nterceP! potelling's trace 55.482 T S— 5.000 106.000 -
Roy’s largest root 55.482 117 2o mh 5.000 k—r(,;)(_“lﬁ —_—
Pillar’s trace 088 6.208 5.000 000
- Ik~; — 3 2.038b T 106.000 000
) 7\\' 2 ﬂn‘\x 912 2.038b 2.000 106.000 079
GrouPp  Hotelling's trace 096 3,038 5.000 106.000 079
Rov’s largest root 096 2.038b 2:;003 106.000 :()79
o 106.000 079

Within-group comparison of critical thinking skills

e Eﬂdc t V‘fia =
‘ Dep 0 l)le Gloup re-test X SD los'—test X_SD) df t"“]ﬂe P' Iu ({l
t value

Experimental 931251 10.46+3.21

‘ [nference Control 8.00+ 37 -7

.00+3.00 88 00 156
e s Experimental 7.2912.35 1%0531;3'08 53 -07 94 0.01
Recognising AsSUMPUON o ero] 8.89+1.99 o 8+—3-61 57 587 00 1.08
: Experimental  9.31+3.20 “'343513'12 53 97 34 0.19
Deduction Control 8431261 9071 2 57 326 .00 0.65
) Experimental 6.60+2.47 e 53 -1.15 25 0.21
{nterpretation Control = 33—_; 3- = 1{?.36t3.18 57 731 00 132

: S3L3, 114345 53 :

E 131 20 :
fvaluation Dapenmentsl 230124 et 5 4@ 00 om

i , 20%1. 9.67+2.25 55 131 19 :
E:pemlnental 38.72%5.74 54.4818.55 57 1126 .00 gf?
Overal ntro 4231%549 4380724 55 149 14023

eamners are actively engage in the learning process. The pre-test ini i i
ind the post-test was administered after thepintervenﬁon I\:rhich h:ﬁli‘i?;g;t:gisige B

The data collected was analysed using a dependent t-test and a multivariate analysis o.f variance (MANOVA)
The dependent t-test was uscd. to determine the significant difference between the pre- and post-test groups;
(within-group comparison). While the MANOVA is to determine the effects of independent variables (integrated
STEM approach and lecture method) on multiple continuous variables (critical thinking sub-skills).

RESULTS

the experimental and control critical thinking skills before treatment, critical

To determine the equality of
and the data collected was analysed using MANOVA. The pre-test result is

thinking pre-test was administered,
prcsented in " : :
reveals the Multivadiate Analysis of Vanance (MANOVA) result of the experimental and control group
critical thinking skills pre-test. The results show that there was 10 sign:iﬁ.cant diffcrepcc betweeg t_he: expetimcgtal
and control group in all critical thinking subskills of inference, recognizing assumption, deduction, interpretation,

and evaluation Wilks’ A = .93, F (5,94 = 1.370,p = (24) > 0.05. Thet‘”efore, the two groups were equivalent in
their critical thinking skills before treatment. Hence the post-test data will be analysed using MANOVA.
Within-group Comparison of Critical Thinking Skills

To test the formulated hypothesis one, a0 independent t-test was used to c:etcrmm
difference between the pre-test and post-test of the experimental and control groUp-

for each rmined and the analysis s presented in : 3
v gop s detrmined 1o 5 U0 e e e 15 T
scotes of the experimental in inference subskills of critical g ks t(57)d:ff:n;nc; ]:n the inf;:re;me subskill
The effect size was large. On the othet hand, there Ev;i )ng sagsmgfaftoxgiandm e e was smal. The € i
mean it t(53) = -.07,pL. Lo, &= eﬂmentalgroupin
e e e e e s LE X T 3 00 <4
;- = 1.08; a¢ > 2 —
rcognisin assamption £(57) = =587, PCO0) <05 & 5 cvahation £(57) = ~445 p(00) < 05, 4

: : 2.4 S . ditional
065; interpretation £(57) = —7-31, p(00) < .05, d l the critical thinking subskill of thc;; :05‘5
08. on the other hand there is no sigai i

ficant mean difference 10 19 deduction t(53) =
gtoup: recognising assumption ¢(53) = 97.p

¢ if there was any significant
The effect size of treatment

(34)> .05, 4" =
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A,M_.’\ NOVA result of critical think ing

sub-skills for experi
————— DF &Xpe '”!E‘l“,'l‘%' ?llld control

I"’ e B B
N ____mi}_rimf_(‘a_nmla_li{.\llul\f Fducation, 2022 7(1), 06
G ) & i~y L] )

’:"T Vv 2
ER- Pillai’s trace ::I—:c —F__ Hypothesis df  Error df FTr——
Wilks' lambda -l);‘i SRAT I—T“U B —T%su@
InteroeP! iorelings trace 4172000 e 977
e /20 884.4700 500 6.00 00 o7
- ‘\- 4 ‘s -~ v ye =
Py e ID__ sedT0s 5.00 o L 97
T 324 10,1490 e 106.00 00 o
GroUP el e L 101490 5.00 Lo L 324
R( (- INg's trace 479 10.149b 500 106.00 00* 324
oy’s largest root 479 10.149b l‘i.()() };’(’-“” L) '351——~_
: 6.00 00 ;
o : 324
Univanate tests for each d
AL cpendent vatable
Source  Dependent variable ——— o vanble
P Type "lgsr:l?!;l of squares df Meansquare 7  Sip. Partial
Recognizing assumption 16(,(3(4227 1 957342 962.27 ,og') = c;;;‘luarcd
)‘ e ). 1 -
ntercept eduction 11777.63 1060627 122371 .000 918
Interpretation S 1 1177763 1074.20 .000 907
Evaluation : 1 9543.04 86846 .000 ;
: - .888
Total 217%61‘1;1617 1 1269411 2067.74 000 949
Infcren(.:c- 164.9:’2 } 270100.6  4269.29 .000 975
Recognizing assumption 80.56 e 1657000 Ll
G Deduction 15' 1 80.56 9.29 .003 078
roup 7 _ 7.63 1 157.63
nterpretation 13159 1 141-69 14.37 .000 116
: = - 12.89 .
Evaluation 104.75 1 104.75 D0 189
Toml o : 17.06__000 134
Infetence ‘ 1 3193.53 50.47 .000 315
s : 1094.35 110 9.94
Recognizing assumption 953.40 110 8.66
5 - |
o Db
Evaer = on 1208.73 110 10.98
= ta;m on 675.30 110 6.13
[¢] 6959.24 110 63.26

5. 3 ;
d? = 0.21; interpretation t(53) = —1.13, p(.20) > .05, d* = 0.24; and evaluation t(53) = -1.31, p(:19) > .05,

d?* = 0.25.

' _vaen _the' proceeding, there was a significant mean difference between the pre-test and post-test in the overall
cnucgl thinking skills of the experimental group t(57) = —11.26, p = .00 < .05, the overall effect size of the
experimental group (d? = 1.56), indicating large effect size. On the contrary, there was no significant mean
difference between the pre-test and post-test in the overall critical thinking skills of the traditional group t(53) =
—1.49, p = .14 > .05, the overall effect size of the traditional group (d? = 0.23), indicating small effect size.
Therefore, in compatison, the experimental had a large effect on enhancing students’ critical thinking skills while

the traditional method had a small effect size in helping students to think critically.

Fostering Critical Thinking Skills Using Integrated STEM Approach

To determine the effects of treatment between the experiment and conttol group (students treated with an
integrated STEM approach and a traditional instructional method respectively), among the selected secondary

school students. Post-test data was collected and all the assumptions for use of MANOVA were not violated, thus,
Wilks’ lambda was used to interpret the res

ults. The result is presentedin .
shows MANOVA results of the post-test comp.

arison between the experimental and control group
critical thinking skills. The result shows that there is significant difference between the experimental (group that
h) and the control gro

was instructed with integrated STEM approac up in critical thinking skills, Wilks’ A = .31,
F(5,106) = .68, p = 0.00 < 0.05, partial n? = .32. Therefore, the formulated hypothesis (there is no significant

mean difference of secondary school students’ critical thinking skill between the experimental and control group)
was rejected. The multivariate p

artial n?(.324) shows that about 32.
thinking scores (dependent variable) is due to the effect of treatment.
Given the findings in

, the univariate tests for each subskill and the overa
are presented in . e o .
shows the univariate tests for each subskill the result indicates a significant difference bctwecn'thc
kill of critical thinking skills; inference, recognizing assumpton,

experimental and control in all the subs
ctions mad The p-value is less than 0.05 (p < 0.05). The overall result of treatment

deduction, interpretation, and evaluation.

4% of total multivariate variances of critical

1l critical thinking skills result
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1 of assumption, deduction, interpretation, a

g skills were F(1,1 10) = 50.47, p = .00 < 0.05
eans of the experimental and control group. '[‘hc,
pared to the estimated mean of the control grou

group. The multivariate partial n?(0.32) indicates
is attributed to the intervention. The results also

ntrol group in all the critical thinking sub-skills,
nd evaluation.
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Discussion of Results

s study inv(-gn'gatcd 'tI}';]c fosffﬂllgd()él?]?ncal thjnking skil‘ls using an integrated STEM approach among
_ dary school sm_dcnts. ¢ integrated STEM approach prmfldcd' the leeway to engage in cognitive processes
secon jrawing an inference, recognizing assumptions, deduction, interpretation, and evaluation. ‘The findings
 that the intcgmtc.d S’I'F.M- approac‘h students’ critical thinking, the magnitude of the effect size was large.
show | ing coNCUIS with Oonsim and Chanprasert (2017) determined the development of critical thinking skills
This 2 é;e 11 students using the STEM education approach, their findings indicated that the critical thinking of
alﬂ"“gg:l{ education group was improved. The findings also agree with Sumami and Kadarwati (2020) who
the QTF d the effects of Ethno-STEM project-based instruction on critical and creative skills among secondary
invcsugﬂtcd ats. the findings indicated that students’ critical thinking skills were enhanced.
school stu riom’(f of the study also indicated that the students that learn with an integrated STEM approach
The v better than the comparison in all the subskills of critical thinking skills of inference, recognition of
o torm_f-‘d ;eductiofl, interpretation, and evaluation as well as the overall critical thinking skill score. This result
ﬁsumit,l;:;:’Mater et al. (2020) who conducted a study on the effects of STEM on critical thinking skills and the
es

i 1 d the STEM approach
tance Model, the findings show that the experimental group who learned tl
TeChPOIOg{r;czz%cal thinking skills compatre to the traditional group. This result also agrees with Han et al. (2016)

have 1mpIo

- i ction enhanced students leaming outcomes
who Condm.ied thi‘tdslﬂ;:ti[dbasggll; i)t:;tu:ibuted to the open-ended and real-world problem pr.e.st:nted to them,
i vieded aymeaningﬁll context that engages the students’ higher cognitive abilities such as $:
which may have PO d defining problems leading to the development of critical thinking. For example, du:fg e
EERIOG Of%deas " dents present their idea and justify their ideas, group members also prompt one anotaer
eration of lﬁf: tis(;]l ’?he g ntire group assessed each idea or claim and draw an early conclusion, thus engaging
ia:vzigocjpand inference sub-skills. Question prompt

by the teacher could have served as a cognitive fscai‘:i'ocﬁ
thinking ski i ital to the development of crb
’ critl inking skills. Question prompts are very vi : .
thdlamtbﬂcﬂgﬂgeg e Cn?ical tanding of the instructional content among the students. This corresponds w1
kg e e it : y serve as scaffolds to provide s

d Y — tudents with the opportunity
ood questioning

Kim d that el scaffolds
f d:;pair (t?n{:}u?gl:zz;t f:nhanceg the development of critical thinking skills.
or

d from the data, it will be logical to conclud:-; ?i;t :ﬁgﬁﬁi ifmcafgl ouc
Given the findings that emerge s of th,is ulation. This was probably
50 pop

. . - d
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problem and collaboration, aCT udt% in the curriculum because if prop oj;m development for the 21st centiry
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