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pjectives :
zif an e aims 10 highh'ght' the Global Demands for the 21st Century Skills:
s cer . paradigm S.hlft in_Instructional Approach to enhance students”
Nee? ion of relevant skills. The specific learning objectives include:
goquis! Ex plain the 21%-century skills
* he components of the 21%-century skills; core subject skills

5 Highlight t i . .
earning and innovative skills, career and life skills, and digital skills

Explain critical, creative
Highlight what is learning paradigm
. Explaina constructivist learning environment

Characteristics of a constructivist learning envirbnment
[ ]

The role of the teacher in a con

b

communicative and collaborative skills

structivist learning environment

:cation of this Chapter '
pogs of a wide range of readers to adequately understand this

ter. the presentation of this chapter is sub-divided into introduction Whi'cll;
I, : ;

o «h the collection of information from different sources t_o establis
gals W ¢ researchers on the subject mater.

ouent observations, opinion, an¢ o <iills. The

This was followed by the explanation and con}POnem; Of jr:l;zﬁit:;ytive <kills),
s . 1 ' ative an .

4Cs (critical thinking; creative, collabo” he role of the teacher

Vi 1 ' ent, t :
learning paradigm, constructivist learming envm?nmSscd it B
in a constructivist learning environment are discussed.

conclusion of the chapter.

The Org
To meet the needs
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|,|n-oducli0“ .y has evolved in the last two decades .

. J L N . g 0

¢ modermn knowledge-based cc"“ﬂmy the ;

- al ¥ - .

ere are calls g,luba.lly b).r the government, indy. e ” "
are students with skills that are re] evan Str

0

a |
b: Teo, 2019). Langdon, MCKittrick, Beethe 2 acade nh\:l

the nee
27018
0O ¢, k antu 13!

&;O(I)T!;“r‘;;(:ﬁc',i that the spcciﬁct: skills lhatbcar.l b§ quuircd’t an, m (,"ﬁ
(b.momy in the twcnt?/-ﬁrst century are em odied ip the ing 0 buu s
ufhnoloﬂy’ engineering, and mathcmatlcs (STEM) oy "%ratig
t:‘“l e ntury skills) are sought after skills by employer (¢ 12{?“"-
(-;( dquctivity of their workforce (Delgado, Porter, g St e
ti:ccause STEM content knoyvled.ge and ?15‘ Century Skilil]l, Tag, I
<tudents With the ability to'ndentlfy.and integrate knOWledS
;ourccs to generate innovaFwe solutions to complex Prob] ege "
Leong, & Daud, 2013; Khalil & Osman, 2017). The edUCationms (Che,
as one of the most critical drivers of the economy apg i e is’k ldfis,
Economic Forum, 2016). Therefore, STEM education dire al ¢ n

the building block for the economy of the twenty-first o regy,
knowledge-based (Kertil & Gurel, 2016; Pickering, 2010), Mtury, Whicg s
§

1\

Nevertheless, traditional instruction has continued to dominate i
in many countries of the world which have resulted in Unsatisfy ¢ classnmms
outcomes (Kivunja, 2015; Lay & Osman, 2018a; Saxton et 4 c;%ry 1e"‘ming
present classroom situation, teachers, lay more emphasis op t},le cl4). o g,
course content and curricular.as well as lower-order thinking
detriment of 21%century skills (Saxton ef al., 2014). Given this, the
between the content knowledge of STEM education and relevant Work|

skills have been identified by the employers of labour (Fullan & Langwé) rSlce
2014). Educators have also reported the need to reform education ¢ bettz;
prepare graduates for global competition (Kivunja, 2014; Lay & Osman, 2013,

Yaki, Saat, & Renuka, 2016).

Puffenberger (2010) warned in his study that lack of adequate 21% centuy
STEM education reforms and implementation would have huge implications®
the economic and political power of nations. This implies that if the develope
countries especially Nigeria continue to play politics of lip servi
educational reforms that are relevant to the age, there will be 2 devastal?
consequence on its struggling economy and technological advancement

Ove[age Of
Skﬂls to the

Tesea[ch o
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he Organisali.on for [icnnomic (Jo~opcrati0n and
g seque” .;c;‘VcS that educational sys‘;tcms o‘f countrj
C(;,E f,[:.rcsponsib”igy 10 support innovatjop by skilled laboyg
( ssentid ectors of the economy through Quality teaching ,
an ‘:'C i all 15) Accordingly, if STEM classroom : .
(tgfg ). 2(!’5l “; prepare students for work anq |; . “century, then
»duca“onl stakeholders must have an understap, i

oducatl® qow and, in the future,
uire
eq

..o These skills are the 2ls'century skills and are i hi
Complﬂ:;tc;zn;ry labour market (Fullan & Langworthy, 2014).

the 2

Skills

Twenf)’-ﬁr;: an ::::urr);, the essential skills that were re
gefore the re literacy and numerical skills, otherwi
;ndividual we ithmetic (3Rs) (Wagner, 2008). Globalisation, technological
writing and anhanging markets in the 21" century came with its attendant
jevelopment, € acts, unemployment, poverty and global competition. These
environmental e of 1’iteracy and numerical skills outdated, and a new set of
make the teacg:ngenmry skills were born. These are skills that are believed to be
ills called 21 ;:;01 success, work and life in the 21 century (Kivunja, 2015;
essentials. for Sczlst Century Skills, 2009; Wagner, 2008). It is reported that
Pal’merShlP t?or ential for an educated person to master the literacy and
although it 1S e:s live a meaningful life in the 21% century; individuals must
numeracy Sklusl Okills such as critical thinking skills, creative, innovative..afld
acquire essen't “ Skills Others are collaboration, communication, adaptability
problen?-solymg S (Trilling & Fadel, 2009). Trilling and Fadel (2009) grouped
;‘1‘3 Siilttji;lstg;?;nw four domains, as presented in Table 1.

quired to be an educated
se referred to ag reading,
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Skills Domain

 ronty-first Century b
Tﬁbl”Mntial Skills x

“Main Domain - Reading
~Core Subject SKIlIS Writing

Numeracy

B A eerr e | R itical thinkin T
ing and [nnovative Skills Critic g \

LeamnI Creative and innovative
Problem-solving
Communication

Teamwork and collaboration
Adaptability and ﬂexibility
Leadership and responsibility
Self-direction and initiative
Social interaction

Productivity and accountability
Self-reliance and career learning
ICT literacy L g
Computer literacy

Information literacy

Media literacy

Career and Life Skills

Digital Skills

Adopted from Trilling and Fadel (2009)

The partnership for the 21* century identified some of the 21* Century sk
listec! in Table 1 as super skills. These super skills include critical thinki;S
creative, collaborative and communicative skills (4Cs) (P21, 2015). Sax ;
(2(?15) concurs that 4Cs are super skills of the digital era. Kivunj;l (2()?;a
opined that graduates are expected to graduate with these skills in addition tg
:ll:: ;ﬁf to compe.te fa\{ourably in the global market. Therefore, in this chapter,
century skills will refer to the 4cs. These skills are discussed as follows:

Critical Thinking Skills

There is .
essential ag:)::lnzzzsdisca?ong e_ducatlonal stakeholders that critical thinking is @
De Cock, WeldeSlassiae K]ij? (Li & Payne, 2016; Mapeala & Siew, 2015; Tirunch,
on the meaning of crit,icale nl’l& J-ansser.l, 2017). However, there is no consensys
higher-order thinking skillst IT;klng Skl.lls' It is seen as thinking that involves
2015). 1t is considered ag 0(:1e a;l?lf}s;;ng, evalua.ting and creating (K%vunj’ﬂ,

super skills because an individvdl®
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sure of success In education can be determineg b
med ” valuate and synthesise available daty Y
3 C
analy P 2015; Halpern, 2014), make an inf,
s med deCiSiOn

(A kind is conti
wally: pumankind 1s con !.nllally challenged with
(}lot addrCSSCd~ such as climate change, environ n
mu;ur / utilisation, and control. On the other han d"}zzt
c,:p[oyecs o CO; St;"::(lifhcgf'“‘cnged by the demand for innovative
el clic .ts. .To C'E]ll o esc problems requires students and p(;OdUCtS -
critical thinking ski - _oweve-r, lf:lbour market employers observgrfl i
ot duateS' level of (?l'lth.al thinking skill is unsatisfactory (Caz that school
parrin on, 2006; Kivunja, 2915; Wagner, 2008). In particular ner-Lotto &
at all levels of education demonstrate a low level of crit’icsatluctl}?'n,:i in
Inking

e

arzcctcd problemg that
€gradation, povert

mpanies, industries, ar?c’i

Nigend < . i
, 2013). Therefore, there is a need for a paradigm shift in teachj
ching

5](1”5 i
o Jearning that will improve learners critical thinking skills.

The economy O
the product of ¢

fthe 21° century is driven by innovation, which could be

reative thinking. Thus, creativity is the ability to develcjeen g

deas 10 solve problems or create products that will benefit society. Cregtirxl:i:w
ations that open up the opportunity for greaf jobs and solve complg

spurs innov
(Saavedra & Opfer, 2012). Example, the grab car employment

challenges
market, can be seen as a product of creative thinking in the 21% century
According to Torrance (1966), creativity is the process of being sensitive to the

existence of -2 problem, disharmonies, gaps in knowledge, and it involves
searching for a solution, hypothesising, testing hypotheses and communicating

findings.

Therefore, creativity is di
dimensions of creativity inc
select from), flexibility (ability to

viewpoints), and originality (ability to
1950; Kim, 2005; Shively, 201 1). It is observed that instruction focusing on

creativity has positive impacts on students’ achievement and on individual's
experience (Jeng, Hsu, Xie, Lin, & Huang, 2010). It was advocated that creative
techniques should be infused into course content (Wu, Siswanto, Suyanto,

Sampurno, & Tan, 2018). Literature has reported that students are deficient in
£ the super skills of the 21%

creative thinking skills even though it is one ©
century (Cheng, 2011). Furthermore, there is limited research on creative

vergent thinking to produce new ideas. The
lude fluency (involves generating many ideas to
look at a problem or question from different
generate unexpected ideas) (Guilford,
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D |

cially in the developing coun
especl

‘ 4
e il this chapter. the
kills among Smdc o mgtlvatlon of ;
salang SAHEE - hence,
thinking de 2011):
Jaoudt
& Bou | |
i o hnologies calls for ¢
pication on and digital technolog he

. e
. information couq be |
cation so that ideas and
unic
ive comn
effectty

Cry
‘ve communication has been r.cpor.tcd to. be ‘ :-t%d
i, Effcctlvc tkplace, business and family life (KIVUnja,
ocri;‘; for success In the \:;; sharing of idea_s, questions, thOUghts and fin din
tCa;mmunica\tion m\:?l‘:lstury is regarded as the information and .Com.muniCati Ez
effectively. The 21 hcas highlighted that effective commumca.t.lon IS ity fo
age, and 1it€rat“r°b th in the classroom and real-world (Muijs & Reyng, i
students’ Success (;’ rald (2015) opined that communication j one of the 4Csj
2011; P21, 2014).t Seshoul d be taught how to communicate correctly, concjsely,
Therefore, ‘gra:ra eand courteously. This can be achieveq by integrating
Cleaﬂy:lnif:;;ﬂi;ﬁemed contents into each instructional unit to Provide stuqep,
comm

ith the opportunity to communicate their ideas and findings, Th;g could b,
Wi

achieved through project presentation, group work and findings from Studenty’
research.

13)

Collaboration

classroom instruction.

Research hag highlighted the need to asgigt students in developing 21 century
skills: ability to think Critically, Creatively, collaboratively, communicative,
ability to integrate knowledge, ang deeper STEM content understanding as we%l
3 technology literacy (Fullan & Langworthy, 2014; Kivunja, 2015; Saputri,
Sajidan, Rinanto,

Afandi, & Prasetyant, 2019). Given the preceding, however,
Trilling and Fage) (2009) % at all levels of education are

Cported that student
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Foient in these skills, as highlighteg in T
d? STEM education graduates could he mea
0

o skills and how well they can ad;
thes® °

- S of the twe
cC
tudents in developing 21 Cengy

ﬂh‘c ; 'I‘lliS il .

. $ thy el
sured by heiy e hat the Quality

To assist § ; . ry skills, there must be

hift in instructional approach from the traditional learning epy;

‘ ironment ¢, 4y,
e

qew leaning Cf“’im"mcm' In support of this, Bjj| Gates stated thg »

compare our high schools to what 1 sce when | am travelling abroz\(\llv t;Cn I
ferriﬁCd for our Wor‘kforcc QF tomorrow" (Mundy, 2005). He advocat’cd E;m
change in the learmning environment and approach from traditiona| to 2?:'

learning environment. Similarly, Kivunja (201 4) advocated for a paradigm shify
from the behaviourist to the constructivist approach.

a Paradigm

Learning Paradigm .

A paradigm of learning provides us with an understanding of what learning is
and the processes of learning. This implies that it assists us in identifying how
students learn and what is expected of the teacher to facilitate and create a
learning environment that will enhance meaningful learning.  Learning
parading have evol\{ed from the behaviourist to the cognitivist and to the
constructivist to explain how learning takes place and how teachers can

facilitate it. These paradigms are supported by the behavioural, cognitive and
constructivist learning theories respectively.

Behaviourist Learning Paradigm

Learning occurs as a result of the interaction between stimulus and response.
The behaviourist places emphasis on the role of the environment in learning.
Forces in the environment influence learning, and it is reflected in terms of a
stimulus (cause) and response (effect). The proponents of this theory inc.lude;
Ivan Pavlov, B. F. Skinner, E. L. Thorndike, Hull, J.B. Watson, to mentlol.l a
few. This theory encourages teacher-centred instruction, and tl?e learning
outcome focuses on facts and memorisation (Jonassen &. Henning, .199?).
Instructional practices based on this learning paradigm domlqate the Nliena.r;
classroom, especially at the university level. In support of this, the Aca emlt
Staff Union of Universities (ASUU) in Nigeria urged the Feqeral Govgmn:'enn
of Nigeria as a matter of utmost importance to reconceptuah.se.the educa 1ont
system at all levels. To enable it to function adequately W1th1n. the preseld
realities within the context of the global market and the vibrant wor
(Okwoufu, 2014).
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fic and Cultural Organisation N
.+ Nigeria. They reported R
ut learning 110 Nigeria . Yl lP : that N‘geria .SQ())
Id where meaningfu earning hag Pt o
s derachievement. Thje ; cseneq v
m resulting in unde SIS atgy - thy

‘ ‘cn{i
0 D o
O 0 C . .. i

;fBT’ia ‘T""Ca'izgzl Z)t:btt:aching. Hence, there liijisrtlczd fof 2 paradigmes(:s“
the didactic M€’ aral approach to the COl?StrUC pproach, Ty, | &rn'm
from the §chaVl0ti0na] environment that -w1Il p'r(_)motc .thc‘ dcv‘”opmcmo 21;13
theory and' mstrUT1 as adaptability, creativity, critical thinking, among o‘thcr |
century skills suc s;n TS dcvclopmcm-_ The constructivig; | anxre
- " hm:n as the most suitable learning paradigm fo 21 m'“g

. ! -Qe
environment 1S Sc(Thomas & Anderson, 2014). ntu,y

Jearning and skills

:tive Learning Paradigm _ .
'f':eg l;:;v;}nents of this learning paradigm see learning as the Iesult of the

construction of meaning by the individual learner. This r0(.)ted in Cognigy,
theory which focuses on mental processes such as habl.ts of mind, memory, 4.
problem-solving therefore learning is seen as a change in tl?e learners' Schemata;
existing knowledge, experience and. valvtle a lcamfar brmgs to the learp,
process, upon which new knowledge is built. Henf:e, 1nstruct10f1:.«,11 Strategies gpq
resources to be used must have the potential to stimulate cognitive Processes.of
the learner. Thus, STEM education is a practical area that the application of
cognitive theory is essential. Because STEM education is a concer With
producing individuals with abilities and skills to solve a complex tagk
However, cognitivism does not emphasise learning in a social context where
vital skills such as collaboration and communication could be acquired. In thi
learning paradigm, the teacher acts as a facilitator, and learning is student-
centred and active participation of the learner is required for effective learning

to take place.

Constructivist Learning Paradigm
Unlike the teacher-centred and textbook approach of the behavioural model of
instruction which focuses on factual knowledge and fails to enhance 21*
century skills among learners, the constructivist is a paradigm that emerg®
from ﬁ}e Cognitive theory. The strength of the constructivist model o
lt_r;it:l'uctlon 1S that it emphasises on an individual construction of meaning am:
o blsnfli %‘;:‘;gh;*z;ier Ihinking skills. The constructivist learning enVifznsm;Te
Students with te Oppo‘:‘tziifms o the construcivt theory, I pr(.)Vl eut 0
Y to explore, perform an experiment, think 0
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ihe box to find meaning (Bullard, 20, 201
the constructivl i .Ica""“g enVironmen; inclg)‘ o
Icami"g’ ThlS lmplles that the students . ude;
jannings delivery and assessmen The {e
leaming while thc- teacher acts ag 3 facilitat
actively engagefl in the learning process,
pands-on and n.lm.d W activities. Thirdly, learnip
context, and this implies that students gp, g should

significant elements of
firstly, Student-centred

nsibility for his

or. Secondly, the learner should be

and this could

Empirical l.?indings_on‘the Constructivist Learning Environment

A glean a-t l.1terature indicates that there are studies that focused on the effects of

constructivist approach on various learning outcomes in several STEM

disciplines in some parts of the world. The studies include Kwan and Wong

(2015), which concluded that there is a positive relationship between

constructivist instructional environment and students' ability to think critically

when cognitive strategies and goal orientation serve as mediating variables.

Ilyas, Wasim, and Rawat (2014) reported that students that learned using the

constructivist instructional approach demonstrated significant and positive

learning of fractions. Similarly, Oludipe and Oludipe (2010) investigated the

effectiveness of the constructivist instructional approach on students’

achievement in Integrated Science. They employed a Quasi-experimental
research design. The constructivist group performed better than the traditiona}
group. Findings also showed that constructivist en\'monmenF enh.anced students

attitudes and perception toward the nature of Science (-Snde.v1, 201_3). It was
also reported that integrated STEM instructional rn.atenals (1§TEM1m) whl_ch
were characterised by the constructivist instrflctlon.al env1ronment,m3<;$:
participation, learner-centred and  group d1sc'uss.10n ?eella)etlzer sthan the
understanding. The iSTEMim group per.formed Slg;lﬁ;fnitsyalsi reported to
traditional group (Yaki, Saat, & Sat.haslv.am’ 2c(l) 1 ti (Nareli & Baser, 2010).
improve motivation to learn among umvemt-y i ;nl arning could be the right
Therefore, employing this approach to teaching anc &

step in the right direction.
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on the constructivist approacy,

tio ,
Teachers should % "o critical hinkers, Prov'© ers, collaboragy,
cacher®* 0
could enPle StIJdem;f:dra and Opfer (2012) accc?ntuatt.?d that educatorg ,,, M
municat® i students through mterd!smplmary and e, 0
: I of teaching genetics to students 'te:l‘life
» RC

n
make 1200 e; InS
. mstanc ) ) o :
applicatlons. Fordelian genetics and how 1t plays a significant role in mode oy
| Men ructional environment that would enhgy, ling
¢

could m ; he inst
' ofore, the 1 .
T erised as follows: Ce th

pment of these skills should
. This is the integration of technology to lear ;
¢

r. Literature is replete with the Poteng
rm learning and assist learners in acquiring Televnal
ant

ills (OECD; 2015, Topper & Lancz.lster, 2013).' Technology coulq b
integrated as an instructional resource; this can be achieved through the yge of
specific technological applications such as computer modelling, compy,
simulation, digital animation, multimedia productions, and virtual exploratior
(Crippen & Archambault, 2012; Kelley, 2010; Osman & Saat, 2014)rl
Researchers are contending that technology has the potential to positivel.
influence classroom instruction and relevant to today’s learners because thz
resent students are digital natives (Jacobs, 2010; OECD, 2015; Topper &

Lancaster, 2013).
Real-world problem: Learning becomes relevant and motivating when it is

situated in a real-world context using 2 real-world problem; an ill-defined
problem that is relevant to the students” personal, social, community and globa
context (Bybee, 2010). The real-world problem offers a meaningful conteft that
engages students' higher cognitive skills, which would enhance the development

of 21¥-century skills.

:ftg(lil:r:)tora:tion: Inst-ruction should be designed to provide the opportunities for

commusnic:t “;'alk- in a group to define 2 problem, find a solution and

relationshipeb:tlv(iiengs U\Iilltl(l:))nal Research Council, 2012). There is 2 positive
en C : . s _

Pascarella, 2017). ollaboration and critical thinking skills (Loes &

be charact

of technology to transfo

Learner-cen : ;

project-basedtli::rr:il:lsm'lctt ional strategies: These include strategies such a5,

based, dialogic and gt’a:;rli igrated STEM'based inquiry, context-based, design-

strategies should be cha : as.»ed learning, among others. These instructiOnaI
racterised by hands-on, minds-on, activities, open-endﬁ
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m, authentic task and assessment -
’ b}

roble £ ) question; :

m()de“ing (FOrlUS, Kra_]CIkT I)CrSh[mcr‘ Marx, & l;%’ g]roup Pl'Ojects, and

tohlmann: Moore, & Rochrig, 2012; Teo, 201 9), amlok-Naaman, 2005:

tion: This employs formative fol;

EVﬂlua " port 0]]0 and ‘ 3 .
tegics- Emphasis should be placed on formative anzum":;‘VF evaluation

hich focus on the process of learning rather thath the portfolio evaluation

(National Research Council, 2012) product of learning

The Role of the Teacher in the Constructivist Learning Environment

In recognition of the critical role of the teacher jn the instmctional;le:'l it
was enshrined in the National policy of education that no education sps(t):;s i’al
grow above the level of its teachers (FRN, 2004, P32). The teac};ler is az
essential factor of the constructivist learning environment. In this environment
learning is student-centred. Therefore, the role of the teacher is to facilitate thej
learning process. This can be achieved by introducing the instructional unit such
that it will activate the learners' prior knowledge and stimulate their curiosity.
Example, presenting the instructional unit in the form of an open-ended problem
that is relevant to the instructional content. This will engage the learners'
thinking skills and influence them to think out of the box. Douglas, Koro-
Ljungberg, McNeill, Malcolm, and Therriault (2012) observed that open-ended
or ill-defined problem promotes critical thinking among learners.

The teacher could also facilitate the instruction by scaffolding the students'
learning. This could be achieved by providing the students with question
prompts, clues that direct the students towards achieving the goal and objectives
of the instructional unit. Motivating context, conjectures, charts, pictures among
others could also be used to scaffold students’ learning. Students' interactions
characterise the constructivist learning environment, as highlighted earlier.
Therefore, teachers will guide classroom interaction to promote shared
understanding through the promotion of constructive criticism and mutuz.ll
respect. Thus, the entire learning process in the constructivist environment 1s

113



ons from the facilitator. These drivin

to navigate the learning landsem““\
Capg ,
lb

iving questi
hamc[CﬁSCd by dr as8 for the StUdcntS '
c compas: he learning unit (Dass, 2015; Nationa|

il serve 88 © 7L s of . )
;:-Licvc the objectives her's role has shifted from the one thy tr;earch
: ho is a recipient to the one that assists the stug smitg

Stde

| 2012). The t€ac
dent W : ¢
to the stu h active engagement in the 21 Nitg tg
.Cenlury

aningful learning throug

Conclusion skills drive the economy of the 21* century. Consequenl
tly

Twenty-ﬁrst-centufy

the constructivist approaches or learning environment ~could DUrtyp %
development of these skills among learners. Th? paradigm  shify from the
rraditional educational practices to the constructivist approach to inSthtiq ’
could assist the education system in surmounting the challengeg of tﬁs
wraditional classroom practices. Thus, it is logical to conclude g, the
constructivist-based approaches to instruction could be a potent mode] thy Wili
enhance a more in-depth and meaningful understanding of STEM inStrUCtiOnal
content. It has the potential to assist learners in acquiring essential skijj; for

academic success, work and life in the 21% century. Hence, it has an implicatig,

)

for teachers’ classroom practices.

Self-Assessment Exercise
e Explain the components of the 21%-century skills

e Justify the importance of the four super skills (4cs) to the 21%-centyy

labour market
e What is a learning paradigm? Discuss the constructivist leaming

environment
e Explain the role of the teacher in the 21%-century learning environment

e Explain the rationale for a paradigm shift from the behaviourist to th
constructivist learning environment
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