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Objectives 4 e 215t century through integrated STEM
This chapter aims to discuss students’ 1catit :
education. The specific learning QbJCCt‘V‘?S 1nclud§n ents
1 Bxplain 21% certtury leammgf a}]:d zltf"cgemntpury skills; core subject skills, learning ang
2, Highlight the components of the 21 -

innovative skills, career and life skills, and digital skills

ts' learning for th

3. Explain STEM education .

4. Explain the components of STEM education

5. Highlight the integrated STEM apprc:tach

6. State the role of the teacher in the 21"-century classroom
Introduction

The quest to help learners develop knowledge and skills that are relevant to the 21* century using
innovative instructional strategies is at the forefront of educational discourse globally,
Innovative strategies that have the potentials to develop the human resource needed for this
century. The human resource that responds to the environmental and economic problem of the

world through scientific reasoning, critical and innovative thinking. These can be achieved
through the adoption of instructional strategies that can be
skills. However, the observed educational delj

strategie§ dqminat.e most classrooms in dev;?;?gazgut:;;:cslﬁéingsle‘lﬁldltl.onalh!n}slt}uctl(Sn::ﬂ
lljower tninking skills (Olokundun ¢t al,, 2018). The world and the soclig‘f n:r‘: el\‘:olv(i)lfu and
R ey it g opelences and knowledge needed by citizens 1
the status quo in th ofednand work in the society mygt ] 1 is implies that
quo i the processes of educatig 80 evolve. This impliest

i ;
the now and future with comprehensiye shll?s:l ::130;01‘;1;3: 0. The students need to be prepared for
clencies that wil] help them thrive in ouf

rapidly evolving 21%-century globa world
thr st .
Forum (2016) observed that because of the ough 21 ":'eirzt_ur}’ learning. World Economl;
» "L 18 Important to consider the w8

LI , re
education is being provided today and gee iy change 3 t
ance the process of education 0

enable leamers' transitio K better ways t,
advancing sustainable desei;room ol e world of oy Education j for
. pment and frontjepg of knowledge, o 01 18 @ veritable o
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require both pieces . i
| 15¢iplines of STEM, ﬁgdm“g solutions to these problem®
Given the proceeding, the glohg) econo 421 century skills.
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, ¢ has suggested the implem, .
theratur : : mentation of it - . .
ihe Jearning env1r;'n£ent. ?hat will equip leameresg;?'tf}? STEM Cducatl'on which could provide
L astitiaa, 2018, 1th the needed skills for the 21"-century

Kould, F27 . Retnowati, Riyads ,
nderstanding ofthese skillsbecomes a vitg) en?lt;;\igradl’ & Subanti, 2020). Providing more

ducation k

wenty-first Century Learning Outcomes
there i
mlﬂfallistt: flf: g‘l::l ceer::ulfy?%‘;(;czago)r ;c}l:.lc?tors globallyto engage students with learning that is
elc . ) - lhis1si : : ;
Io circumnavigate and take advantage of av;ﬁ;ﬁponse to the need to equip students with skills

' ' i er stakeholders,
classroom instruction and curriculum must not re ers. Therefore, the status quo in

. main. It is important to note that the demand for
21-st century skills and knowledge framework is built on the premix that education has failed to

prepare learners for the demand of the present age. Therefore, the need to re-engineer classroom
teaching and lf:arnlng to help learners develop 21"-century skills and competencies through 21"
century learning. Advocates of 21"-century learning believe that the world is evolving, and
Jearners must 1_33 prepared for today and the future through meaningful and deeper learning which
emphasize skills such as digital, critical thinking, creative, collaborative, and communicative
skills. Others include adaptability, flexibility, and problem-solving skills. Furthermore, skills
such as empathy, social and cross-cultural skills, accountability, and leadership, among others. In
addition to these skills, students should also master the content of science, technology,
engineering, and mathematics because STEM content knowledge drives innovation in this
digital age. The 21"-century framework is highlighted in Figure 1

arning Environments

Figure : 21st Century Skills Framework (P21,2007)

ordingto partnership for the 21"
Jearning and innovative skills,

i 4 ing acc
These are key elements that can qualify 21"-century learning
ehi ghlighted intable 1.

i jects,
Century (P21, 2015) which include; emphasis ;}1}1 c:refi :;zjnctcsz %
o Infol'matiOn, media, and technology skills. Thes
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Table 17wenty-first Century Skills Dom — i Skllls\
“Main Domain ______ o B4

Core Subject Writing

Numeracy

Critical thinking ~ ———__
Creative and innovative

Problem-solving
Communication

Teamwork and collaboration

L]

L J

L]

e

L]

o

[ ]

[ ]

o Adaptability and flexibility
o Leadership and responsibility
L]

[ ]

[ ]

L ]

L]

®

[ ]

[ ]

Learning and Innovative Skills

Career and Life Skills

Self-direction and Initiative

Social interaction

Productivity and accountability
Self-reliance and career mg\
ICT literacy

Computer literacy

Information Literacy

Media literacy

jnfomation, media, and technology skills

Adopted from Trilling and Fadel (2009)

TT;venty-ﬁrst Century Learning Environment
¢ quality of the classroom environment is directly proportional to the qualit i
] y of teaching and
leammg. Fras_er, (2018) observe;l that classroom learning environment has a strong posgitive
correlation with students' learning outcomes. Consequently, creating a conducive learning

environment should be considered i ;
and lifein the 21" centary as an 1mportant endeavour for preparing students for work

Creating a21"-century learning environment gh in wi

_ ould ishi
teaching and learning in the 21 “-century. Perlman (12)8%1013 v:;th SR e
could assistthe present learners to acquire relevant skil]

1. What curricular materials and activities

instructional environment that foster 21"-cent, pedagogy, technology, assessment, and

2. What type of learning assessment th “eentury instruction?
3 learning outcomes? at enhances studentg' Cngagement and 21°"-century
- How will the techno] i
learning envi - o8y beintegrated to Support
g environment? Pedagogy and assessment of 21°"-century

4.  Whatisthe nature of the
5. Whataretheroles of the teacher ang th

Therefore, there is the ur
teaching and Rectlie 1 gtfl:tznﬁfd to move away from the st i itional
T S gy Opfor (2012)(:5;;:3 Instruction Which yjitﬁS-Quo In term of the tradition

solving economic civie, and e " help learners acquire relevant
§ 4 | we g
globa] challenges and to engefltlg?l,legz lfgt'cent'ury skills are the ke)t/; t::
CHectively in those spheres, the




/_. N
ove| Practlces in Education

we must &

ctupon the belief that ygip, th ,
mmended the following fi 8 ose skills to overhaul our education s

or teach; : ystems is possible.”
hing and learning environment in t i

he 21"-century;

.
; Help learners develop thinking skills (cri

A ro : . :
learnersin higher-order thi oking ekitls aches and instructional strategies that engage
;  Encourage transfer of learnin

Encourage metacognition among

4.
5. Integrate relevant technology to enhance instruction

6. Adopt multidisciplinary instructiona] a ,
learning, integrated STEM approach, pproaches and pedagogy such as Project-based

7 Proxlf;de thedopportumty for :stydents to collaborate (peer tutoring, team-work, pair
teaching) an communicate theirideas and knowledge with each other and with the teacher.

8. The Fcacher f&’.l.C-llltateS the learning process through driving questions, open-ended
questions, provision of clues and moderating the collaboration between the students.

Similarly, given th.is, The National Governors Association (2008) suggested the need to focus on
global best practices and policies that have a high impact with regards to human capital
development relevant to the 21-st century. Some of these global best practices with regards to
STEM education include:

I. Reforming the curriculum using international benchmarks and standards especially in
science, technology, and mathematics for secondary education level to ensure that students
acquire knowledge and skills to compete effectively in the global market.

2. Developing a mechanism that will ensure that curricular, textbooks, digital resources and
assessment among others align with international standards and benchmarks.

3. Ensuring accountability through adequate supervision, and monitoring, among others.

4. Ensuring adequate recruitment and development of teachers _ |

5. Evaluating the performance of schools or education system by juxtaposing the a.chleven_lent
of students with the international context to ascertain that the knowledge and skills acquired
will enable the students to compete favourably in the 21%-century global economy

(National Governors Association, 2008).

ch experiences will include integrated STEM

E i ill provide su
xamples of such strategies that Wi’ P designed-based learning, and problem-based

approach, project-based learning, guided inquiry,
leamning, among others.

%_gentury learning in STEM education is relatively
3 forefl::e :.nd m?thematicgs educatio:_x. STE_M education pas
order thinking skills, creative S.kll]S, and critical
ned that STEM education equips learners with
omic and environmental challenges in the world

i . Probably in
€cause it has the potential to develop thcdhtlillman r?zth:"c:: ;:izii?zf%r ;h%sé :;l:;gation o tl):eir
'cognit i ountries around the Wor : Harwell, & Peralta,
National gge?xfd?fé;;:g%ﬁy developed countries (Guzey, Ring-Whalen,

On_c of the recent strategies suggested 10!
aninnovative and most vital reform 1n Scl
the potential to enhance students' higher-.
thinking skills. Ritz and Fan (2014) op!
Ompetencies and skills to address the econ
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— tion : q
erica, STEM educd best economies globally (F, genhda l
2017). In the United State of Am t as on EM education 18 the focus Ofpolicymaket ﬁl-,
that ST tion has not been glven the ergin

: D i o sompetitive SPOt &
provide the nation with a compe 6) opine duca -
2015). Winn, Choi, and Hand (201 ) OF B % keholders in developing Countﬁgeeded

-theless, :
many nations in the world. Neve! r cducauonal. stai the countries quest to deVelop > Ay
: licymakers and other €CUC® 1. o in d for thig op. > STR
attention by policymak have grave 1mp arket. Hence, the need for thig Chapt M
Nigeria in particular. This tl“?&;ctively in the globalm er,
workforce that will compete

' . the director of the Nationat « .
T STER Al eariom sty wan AR Judlthggli]\l,li‘gon 2001 — 2004 (Nationg g’zlience
1€ educalio urc :
Foundation (NSF) Education and Htl;,m?gatli{s;gl gcience Foundation used the acronyy, Y c;
€

: fe 14 archers re
Foundation, 2012). Before this time, logy). Some other TeStali 16 Porteq

) ; T chnology - th

(science, mathematics, engineering, and t€ ducation acquired its name and h:t

_ ; F), ST EM e : .
through the National Science Foundaﬂ?(?r E’tispe)rceived potential to 1mprove K-12 e’du%ltions

: , 1d . in the discipline
gained prominence all over the wor A ctional process 1n PInes of STgy .
STEM education is seen by researchers as the instru of the goals of STEM education s nurm‘;;

on fntegrated manner (Kennedy & Odell, 20V, W5 ity to identify a problem, Provige,
ate their findings that is evidence.byg, d

a society that is STEM literate with kn(gWIedrgneu?l?c
i i lem a_n Com . i
possible solution, solve the prob M disciplines on the economy, environment, 4y,
8¢,

Create consciousness of the influence of STEM disc! : ~
quality oflife, as well as the willingness to participate in STEM-related issues and discour

i | : iscinli hich will minimize the prop)
Exhibit skills, attitudes and knowledge of STEM disciplines w Cm of
workforce needs in the evolving nature of the global economy. Reduce the shortage of STEM

manpower and educators around the world (Kennedy & Odell, 2014). Given this during ,
International Council of Association for Science Education (I(CASE) wqud conference where 34
countries were represented. A declaration called the Kuching declaration was made calling o
researchers and other stakeholders in STEM disciplines to consider as a matter of urgency the
need to equip students with skills to be global citizens (ICASE, 201 3).

Improving STEM education instruction that will break the barriers of traditional classroon
ucation drives innovation (Kennedy &

practices is a global phenomenon because STEM ed
gy and knowledge-based economy have

Odell, 2014). Worthy of note is the advent of technolo
made science and technology innovations essential elements of competing in the global market.

Itisreco gn@tion of this that President Obama in his Educate to Innovate initiative declare the need
for the United State of America to focus on the ability to think critically, problem-solving
collaborative abilities among the 21st-c entury workforce (Dejamett,

higher education in STEM careers incre iy
v s ’ ase . : .
disciplines. their interegt and motivation in STEM-relé!




of the ma_ior yoals of ‘
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I i-t,.;qimmls do in their dally ;
olver

od i e classroo o
" quired in th.ﬁ s ab ; 1111 o a real-life Situation, | rudents to be
;nﬂﬂ"“cd choices i: ((i)ut the eNVironme ¢ geneti. ]n areal-life sityg
.cuﬂomy' These stu Cl‘lt§ may be able to sy “d ly mod
. dto STEM education Con Ceessful)

cdueatinn 1S to m

: ake clasg
o 18 Mmay hcip 8 SSroo

m learning similar to what
able to transfer knowledge
' tion, students need to make
ified food, scientific policies, and the

XpOS€ : : S€quent] y p?ni‘:ipate in these choices if they are
:ﬂ in[chﬂth instructional apprOaCh. Y, STEM educatlon is implememed inthe classroom as
(onlp"“e“ts of STEM

education has the potent;
STEM & et b ontials (o help | Lo .
lh'inklﬂ%{ ngld\;’l C;(‘)T;T)U%:WG, collaboratige, allrgfl:)r:ogf;gl_ggl\t}i‘:lnill?% skills suc};has Cl;?]f::
i Sty VTS derved ont e TS gy o e i
:][:athematics practices and technologiczlcormp?nems of science and engineering practices,
schillaci, & McAuliffe, 2015) Practices from Literature (Parker, Stylinski, Bonney,

12 science education is made up of

) A em, developing and using models,
planning and carrying out Investigations analysing and interpretir?g gata, and dgrawing a

conclusion (National Research . : ik .

: . Practices of scientist and engineers are
disoussed togethehr because they are very similar (Parker et al., 2015), In this study, thf following
science and Ipat ematics concept will be applied in engineering design. In this study, the

, for instance, the emphasis on technology
is on how to solve problems using hands-on tools, In this study, therefore, technology is seen as

an instructional resource, its applications will help to deepen students' understanding of STEM
by promoting active student-centred learning. As an instructional resource in this study, it can be
achieved through using specific technological applications such as; computer modelling,
computer simulation, digital animation, multimedia productions, and virtual exploration
(Osman & Saat, 2014), The success story of STEM education around the world defines
technology in STEM as information communication technology with regards to materials that
areused to scaffolds learning (Parker et al., 2015).

Techno] employed in the teaching and learning process in genetics coulld help
leamersc:ige)\(r;(z)rgggirtlii;tlsthinﬁinz skills. This will help students apply kpowle_dge and skills in a
real-life situation as against students reproducing v».rhat they have le‘amt in tradltlonal.c]eissrogms
(Jerald, 2009). The use of technology as a learning resource will enhar}ce ger:jet:ic eqrmng%
defining 5 problem, formulate hypothesizing, generating data, analysngghartlt rﬁw;nrg;e:d
conclusions (Stohlmann, Moore, & Roehrig, 2012). They further observz tha ;?3“?;3 o
Materials in integrated STEM approach to help learners carry out halmd s-cl);:l tarIOt e e
i % dipee e ey arailalbul: (z:ra:'?bpc::rvdl SZ(:;n:;l;Ll:::?itl)?lC;:;peérs and Styrofoam,
Measuri i ion tools, ; ,

siz:ls; r‘:}?egsg c;zz:;a‘f: r:ztr:;:rt;;nan inveftigation to solve the problem, learners get a better

an ' ing, it is important to note that teachin
Understandi hnology. Given the foregoing, i

ding and use of tec 4 o=
e
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and learning process may 1O meet the YEIrU sze gTEM professionals use S ¢
advantage of the 21st century's technologlics: eca SOme thhakin
real life to work. ii
ing some of the compongntts gf the STEM ¢
of how an individual knowsg I‘:mp()nen
) SCaff ty

ting and adopt

t emphasizes
aracter1z€

the process

o inds-on activities whicy ol
ehe 3

ds-on and mi1
motivate the students to think g N
SClthiﬁ gage

1 the 217 century, such as criticy by )

The justification for adap
and practice is because i

]Student-centred learning that is ch ;
earners in quality learning. These practices

dew?]opmg skills that will make the individual thrive 11 : Ys St
and innovative skills. It also motivates students to lear™ because learning is student-cep, lnki“é
re

instance, defini Vi tions stimulate curiosity and en :
deducti b prgblcms & B ek kills employ to have a £48¢ the gy,
: ction and analysis, which ar¢ critical thinking SKI1 P | Proper undery, Se ¢
of the problem and how it can be resolved by employing the most appropriate solution ingj ing

quali_tative analysis. Hypothesis formulation is an 1m process OfiI.IVEStigation becg, ®

p{)OV'ldes the route to navigate the problem through data collection, which can be f:lna[cause t

obtain results which will provide the yar cluding. Model cC'ns'fl'lltztios y
nj

far dstick for con
damental tool in teaching and learning science beca mplifies the complex ang ab 33
st
o

use it s1
concept for better understanding as well as help 1e

arners investigate phenom
. . . i . en
education is implemented in the classroom for teaching and Jearning as an integrata‘ 3K
approach. N STEM

ggzclﬁliglneering (E) in STEM Engineering 18 the application of science and mathep,s
e 111) es, concepts, and theories to designing a product or process and modify existin Mateg
uman needs. The engineering design process (EDP) is iterative. The EDP is mg Ones
help an individual think out of the 111 u?}}?f

- g

:f;’eé‘glhphases or steps of an iterative process that
ges have been presented severally by researchers; identify problem, brainstorm, deve]
1 Serelon g

1id
= lfr?; ccrre;t; aplan, develop, anf;l test the prototype, improves prototype (Lottero-Perdu
& Pettitt, 2013). Imagine, design, create, test, and improve. Think, make an:l:"ROIand’
’ ’ 1mprove

(Martinez & Sta it
ger, 2013). The engineerin desi i

latf . g design process 15 a roblem-solvi
platform that will help learers have a deeper understanding of gomplex Sacl;l:tlrg%tprocess, 2
Concepts,

enhance understanding and the acquisition of 21 *_century skills.

The Mathematics (M) in STEM is made u i
: , - p of a list of mathem i : :
;ﬁgjﬂ ?;u%{;eszilgl g;nqg all:uroblegl-so}ving and deepen their igzzlrslz;?;ltil:es tfl‘lat L
solving them, reason in anfllactr practices include; Make sense of the problem gn% s
s reasoning, e partic's act manner and quantitatively, construct argument peésever"j in
strategically, Attend to precisl'pams ((;r students, Model with mathematics, Use a e
the mathematical componentlsosrizll) arsn &k:k?;(:lf;sm}ctures (Rockland et ;1., 20 I%I;nl)g;a;tse\;?r)llz
and quantitatively (statistics), construct argurigntgheaflrcl()bcilelr:s,ti}iiast(})ln kg 1;1anner
e reasoning of other

participants or students and use appropriate tools strategically.

%tegrated STEM Approach

e basis for STEM int ' ion i

ntegrated instruction is built on the premise that individual or si le subjec
idual or single su)]

able t0

learning provide unconnected f:
acts, concept oy
transfer the knowled i : pts, and principl
fenand instrvicticn obsiiv nglt«:;ll;&:ctl in tl}e classroom to a reallil?f?ets}jiatlz Stt'u demseray et
especially in real-world cont eaching and learning STEM disci ation. Proponents of STE™
ext will enhance students' meanjnglififll }ljllnes in an integrated I;l)ﬂmef
earning (Pearson, 2017).
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¥ tegrated S. ation g : _
Tl.10111t111e inSt]‘UCthn of the indivi(ﬁfglogi(:h PS a_n Instructiong] approach that i tintended to deal
Wil ated manner or collectively (ygur? NES, but e o

gger, 2010), Te STEM disciplines or subject taught in an

',ﬁﬁl ; ' :
7 nologY; engineering, and Mathematicg aching and learning in the field of science,
tev sciplinesand to a : presented

GTEM discip real-life conteyt, enhanced the transfer of knowledge across

. tegrated STEM educationg]
The m_tce : - -atonal approach is a holisti
ks the different discip] a holistic ; ;
::geds of the 21° centllrl; l\r:;lsi(tzﬁg'ether ot leanz?lrgogzzc:?ngarc;g:/gar?tn So]f;;rl];z%nt;:t'
education approach, Th:are is alf lli(lme with the characteristics of the integrated STEM
should look like. However, from l?fera?i agreement about how STEM-based instruction
integrated STEM-based instructiop: re, the following may be considered in designing
Students learn an instructiona] Con’t

" discipline (Kertil & Gurel, 2016); ent of one or two disciplines in the context of another
dSTE ; ; ,

3 }?:fliz‘:tfnvolvel\:lfgz?tllirllltii?:riigf englln eering design process (Dailey, 2017);
~ project-based learning environment world problem, implemented in a problem-based and

T2

ing shoul :
4, Learning shou d be Cha_lracterlzed by hands-on and minds-on activities which will target
both science process skills and Higher Order Thinking Skills (HOTS)

5. Use 21 -century tools, 2.lst-century instructional context, teaching and learning 21°-
century content and adopting 21%-century assessment.

Teacher Role

The ‘role of the teacher §h1ﬂs fr_om teaching to a facilitator in the 21"-century classroom. As a

facﬂltatm} t.he teacher is required to be able to understand the facilitating techniques and

characteristics of each student so that they can facilitate more individually. Learning that
prepares students for the challenges of the 21st century is done by teachers who understand and
know what to do (North Carolina State Board of Education, 2007), namely:

i) Teachers make learning content interesting, relevant, and meaningful to the students'
lives.

ii) Teachers with students build learning competencies that incorporate critical thinking
skills, problem-solving, and information and communication technology literacy
(ICT).

iii)  Theteacher facilitates learning by encouraging all students to be ableto find ways to learn
(metacognition), innovate, collaborate, and convey ideas.

iv)  Health, financial literacy, awareness as citizens, global society, and environmental
awareness become one of the learning materials.

V) Teachersreflect on learning, assessment, and provide adequate feedback to students.

Vi)  The teacher encourages students to lifelong learning by driving the learning process
through question prompts, leaning clues, encourage, and drives the process of

classroom collaboration, among others.

Conclusion ; :
This chapter focused on students’ learning for the 21" century through an integrated STEM

i i i i for the 21%-century
approach. Given the importance of STEM education for preparing learners e
labour market, it is of p%ramount importance to explore STEM education to position students

appropriately to take advantage of the employment opportunities. Hence, developing countries
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e s o  crea |“-century learning environp, gy, n%

compete favourably in the globa reating a 2 : : . tnt,
STEM-based instructional 3ppr9adgzs~r§f4 zducation reS?afC:i é;ncie'zlz;igiznggr}t’?h%l j:%‘
the Nigerian perspective, the basis01 2 = . cyement 10 S , ., TOUh g, Y1y
improve the dwindling student academic Sigélopmem of higher-order thinking skijyg "t ,

. tudents
pursuing STEM careers and fosters s .
hanged, there is aneed for t1'£un1ngt3ml_:l Telt;almng Onh,
angets .« The government should provige . Vi,
facili ing using innovative . tructional developments wh: ., Pboy
ilitate students learning using 0 date with current inst! : 0 s hich ooy
services to help teachers keep up ing environment. as recommengqy . ¢

- ing and learning ; : i - t
lt}:;ghg::?t :ﬁiifelzslo}zznutggﬁc:ﬁ;?uli be trained and Pm“ded witiThe IREMucinng Ma a

. i ated STEM approach, STig)g
to implement innovative instructional strategies such as INteEr

Given that the role of the teacher has ¢
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