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Abstract

Integrated STEM education is one of the essential areas of research in recent times.
H

owever, there is no consensus among educational sFakeholders‘ on the dginjtizlt]s a;:)cj
components of STEM instruction. Therefore, this article determined the Elem
the

i Module for Nigerian Senior
Development of Integrated STEM Insp-ucnIc;n:il :n 2 Dl st Hoss
Secondary School Science (genetics) Learning. ! :x g:rts were purposefully selected
(DDR) design was adopted. Ten science ,educat;?]sus was adopted to determine the
and participated in the study. Experts’ cons nal modules (i-STEMim) for sqencci:
amputenin uf e infigutiel BTELG WdMERNE e o o g
(genetic) instruction. The leaming_ Objecnzes’;nents and review of r‘elated :;3? Thé
S o dome adapied. from curl?l(':ulig:inus(i):g two rounds Of exp;r; "(!:2‘[’1: econsénsus
establis : ess )
The_fmal components werend of the survey showed 1}t:’.mftjIrst “ound subjected tot ?}z
findings from the first rou d the findings of the hir tify the items that ¢
among experts were eliminated an us was used to identt { rating scale which
i The experts’ consens 1 module. Four-pomt i interview and
Second-round survey. ded in the instructional m itative data, while
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ielded a reliability of V.70 was data.
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Introduction | _
The Science education curriculum has been undergoing reforms globally
ciety. One of these reforms in science

to meet the needs of a dynamic s0 :
education that will cater to the needs

education is focus integrated-based
Instructional benefits are associated

of learners in a dynamic society.
with integrated-based curriculum because it provides less isolated
science learning and provides more opportunities for meaningful

learning experiences (Moore et al., 2014; Puspitasari, Herlina, &
Suyatna, 2020). An example of integrated-based instruction or educ:;tion
is integrated STEM education. Similarly, instructional benefits of
integrated STEM education have been reported which includes positive
:ﬁ?nr;(x;ng experiences, enhance achievement, assist students to be critical
think dris, 1:ndov;t(<)>lrz, and problel,n-solvers (Morrison, 2006; Sahin, Ayar
& Ad 5;1 © ’sim'l ). Students’ experiences with integrated STEl\ff
education is re]l ar to the way STEM professionals solve problems i
| evant to their daily life. Given the i of
integrated STEM education, it is essentia] t I S e
effectively guide students to learn usi o s e
Therefore, an instructional module that ?Vg'llmtegramd g
; 11l assist teachers to implement

knowledge to im

! plement

t]‘3¥ov;rn, Kinlaw, & Cappiello
Instructional module to assis;

ach' (Enghsl'f & King, 2015; Nadelson et

38'11361\)/1 Ieducatlf)n (Rinke, Gladstone-
teach. nternationally there is lack 0
¢ €IS to implement the appro

» 2013; Osman & Saat, 201

because ig, 20 2012;

ls, g pohers were tra 12 't’er h‘;prob]em is further W(;rseneci
ach science subjects in isolati

jects in isolation
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Jia we 1y the need 0 prepare inte
Ve (here f‘\‘ ol | l| are-an - integrated §7y
e gt “s Ve \ A
o o dssist (AL 0 Implement this approach
pe lack of integrated STEM education -
I e could affect teachers' self-eff; structions
, rachers ¢ ers” self-efficacy (tenc

‘u“ W acae N YATRIL] 't b1
- capabilities to influence positive students' learning

v

| module 1,
hers' belief on
. M oducation i‘n {hc L‘|=l-‘§i‘t\t\lll (Stohlmann et al,, )2(‘)(1'2I;"';Icmnl
;usmlt‘li\““‘l malm:ml 18 one of the mns! inllpnrlnnl factors that l;hu)i :'::’IJ:Y
afluence teachers sgll-cﬂncncy and effective classroom practices y
Although there 18 & cONSCNsus on the role of the teacher in ul§'l'|.-M
hased instructiop as a facilitator while learning is slmlcnt-g:cnu:cd-
powever, there 18 .dlsagrcﬁzmcn.l among scholars about what quuliﬁc;
STEM education instruction in the classroom (Honey, Pearson, &
Schweingruber, 2014; Stohlmann et al, 2012). Garnering from
literature, integrated STEM education could be in any of these forms,
\carning of a small content area of one STEM discipline in the context of
one or more STEM discipline. Learning science in the context of
engineering, technology, or both (Honey et al., 2014; Kertil & Gurel,
2016). Learning content from two or more STEM arcas that is, learning
the contents of engineering and mathematics (Kertil & Gurel, 2016).
Integration among the four STEM areas and organising instruction
around a theme or big idea where a relevant portion of STFM areas are
integrated (Bybee, 2010). In this study, we focus on learning in & P
area of science (genetics) in the context of engincering and g‘jg"t:%
engineering as a prominent theme. The rationale for e T,
engineering as a context for science instruction lnc.ludc B tegration
component of STEM education and provides he basis for the 1n1¢&
gineering drives complex and higher-or

providing the opportunity for students to define the probler™:
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provide th
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Demiral, 2018). oumel
| thinking and problem-solving skills are vital for

ce (The NGSS Lead States, 2013). Therefore,
ility to plan and carry out an
sign solution, evaluate, and

could foster their ability to

understanding
highlighted that critica

effective learning of scien
students are expected t0 demonstrate the ab

investigation, collect and interpret data, de
communicate the findings, these activities

think critically.

Genetic Teaching and Learning
Furthermore, a gleaned at literature indicated that genetics is a difficult
concept to teach and learn (Atilla, 2012; Williams , Montgomery &

Manokore, 2012).
uhic};hl's coluld be attributed to the multidisciplinary nature of genetics
' involves some aspects of mathematical ili i
. KA . peCts _ probability with i
flgpi:;a;:;on in genetic engineering. This probably suggests tl?é best w;ts
lbrrag glgnetlcs will be through the use of interdisciplinary O)I/‘
- cf))nlnary approaches. Therefore, the understanding of th
S e students acti ' :
g:cvll ousltrature has reported that the ac 1:1ively in the learning process.
¢ learning process enhanced student i engage.ment of SEEqsHn
%;netlc concept (Yaki, Saat SathS 'understandmg ey
” ZWuently, some of the elem;nts t ?)swam ol Zukidi, 28D
inhciftzzje nded problem, hands-on acti?/'t'e empedded ST
i Sti :nd tho Bthentic task couldl ies (simulation of how traits are
ents to understand. make abstract concept concrete

] the m ' 1
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" Stude Ve
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rticle includes, determine the need f(;r theerefore, 'the
m't;:Mim for implementation among senior secondgspasra]:mn
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dents. To guide this study, the followinggre‘::::rl(?}r1
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Wﬂi s WeTe formulated.

what 18 the need for the preparation of i-STEMim for

ilm,lmnentation among senior secondary school students?

_ What are the elements of i-STEMim that could enhance critical

iinking ~ SKills and achievement in genetics among senior
secondary school students?

411:"5‘

Methodology _
s of this study, Design and Development

To achieve the objective
nsus was adopted to determine the

Research (DDR). Experts' conse
components to be included in i-STEMim. Two phases were employed:

analysis, and design, and development.

Ten Science education experts were involved in validating i-STEMim.
The experts were drawn from the university, secondary school and
policymakers from the ministry of education. The experts are as

presented in Table 1

Table 1: Science Education Experts and Organization
__| Organisation | Number
1| National University of Malaysiﬂ,UK_Ml_,—————_Z_____-—
2| Federal University of Technologlhiig_ngﬂgilil 4 |
3 | Federal Government College @3___,__/—_2____———-
4 | Ministry of Education /L,Z_/
were four
holders and among them e

The
experts were all PhD 4 some of the

professors. The experts validated i-STEMim, an
were modified based on their suggestion-
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edures . volves WO phases adopted from the

ment an i m -
%s:r:rcnaratior* of 57 }a]g ihe need analys's: and the second phase
The first phase WS © e n eed analysis phase, four-point
4-point Likert type scale;

ADDIE- and QC\:elopmen:;)yzd " adopted
rating questionna! iy Needed ( ), Not Needed (NN), Strongly Not
) ach item. The questionnaire was

n experts and one expert In
ed and using Cronbach alpha
£ 0.76. Review of related
establish the need for

’ NN) was adop _
Noodor 1> science educatio
The instrument was pilot test

the questionnaire yielded a reliability ;) .
literature Was carried out and content and VAIE

cloping the instructional module.
dev °T°h'2 disign and development phase involves several steps. The first

e in this phase Was the review of related literature and content

stag : . .
analysis of curricular materials on the components of I-STEMim as

highlighted in Table 2

psvchometric.

ts of i-STEMim

{
|
l
i

Table 2: Componen

Description

s
i
|

" Learning Objectives

1‘
m

Components
These are performance objectives that learners

could acquire at the end of learning with the i-
STEMim

rlnstructional

1
|
|
|

These instructional elements adapted to be
embedded in the instructional module to engage

Elements
learners’ higher cognitive skills

Tnstructional Phases | These are phases adopted from the engineering

de_sign process to provide the context to learn
science and enhance critical thinking skills

Instructional Task ;l’hﬁsT ai'e the design-based learning task included
o help learners learn genetics and acquire criti
thinking skills acquire critical

The item
it bys :)lfeeaec)? component were subjected to two rounds of
components was a four_per.ts‘ The instrument for validating of the
Disagree (2) and Stron Il)()llgt' rating scale; Strongly Agree (4), Agree G),
comments and obs gly Disagree (1). There was a section for experts'
ervations. The items of each component Were
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cating q“cstimmﬂifc‘w . Neede ), Not Needed (NN), Slr()ngly Not
srongly Need® ' ed for rating cach item. The questionnaire was

‘:\TCCdCd'(SNN)wasag e education experts a“_d oné expert in
validated ® ilot tested and using Cronbach alpha
yielded 2 reliability of 0.76. Review of related
ent analysis t0 establish the need for

tructional module.
| steps. The first

The design and development phase involves severd
stage in this phase was the review of related literature and content

analysis of curricular materials on the components of i-STEMim as

highlighted in Table 2

Table 2: Components of i-STEMim

| Components Description

Learning Objectives | These are performance objectives that learners
could acquire at the end of leaming with the i-
STEMim

Instructional These instructional elements adapted to be

Elements embedded in the instructional module to engage

learners’ higher cognitive skills

Instructional Phases Thgse are phases adopted from the engineering
design process to provide the context to learn

' science and enhance critical thinki 1
o . cal thinking skills
ctional Task | These are the design-based learning task included

to help learners learn i
r enetics : .
thinking skills g and acquire critical

The items
validation by :’}feeae(;h ecrf(’mponent. were subjected to two rounds of
components was a four.p . T!le instrument for validating of the
Disagree (2) and Stron ‘i"‘g‘. rating scale; Strongly Agree (4) f\gree 3)
comments and obsen% y Disagree (1). There was a section’f I‘tS:
ations. The items of each compogénixzsere
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cted 10 the first round of (he
,-ul’.l‘C item. The results of the f Surye
of c‘jv and the findings of the ge
5111""":h Componem that w l

of ¢
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‘ Irst roun
cond Surve are sen

“OPorateq j ii'slf’f;‘abnqh th
‘M

. ation of i-STEMi
:-);c study adopted the phases of B?C'Lents
I‘)c\'CIOpn]an l;l?plcmcmali.on, and EVal an. arew:-
cach of this element is depen dcml::;tlon ( AD[SIAnalySiS
One

jincal »001). The details of
careys # - oI each phag

veed Analysis
his 18 the first stage in the ADDIE moq
aodule; aqd the need analysis is done toel to develg
and es'tabllsh the need for the insthtionu?derStand the
sTEMlm was to enhance critical thi;kilgodul?l.l The gog] of ;

SKills  and )

.yement among senior se -
achi condary school students. T aopien.
+ 10 achieve this

mstructional purpose, a need analysi

is an instructional need for i—STEﬁ?in\?giszgfﬂned to establish if there
o conduct the need analysis which could enhar;ceth‘l)lds were employed
Gall, 1989). F irstly, review of related literature wa: ;Oedr esults (Borg &
by document analysi§ and interviews; seven secondal;y l;(;t}fl’d, 1foll(.)wed
nterviewed in Minna, to gain the unders(’:gndsi(r:ll;nf)i

wachers were 1
instructional practices in the science classroom. The findings of this

stage are explained in the results section

C are
Presenteq ; - ’Carey, &

Design and Development
The curriculum content differs fro

ihe science instructional content an
ilso differ. However, there is a consensus
module. Hashim (1999) reported that goo
include instructional design elements: Jearn

try to another; similarly,
with regards to genetics
on the design components of 2
d instructional module should
ing goal and ol?jgctives,

tructio

m one coun
d syllabus

multimfedia materials, instructional approach, 1S analysis 0

eval}tatlon. The review of related literature an Olﬁt.eﬁ he items ©

curricular materials and textbooks were done { stab 12 s of th
bjecte two T

v
ach component. The components were Su

Survey as highlighted in figure 1
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| jterature Review

F’cmwul Anualysis
iISTEMImM Components '

|
r p— N
First round survey
First round findings
" _/
~ ™
Second round survey
Second round findings
k J
Final ISTEMIM Components

Figure 1. Flow chart of Design and Development

Data Analysis
Descriptive statistics were employed to analyze the quantitative dat
a

collected using four-point rating questionnaires for

analysis phase and the design and development phase. 'lr)ﬁzha;l;f e
the first-round survey was carried out, an item with the ysis of
per.cent'age of 75% and above was retained because they g Arerage
Whl]? items below 75% were discarded or omitted fror);] re needed
(Kasim & Ahmad, 2018). The round two surveys were barognd two
findings of round 1 during the design and development phase wec on the

Results

g::: ;l;gczls:dqf thl; artlc!e 15 to identify and prepare the components to

ey s;:t 1;1 TEMim. Thg findings of the study were presented

ol for e o e rgsearch' questions. Research question 1; Is there any

oy ﬁ eparation of i-STEMim for implementation among senior
1y sehool students? The findings are as presented below.
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from Need Analysis

il
Fl“d;(gzrts who were anonymous to each other we
0 OF  hich was considered acceptable. This Wasr

gl cki (2004) who report
pawloW ported that 10-18 experts are syf; cient 1o

3ﬂd ’ . )
¢ expert S CONSETE 17 design and development re h
search. The

hicY d analysi
i dings of need analysis are as presented in Table 3

W. Consensus on Need Analysis
SA A
_—a need for a paradigm 9 1

There 15 8 nee

qift  from traditional to  (90%)  (10%)
innovative—based instruction

Genetics 18 multidisciplinary 8

and complicated, and 1t 15  (80%) (23%) Needed
qited ~ for STEM-based

learning

There is a need to improve 10 - Needed
critical thinking skills among (100%)

secondary school students
There is a need to improve
students' STEM learning and  (80%) (20%)

¢ nvolved in neeq
Supported by Okol

NA SNA Remarks
Needed

8 2 Needed

skills

Teachers experience 10 - Needed
difficulties 1n implementing (100%)

STEM integrated instruction — Needed

instructional 10

Teachers need 0
ement STEM- (IOOAJ)

modules to impl
Needed

based instruction i )
8.33%
ts’ consensus 91.67%
?;Z:;%; ejpczzﬂ_.—#pm ble (SA), “icceptable (4) Not Acceptable (NA)
Strongly Not Acceptable (SNA).

Table 3 indicates th

7 :
e :im a:ﬁzagrsogfllil .\f/hil(; 8.33% accepted that there is no n€
develop _

dule for the target population.
develop aploy s i m to support th
Findings

ed to

itative
document analysis S€€ e quantit
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olicy document highlighted that "science
be taught in an integrated manner in the
he appreciation of the practicy
e W (Federal Republic of Nigeria, 2004, P32y
application o l:ﬁ?;cl;gﬁzi s(tifement suppqns the development of 3
Consequentlys it is an integrated instructional module. However, the
STEMim because lvsis of biology textbooks, syllabus, and scheme of
e anily ct-based and are written iy

ings from .
21;?;( ,gshowed that textbooks are sub_]eb. T |
isolation without links to other S_TEM subjects. o et se1.—vat1'0n
- dicated that traditional instructional practices dominate the nger}an
classroom. This implies that students are deficient in critical th{nklng

f science education because traditiona]

skills which 1s an essential goal 0 4ld .
instructional practices focus on lower-order thinking skills. Therefore,

experts’ consensus on the need to develop i-STEMim was achieved.

The p
Ings resented above.
Sl?(? lttt":fht?o]ogy ghall continu€ to

schools 10 promote 1N

Findings from Design and Development

The design and development phase were done to answer research
question two; what are the components of i-STEMim that could enhance
critical thinking skills and achievement in genetics among senior
secondary school students? Each component to be included in i-
STEMim was subjected to two rounds of the survey. The results of the
first round were harvested and sent out for the second and final round of
survey for experts’ consensus.

The first component was 15 performance objectives were proposed
and placed in round one of the experts’ consensus survey. The example
of the learning objectives was that the students would be able to enhance
their critical thinking skills (inference, recognising assumption
deduction, interpretation, and evaluation). Explain Mendel's first anci
:ic:io;c:icl)a;v;r, exialam glilllem tenmpology. Use 'propor.tionsf percentages,

0 solve problems. Identify and practice an iterative process of

designing a solution or a N :
prototype through th
process. g € engineering design
The second components are the elements that would be integrated

Into the instructional module that will engage the students’ higher

cognitive skills which could enhance critical thinking skills. Twelve (12)

elements , :
questioninwerehproposed, op.en-ended problem, real-world scenario,
8 hands-on activities, minds-on activities, inquiry,

collaboratj i
1on, authentic task, argumentation, group projects, teacher as
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of, 10 hentic assessment.
A a ’ N .
[lilt‘hc mdmgs aftcr thc‘ﬁI'Sl round ShOWe d h

: a
e cewse:bjzzfe? Sto Ct(})]nsenSuS and theset e
. e S
;lc‘mcnts W%rhe findings of thee second round of melve
ct‘"sensus' roduce the followi S?cond and final roy I'(\lfey for experts
onsens & Ing instructional el nd of the expertg
il n-ucuonal module; the open-end ements for i b

ended problem, rea] inclusion in

S
he 1% ==
. o hands-on activiti ;
questxom g : ivities, minds-on activiti world scenario
octs and collaboration. Ivities, inquiry, gr ,
’ OuP

prOJ _
Third cemponent; a good instructi
the 'instr}lctlcc)lna! context or strategy. Icl)lnet‘}llirsmi)g;i should also include
eng! nee[? ngd esign process. The engineering desi ctional module, the
deSIgn—b ase %roblem-solvmg process because itgn process is seen as a
g(f) 13516 H(;znan &t};z phases scaffold students' learrﬁilogm((l)itss 1§h;lnking o
seveI; iterat?ve engigt:l:?ih, 2((;15) After an extensive 1ite1ga$re8;e§mg,
Jlaced in Toun P ofn%h esign process or cycle were pr0posedlee1:1V<i
tginecring lesign pro e experts' consensus Survey. The iterative
of ideas brainstop Cecsls ;_)heses are the engaging problem, generation
redesign and ommrm" esigning prototype, testing prototype, and
i consenumcate findings. These phases went through round
sus survey. The findings after the first round showed

$2;651S>:1b1?22tsee§ tr;:c:t(;lwed consensus from experts and these .six phases
] e second round of the survey. The findings of the
§econe1 and final round of the experts’ consensus produce five-phases for
inclusion in the instructional module. The phases were the engaging
problem, generate ideas design solution, evaluate and improve,

communicate findings.
k was being provi

The instructional tas
ended problem that requires learncts to gal
and mathematics relevant to solve the problem and apply sueh
knowledge to problem-solving. In this study, the . STEMim assist
learners to learn genetics and apply the genetic knowledge: Mendel's
laws, principles of dominance, recessive; phenotyp® genotyp® o
thetr ability te

others to design the solution and in the process enhance h
think. Therefore, th ponent used based 00 experts

e items of each com
consensus are as presented 1

fic
n i ;
Instructiong]

n :
Instructiona}

ded in a design-based open-
n knowledge of the science

n Table 4.
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1 the items deﬁ(—"h component s
.(:( L b e
' O pr()j?”o‘ W . . : g
Table 4 The .mmm‘;tgm{ ---C;i;;‘ggl thinking sklll.s (inference,
' teahance e : ion, interpretati
Component H“hm::iiing qumption, deducti rpretation,
reCORNINS,
and cvahlﬂmm) PR
P m’;’mam 1 ng and achievemem
linha:n_cc ;4‘3“ del: < laws, concepts, and terminology)
(exp am
4 ——-_-—_.—_'"-‘
wc:s, and ratios to solve
Use proportions, Per®
: problems S o
o e N CRD) minance and Recess;
Objectives Explain the concept of Do sSive
Trait E— —
Identify and practice an 1terative process of designing
a solution through the engineering deS}gn process.
Identify the relevance of STEM to their daily 1—“—@5-___
Define the problem and generate. ideas L
Enhance students’ motivation and learning
satisfaction
Open-ended problem s
Real-world problem e
Questioning —
Instructional Hands-on activities ————
Elements Minds-on activities —
Inquiry e
Group project
Collaboration
Engaging the problem
" _ | Generate ideag
: - S
structiona Design solution
Phases

— [ ——clndingg

Learning Tagk

Evaluate and Improved
Communicate findingg

\Whare that will benefit
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/ .
//1 Creating an insect for aesthetic o
ue in a

that insects are valued Community
i

“Settling a dispute of th
e ]
family PPEATance of a new rgy ina
_

4 shows the summary of all the efe

fabl® s to be embedded i : ments th -
e Con(sif:;:u ded in the integrated STE) QZ ?fh‘eved
Laing MO ching and
:

sion of Results

sl .x ¥
Dlsecﬂeed N pro'v1de ln_Structional modules to guide the i

N 'nnox(atlve instructional materials that will enha lmplemen@tion
ning 1S at the forefront of educational research. The ntf;e meaningful
detemlifled the elements for the development .of i ;f ore, this study
instrucnonal module for Nigerian senior secondary :flrlatefi STEM
learning. o of the std ool science

The finding of the study indicated th :

ntegrated STEM instructional module. ;Léhggdliigs n: ei eto d.il‘ielzp
arlier findings of Kasim and Ahmad (2018) who repor’cecglr that“é; ;t ;
consensus should be 75% and above. This finding could be attribufeed fo
e fact that traditional instructional approach is prevalent in the

dassroom and teachers may not have the expertise to implement an

movative instructional approach. Hence, the respondents in this

population believe that there is a need for i-STEMim. Therefore,

experts’ consensus on the need to develop i-STEMim was achieved.
erts agree that instructional

The finding also indicated that exp
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