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PERSPECTIVES ON STEM EDUCATION INTEGRATION

Abstract. The science, technology, engineering, and mathematics
(STEM) acronym is frequently utilizedas a part of reference to only one of the
disciplines, regularly science. STEM disciplines’ integration is progressively
encouraged in the literature but studies thatfocus on multiple disciplines seem
insufficient with diversedata and incompetentways for STEM improvement.
Points of view on how training combination can be accomplished are shifted,
with reference to multidisciplinary and interdisciplinary methodologies adding
to the verbal confrontations. Such approaches contain center ideas and
aptitudes from at least two disciplines with the point of developing
comprehension and abilities. Research about STEM integration is an
embryonic field with respect to advancing curriculum development and various
student outcomes. For instance, despite everything we require more reviews on
how understudy gaining results emerge from various types of STEM
incorporation as well as from the specific trains that are being coordinated.
Drawing on proposals from the writing, recommendations are offered for
tendingto the difficulties of coordinating different orders confronted by the
STEM community.
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interdisciplinary integrations.

skskok

Anparna. FreutblM, TEXHOJIOTHS, TEXHHKA JKOHE MaTeMaThKa
cananapblHbIH ab0peBuatypachl Oosbin TadbutateiH STEM Gutim Gepy omici
Ka3ipri TaHaa TEK FBUIBIM OarbIThIHAA KoyimaHbutyga. STEM canamapbiHBIH
UHTETpAIMACHl  ofcOueTTepae KeH Taljgayra calblHFaHbIHA KapaMmacTaH,
OipHelIe cajaHbl KaMTBIFaH 3€pTTEyNep KeTKUTIKCi3, opi STEM OarbIThIHBIH
KETUTyiHe KakeTci3 OarpITTap YChIiHBUTYna. [loHapansik omicTepai maiiganaHa
oteipeit, STEM moHAepiH TOJBIK HMHTETpausiiay MyMKIHIIUIIT Ae Oipriama
3epTTey KYMBICTApPBIHJA KapacThIpbUTFaH. MyHIall oficTep €Ki HeMece OfaH
na ke STEM moHzmepiHiH HETI3T1 YFBIMIAPBIH OIpJeCTipe OTBHIPHIT YCBHIHY
apKBUIBl OKYIIBUTAPIBIH TYCIHITIH TEPEHACTYAlI JKOHE IIbIHAWBI OJIeMET1
Mocesenepal  IIemryre  JalbIHAaydbl  KO3IeH/Il. Anaiima  3epTTey
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JKYMBICTapbIHAa OyJ1 OmICTepJll €HTi3y OKYIIbUIApIABIH YJrepimMiHe, Hemece
MaTeMaTHKa CEeKUI/I MaHBI3Ibl Olp MOHHIH TOJIBIK MEHIepilyiHe Kepi ocepiH
turizepi ne adtburraH. Con cebenrti, STEM moHmepiHiH HHTETpaIysIaHybl
TOJNBIK 3epTTenMereH Oip anmaH OoJbll TaObUIaabl. ¥ CBHIHBUIBIIT OTHIPFaH
Makajiajia, OChIFaH JICWIH JKacalFaH 3epTreyliepre cyiieHe oTwipein, STEM
MOHJIEPiH MHTETpalUsUIay/IbIH OipHele 9icTepl KapacThIPbUIFaH.

Kiar cezgep: STEM, STEM 3eprreyinep, moHapaiblK HHTErPALIMSL.

kskok

AHHoTanusi. AOOpeBHarypa HayKH, TEXHOJOTHH, TEXHUKH U
mareMatuku (STEM) uwacto ucmnosib3yercs B OTHOILLIEHHWU TOJIBKO OJHOM M3
JYCIIAILIIVH. XOoTd  UHTerpauusi  JIUCHUILUIMH STEM  Bce  dame
NpomaraHgupyercas B JUTepaType, HCCIEI0BaHUs, KOTOpbIE KAacaroTcCs
MHOKECTBEHHBIX  JMCLUMIUIMH, KaXyTCsl CKYIHBIMH CO CMEIIaHHBIMU
pe3ynbTaTaMd M HEaJCKBAaTHBIMU HamlpaBieHUsMU nponasikeHus STEM.
[lepcrieKTHBBI 1O JOCTHIKEHHIO MHTErpalliy AUCLMIUIMH pPa3HOOOpa3HBI,
NPUHUMAs BO BHUMAaHHE MHOTOJUCIUIUIMHAPHBIE W MEXIUCIUILTUHAPHEIC
noaxonpl. Takue MoAXonabl BKIIOYAIOT OCHOBHBIE KOHIEMIIMM U HAaBBIKH U3
JIBYX WU OoJiee AWCHUIUIMH C IENbI0 yrIyOJIeHWs TMOHUMAaHHUS U HABBIKOB.
UccnenoBanusi, HaneneHdsle Ha uHTerpamuio STEM, mpexacraBmsitor coboi
SMOpPHOHANILHOE TI0JIE B OTHOIICHWH pPa3BUTHsI Y4EeOHOW MPOrpaMMbl H
pe3ynbTaroB yvamuxcs. Bee emie HeoOxoauMo GoJibIe UCCIEIOBaHUM O TOM,
KaK Ha pPe3ylbTaThl OOyYEHUsSI CTYICHTOB BIUSIOT HE TOJHKO pa3HbIC (OPMBI
uarerpaumi  STEM, HO W KOHKpETHbIE  AUCHUIUIMHBI,  KOTOpBIE
uHTErpupyroTcs. Onupasch Ha PEKOMEHIAIUN U3 JINTEPATYPHI, MIPEATIaratoTCs
NPEJIOKEHUS IJIsl pelIeHHs] 3aJad MHTETrpallud HECKOJBbKUX TUCIHILINH, C
KOTOPBIMH CTaJIKUBaeTcsi coobmectBo STEM.

KiaroueBblie cJjoBa: STEM, HCCIICJOBAHUS STEM,
MEXIUCIUTUTHHAPHAS UHTETPALIUS.

The issues that we challenge in our continually changing, progressively
worldwide society are multidisciplinary, and many require the combination of
different science, technology, engineering, and mathematics (STEM) ideas to
deal with them. These complicatedissues are main motivation behind overall
calls for changes in STEM training. In spite of the fact thatinstructors know
about the significance of STEM training, neither teachers nor scientists reliably
concur or comprehend what STEM instruction should be about in K-12
education. Currently, STEM disciplines are taught in silos. But the nature of
the work of most STEM experts obscures the lines between disciplines. Thus,
teaching STEM disciplines through integrating them would be more in
accordance with the nature of STEM. As the nature of STEM is an integration
of the four subjects, science, technology, engineering, and mathematics, many
questions remain ill-defined in K-12 STEM education. One of the greatest
instructive difficulties in K-12 STEM education is that few general rules or
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models exist for educators to seek regarding how to teach using STEM
integration approaches in their classroom.

STEM education is generally used to mean something contemporary
and appealing but it mayremain disconnected subjects [1].Kennedy and
Odellnoted that the current state of STEM education: «has evolved into a meta-
discipline, an integrated effort that removes the traditional barriers between
these subjects, and instead focuses on innovation and the applied process of
designing solution to complex contextual problems using current tools and
technologies. Engaging students in high quality STEM education requires
programs to include rigorous curriculum, instruction, and the assessment,
integrate technology and engineering into science and mathematics curriculum,
and also promotes scientific inquiry and the engineering design process [2]».

Over the last few decades, STEM education was centralized on
advancing science and mathematics as confined disciplines [3] with little
combination and consideration given to technology and engineering. Moreover,
STEM subjects regularly are educated detached from the arts, creativity, and
design. Sanders described integrated STEM education as “approaches that
explore teaching and learning between/among any two or more STEM subject
areas, and/or between a STEM subject and one or more other school subjects”
[4]. Sanders advocates that results for studying at least one of the other STEM
subjects should be explicitly composed in a course — such as a math or science
learning result in a technology or engineering class.

STEM integration in the classroom is a type of curriculum integration.
The idea of curriculum integration is complicated and difficult, as it is more
than simply collecting different subject areas together. The main point in
curriculum integration is awareness of educators that real world problems are
not separated into isolate disciplines that are taught in schools [5]. In many
situations, people need abilities more than they could get from learning just the
disciplines. Even with this fact, researchers and educators have not come to an
agreement around a clear meaning and determination of curriculum integration.
Research studies are often not clear about the terminology that has been used to
describe integration.

Two phrases that have been used regularly in the literature to explain
integration are «multidisciplinary» and «interdisciplinary». Most of the
researchers try to differentiate these two by wayof focusing at the paths and
degree of integration. Lederman and Niess used the metaphor of chicken
noodle soup versus tomato soup to provide an explanation for the general
variations among multidisciplinary and interdisciplinaryapproaches to
integration. In their explanation, multidisciplinary integration was described as
a bowl of chicken noodle soup, wherein every ingredient/subject preserved its
distinctiveness without explicit mixture, but still came together to make a
whole. On the other hand, tomato soup expressed an interdisciplinary approach
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to integration, in which all ingredients/subjects were combined together and
could not easily be disjointed.

Alternatively, they indicated that in the multidisciplinary approach,
each subject could easily be determinedby a student. On the contrary, in
interdisciplinary approach boundaries among subjects were blurry like in
melting pot. Overall, multidisciplinary starts and finishes with the subject-
based content and abilities, and students were anticipated to attach the content
and skills in different subjects that had been taught in different classrooms. As
for interdisciplinary, the approach starts with a problem or an issue that
combines the content and skills in multiple disciplinary subjects [6]. The
concepts of interdisciplinary integration are interconnected beyond a theme,
such that they cut across subject areas and focus on interdisciplinary content
and skills, rather than subject-based content and skill [7].

Interdisciplinary curriculum is accepted as the best form of curriculum
integration by many researchers. Interdisciplinary curricula begin with real
world problems or issues. The fundamental aspects that should be examined in
an interdisciplinary curriculum involve such abilities and learning as analytical
reasoning, inquiring skills, and making relations with training experiences that
link with personal meanings.

If STEM integration is accepted as a type of curriculum integration, it
demonstrates its explanation; curricular approach that integrates science,
technology, engineering and mathematics. STEM integration provides students
one of the best conveniences to experience knowledge in an actuality situation,
accommodate them at a later time. As long as there is an enduring demand to
apparently determine an analyticalstructurefor STEM integration, also
understand curricular and classroom practices, the objectives for an efficient
STEM education have been actively discussed.

By using engineering accreditation standards, Sanders argued that the
focuses of STEM education should apply knowledge of mathematics, science
and engineering, design and conduct experiments, analyze and interpret data,
and communicate and corporate with multidisciplinary teams. As considered in
the report Improving Undergraduate Instruction in Science, Technology,
Engineering, and Mathematics an effective STEM education should not only
concentrate on science content, but also support “inquisitiveness, cognitive
skills of evidence-based reasoning, and an understanding and appreciation of
the process of scientific investigation” [8]. Additionally, Morrison provided
criteria for what an effective STEM instruction should look like in a classroom.
She suggested in a STEM integration classroom students should be able to
perform as 1) problem-solvers, 2) innovators, 3) inventors, 4) logical thinkers,
and also be able to understand and develop the skills needed for 5) self-reliance
and 6) technological literacy. An analysis of different STEM programs and
curricula designs revealed that many researchers and educators agreed on the
two major foci of STEM integration: (1) problem solving through developing
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solutions and (2) inquiry [9]. Therefore, teaching STEM integration not only
needs to focus on content knowledge but also needs to include problem-solving
skills and inquiry-based instruction.

«Researchers on the Illinois State University’s Integrated Mathematics,
Science, and Technology project [10] found five characteristics for an inquiry-
based curriculum to effectively promote STEM faculties. First, students get a
variety and choice of learning tasks to involve them in the learning process and
increase their motivation to complete the project. Second, they receive explicit
communications and explanations to curtail any ambiguity caused by a
problem’s open-endedness. Third, they have opportunities to model solutions,
practice solving problems, and receive constructive feedback on high-level
tasks from peers and coaches. Forth, they engage in a student-centered
instructional environment that focuses on the interests and needs of the
individual learners. And fifth, each learner receives support for their individual
learning needs and levels of development, from the high achievers to the
struggling learners.

Developing students’ understanding and appreciation of how integrated
content, skills, and modes of thinking interact, including how they support and
complement one another, is not an easy task. As noted in a research [11] just
because these connections might be emphasized in a curriculum, there is no
guarantee that students will identify them or make the connections on their
own. Consequently, the desired integrated STEM learning may well be lost.
Likewise with respect to mathematics, Shaughnessy [12] stressed that the «M»
must be made «transparent and explicity. We cannot assume that all students
will “see” the mathematics that is inherent in a particular problem. More
research is called for on ways to help students make STEM connections more
transparent and meaningful across disciplines, including how this might be
achieved at different grade levels. At the same time, further research is required
on ways of assisting teachers to foster these connections, especially when
appropriate curriculum frameworks and resources might be lacking.

Research on student outcomes in STEM integration appears limited and
inconclusive, especially from a long-term perspective. A number of research
issues arise including how integrated STEM programs might encourage more
student engagement, motivation, and perseverance [13]. Unfortunately, review
of research reports indicated that such aspects, especially from a log-term view,
are rarely measured in evaluations of these programs. Their review revealed
that «few data convincingly correlate integrated STEM education with student
outcome». This finding is of particular concern, especially with respect to
students’ achievements in each of the STEM disciplines at different grade
levels. Studies have yielded varied results. For example, Becker and Park’s
meta-analysis [14] of studies investigating the possible differential effects of
integration types on students’ learning showed a large effect size (1.76) when
all disciplines were integrated. In contrast, the effect size for integrating
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engineering and mathematics was small (0.03), as was the case when
mathematics was integrated with science and technology (0.23).

Given that a number of studies analyzed by Becker and Park did not
report on students’ mathematics achievements, there remains the problem of
inadequate research of the effects of integrative approaches on mathematics
learning. Honey [13 p. 144] review suggests that mathematics achievement is
difficult to promote through STEM integration. If this is the case, then possible
reasons for this need further investigation including whether a sequenced and
structured approach to mathematics instruction hinders in-depth learning within
STEM integration.

Clearly, there remain many research questions regarding STEM
integration. In an effort to provide much-needed direction to future research,
Honey [13p.32] developed a descriptive framework of core features and
subcomponents of integrated STEM education incorporating goals and
outcomes for students and educators, together with the nature and scope of
integration and features of implementation. Emanating from this framework,
their recommendations include as a necessary starting point a consistent use of
terminology that establishes a common STEM language.

The development and application of substantial theoretical frameworks,
and a better delineation of the nature of STEM integration programs, including
how evidence for learning is gathered and the types of learning supports
provided, are also essential to advancing the field. With respect to program
implementation, I noted the need to investigate ways to make connections
among STEM disciplines more transparent for both students and teachers. One
expectation of effective STEM education program is that students are
encouraged to make new and productive connections across two or more of the
disciplines, which may be evidenced in improved student learning and transfer
as well as interest and engagement. It is hoped that this article has prompted
further avenues for research and discussion on how we can advance the STEM
field including keeping abreast of the exponential growth in the technology.
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