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Abstract  

Globally, the increased recognition of the economic value of science, technology, engineering, and mathematics 

(STEM) education has motivated many nations to put in place STEM education policies and reforms. However, 

in various nations, the successful implementation of STEM education is marred by many hurdles that include its 

complexity, inconsistency, obscurity and ambiguity. This is linked to lack of clearly defined models, strategies 

and expertise to spearhead STEM education. No wonder many nations have been grappling with the 

practilisation of STEM education since the dawn of the 21st century. STEM education is defined and modelled 

in varied which many nations like Zimbabwe are finding it difficult to streamline and develop models that fit 

their contexts. In this article use document review to identify and interrogate some of the approaches in STEM 

education to develop a framework which we refer to as an inclusive STEM education model. This model is 

adaptable across educational levels in any nation and can also be used as both an implementation and evaluation 

tool of STEM education. This inclusive STEM education framework provides a foundation and paves way for 

empirical researches on the implementation of STEM education where it can be used as conceptual or 

theoretical framework. 

__________________________________________________________________________________________ 
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INTRODUCTION 

Today, it is no longer news that innovation is the 

primary driver of economies. It advances science, 

technology, mathematics and engineering (STEM) 

fields which are vital to industrial innovation. Thus, 

“nations invest in innovation to promote sustainable 

economic growth”(Corlu et al. 2014 p 75). Therefore, 

the need for innovative STEM work force who will 

contribute meaningfully in advancing economies is 

on demand. Innovation involves the integration of 

diverse STEM competences1 and transcends 

disciplines. The Organisation for Economic Co-

operation and Development (OECD) describes 

innovation as a highly interactive and 

multidisciplinary process or product that commonly 

occurs in and is connected to real life (OECD 2010). 

This view ofSTEM education stresses the economic 

innovation importance of this reform. Innovative 

(STEM) competences needed to advance STEM 

fields and economies in this century and beyond 

include critical thinking, creativity, collaboration and 

problem solving. Thus, nations the world over, 

initiated STEM education to develop in students 

innovative competences and reap the economic value 

inherent in the innovative abilities of the STEM 

workforce channelled from such education systems. 

                                                           
1 The tem STEM competence refer to a mix of knowledge, 

skills, and values that scientist, engineers, technologist and 

mathematicians hold and enable them to do work within their 
respective fields. This term is also used interchangeable with the 

term innovative competences. 

STEM education emphasizes the integrated teaching 

and learning of subject matter and practices drawn 

from two or more STEM disciplines(Shernoff et al. 

2017). This teaching and learning view directs 

classroom practices to copycat STEM discipline 

work, knowledge and values as well as their practices 

and skills. This is done with the much trust that 

integrated approaches to STEM education is  to lay 

the foundation in students whilst still in school to 

innovate and solve real-world problems (Burrows and 

Slater 2015). No wonder why STEM education 

discourse is increasingly making it clear that 

integrated STEM education is essentially about 

promoting students’ innovativeness (Corlu et al. 

2014; Dugger 2010; Shernoff et al. 2017). To achieve 

this, ideas in subject areas are to be taught integrated 

with those drawn from other disciplines (Dugger 

2010). In other words, STEM education is more of 

synergising knowledge, skills, values of the four 

disciplines rather than merely putting these areas 

together (S+T+E+M) to teach them separately or in 

relation with each other(Corlu et al. 2014). This 

debate makes the diverse understanding of what 

integrated STEM education entails apparent. It 

provides us with an understanding as to why STEM 

education has largely remained abstractand 

challenging to implement(Ejiwale 2013; Shernoff et 

al. 2017).  

Over the years,many models of STEM integration 

into curriculum and teaching practices have been 

proposed. One  such model is the separatists model 

which is linked tomost teachers’ specialized training 
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to teach one discipline (Honey et al. 2014), and the 

separate offering of STEM subjects like Chemistry 

and Biology at all levels in most schools curricula 

(Shernoff et al. 2017).Many nations like Zimbabwe 

have introduced integrated STEM education, which 

shift traditional separatist teaching and learning of 

STEM subjects2. Unfortunately most nations have left 

to educators whose training, teaching experience and 

expertise is not aligned to integrated teaching to draw 

from and interpret what integrated STEM education 

entails, the frameworks to adopt and how to 

implement it from research and policies. Thus, the 

observation that most of the educators separatists 

teaching schooled are significantly challenged with 

interpretations and choices of integrated STEM 

education is duly expected. In this article, we 

developed the inclusive STEM education model or 

framework through a constant comparative analysis 

and synthesis grounded in a blended philosophical 

and documentary review methodology of literature on 

STEM education. Various integrated models of 

STEM education, meanings and discourses were 

collaboratively and critically interrogating to develop 

this framework. We hope that our paper offers a 

taken for granted interpretive link of STEM 

education frameworks that informs the teaching of 

STEM subjects together in an integrated way. This 

possibility can lead to teacher driven classroom 

practices shifts from silo to integrated practices.  

 

Theoretical framework: Integrated STEM 

Education 

Many frameworks have been proposed for integrated 

STEM education which depict that this type of 

education can occur in multiple ways and 

combinations. Different combinations of STEM 

subjects can be  facilitated through a range of 

pedagogical strategies used informal or non(in)-

formal settings (Shahali et al. 2017). Dugger(2010) 

suggests four possible combinations of integrated 

STEM teaching and learning:(1) individually, 

independently and separately, (2) connecting one 

subject to one or two others, (3)  integrating one with 

the other three, and (4) infusing all the four into one 

new knowledge body. These approaches can be 

collated into three main STEM integration frames 

with 1 relating to the separatist or silo,2 and 3 to the 

disciplinary based, and4 to the multidisciplinary.  

The silo approach’s twofold descriptions are first, the 

separate and real word disconnected teaching and 

learning of Science and Mathematics only.  This is a 

long standing school curricula tradition that also 

excludes Technology and Engineering related 

subjects. Second, is the introduction of missing 

STEM subjects into the school curricula which are 

Engineering and Technology related but still to be 

                                                           
2 STEM Subject refers to any subject taught in schools that 

relates to any of the Science, Technology, Engineering and 
Mathematics disciplines. For example, the subjects of chemistry, 

biology and physics  relates to sciences  

taught in the same separate way(Sidika S Guzey & 

Ring-Whalen 2018; Mpofu, 2019). The separatist 

approach encourages parallel teaching and learning of 

STEM subjects such as chemistry, biology and 

mathematics. The approaches retain traditional 

disparate perspectives of STEM knowledge and 

barriers (Dugger 2010; Ejiwale 2013). Reinholz and 

Andrews (2019), Guzey et al(2016),  and Moore & 

Smith (2014)provide essential evidence that nations 

which introduced and are introducing integrated 

STEM education are attempting to address silo 

STEM injected education and economic ills.  

 

The disciplinary based approaches “explore teaching 

and learning between or among any two or more of 

the STEM subject areas, and/or between a STEM 

subject and one or more other school subjects” 

(Sander2009 p 21). In other words, one STEM 

subject is either taught or learnt connected to one 

other or two other or all the three other. The 

approaches involve “teaching each of the four STEM 

disciplines with more emphasis going to one or two 

of the four[which is abbreviated] SteM” and 

“integrate one of the STEM disciplines into the other 

three being taught” such as Engineering to Science, 

Technology and Mathematics abbreviated E →S-T-

M (Durger 2010 p.5). Within this approach, the base 

or a particular dominating subject is taught in 

connection with other STEM subjects  and the subject 

of focus is covered in depth in relation to others 

(Yakman 2008;Mpofu 2019). The teaching is “based 

on connections between the subjects and real world 

problems” (Moore et al. 2014p 38). This can be 

achieved through educators’ use of engineering 

design to develop technologies that support 

meaningful learning and application of mathematics 

and/or science(Moore et al. 2014).This is one of the 

reasons that have made the E →S-T-M discipline 

based STEM integration popular among the other 

possible combinations. In addition, scholars concur 

that engineers innovate to solve engineering problems 

and develop product through engineering design 

processes or practices or both that applies relevant 

technologies, scientific and mathematical concepts 

(see Bryan et al. 2016, Guzey et al.2016, 2018; 

Moore et al.2014; Shahali2016). There are enough 

empirical studies revealing that Engineering design 

and practices based pedagogies are effective in 

bridging the content of STEM subjects to make 

learning meaningful and raise students’ interest in 

these subjects (Moore et al.2013; Bryan et al. 2016). 

 

The multidisciplinary approach infuses all the four 

disciplines’ subject matter into one knowledge 

domain to be taught (Durger 2010). This 

multidisciplinary STEM education is also defined as 

the integration of knowledge drawn from the four 

STEM disciplines to construct new ‘whole’ 

knowledge body or “meta-discipline” (Morrison 

2008). In teaching and learning, this approach 
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integrates the four STEM disciplines into one 

cohesive education paradigm (Morrison 2008).In 

other words, it removes traditionally silo erected 

barriers among STEM disciplines and hybridizes 

them into a new knowledge corpus. This approach to 

learning matches STEM concepts with real-world 

lessons and applying them in context to the school 

and the society to advance STEM literacy (Tsupros et 

al. 2009). 

 

Some scholars have also suggested levelled 

integrated STEM education frameworks. One is six 

levelled continuum integration model that ranges 

from (1) discipline based (2) parallel  

(3)multidisciplinary, (4) interdisciplinary units, (5) 

integrated, to(6) complete program(Jacobs 1989). 

The levels this framework depict the separate 

subjects taught in separate classes, each discipline 

connected to the same theme or topic, some 

disciplines taught together, deliberately making 

connections among disciplines, taught disciplines 

under a theme or problem emerging from child’s 

world and totally integrated program, curriculum 

designed out of students’ everyday lives in the 

respective order of 1 to 6. Jacobs(1989) heeds that 

blending these options design is most likely to result 

in optimum success. 

 

Hurley (2001) also proposed afive levelled 

continuum integration STEM education framework 

for mathematics and science. This iSTEM3education 

incorporates sequenced(successive), 

parallel(simultaneous), partial(partial taught 

together), enhanced a (the teaching of a major 

discipline support by the other) to and total 

connections (teaching of the two major disciplines 

together). The adoption of any one of the iSTEM 

options results in different outcomes for science and 

mathematics learning.  

 

A four levelled iSTEM education continuum model 

has also been postulated (Akaygun and Aslan-

Tutak2016).Its leve1s are depicted as (1) 

disconnected (2)connected, (3) complimentary, and 

(4) integrated approaches to teaching STEM subjects. 

We noted that these levels match the separatist 

(S+T+E+M or S-T-E-M), discipline based (SetM, 

E→S-T-M) and multidisciplinary (STEM) education 

approaches we discussed above.  

 

Another five levelled pyramid model (Yakman2010) 

can be adopted for implementing iSTEM. At the apex 

of the pyramid is universal level 1 describing lifelong 

learning where conscious or unconsciously learning 

integrated science, technology, engineering, arts and 

mathematics (iSTEAM) is shaped by the 

environment. The integrative level 2 suggested for 

primary and middle school education focusses on 

                                                           
3 iSTEM is a shorthand word we use for integrated STEM 

inter relating all fields to reality. The 

multidisciplinary approach level 3 is considered 

appropriate for transitional or middle-school 

education focuses on interrelating STEM subjects of 

students’ choice to reality. The discipline level 4 

emphasises connecting a dominant subject to others 

and is recommended for secondary school students. 

Lastly, the content level is a specialized 

recommended for post-secondary studies that aims at 

preparing students for professional practice in 

different STEM workforce. 

 

Available in the literature is also a five levelled 

STEM Education (STEME) framework which 

merges the principles of different iSTEM models 

(Dugger 2010,   Akaygun&Aslan-Tutak 2016, 

Yakman 2008) discussed above. The levels of this 

framework 1 to5 relates to the separatist, disciplined 

based connection of any two STEM subjects, 

discipline base integration of one subject into the 

other three ,multidisciplinary and STEAM education 

approaches. 

 

The forgoing discussions show that integration can 

take place in many levelled forms.  In Figure 1 we 

collate these iSTEM education views into a visual 

structure (conceptual framework). 

 
Figure 1: Possible combinations for each integration 

level 

 

Figure1 describes iSTEM education as occurring 

along a continuum of three main levels ranging from 

silo to multidisciplinary. Moving downwards the 

lowest silo level iSTEM implies introducing new 

STEM subjects in the curriculum. In the next 

disciplinary level integration is achieved through 

different computations that emphasizes connection 

between any two subjects. The last and most complex 

level to both comprehend and practicalize is the 

multidisciplinary with two possibilities- STEM or 

STEAM. Each block in this level implies collapsing 

all the discipline boundaries to form new subject 

matter. As a planning tool, the model informs on the 

possible iSTEM combination option and choices. 
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The potential of the iSTEM to develop in student 

innovative competences and its complexity are 

increasing from silo to multidisciplinary. The model 

also provides insights into why nations, policy 

makers and teachers are finding it difficult to come 

up with standard definitions of what STEM in entails 

and models of guiding its implementation. For 

instance, in Zimbabwe, what STEM education is and 

models of implementation are still not clear since its 

inception in 2016 (Moyo& Ramirez Berdut 2017; 

Mpofu 2019).Thus, directing teachers to STEM teach 

without helping them to interpret the various models 

of STEM education provided in the literatures in the 

absence of clearly contextualised STEM education 

definitions and implementation models might remain 

a dream pipe. Moreover, these various models are 

void of connections among the goals and outcomes, 

types, scope, pedagogy, key features of classroom 

practice. Nations make a common mistake in 

assuming that teachers are able to figure out these 

connections from their readings and review of 

literature. This is because research is consistently 

revealing that the successful implementation of 

iSTEM education is drawn back by many teacher 

related challenges such as limited pedagogical 

content knowledge (PCK) and STEM content 

emanating from their specialized subject teaching 

training  (Ejiwale 2013; Johnson 2012; Shahali et al. 

2017). 

 

The K-12 Science Education proposed by National 

Academy of Engineering and National Research 

Council in the United States (U.S) is one framework 

that we considered simple and comprehensive enough 

to understand and provide a step by step guide for 

iSTEM education implementation at any level 

(national, school and classroom). We found this 

model to be transferrable to different national 

contexts. This model consist of components: (1) 

intended goals such as STEM literacy, 21stcentury 

competencies, STEM workforce readiness, and 

interest and engagement of students in STEM 

subjects, (2) outcomes forboth students and teachers 

include enhanced learning and achievement, 21st 

century competencies STEM classroom practices, 

(3)nature and scope including types of connections 

among the STEM disciplines, implementation models 

and focus in terms of duration, size, and complexity 

and (4)the implementation that comprises factors 

such as instructional designs or pedagogical 

approaches, educator (teacher or lecturer or instructor 

supports, and environments conducive to teaching 

and learning (Shahali et al.2017). 

 

Methodology 

The purpose of this paper was to interpret STEM 

education perspectives in literature in order to 

synthesize these multiple perspectives into an 

inclusive but simple and easy to understand STEM 

education approach that can be used at classroom 

across educational levels in any nation. This was 

done in order to address STEM education conceptual, 

interpretation and implementation challenges rampant 

in many globally. Our development of this inclusive 

STEM education model was based on the argument 

that the successful implementation of this reform in 

any nation need to be informed by a specific, 

unpacked and easy to operationalise framework.   

 

A blended philosophical and documentary review of 

STEM education literature was done to develop this 

inclusive STEM education framework. This research 

approach is grounded inthe pragmatic research, a 

paradigm that disregard disparate perspectives in 

knowledge production and allows researchers to 

usephilosophical and/or methodological approaches 

that works and fits best the problem understudy 

(Tashakkori et al. 1998).The philosophical inquiry 

angle permitted not only the critically exploration and 

reflectionof different meanings, models of STEM 

education and discourses, but also guided the 

synthesis of these STEM education multi-

perspectives into a comprehensive model(Burbules & 

Warnick 2006). The document analysis aspect guided 

us to examine and interpret literature on STEM 

education as data in documents to draw meaning, 

gain understanding, and develop the inclusive STEM 

education framework(Bowen 2009; Corbin & Strauss 

2008). Together these approaches allowed us to 

analyse literature as qualitative data.  

 

Procedurally, this review process was conducted in 

five phases .First, a comprehensive search of 

documents discussing STEM education searcher 

through https://buse.remotexs.co/was done.   

 

The buse.remotext connected us to the various 

databases that enabled us to retrieve the articles we 

reviewed. This process yielded63articles in 

22documents in 2000to 2019publications. In stage 

2,sixteen articles were criterion purposively 

sampled.- a sampling procedure used in qualitative 

research to the identify and select information-rich 

cases based on predefined conditions(Patton 2002). 

Our sampling condition were: (1) an 2018-2019 

impact factor of at least 1 for of article journal 

sources and an ISBN identifier for textbooks, (2) 

explicit discussion of the STEM education model as 

either research framework (theoretical and/or 

conceptual)or developed from research data, and (3) 

publication date of from 2010 to 2020. The review of 

the 16 documents revealed four models of 

understanding STEM education: silo or separatist, 

discipline based, integrated and “inclusive4”. In stage 

4 the four STEM education model to identify similar 

and deferent elements. In final and last stage 6 the 

                                                           
4 Inclusive Education is the name we are using to identify the 

category of models that address all the elements of STEM 
education  which are the  goals, focus, classroom practices and 

outcomes 

https://buse.remotexs.co/
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models were related and synthesised with literature 

discourse in sixteen articles into an inclusive STEM 

education framework. 

 

At every stage, the blended approaches, as both 

qualitative grounded and together providing a 

pragmatic approach guided us inconstant comparison 

interrogating, analysis and synthesis of literature as 

qualitative data through both deductive and inductive 

reasoning. We figured out that the K-12 integrated 

STEM education framework provided 

implementation dimensions which were not provided 

by the other three (silo, discipline based and 

multidisciplinary). We then used it as the base 

iSTEM education model and modified it by fitting in 

elements drawn from the other three approaches. In 

doing this we took cognisance of the suggestions 

proffered by some STEM education scholars.  For 

instance, the proposal  that “a conceptual framework 

does not necessarily solve all problems or answer all 

questions present in a profession, but it should 

provide a schema for establishing the critical issues 

and allowing for solutions, either conforming the 

problem to the framework or vice versa” (Rojewski 

2002 p. 8). This author further provides that an 

effective framework should be able to (1) establish 

the parameters of professional purposes of a program, 

(b) provide clear philosophy underpinning practice, 

and (c) create a platform to comprehend current 

activity and future directions of the field. We also 

were conscious of some authors’ (Bybee 2010) 

challenging the idea of nations, schools and 

classroom practitioners choose on model that 

standardize the implementation iSTEM education.  

 

However, we argue that it is still important that 

teachers, administrators, school districts, and policy-

making consider their contexts with regards to (1) 

conceptionsand models, (2) rationale, goals and 

objectives, (3) nature, scope, focus, (4) classroom 

practices, (5) outcomes. These are the features that 

this K-12 iSTEM education provide, but leave them 

rather too broad for educators (teachers, institutions, 

lecturers and policy-making) to unpack their 

principles and connections. This is even more 

difficult task for educators who received a specific 

subject teaching background and faced with a myriad 

of models of STEM integration to choose from.  

 

The inclusive STEM education model 

The developed inclusive STEM education model is 

schematically presented in Figure 2 below.  

 
Figure 2: Inclusive AliSTEM education model 

 

The model in Figure 2 is defining STEM education as 

a curriculum movement that is inclusive process and 

encompassing four main, but interrelated features. 

These are the rationale, scope, classroom practices 

(teaching and learning), and outcomes. In addition, 

the model is depicting that the practical 

implementation of STEM education as a four 

stepwise process that starts with defining rationale 

moving through delimiting scope and adoption of 

classroom practices (STEM teaching and learning) to 

attain the goals as indicated by desired outcomes. 

Each of these inclusive STEM education facets aligns 

to the four themes that emerged from the analysis of 

literature in the sampled documents. Competitive 

economies agenda, bounding the scope, developing 

supportive classroom practices, and benchmarking 

success are interrelated iSTEM education 

practilisation themes the emerged as key to the 

successful implementation of this curriculum 

movement. 

 

Competitive economies agenda 

The advancement of sustainable development and 

growth of economies through STEM emerged as an 

overarching rationale for introducing integrating 

STEM education.. For example, whenover a decade 

“Americans learned the world was flat, they quickly 

grew to believe China and  India were on course 

to bypass America in the global economy [through] 

out Stemming [them]”(Sanders 2009 p. 21). This led 

America to step up iSTEM education as essential to 

progressing innovative industries and business. The 

constructs iSTEM education and STEM are different, 

but related. STEM makes reference to the fields in 

which scientists, engineers, and mathematicians 

work while STEM education relates to the 

development of competences (knowledge, skills and 

values)in students that STEM workers possess 

(Sanders 2009). In other words, classroom practices 

need to model what scientist, technologist, 

mathematicians and engineers do.  

 

As shown in Figure 2 above, this STEM education 

overarching economic goal can be achieved through 

one or more goals. These goals “which capture the 

breadth of the purposes for and reflect the types of 

intellectual capital needed for the nation’s growth and 

development in an increasingly science- and 

technology-driven world[but are] not mutually 

exclusive… ”(Kalolo 2016 p. 67). For example, the 

advancing of science and technology through 

innovative STEM work forces goal (Corlu et al. 

2014) will need to be supported by other goals like to 

(1) boost the number of students taking STEM 

subjects,(2) bridging the participation gap in the 

STEM fields including education,  (3) arousing 

interest in students to take up STEM subjects 

learning, and  (4) enhance students’ performance 

(Kalolo 2016; Makarova et al. 2019).  These four 
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goals are also directly or indirectly align to the goal 

that seeks to increase STEM literacy for all. 

The attainment of these goals to the overall purpose 

of iSTEM education has potential to solve many 

advancing competitive economies silo approaches to 

STEM and STEM education induced threats. A main 

example is the critical shortage of STEM workforce, 

not only in terms of adequate numbers and but also in 

terms relevant competences being experienced in 

many nations.This problem has been traced to 

dwindlingenrolments in STEM subjects-a challenge 

that is largely attributedto thegrowing unpopularityof 

learning STEM subjectsamong students and curricula 

that are mismatching changing industrial and societal 

needs and demands (Bybee 2013; Kier et al. 2014). 

In this regard, the inclusive STEM education model 

is advocating that nations need to formulate both long 

term and immediate iSTEM education goals aligned 

to the overarching long life purpose of channelling 

from the education system graduates with adequate 

STEM competences. During and after school, these 

competences will enable students to participate 

meaningfully in the economic development of their 

nations through STEM work and/or STEM literacy. 

 

In cognisance that schooling has four basic levels: 

pre-school, primary, secondary and tertiary way of 

operationalizing iSTEM education is to target a 

cohort at preschool to continuously or level by level 

iSTEM teach up to their absorption into STEM work 

and society as tertiary level graduates. To channel out 

in adequate numbers of STEM competent workforce 

and STEM literate citizens, this teaching spans for 

fifteen to twenty years per given cohort. Our 

argument leans on the support of an number of 

scholars such as Zollman (2012) and Tang and 

Williams (2019) who provide that the term ‘STEM 

literacy’ as often broadly an educational goal of 

STEM education which aims to prepare future 

workers and citizens for a modern economies and 

societies in demand of innovative competences. We 

use the phrase innovative competences to capture 

STEM knowledge and accompanying skills such as 

creativity, critical thinking and problem solving and 

values inclusive of integrity, collaboration, accuracy 

(Slater & Burrows 2015). 

 

As an example, the America STEM education 

policies were crafted in response to students’ poor 

performance in mathematics and science, the 

recognized limited preparation of students for the 

workforce of its education and the nation’s being 

innovative outweighed by others  like China, in 

particular (Obamma 2009 in Johnson 2012). 

Zimbabwe provides another example STEM 

education goal to “equip learners with knowledge, 

skills and values that guarantee economic growth and 

increased opportunities for employment creation, 

well-rounded citizens who are relevant nationally and 

competitive globally” (Mugabe 2016).At its 

inception, the Zimbabwe STEM education 

programme focussed on advanced educational level 

with thrust to promote STEM education through 

increasing student enrolment in STEM subjects. 

Now, Zimbabwe’s vision is to accelerate 

industrialisation, employment creation and 

sustainable socio-economic transformation through a 

STEM education focus post-A level or tertiary 

studies. 

 

Bounding the scope 

The review revealed many models, meaning of 

iSTEM education and context of teaching as well 

multiple educational levels. At any educational level 

educators (teachers and lecturers) are faced with the 

conceptual and streaming challenges integrated 

STEM education because of these multiple and 

varied definitions and models (Ejiwale 2013; Sanders 

2009; Shahali et al. 2017). Thus, within the 

framework of inclusive STEM education, bounding 

the scope aims at addressing the nature and focus 

dimensional challenges nations, schools and 

individual educators face in their attempts to 

practicalize this reform. Moreover, the diverse foci of 

empirical research are worsening these problems. To 

address such problems, the inclusive STEM 

education framework emphasise on the importance of 

conceptualizing and describing iSTEM education in 

accordance to national needs and demands.The nature 

feature relates to the varied connections between and 

among disciplines which are basically determined the 

iSTEM approach (disciplinary, silo or 

multidisciplinary) adopted. The connection 

alternatives include the (1) disconnected, (2) 

connected, (3)complimentary and (4) 

integrated(Akaygun & Aslan-Tutak 2016). The silo 

end in Figure 1 is recognizing each of STEM areas 

separately where iSTEM relates to increased 

enrolments, enhanced achievement, increased interest 

and introducing subject like engineering and 

technology into the existing national and school 

curricula.  

 

However, the teaching and learning of these subjects 

remains independent and parallel. The other end of it 

calls for the intertwining of all areas into a new 

STEM discipline in which it becomes impossible to 

distinguish them from each other (multidisciplinary). 

This approach demands a total paradigm shift from 

separatist to multidisciplinary. It presents the 

challenge of being the most abstract and therefore 

very complicated to implement, yet most rewarding. 

In this continuum connected and complimentary falls 

under disciplinary with the former referring to 

drawing attention to connection between the STEM 

subjects while still considering them separately. The 

latter recognizes the mutual relationships that go 

beyond just seeing the connections between and 

among STEM disciplines. Similar to the silo 

approach, the discipline based approach house 
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various possible combinations and types of 

connections. However, this approach conserves the 

discipline characteristics of the subject (s) of 

emphasis. 

 

The focus dimension depicts both levels of education 

(pre-school, primary, secondary and tertiary as well 

as across levels) and education context (national, 

provincial/state, school and classroom).The inclusive 

STEM education model in this regard directs 

implementers to clearly define the focus of the 

implementation. The contextual setting and 

educational levelled focus need to be considered, 

understood and aligned to the initiative goals, models 

and outcomes. The contextual setting relates to the 

national, provincial and school level. This level 

consist of many critical factors such as industrial ad 

economic performance, teacher programmes, and 

school types among that require understanding and 

contextualisation  through learning in context. 

Learning in context entails stakeholders’ 

development and learning of new strategies and/or 

behaviours for implementation of iSTEM in the 

national, provincial and school settings (Johnson 

2012). It is also entail use the use of  knowledge in 

addressing of barriers to the successful 

implementation of iSTEM (Ejiwale 2013). Such 

challenges as shortage of qualified STEM teachers, 

their limited professional development, and lack of 

stakeholder collaboration to addressed in context 

(Ejiwale 2013; Johnson 2012; Shernoff et al. 2017). 

The level of education focus refer to the four stages 

of schooling- preschool (Kindergarten or early 

childhood development-ECD), primary, secondary 

and secondary tertiary. 

 

Yakman(2010) associates different educational levels 

to levels of STEM education. These levels are:(a) 

universal level for lifelong learning, (b) integrated to 

primary and lower secondary school (grades 1- 9 or 

grades 1 to Form 2),(c) multidisciplinary level to 

middle-school education (grades 8- 9 or Forms 1-

2),(d) discipline specific level to senior secondary 

level (grades 10-12 or Form 3 to 6), (e) content 

specifics level to post-secondary level (tertiary or 

informal programmes).This challenges stakeholders 

to make decisions on whether to adopt a universal 

education level model approach or a blended one. 

Within the inclusive STEM education frame the 

blended approach will involve aligning the four level 

of education to a specific level as determined by 

context setting and models. This provides various 

possibilities such multidisciplinary to post-secondary 

education, disciplinary to secondary education and 

silo to primary or the converse or any other deemed 

to appropriate to the contextual setting. The universal 

approach also provides several options in terms of 

which iSTEM to adopt-silo disciplinary or 

multidisciplinary but maintains the choice across 

educational levels. 

Developing Supportive STEM Education 

Classroom Practices 

The inclusive STEM education model provide that 

classroom practices relates to five teaching and 

learning aspects which are not mutually exclusive but 

rather interacting: context, content, pedagogy, 

interactions and assessment. The development of 

supportive iSTEM education classroom practices is 

considered key to this reform’s success or failure. So 

teachers having been always at the center of 

classroom services are the backbone the iSTEM 

classroom practices and need relevant iSTEM 

teaching competences (Alves et al. 2015; Stohlmann 

et al. 2012). 

 

The context dimension depicts that to enhance 

students’ learning each iSTEM teaching approach has 

to connect two or more STEM disciplines within an 

authentic context (Kelley & Knowles 

2016).Enhancing students’ learning here involves 

developing in students STEM  competences that will 

capacitate them to effectively perform STEM work 

and attain STEM literacy during and after school. 

Thus, authentic contexts here refer to natural and 

created settings that provide students with 

opportunities and experiences to solve real life or 

world problems. The natural or normal settings 

include industries, communities and homes. The 

created settings are classrooms and laboratories. The 

inclusive STEM education model is guiding that 

learning need to be done in an environment that 

supports the iSTEM approach adopted. For a 

multidisciplinary approach, classroom environment 

need to be created in ways that closely matches the 

natural learning spaces so that students’ learning 

imitate the workings of engineers and technologist. 

Stakeholder supports of education authorities, other 

teachers, parents, researchers, community are crucial 

in creating classroom environment that support 

iSTEM (Aschbacher et al. 2010; Johnson 2011; Lam 

Cheng & Choy 2010). 

 

In terms content, the inclusive STEM education 

model is giving the awareness diverse content that is 

determined by the iSTEM education approach 

adopted. Here the emphasis is on connecting the 

content to be taught to the iSTEM approach. Within 

the silo approach, integration is defined in terms of 

adding a STEM subject into the school curriculum. 

The silo STEM teaching approach delivers pure 

content of the subject with no attempt to make the 

connections of its concepts to those in one or more 

other STEM subjects and also the real world 

applications. The disciplinary based approach 

preserves the content of the subject being taught but 

requires that the students understand concepts of the 

subject being taught be enhanced by drawing 

concepts from one or more of the STEM subjects. 

Overall the subject matter is blended with different 

concepts of other subject but its content remains 
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dominant. In multidisciplinary STEM education, new 

content is formed from the synthesis or infusion of 

the concepts drawn from all the four STEM 

disciplines, we refer to such content as integrated 

STEM content.  

 

The pedagogy dimension of classrooms needs also to 

align to the iSTEM education approach adopted. 

Inherent in the move from silo to multidisciplinary 

STEM education are shifts in pedagogical practices. 

Literature provides many teaching approaches that 

support both the disciplinary based and 

multidisciplinary STEM teaching. These include 

engineering design base (Brophy et al. 2008; Guzey 

et al. 2016; Guzey & Ring-Whalen, 2018; Moore & 

Smith 2014), project based learning (Biasutti & EL-

Deghaidy 2015), problem solving and inquiry 

teaching. These approaches are advocated under the 

umbrella STEM pedagogy (Margot & Kettler 2019). 

One such approach is engineering design process 

based teaching through project-based approach where 

students are to apply content knowledge to solve 

problems(Margot & Kettler 2019). The purposeful 

design and inquiry(Sanders, 2009) is another that 

“purposefully combines technological design with 

scientific inquiry, engaging students or teams of 

students in scientific inquiry situated in the context of 

technological problem-solving—a robust learning 

environment”(Sanders 2009 p 21). These examples 

reflects that STEM pedagogy calls for teacher 

creativity in designing pedagogical strategies from 

the basic student centred approaches in accordance to 

iSTEM education approach and context. Moreover, 

STEM educators should assume the new role of a 

facilitator in the classroom or laboratory (Ejiwale 

2013) and adopt commensurate assessment 

approaches(Kalolo 2016). 

 

Benchmarking Success 

The classroom practices result into desired outcomes. 

These outcomes should be crafted clearly with the 

formulation of goals. Outcomes are positioned after 

classroom practice to show that they are attained 

through well thought out and clearly developed 

processes as well as benchmark the extent to which 

iSTEM education goals will be attained after a 

specified period of time. Success is established in 

terms of outcome. One outcome can be increased 

STEM schools and classrooms. For instance at the 

beginning of programme it be recognised the schools, 

colleges and universities were practising iSTEM 

education in accordance to contextual setting of the 

nation. The outcome specifies that by the end of five 

years institutions practising iSTEM will have 

increased by 10%. Similar outcomes will need to be 

set in the areas of interest in learning STEM 

disciplines and up take of related careers, 

achievements in terms of both pass rates, number of 

STEM graduates channelled out into the work and 

economic progress. 

CONCLUSION 

Globally iSTEM integration has been a growing 

focus of many nations. However, for many nations, 

developing and developed, it has demonstrated to be 

a difficult reform to conceptualise and implement. 

While the success of STEM education relies on many 

variables, the most important factor of this reform is 

goal oriented and framework guided classroom 

practices. It is an unfortunate scenario that nations 

like Zimbabwe lack clearly defined models, strategies 

and expertise to spearhead this reform. Yet, the 

success of iSTEM education hinges on the expertise 

of educator (lectures and teachers) and their support 

in terms of well-defined frameworks, professional 

development, material development and many other 

resources. The interrogation and development of 

frameworks is the key that guides implementation 

processes of STEM teaching. In this paper we have 

proposed a inclusive STEM education model that 

nations across the wold can modify to their context 

not only to overcome the barriers of lack framework, 

a shared meaning and spirit of STEM education 

among stakeholders, but use as a tool to evaluate the 

quality, status and success of STEM education. But 

above all, this proposed framework provides the 

foundation for empirical researches on the 

implementation of STEM using it as conceptual or 

theoretical framework. We also hope that the paper 

has challenged many stakeholders across world to 

initiate the practilisation of STEM education in their 

nations. 
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