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Introduction 

 

Digital technologies drive innovation in many different spheres of life. The level of 

digital skills of the population very much conditions the innovative capacity of 

technology. No wonder there is a strong correlation between education and skills 

and the uptake and use of digital technologies in various spheres of life (OECD, 

2016). STEM graduates commonly continue to learn STEM skills and knowledge 

nearly forty years after graduation. Even many non-STEM jobs require STEM 

expertise—and a revised view of STEM employment (Skrentny & Lewis, 2022).  

 

As the world changes dramatically, the future will grow mainly in education, 

creativity, and innovation. Innovation must be introduced in the educational system 

to change the economy. Academic Institutions must be enabled with pedagogies that 

appeal to these variables. The curriculum should be the processor to convert 

knowledge into skill sets. A study at Oxford says that 20 years from now, nearly half 

of the jobs will be automated, and we need to redefine our education system 

considering the challenges ahead (UNESCO 2020, WEF 2022). The study also 

shows that 80% of future jobs are related to careers in STEM (science, technology, 

engineering, and mathematics); education embraces the idea that STEM learning 

could include all or some of these disciplines. However, it is not as simple as that, as 

STEM learning also embraces the development of inquiry skills and thinking 

capabilities such as through project-based learning pedagogy that allows students to 

acquire knowledge and skills, practice inquiry across multiple disciplines, and make 

meaningful connections across STEM disciplines (National Science Foundation 

2020). 
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Building 21st-Century Skills 

 

STEM is integral to many of the required knowledge, and how they are integrated is 

a new 21st-century skill that students should acquire. Understanding STEM 

components and their connection helps students develop a better and deeper 

understanding of their contents.   However, STEM is still taught in a traditional 

approach, i.e., in silos which only refers to science and math with little reference to 

engineering and technology ( IBE UNESCO, 2020).  Therefore, those developing 

curricula and teaching STEM subjects must also understand STEM and STEM 

education well.     

 

In high-quality programs today, 21st-century skills require more rigorous content 

than the traditional curriculum provides. They should include skills and knowledge 

needed for these competencies, such as critical thinking, problem-solving, effective 

communication and collaboration, project–based learning with high technical skills.   

 

Young students today need to develop a deep skillset to succeed in a world where 

automation is only a click away. When they become comfortable working with 

others, thinking creatively, and expressing their ideas persuasively at an early age, 

they will enter a world overflowing with opportunities.  

 

What distinguishes STEM from traditional science and math education is the 

blended learning environment that is centered on teaching students how the 

scientific method can be applied to everyday life by connecting learning outside the 

classroom and using technology to engage students in scientific and engineering 

practices and projects that require deep science and math conceptual knowledge. 

(Said 2016a, Said 2016b, Said 2021, Said et al. 2023). 

 

STEM Approach builds a strong foundation in the critical 4C skills (Collaboration, 

Critical Thinking, Communication, and Creativity), which they apply to solve real-

world challenges grounded in science, technology, engineering, and math content 

(Reeve, 2016).   

 

Early in the last decade, discussions worldwide, educators and curriculum 

developers in Various countries have begun to debate ways to help students 

understand the “island of disciplines” and “fractured disciplinary knowledge through 

interdisciplinary learning and curriculum integration. Interdisciplinary learning can 

break through academic borders to enhance students’ fundamental competencies by 

merging course design content with cross-border teaching and implementation (Ye, 

P. & XU; X., 2023). 

 

There is also a comprehensive discussion in the literature on how STEM education 

is most effectively implemented (Briner et al., 2012). STEM education often implies 

something innovative and exciting, yet it may remain disconnected subjects (Abell 

& Lederman, 2007; Sanders, 2009; Wang et al., 2011). However, an integrated 

curricular approach could be applied to solve global challenges of the modern world 

concerning energy, health, and the environment (Bybee, 2010; Kelly & Knowles, 

2016).  Researchers agree that a real-world problem is a critical component of 

integrated STEM teaching (e.g., Kelley &Knowles, 2016; Moore, Stohlmann, et al., 

2014; Sanders, 2009).  
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Sanders (2009) described integrated STEM education as “approaches that explore 

teaching and learning between/among any two or more of the STEM subject areas, 

and between a STEM subject and one or more other school subjects.” He suggested 

that outcomes for learning at least one of the other STEM subjects should be 

purposely designed in a course—such as a math or science learning outcome in a 

technology or engineering class (p.21). 

Similarly, Moore et al. (2014) described integrated STEM education as “an effort to 

combine some or all of the four disciplines of science, technology, engineering, and 

mathematics into one class, unit, or lesson that is based on connections between the 

subjects and real-world problems” (p. 38). Integrated STEM curriculum models can 

contain content learning objectives primarily focused on one subject, but contexts 

can come from other STEM subjects.  

 

While some researchers suggest integration across all four of the STEM disciplines 

(e.g., Burrows et al., 2018; Chandan et al., 2019), others call for integrating at least 

two of the STEM disciplines (e.g., Moore et al., 2020). Given the prominence of 

engineering, many approaches to integrated STEM specifically include an 

engineering context or engineering design problem as the context for learning (e.g., 

Berland & Steingut, 2016; Moore, Stohlmann, et al., 2014).  

Mpofu (2019) suggested a continuum approach that borders on four different levels 

ranging from the lowest level 1 (the disconnected) to the highest level 4 (the 

integrated). The other possible ways of STEM integration this approach provides are 

connected and complementary in levels 2 and 3, respectively. In the disconnected 

level, individual STEM subjects are taught and learned separately. These subjects, 

such as chemistry, biology,  physics, and mathematics, exist parallel in school 

curricula. Each subject is taught by teachers trained to teach it. STEM integration 

within this level entails introducing the subjects like engineering and technology into 

the school curricula, which are usually excluded in schools. 

Wei & Chen (2020) synthesized various standpoints of policymakers and educators 

on the relationship between STEM integration and education. At the national macro 

level, policymakers regard STEM integration as a correlation between school 

education and the development of the social economy. Educators view STEM 

integration at the individual micro level as an educational approach that might help 

students become critically literate citizens and procure financially secure 

employment in their adult lives.  Both policymakers and educators point to the 

interconnection between STEM integration and education.  

 

The literal meaning of integration is combining two or more things. STEM 

integration naturally has this meaning; nonetheless, it is not equal to the integration 

of four disciplines, as the acronym of this term indicates. Thus, examining the 

integration of the STEM field should take a holistic and coherent view, that is, it 

comes to educational fields and links to areas like society and the economy. 

However, studying STEM practices can better understand each domain and help 

teachers identify key learning outcomes necessary to achieve STEM learning. 

(Kelley & Knowles 2016). 

 

Framework for STEM Integration 

Based on the above discussion, good STEM education is featured by enabling 

students to integrate knowledge and skills across different STEM disciplines as well 

as its connection to real-life issues and community. However, pursuing the 



Current Studies in Educational Disciplines 2023 

 

                      Copyright © 2023 by ISRES Publishing 
140 

integration of all four STEM disciplines at one time is unnecessary. Instead, the 

curriculum exemplifies the cross-curricular learning that is the foundation of a 21st-

century curriculum. The emphasis is on raising awareness of the importance of 

knowledge integration and realizing the usefulness of different STEM-related 

subjects. 

 

 However, it is also essential to state that integrated STEM is not promoted to the 

exclusion of other important learning goals within a science classroom. Not all 

science content can and should be taught using an integrated STEM approach. 

Attention should also be paid to the nature of science and engaging students in 

learning science concepts through inquiry-based learning ( Roehrig et al., 2021). 

Most important is that the integration should enhance understanding and achieve 

positive student learning outcomes, which is central to the conceptual framework for 

STEM (Figure -1).  

 

Figure-1. Framework of STEM integration (source: University of Hong Kong 2021) 

To achieve these objectives of enhancing learning outcomes and raising positive 

students’ attitudes and career aspirations in STEM, integration requires a holistic 

approach encompassing outstanding characteristics for successful integration. 

Unfortunately, the path to STEM integration remains elusive in practice and policy. 

Program and practice challenges remain to be addressed at national and school 

levels (IBE-UNESCO 2019). 

 

This paper highlights a holistic approach based on the simplified theory of change 

using a logic model framework (LeCroy, 2018). The approach suggests a step-by-

step implementation of STEM integration that addresses the above challenges. 

A literature review was conducted to identify obstacles to STEM education; the 

majority were mentioned in the introduction section, with some mentioned below. 

Additionally, to present a specific context, we interviewed 50 science and math 

teachers from Qatar preparatory and secondary school teachers, equally distributed 

among genders, grades taught, and specialties. This interview is part of a broader 

project to train STEM teachers on STEM delivery through project-based learning. 

The main objective of this interview was to identify challenges to STEM delivery in 
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science and mathematics classrooms. Then we utilized the principles of the theory of 

change (Clark & Taplin, 2012) to suggest a roadmap to address these challenges.  

 

Barriers to STEM Implementation in Classrooms 

 

The above literature review identified about ten barriers; seven critical factors were 

identified in some studies (e.g., Ejiwale, 2013, Dong & Yang et al., 2020). These are 

school structure, lack of time, the impact of exams and assessments, teachers’ lack 

of experience in engineering and Technology, Lack of professional development, 

poor lab facilities, lack of inspiration on the part of students, and lack of planned 

hands-on activities for students. 

 

Fadelmula et al. (2022), in a systematic review of STEM research in GCC countries, 

and based on Van den Hurk et al. (2019) model on interventions in education to 

prevent STEM pipeline leakage, focused on three broad types of factors: (1) 

environmental factors (e.g., the social context and social environment); (2) school-

level factors (e.g., instruction, teachers, and pedagogy); and (3) student-level factors 

(e.g., students’ attitudes, motivation and aptitude). The authors recommended that to 

be relevant to policy-making, future studies should address identified gaps in these 

three broad factors. 

 

 El-Deghaidy and Mansour (2015), based on views from teachers in Saudi Arabia, 

believe that a direct dialogue between science teachers, mathematics teachers, 

scientists, and engineers about STEM applications and activities would be essential 

for promoting STEM education in schools. Project-based learning (PBL) can 

provide a vital context for such a dialogue. 

 

As part of the results from our interview of science and mathematics teachers in 

Qatari schools on addressing the above gaps, teachers perceive eight persisting 

factors to enable successful STEM education in their classrooms.  These are 

depicted in Figure-2. 

 

The figure shows that the most important gap to be addressed is the teachers’ lack of 

experience. In the second rank are the suitability of laboratories and the availability 

of adequate lab equipment. All other factors are important and similar to those 

mentioned in the previously reviewed research. Some of these are associated with 

the school system (e.g., Timetabling, recruitment, teachers’ training) and curriculum 

(e.g., assessment and pedagogy). Some teachers also emphasized the importance of 

raising students’ attitudes towards STEM and practical activities by focusing on 

hands-on activities and projects based-learning associated with real-life problems. 

Some teachers attributed students’ low engagement and interest in practical 

activities to the low weighting of these activities in the assessment of STEM 

subjects.  

 

The most important driver of change to address the above gaps is curriculum 

modification.  
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Figure2. Teachers’ perceptions on factors enabling STEM Education at the school 

level (scale 1-5). 
 

Theory of Change for Integrating STEM Education in School Curriculum 

 

Theory of Change (ToC) comprehensively describes and illustrates how and why a 

desired change is expected to happen in a particular context. It is focused in 

particular on mapping out or “filling in” what has been described as the “missing 

middle” between what a program or change initiative does (its activities or 

interventions) and how these lead to desired goals being achieved. It does this by 

identifying the desired long-term goals and then working back from them to identify 

all the conditions (outcomes) that must be in place (and how these relate to one 

another causally) for the goals to occur. These are all mapped out in an Outcomes 

Framework ( Clark & Tapline, 2012; Centre for Theory of Change, n.d.). 

 

ToC is a method that explains how a given intervention, or set of interventions, is 

expected to lead to a specific development change, drawing on a causal analysis 

based on available evidence. The Theory provides a framework for learning both 

within and between programming cycles by articulating the causes of a development 

challenge, making assumptions explicit on how the proposed strategy is expected to 

yield results, and testing these assumptions against evidence—including what has 

worked well, or not, in the past. The theory of change helps ensure a sound logic for 

achieving change (United Nations Development Assessment Framework, UNDAF 

2017).  

 

A logic model framework provides a visual summary showing the relationship 

between the program’s resources, activities, outputs, and outcomes. It is a tool that 

helps individuals see the interrelationships between the different components of a 

program. In addition, the tool highlights the program’s underlying approach, the 

service activities, and the organizational structure for accomplishing program 

outcomes. Developing a logic model assists developers, evaluators, and other 

stakeholders understand a program’s assumptions and evaluate the logical links 

between what programs are doing and the outcomes they hope to achieve. Because 

of their utility logic, models have become widely used in social service programs 

(LeCroy, 2018; McLaughlin, 2015) 
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UNESCO -UNEVOC (2022) recommends using the ToC logic model, stating that it 

helps institutions and organizations to: 

1. Identify the ultimate goals and desired outcomes of a program or intervention 

and the underlying assumptions about how the change will occur. 

2. Map out the causal pathways and the relationships between the various 

elements of an intervention, such as inputs, activities, outputs, and outcomes. 

3. Analyze the strengths and weaknesses of an intervention and identify areas 

where improvements can be made. 

4. Monitor and evaluate progress over time by tracking changes in intermediate 

outcomes, inputs, and activities and measuring the effectiveness of the 

intervention. (UNESCO-UNEVOC 2022). 

 

UNESCO-UNVOC Centre (2022) developed a step-by-step template for 

implementing those assumptions. The template was adapted from   United Nations 

Children’s Fund (UNICEF2014) Supplementary Programme. The change process 

consists of  five phases which include  

 Identifying the problem,  

 suggested approaches and strategies to solve the problem,  

 the outputs (activities-enacted actions) 

 short-term outcomes, and  

 Long-term outcomes. 

 

Mclaughlin and Jordan (2018) also developed a similar logic model comprising six 

phases; the authors added an intermediate outcomes phase (P.76). However, this is 

flexible and depends on the specific problem to be addressed. 

Each of these phases is interlinked and helps to build a comprehensive 

understanding of the intervention, including the causes of the problem, the desired 

outcomes, the resources required, and the activities and processes that will be 

undertaken to achieve the desired results. The ToC approach is flexible and can be 

adapted to suit the needs of different initiatives, contexts, and stakeholders. 

However, it is essential to ensure that all phases are well-defined and that the 

relationships between the elements are clearly understood to achieve the desired 

outcomes. The template also includes the purpose and assumptions highlighting the 

benefits expected from the change. 

 

The chart in the Table 1 summarizes our suggested procedure for integrating STEM 

into curricula. This approach of integration encompasses addressing the gaps 

mentioned previously. 

 

The problem phase includes defining all factors that cause the problem, which are 

(the factors) not addressed, and identifying possible partnerships (e.g., a high 

institution, educational institute, companies, employers, etc.). 

 

Strategies and approaches include developing teachers ‘training programs, which 

are critical in enhancing students' learning and skills in any education aspect that 

requires change. In addition, continuous Professional Development (CPD) 

constantly upgrades teachers to enable innovative learning designs, practices, and 

assessments. For students to develop mastery of knowledge content, problem-

solving, critical thinking, effective communication and collaboration, and self-

direction, teachers must employ a variety of pedagogical approaches and teaching 
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strategies. Therefore, effective professional development (PD) is the key to 

improving teachers’ learning and delivery skills (Darling-Hammond et al., 2017). 

Thus, the foundation of the STEM Education Centre provides STEM education 

materials for schools, trains teachers and students, conducts STEM education 

research, and helps schools and education institutes revise their curricula (Carlisle & 

Weaver, 2018). 

 

The outputs include evidence of implementing the planned activities, such as 

establishing a curriculum committee, the foundation of STEM center implementing 

professional development, and developing a teachers’ certificate program with a 

stakeholder from a local university.  

 

Short-term outcomes indicate that stakeholders completed the planned activities, and 

a beneficial effect becomes noticeable such as improvement in the attitude and skills 

of teachers; some classes start to apply. STEM integration and applying PBL 

pedagogy, students’ attitude improvement, and attendance to STEM classes. 

 

The long-term outcomes: STEM integration to a certain level is implemented and 

regularly practiced with all teachers in STEM subjects to obtain certificates and 

sufficient training. An increase in enrolment in STEM programs at high grades and 

an increase in students’ achievement can measure these outcomes.  

 

 

Table 1.  Steps Towards Integrating STEM Education into K-12 School Curricula – 

Applying a Simplified Approach of the Theory of Change (The original empty 

template was adapted from McLaughlin & Jordan 2018 and   UNESCO-UNEVOC 

2022) 

 
Purpose 

Statement 

 

Integrating STEM education into K-12 Curricula  

 

Problem 

 

Strategies & Approach Outputs 

(1-2 years) 

  

Short – term 

Outcomes 

(2-4 years) 

 

Long – term 

Outcomes 
(after four 

years) 

-  STEM is still 
taught in a 
traditional 
approach, i.e., in 
silos which only 
refers to science 
and math with 
little reference to 
engineering and 
technology. 
Therefore, those 
involved in 
developing 
STEM curricula 
and teaching 
Science and 
Mathematics 
must also gain a 
good 
understanding of 
STEM and 
STEM education. 

 - Invest in teacher training 
and upskilling and 
curriculum development 
Using real-world 
problems/issues/challenges 
as anchors to integrate 
STEM and other 
disciplines, considering 
project-based learning as a 
teaching methodology 
 
-  Promote the foundation 
of STEM centers where 
both teachers and students 
can be trained  
-  Establish a STEM 
education certificate 
program for teachers 
 
 
 

-  A 
curriculum 
committee 
is 
established 
-  
Curriculum 
is reviewed 
-  More 
teachers are 
being 
trained 
-  More 
equipment 
is being 
provided 
-  More 
STEM 
workshops 
are 
conducted 
 

Noticeable 
improvement 
in the attitude 
and skills of 
teachers 
-  New 
curriculum 
approved 
-- Some 
classes start 
to apply  
STEM 
integration 
and applying 
PBL 
pedagogy 
 - Noticeable 
improvement 
in the attitude 
of students, 
improvement 
in attendance 

-  STEM 

integration 

becomes a 

regular unit in 

all subjects’ 

components 

of STEM   

-  All new 

Teachers in 

STEM 

subjects 

obtain a 

STEM 

education 

certificate as 

a requirement 

for teaching 

-  More 

enrolments in 

STEM 

programs and 
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-  Science and 
Math teachers in 
K-12 schools 
decline to teach 
STEM as an 
integrated subject 
based on a lack of 
expertise in 
engineering 
design and 
laboratories 
shortage of 
equipment. 
 
 

-  STEM 
education 
certificate 
program for 
teachers is 
developed  
 

to STEM 
classes and 
workshops 
 
-  STEM 
education 
program is 
established 
and offered 
for new 
teachers  
 

courses have 

noticeably 

increased  

-  

Performance 

and 

Achievement 

of students in 

STEM 

subjects have 

increased 

 

 

Key 

Assumptions 

STEM integration across science, technology, engineering, and 

mathematics curricula promotes the application of these subjects in real-

world contexts. As students engage in STEM education, they develop the 

transferable skills needed to meet the demands of today’s global economy 

and society and become scientifically and technologically literate citizens. 

In addition, integrating certain STEM-related subjects can reinforce 

students' understanding of each subject and their interrelationships. In high-

quality advanced programs today, the 21st-century skills require more 

rigorous content than traditional curriculum provides 

 

 

Conclusion  

This paper presents a roadmap toward the gradual achievement of a certain level of 

STEM integration based on applying the theory of change approach.   Although the 

term STEM integration is widely used, there is still no agreed definition and 

approach to STEM.; integration remains elusive in practice, and challenges remain 

to be addressed at national and school levels.   

 

At the education policy level, there is a need to be a commitment to supporting all 

four disciplines in schools in an integrated way.    This requires greater attention to 

be paid to the place of engineering and technology alongside, or within, science and 

maths. Teachers must be trained to cope with the contributory disciplines' 

knowledge and epistemological and pedagogical principles to embrace integrated 

approaches. At program and examination levels, there needs to be a commitment to 

defining and assessing programs that address holistic global challenges, with 

adequate access to teacher resources to promote active investigation and creative 

design of potential solutions. Finally, at the school level, timetabling and 

collaborative planning opportunities must be provided for teachers of different 

disciplines to work together.    
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