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ABSTRACT  

This paper tries to see how interdisciplinary STEM education equips the student to cope with environmental and social 

challenges, specifically through the combination of curriculum content, skill development, and classroom problem-solving 

correlation with real-world needs. Through the mixed-method approach, it merges qualitative data collected through case 

studies, interviews, and focus groups with quantitative survey data from the perceptions of educators and students. The 

findings go to indicate how much STEM contributes to the development of problem-solving and critical thinking, but how 

this can be somehow challenged; within resource and time constraints in the implementation of interdisciplinary curricula. 

Research demands more project-based learning opportunities to make students more prepared to tackle the issues at hand. 
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1. INTRODUCTION  

Societies today are faced with a completely new set of pressing environmental and social challenges that have never been 

known in human history and not known to be of this magnitude or complexity [1]. These issues include climate change, 

resource depletion, pollution, public health crises, and growing social inequities. The much-needed innovative and 

evidence-based solutions must necessarily come from an informed and competent population. In this scenario, education 

assumes a very significant role by making people equip themselves to overcome these challenges appropriately [2]. Among 

many science fields, the most crucial field is Science, Technology, Engineering, and Mathematics (STEM) education. 

One of the main strengths of STEM education is the ability to give kids very sound skill in logical thinking. It further 

strengthens their critical thinking skills for problem-solving so that they could analyze a complex problem, weigh the 

evidence, and make informed decisions. With climate change data this complex and solutions nowhere in clear view, it 

becomes a must that people think critically. Problem-solving, which is a core component of their STEM education, equips 

them to tackle such issues methodically by creating creative solutions using technical knowledge [3]. For example, 

engineers will design innovations in renewable technologies to minimize resource depletion, or environment scientists may 

design innovative ways to reduce pollution. 

 

Figure 1: STEM Education 
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The second aspect is that STEM encourages collaboration. Complex problems often demand interdisciplinary solutions, 

meaning that people with different areas of expertise must work together. In such a situation, epidemiologists and biologists 

could collaborate with data scientists while trying to track how diseases spread and develop appropriate mitigation 

strategies [4]. 

2. THE ROLE OF STEM EDUCATION IN ADDRESSING GLOBAL CHALLENGES 

Thus, it has a vital role in trying to address the various challenges of the world in equipping the students with technical 

knowledge and critical skills so that they solve some of the problems plaguing the Earth, like climate change, resource 

depletion, and social inequities. It encourages innovation and collaboration in developing sustainable solutions to complex 

environmental and societal problems. 

2.1. Environmental Challenges 

Perhaps the greatest impact felt about STEM education is in relation to environmental matters. Among these includes issues 

of climate change, depletion of resources, pollution, and loss of biodiversity in which scientific know-how and innovative 

technological solutions play crucial roles [5]. All these issues relate directly to STEM disciplines, which provide 

foundational knowledge in the understanding of science behind these phenomena. For instance, physics and chemistry are 

essential in understanding energy systems as well as environmental chemistry . 

2.2. Social Challenges 

Environmental challenges aside, STEM education is the way forward in solving social problems such as inequality, poverty, 

public health, and education. For example, data science can be utilized to analyze social inequities and intervene by 

designing strategies that enhance access to basic opportunities and resources for underserved communities [6]. Advances 

in biotechnology and medical engineering through the science, technology, engineering, and mathematics fields will be 

derived into potential improvements for low-income populations with better health disparities and outcomes . 

 

Figure 2: benefits of STEM education  

3. INTERDISCIPLINARY APPROACHES IN STEM EDUCATION 

Interdisciplinary approaches in STEM education integrate knowledge and methods from various disciplines—such as 

science, technology, engineering, and mathematics—creating a holistic learning experience. By fostering collaboration 

among different fields, interdisciplinary STEM education prepares students to address complex challenges that require 

diverse perspectives and expertise. 

3.1. The Importance of Interdisciplinary Learning 

Traditionally, education in STEM usually separates disciplines away from each other so that students learn math, science, 

and engineering wholly separately. Real-world environmental and social problems, however, need to be solved both across 

and by interdisciplinary study [7]. An example is water scarcity, which needs knowledge of environmental science to 

understand the problem, engineering to design water purification systems, and mathematics to model usage and 
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sustainability. Such a holistic approach allows students to connect more readily to the real challenges of this world and 

ways of addressing those problems. 

3.2. Integrating Environmental and Social Issues into STEM Curricula 

Such an education should focus more on contextualizing the learning of scientific and mathematical technicalities for the 

global challenges being faced, in order to set the scene for passing on knowledge.[8]. For instance, it can use biology 

classes to talk about how climate change alters ecosystems and human societies in such a way that the student is challenged 

to think through the scientific and social aspects of environmental issues. 

4. FOSTERING 21ST-CENTURY SKILLS IN STEM EDUCATION 

Developing 21st-century skills is a very important skill in preparing students to become perfect learners in a changing 

world. One of the competencies to be developed is the one such as critical thinking, creativity, collaboration, and digital 

literacy-skills needs more to tackle complex problems and to embrace innovation.  

4.1. Critical Thinking and Problem-Solving 

The prime output of STEM education is the development of critical thinking and problem-solving ability, which is very 

essential in issues concerning both environment and society. How critical thinking would go about this includes dissection 

of complex problems, weighing data, several perspectives, and designing innovative solutions [9]. 

4.2. Collaboration and Communication 

Interdisciplinary and sector collaboration may be necessary in addressing global challenges. Scientists and engineers in 

STEM disciplines appreciate the fact that teamwork, communication, and collaboration are essential skills in working in 

diverse teams to solve complex problems. This can be fostered in the classroom through group projects, interdisciplinary 

partnerships, and collaboration with external stakeholders such as community organizations or industry partners [10]. 

 

Figure 3: 21st-Century Skills in STEM Education 

5. CHALLENGES IN IMPLEMENTING STEM EDUCATION FOR GLOBAL CHALLENGES 

These barriers to achieving STEM integration towards solving world problems include limited resources, uncouth teacher 

education, and rigid structures of curricula that might not allow the interdisciplinary call for learning. 

5.1. Barriers in Curriculum Design 

A primary challenge to STEM implementation as a response to global challenges is curriculum design. Many schools and 

teachers lack the skills required to teach interdisciplinary, context-based STEM content [11]. Resources are also a scarcity, 

including professional development, for most teachers teaching these topics well. Solutions to these issues will range from 

providing teachers with professional development opportunities, flexible curricula that promote interdisciplinary learning, 

and partnership with external organizations that open up the possibilities of bringing the real world into the classroom. 

 



Journal of Informatics Education and Research 
ISSN: 1526-4726 
Vol 4 Issue 3 (2024) 
 

3180 http://jier.org 

5.2. Equity and Access in STEM Education 

The other great challenge is access to high-quality education for all learners within STEM fields. Equity in education 

largely restricts access to STEM resources, opportunities, and careers-the dynamics of inequity, in which students from 

low-income or marginalized communities are essentially limited. Therefore, such change requires policy and practice shifts 

on the systemic level to ensure that all students, regardless of background, can engage in STEM learning [12]. 

 

Figure 4: Challenges In Implementing Stem Education 

6. OPPORTUNITIES FOR INNOVATION IN STEM EDUCATION 

Innovation in STEM education comes from the infusion of new technologies, such as artificial intelligence, virtual reality, 

and data analytics, into more engaging learning experiences. 

6.1. Experiential Learning and Technology 

Advances in technology provide ways to further enhance the ways through which STEM education can be delivered and 

made closer to problems that affect everyday life. Virtual labs, simulations, and online platforms give students new ways 

of interacting with complex problems. For example, students can simulate the impacts of climate changes on various 

systems or propose and test actual engineering solutions in virtual terms [13]. 

6.2. Collaboration Between Education and Industry 

Interactions with educational institutions and the private corporate world are going to enlighten the students on how the 

skills learn in STEM can be applied in the solutions of global challenges in the professional world. Companies, NGOs, and 

government agencies will partner with a university or school to provide means, mentorship, and access to projects 

connected to real life and providing an application orientation to what is learned [14]. 

Table 1: Summary of Research Studies on STEM Education and Its Impact on Global Challenges 

References Title Region Studies Purpose Method Findings 

Dare et al. 

(2018) [15] 

Understanding 

science teachers’ 

implementations 

of integrated 

STEM curricular 

units through a 

phenomenological 

multiple case 

study. 

United 

States 

Multiple 

case study 

To explore how 

science teachers 

implement 

integrated STEM 

curricula. 

Phenomenological 

case study 

Identified key 

themes in 

curriculum 

implementation 

and teacher 

practices in 

integrated 

STEM 

education. 
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Ireland et 

al. (2018) 

[16] 

(Un) hidden 

figures: A 

synthesis of 

research 

examining the 

intersectional 

experiences of 

Black women and 

girls in STEM 

education. 

United 

States 

Literature 

synthesis 

To examine the 

experiences of 

Black women 

and girls in 

STEM 

education. 

Synthesis of 

qualitative studies 

Highlighted 

unique 

challenges 

faced by Black 

women and 

girls in STEM 

fields, 

suggesting 

interventions. 

Thibaut et 

al. (2018) 

[17] 

Integrated STEM 

education: A 

systematic review 

of instructional 

practices in 

secondary 

education. 

Europe Systematic 

review 

To review 

instructional 

practices in 

integrated STEM 

education. 

Systematic 

literature review 

Found effective 

practices and 

identified gaps 

in the 

implementation 

of integrated 

STEM 

education in 

Europe. 

Brenner et 

al.  (2019) 

[18] 

Science and 

engineering for 

grades 6-12: 

Investigation and 

design at the 

center. 

United 

States 

Educational 

framework 

To provide a 

framework for 

teaching science 

and engineering 

in grades 6-12. 

Conceptual 

framework 

Advocated for 

inquiry-based 

learning and 

design as 

central to 

STEM 

education. 

Keiler, et 

al. (2018) 

[19] 

Teachers’ roles 

and identities in 

student-centered 

classrooms. 

United 

States 

Qualitative 

study 

To explore the 

roles and 

identities of 

teachers in 

student-centered 

STEM 

classrooms. 

Qualitative 

interviews 

Found that 

teachers adapt 

their roles to 

facilitate 

student 

engagement 

and ownership 

of learning. 

Kricorian 

et al.  

(2020) [20] 

Factors 

influencing 

participation of 

underrepresented 

students in STEM 

fields: matched 

mentors and 

mindsets. 

United 

States 

Mixed-

methods 

study 

To investigate 

factors that 

influence the 

participation of 

underrepresented 

students in 

STEM. 

Surveys and 

interviews 

Identified the 

importance of 

mentorship and 

positive 

mindsets in 

increasing 

participation in 

STEM. 

 

7. RESEARCH METHODOLOGY 

7.1. Research Design 

This study adopts a qualitative research design with an exploratory focus. It intends to analyze existing educational practices 

through garnering opinions from educators and students on how the process of STEM education may help resolve the 

environmental and social challenges raised by it. 
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7.2. Data Collection Methods 

a. Case Studies 

Case study analysis will be used for the study that checks schools and educational institutions that have successfully carried 

out effective integration of environmental and social issues into STEM programs. The schools are chosen on the following 

criteria: 

• Implementation of interdisciplinary STEM education programs focused on sustainability or social justice. 

• Schools with a track record of STEM projects or initiatives aimed at addressing real-world challenges. 

b. Interviews 

Semi-structured interviews are conducted with: 

• Describe the tactics adopted by STEM teachers in integrating environmental and social issues into their 

classrooms. 

• Interdisciplinary designers of curricula within the STEM area. 

• Those who have engaged in projects on environmental issues and social issues using science, technology, 

engineering, and mathematics subjects. 

c. Surveys 

The quantitative data would be collected by disbursing the survey to a larger number of students and educators. The survey 

contains: 

• Closed-ended questions: They have used a Likert scale to assess attitudes toward the relevance of STEM 

education to solving global challenges. 

• Open-ended questions: These solicit deep qualitative responses in regard to experiences with interdisciplinary 

projects in the STEM field. 

7.3. Sampling Methodology 

a. Sampling Criteria 

The selection of participants is through the use of purposive sampling to either interview them, administer them with the 

survey, or conduct focus groups with them. They include: 

• Teachers designing or teaching interdisciplinary STEM programs. 

• Student who have had some other form of STEM activities related to environmental and social challenges. 

b.  Sample Size 

• Case Studies: At least three institutions of learning with well-developed interdisciplinary STEM programs. 

• Interviews: 10-15 educators and 10-20 students from those institutions. 

• Surveys: dispensed to a more representative sample of 100 students and 50 educators in order to capture more 

divergent views. 

• Focus Groups: Two groups, a group of educators and a group of students, with 6-8 members in each. 
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7.4. Data Analysis 

a. Qualitative Data Analysis 

Qualitative data from interviews, focus groups, and open-ended responses to the survey are analyze through thematic 

analysis. Data are coded by key themes such as: 

• Incorporates environmental and social issues into the contents of STEM curricula. 

• The inculcation of critical thinking and problem-solving capabilities. 

• Strategies and Challenges of Teaching Interdisciplinary STEM by the Educators. 

• Understanding what Students think of the role of STEM in answering global challenges. 

b. Quantitative Data Analysis 

Descriptive statistics, including frequencies, means, and percentages, are further utilized to analyse the Likert-scale 

questions of the survey in order to analyse the trend of student and educators' perceptions of STEM education. Finally, the 

quantitative outcomes are cross-referenced with qualitative findings for further elaboration. 

8. RESULT AND DISCUSSION  

8.1 Qualitative Data Analysis 

Using thematic analysis on the interviews, case studies, and focus groups, the following key themes emerged: 

1. Integration of Environmental and Social Issues in STEM Curricula 

• Teachers highlighted that challenges like climate change, sustainable energy, and social justice still feature in 

STEM curricula. High-performing schools that place emphasis on interdisciplinary programming reported their 

use of project-based learning. 

• Some students mentioned that this kind of challenges was often resolved with activities like renewably energized 

model, appraisal of local environment conditions, or community-based solutions to social justice issues. 

2. Development of Critical Thinking and Problem-Solving Skills 

• The educators agreed that interdisciplinary STEM education possesses a big improvement over the comprehension 

capacity in solving complicated problems. Students further reported that they were better prepared to deal with 

critical problems in everyday life after involvement in STEM activities. 

• Students and teachers alike thought problem-based learning, collaboration, and technology "very important" in 

helping to develop these skills. 

3. Educators’ Strategies and Challenges in Teaching Interdisciplinary STEM 

• The lack of time to cover interdisciplinary content appropriately, as well as the professional development of 

teachers in incorporating subjects confidently, were some of the challenges. 

• There were educationists who successfully collaborated across departments, while others mentioned that 

administrative constraints limited cross-disciplinary efforts. 

4. Students’ Perceptions of STEM’s Role in Addressing Global Challenges 

Many students indicated high interest in using STEM to solve global problems. However, some felt that there could 

be better real-world application opportunities within the curriculum. 
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Table 2: Qualitative Results Summary 

Theme Insights 

Integration of environmental and 

social issues 

Focus on real-world challenges like climate change, sustainable energy, and 

social justice. 

Critical thinking and problem-solving 

skills 

STEM education improves analytical skills, with students reporting readiness 

for real-world issues. 

Challenges in interdisciplinary 

teaching 

Lack of time and insufficient teacher training identified as major barriers. 

Student perceptions of STEM’s role High interest in global challenges but desire for more hands-on opportunities. 

 

8.2 Quantitative Data Analysis 

• Survey Data on STEM’s Role in Addressing Global Challenges 

Table 3: Educators’ Perceptions of STEM Education’s Role in Solving Global Challenges 

Question Strongly 

Agree 

Agree Neutral Disagree Strongly 

Disagree 

STEM education helps students tackle 

environmental issues 

45% 35% 15% 5% 0% 

STEM projects develop critical thinking 60% 30% 10% 0% 0% 

Interdisciplinary STEM is difficult to implement 40% 35% 15% 10% 0% 

 

 

Figure 5: Educators' Perceptions of STEM Education's Role 

More than nineties percent of educators tellingly agree or strongly agree that STEM education develops the critical thinking 

skills one needs in answering the question posed above. A huge population of educators, at 80%, further concur that STEM 

education plays a significant role in matters to do with dealing with environmental issues, hence emphasizing the relevance 

of interdisciplinary learning when solving real-life problems. However, 75% of teachers also opined about the limitations 

in applying interdisciplinary STEM programs, citing time and resource as major challenges towards integrating such 

approaches fully into the curriculum. This is clearly a case of both the potential and practical difficulties in STEM education 

with interdisciplinarity. 
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Table 4: Students' Perceptions of STEM and Global Issues 

Question Strongly 

Agree 

Agree Neutral Disagree Strongly 

Disagree 

STEM education increases awareness of global 

challenges 

50% 30% 15% 5% 0% 

STEM prepares me for solving real-world 

problems 

40% 35% 20% 5% 0% 

I would like more real-world STEM projects 60% 25% 10% 5% 0% 

 

 

Figure 6: Students’ Perceptions of STEM and Global Issues 

A vast majority of 80% students believe that STEM education helps them realize the problems in this world, thus proving 

to be a great source of belief in relevance over actual issues that STEM addresses. Furthermore, 75% of students strongly 

feel they are well equipped to face such problems but majorities want more project-based learning hours. It means that 

while these students acknowledge the role that STEM plays in solving problems in the world, they want experience with 

this learning in the form of hands-on training, so they can apply their knowledge in real life. 

8.3 Cross-Referenced Qualitative and Quantitative Findings 

From the cross-referencing of the qualitative and quantitative data, we see that both educators and students agree that 

STEM is very relevant to solving global challenges, but the desire for more hands-on and real-world application of STEM 

education comes just after the students' feedback, denoting a curriculum improvement area. 

8.4 Data from Case Studies 

Table 5: Outcomes from Case Studies on Interdisciplinary STEM Programs 

School Key Focus Successes Challenges 

School 

A 

Sustainability in STEM Improved student engagement; successful 

renewable energy projects 

Limited resources for 

interdisciplinary projects 

School 

B 

Social justice and 

STEM 

Developed community-based projects with 

real-world impact 

Time constraints on project 

development 

School 

C 

Climate change 

education in STEM 

Strong collaboration across STEM subjects; 

students presented at local forums 

Difficulty aligning schedules 

for collaboration 
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In addition, improvement in student outcome results and better levels of engagement were also reported in schools that 

incorporated interdisciplinary programs about STEM. On the other hand, some of the common challenges that such 

programs experience were the resource and time constraints, which are something that the educators highlighted in both 

their interviews and survey responses. These barriers actually point out the bigger concerns plaguing the full 

implementation of interdisciplinary approaches while these approaches are certainly means through which the learning and 

engagement of students will be improved. 

9. CONCLUSION  

Therefore, interdisciplinary STEM education seems to be quite effective in preparing the students to face global 

environmental and social challenges by encouraging critical thinking, problem-solving, and real application. There is an 

appreciation of the place of issues like these in the curriculum; however, full implementation of the same is hard due to 

lack of resources, time being a constraint, and the need to have professional development. There has been a rising trend 

among students for more project-oriented and hands-on leaning processes such that more importance should be given in 

STEM programs by educational institutions towards actual applications. 
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