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This paper examines the transformative potential of integrating humanities 
into STEM education using interdisciplinary approaches, AI, and Model Eliciting 
Activities (MEAs). The integration is motivated by the increasing complexity of 
global challenges, such as climate change, which demand solutions that extend 
beyond traditional STEM boundaries and incorporate ethical, cultural, and societal 
considerations. This study profiles a multi-year, NSF-funded project focused on 
enhancing STEM literacy among underrepresented minority students through 
agricultural sciences-based MEAs that address key societal challenges in health, 
energy, urban green spaces, and food security. The paper details the curriculum’s 
design principles, emphasizing real-world, culturally relevant contexts. Results 
indicate that while quantitative measures show limited significant changes in 
interest and motivation, qualitative findings highlight increased student engagement, 
especially regarding real-world issues. The study underscores the importance of 
structural and interactional components, such as culturally relevant pedagogy, for 
successful curriculum implementation. Future research is recommended to explore 
broader applications of this model across diverse educational settings, aiming to 
refine interdisciplinary educational frameworks that equip students with technical 
skills and ethical awareness to navigate societal challenges responsibly. This case 
study provides a framework for educators seeking to implement interdisciplinary 
approaches that prepare students to address complex global challenges by integrating 
technical skills with ethical and cultural understanding.
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1 Introduction

Integrating interdisciplinary approaches into curricula has become increasingly important in 
the rapidly evolving landscape of global education. This necessity stems from the complex 
challenges faced by society today, which demand solutions that transcend traditional academic 
boundaries (Reiter, 2017; National Academies of Sciences, Engineering, and Medicine, 2018). For 
instance, climate change is a global crisis that cannot be solved by environmental science alone; it 
requires understanding economics, public policy, ethics, and cultural contexts (Schipper et al., 
2021). By integrating STEM education with the humanities, students can explore the multifaceted 
impacts of climate change, such as the ethical implications of resource distribution and the social 
justice issues related to vulnerable populations affected by environmental degradation. This 
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interdisciplinary approach recognizes that the challenges of the 21st 
century require solutions informed by a deep understanding of cultural, 
social, and historical contexts (Balsamo, 2011).

The rationale behind this integration is not merely to enrich the 
educational experience but to prepare students to navigate and contribute 
to a world where technology, society, and ethical considerations are 
inextricably linked. For example, in healthcare, artificial intelligence 
(AI)-driven solutions can optimize patient care, but without ethical 
reasoning, these technologies might lead to inequitable access to medical 
resources or compromise patient privacy. An interdisciplinary approach 
ensures that students understand the human impact of these 
technological advancements and develop solutions that prioritize equity 
and ethical considerations. The urgent need for such an approach in 
education is underscored by the rapid pace of technological innovation 
and the growing complexity of global challenges. Traditional STEM 
education often lacks the broader context that enables students to 
understand the societal and environmental implications of their work. 
For example, engineers designing smart cities must consider 
technological efficiency and urban planning decisions’ cultural and social 
impacts on diverse communities. Incorporating humanities into STEM 
education is not just an enhancement but a necessity. It ensures that 
students are proficient in technical skills and equipped with the critical 
thinking and ethical reasoning needed to apply these skills responsibly 
in the real world (Bybee, 2010).

Integrating humanities into STEM education can be significantly 
enhanced by leveraging AI alongside model eliciting activities (MEAs). 
MEAs are inherently interdisciplinary, client-driven problems that help 
students connect across different subjects while applying mathematical 
concepts to real-world problems (Zawojewski et al., 2008; Hamilton 
et al., 2008; Lesh and Doerr, 2003). Six principles (see section II) guide 
the design of MEAs (Zawojewski et al., 2008). By grounding learning 
in real-world data, MEAs foster deep conceptual understanding and 
enhance students’ problem-solving abilities (Zawojewski et al., 2008; 
Hamilton et al., 2008; Lesh and Doerr, 2003). For instance, students 
might use MEAs to develop models for managing water resources in 
arid regions, requiring them to consider the technical aspects of water 
distribution and the ethical implications for local communities and 
ecosystems. AI brings unprecedented possibilities for personalized 
learning, dynamic problem-solving, and exploring complex ethical 
issues, making it an essential tool for interdisciplinary education 
(Luckin et al., 2016; Wu and Yu, 2024). When combined, AI and MEAs 
can offer a powerful educational approach that is intellectually 
stimulating, reflective, and grounded in ethical considerations.

A holistic educational approach that weaves ethical reasoning and 
cultural insights into STEM education is crucial for developing well-
rounded individuals who can lead with empathy, innovation, and 
responsibility. This approach goes beyond mere knowledge acquisition, 
encouraging students to consider the broader impacts of their work and 
seek sustainable, equitable, and beneficial solutions to society. By 
integrating humanities with STEM, enhanced by the innovative use of 
AI and MEAs, educators can cultivate a generation of students skilled in 
technology and possess the ethical reasoning and cultural understanding 
necessary to use technology for the greater good. This paper profiles the 
work generated by a large, multi-year National Science Foundation 
grant-funded project. It provides a roadmap for educators seeking to 
implement a transformative educational model of integrating humanities 
and STEM education leveraged by AI and MEAs.

The case presented outlines a model for a pedagogical approach 
that leveraged the contexts of STEM and agricultural sciences, the 

humanities, and mathematical modeling to support weaving 
humanities into STEM education, suggesting ways to incorporate 
AI. The subsequent sections explore the background and rationale, the 
case and learning environment, a discussion, acknowledgment of 
constraints and limitations, and, finally, a conclusion.

2 Background and rationale for the 
educational activity innovation

Given the need for interdisciplinary problem-solving, MEAs were 
chosen as a pedagogical tool to integrate humanities into STEM 
education. MEAs are realistic, client-driven, inherently 
interdisciplinary problems requiring students to develop a 
mathematical model to solve a problem or represent a situation 
(Zawojewski et al., 2008; Hamilton et al., 2008; Lesh and Doerr, 2003). 
MEA pedagogical practice grew throughout the 80s and 90s in middle 
school as a means for mathematics education researchers to observe 
the development of student problem-solving competencies and the 
growth of mathematical cognition (Zawojewski et al., 2008; Hamilton 
et al., 2008; Lesh and Doerr, 2003). During the early 2000s, Diefes-Dux 
and colleagues introduce MEAs to post-secondary engineering 
education as a means of enhancing first-year engineering students’ 
problem-solving skills (Zawojewski et al., 2008; English, 2006, 2009; 
Lesh and Zawojewski, 2007).

Researchers have used MEAs in the classroom to investigate K-12 
and first-year college students’ thinking and learning (Hamilton et al., 
2008; Lesh and Doerr, 2003). MEAs have been used in the classroom 
by researchers and educational practitioners to identify highly gifted 
and creative students (Chamberlin and Moon, 2005; Coxbill et al., 
2013; Hamilton et al., 2008). Researchers and practitioners have also 
used MEAs in the classroom to assess students’ working conceptual 
knowledge and help students develop problem-scoping skills to solve 
mathematical modeling problems (Clark et al., 2023; Bostic et al., 
2020; English, 2006, 2009; Glancy and Moore, 2018; Hamilton et al., 
2008). Moore et al. (2006) used four different MEAs to assess team 
effectiveness during complex mathematical modeling tasks.

2.1 Mathematical modeling briefly defined

Mathematical modeling is a type of modeling that uses 
mathematics to represent, mimic, or predict the behavior of real-world 
processes. The role of mathematization in modeling is fundamental to 
how students consider mathematics valuable and essential for 
immediate application in their everyday lives. Math modeling is 
crucial to learning mathematics and interdisciplinary learning across 
various disciplines (Lesh and Doerr, 2003). Translating a real-world 
problem into a predictive mathematical form is the essence of 
mathematical modeling. Doing so clarifies the problem by identifying 
the significant variables, making predictive approximations, and 
demonstrating a deeper understanding of the problem based on 
fundamental theories. Mathematical modeling can also support 
learning mathematics by increasing motivation, comprehension, and 
retention. The mathematician Henry Pollak, a strong advocate of 
incorporating modeling into the mathematics curriculum at all levels 
of education, argued that all students must learn mathematical 
modeling to use mathematics in their daily lives, as citizens, and in the 
workforce (Cirillo et al., 2016).
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2.2 Artificial intelligence in education

Artificial intelligence is rapidly reshaping the pedagogical 
landscape, offering novel pathways to connect technological 
advancements with societal contexts in education. AI’s capability to 
adapt learning experiences to the needs of individual students presents 
unprecedented opportunities for personalized education, enabling a 
learning environment where content and pace are tailored to each 
learner’s strengths, weaknesses, and preferences (Luckin et al., 2016; 
United Nations Educational, Scientific and Cultural Organization 
(UNESCO), 2019). This adaptation enhances learner engagement and 
promotes a more profound comprehension across various disciplines, 
crucially linking technology with societal implications (Luckin et al., 
2016; United Nations Educational, Scientific and Cultural 
Organization (UNESCO), 2019). AI’s application in the classroom 
extends to dynamic problem-solving and exploring complex ethical 
scenarios, making it an invaluable resource for interdisciplinary 
education. AI-driven platforms can simulate real-world problems, 
create virtual labs, and present scenario-based learning experiences 
that challenge students to apply interdisciplinary knowledge to solve 
pressing issues. This immersive approach develops technical skills and 
cultivates critical thinking, ethical reasoning, and an appreciation for 
the societal dimensions of technological innovations (Luckin et al., 
2016; United Nations Educational, Scientific and Cultural 
Organization (UNESCO), 2019). Integrating AI into teaching and 
learning processes enables educators to prepare students to 
be proficient in technology and the critical and ethical thinking skills 
necessary to responsibly navigate the challenges and opportunities of 
the digital age (Luckin et  al., 2016; United Nations Educational, 
Scientific and Cultural Organization (UNESCO), 2019). AI enhances 
problem-solving capabilities in the classroom by providing tools that 
foster an environment of inquiry and innovation (Luckin et al., 2016; 
United Nations Educational, Scientific and Cultural Organization 
(UNESCO), 2019; Lin et al., 2023). Using intelligent tutoring systems, 
AI can offer personalized guidance and feedback, enabling students to 
navigate complex problem sets and conceptual difficulties with greater 
autonomy (Luckin et al., 2016; United Nations Educational, Scientific 
and Cultural Organization (UNESCO), 2019; Lin et al., 2023). These 
systems adapt to the learner’s progress in real-time, presenting 
challenges optimally aligned with their current skill level and learning 
goals (Koedinger and Corbett, 2006).

Furthermore, AI can analyze vast datasets to identify patterns and 
insights imperceptible to the human eye, offering students novel 
perspectives and strategies for tackling problems (Baker and Siemens, 
2014). This capability enriches the problem-solving process and 
encourages a mindset of exploration and experimentation (Dede, 
2009). By leveraging AI’s analytical prowess, educators can inspire a 
deeper engagement with the material, motivating students to push the 
boundaries of their understanding and apply their knowledge in 
innovative ways. The result is a learning experience about finding the 
correct answers and cultivating the skills and creativity necessary to 
navigate an increasingly complex world.

Artificial intelligence integration in education, particularly 
through chatbot use, has shown significant promise in enhancing 
educational outcomes, as evidenced by recent research studies. A 
notable example is the meta-analysis conducted by Wu and Yu (2024), 
which provides compelling evidence of the educational gains 
achievable through chatbot utilization, highlighting substantial effects 

on learning. This aligns with the findings of Rahman and Watanobe 
(2023), who emphasized AI’s potential to benefit teachers and students 
by augmenting the educational process. Furthermore, Wollny et al. 
(2021) contribute to the growing body of literature by demonstrating 
that AI use not only improves student skills and motivation but also 
leads to noteworthy improvements in learning outcomes. These 
studies underscore the importance of AI chatbots in the educational 
sector, suggesting that educators should consider how best to leverage 
this technology to maximize its benefits. The implications of such 
research are profound, urging educators to reflect on and integrate AI 
tools strategically within their pedagogical practices to enhance the 
quality of education and student engagement.

2.3 Humanities and STEM education

Integrating humanities into the STEM educational framework 
represents a paradigm shift toward a more rounded and ethically 
grounded approach to learning. Humanities, encompassing various 
disciplines such as literature, history, philosophy, and arts, offer 
profound insights into human experience, culture, values, and ethical 
reasoning. When woven into STEM education, the humanities enrich 
the learning experience by grounding technological and scientific 
advancements within a broader societal and ethical context. This 
interdisciplinary approach facilitates the development of critical 
thinking, ethical reasoning, and a deeper understanding of the human 
condition, which are essential for addressing the complex challenges of 
today’s technology-driven world (Balsamo, 2011; Bybee, 2010; National 
Research Council and Mathematics Learning Study Committee, 2001). 
Historically, STEM fields have been perceived as distinct from the 
humanities, focusing primarily on technical proficiency and empirical 
inquiry. However, as technological advancements increasingly impact 
every aspect of society, the need for a holistic educational model that 
prepares students to think critically about these advancements’ ethical 
implications and societal impacts has become apparent. Humanities 
disciplines play a crucial role in this context by providing the tools to 
critically analyze historical trends, cultural differences, and ethical 
dilemmas, thereby preparing students to navigate and contribute to a 
world where technology, society, and ethical considerations are 
inextricably linked (Balsamo, 2011; National Research Council and 
Mathematics Learning Study Committee, 2001). By integrating 
humanities into STEM education, students are equipped with technical 
skills and the ability to consider the broader impacts of their work, 
fostering a generation of professionals who are as committed to ethical 
and societal well-being as they are to innovation and progress.

3 The pedagogical framework

3.1 MEA design

Six principles guide the design of MEAs (Zawojewski et al., 2008; 
Hamilton et al., 2008; Lesh and Doerr, 2003). These design principles 
require that all MEAs include: (1) the reality principle which requires 
the activity to be positioned in a realistic context where students are 
encouraged to make sense of the problem or situation based on 
extensions of their own personal knowledge and experiences; (2) self-
assessment which ensures that the statement of the problem contains 
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the criteria for appropriate self-assessment of alternative solutions; (3) 
a simple prototype ensures that the problem or situation is as simple 
as possible while ensuring the need for a significant model; (4) the 
model construction principle ensures the activity requires 
constructing, explaining, manipulating, predicting, or controlling a 
significant structural system; (5) the model generalization principle 
ask is the model sharable and reusable, and (6) model documentation 
ensures that the students are required to create some form of 
documentation that will reveal explicitly how they are thinking about 
the problem (Hamilton et al., 2008).

3.2 The guiding standards

The Common Core State Standards (CCSS) and the Standards for 
Mathematical Practice (SMP) are two components of a comprehensive 
framework designed to improve educational outcomes in the 
United States, particularly in mathematics education (Common Core 
State Standards Initiative, 2024). These standards worked together to 
ensure students gained specific mathematical content knowledge and 
developed critical thinking, problem-solving skills, and a deep 
understanding of mathematical concepts. The SMP describes eight 
practices that educators should develop in their students, including 
problem-solving, reasoning abstractly and quantitatively, constructing 
viable arguments, modeling with mathematics, using appropriate tools 
strategically, attending to precision, making use of structure, and 
expressing regularity in repeated reasoning. While the CCSS focuses 
on the “what” of mathematics, the SMP focuses on the “how” of 
mathematics. The CCSS lays the foundation for what students need to 
know, while the SMP shapes how students approach, understand, and 
apply their mathematical knowledge.

3.3 The learning objectives

The MEAs were used as tools to promote contextualized learning 
and conceptual understanding by eliciting students to (a) interpret 
data meaningfully to draw accurate conclusions and insights, (b) 
develop mathematical models utilizing multiple representations to 
describe and predict real-world phenomena, (c) enhance critical 
thinking skills by engaging in the iterative engineering problem-
solving design process, (d) collaborate effectively with peers to solve 
complex problems through teamwork and shared expertise, (e) 
improve written and verbal reporting skills by practicing clear and 
effective communication of ideas and results, and (f) build self-efficacy 
in solving real-world problems through hands-on experience and 
reflective practice.

4 The learning environment

4.1 The case study overview

This case study profiles the work carried out under a multi-year 
project funded by the National Science Foundation, Enhancing 
Minority Middle School Students’ Knowledge, Literacy, and Motivation 
in STEM Using Contextual Agricultural Life Sciences (AgLS) Learning 
Experiences. The project aimed to design, develop, and field-test novel 

integrated STEM learning experiences using agricultural sciences 
(AgS) contexts. The project leverages the integration of STEM and AgS 
within a humanities context to design, develop, and implement novel 
MEAs (Clark et al., 2023). Seven AgS MEAs were designed, developed, 
and field-tested during three academic years as part of the larger 
project. This innovative curriculum aimed to (a) increase the number 
of marginalized elementary school students prepared for secondary 
STEM courses and postsecondary majors in STEM and (b) contribute 
to a culturally relevant integrated STEM curriculum. The AgS MEAs 
were standards-based, grounded in culturally relevant pedagogy 
principles (Ladson-Billings, 2009), and contextualized through 
community connections and local STEM industry partnerships.

Culturally relevant pedagogy “empowers students intellectually, 
socially, emotionally, and politically using cultural referents to impart 
knowledge, skills, and attitudes” (Ladson-Billings, 2009, p. 16–17). A 
culturally relevant pedagogy framework encompasses three tenets: 
academic achievement, cultural competence, and sociopolitical 
consciousness (Ladson-Billings, 2009). Furthermore, research indicates 
that culturally relevant pedagogy is vital in facilitating marginalized 
students’ success in mathematics and science in K-12 education (Lesh 
et al., 2000; Lesh and Harel, 2003; Lesh and Doerr, 2003). Culturally 
relevant pedagogy was especially critical when developing students’ 
awareness of and connection to STEM careers and local community 
problems. Culturally relevant pedagogy was incorporated into the 
design, development, and implementation of the AgS MEAs through 
the three C’s of culturally relevant pedagogy. The three C’s are defined 
as culture, community, and career. Agricultural sciences MEAs were 
the first MEAs to incorporate the three C’s into MEA design, 
development, and implementation (Clark et al., 2023; Bostic et al., 
2020). The three Cs approach to culturally relevant pedagogy was 
carried out throughout the AgLS MEA classroom instruction by 
providing teacher development sessions before and after each AgLS 
MEA implementation. The teacher development sessions increased 
teachers’ knowledge, skill, and confidence in facilitating cultural and 
community-relevant learning activities tied to real-world situations. 
Providing teachers with resources to partner with local community 
organizations, local colleges and universities, and local STEM 
networks empowered teachers with the confidence to implement 
culturally relevant pedagogy in their classrooms.

The agricultural sciences MEAs were the first-ever developed 
AgS-focused MEAs. The AgS MEAs were designed, developed, and 
field-tested using an iterative, cyclical design approach (Clark et al., 
2023). Each AgS MEA underwent an engineering design process of 
implementation, testing, and redesign process (Clark et  al., 2023; 
Bostic et  al., 2020). All AgS MEAs adhered to the models and 
modeling perspective and associative principles (Clark, 2021; Lesh 
and Doerr, 2003) and aligned with both Common Core State 
Standards Initiative (CCSSI) (2010) and Next Generation Science 
Standards Lead States (2013). The AgS MEA topics addressed four 
major societal challenges: (1) health and human diet, (2) food 
security/insecurity, (3) alternative energy, and (4) equitable green 
space utilization. The AgS-related societal challenges facilitated 
myriad solutions requiring students to reflect on their everyday lives 
to connect challenges and resources in students’ local communities. 
The topics of AgS also provided a vibrant venue for real-world contexts 
to engage students in problem-solving that reflected culturally relevant 
pedagogy. Content experts guided the AgS MEA curriculum to ensure 
that the curriculum was culturally relevant, connected to the 
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community, aligned with state content standards, and developmentally 
appropriate for elementary school students.

These MEAs aim to address real-world problems, drawing on the 
grand challenges identified by the National Academy of Engineering 
(NAE) that are crucial for sustaining life on Earth in the 21st century 
(Clark et al., 2023). The NAE challenges related to the MEAs discussed 
in this study include advanced health informatics, solar technology 
advancements, urban infrastructure restoration, and sustainable clean 
water sources for a global population projected to exceed 9 billion by 
2050. The grand challenges necessitate solutions that transcend 
traditional STEM disciplines, requiring the integration of broader 
societal and ethical contexts. Disciplines such as literature, history, 
philosophy, and the arts become vital in addressing these complex 
issues, providing insights into human values, culture, and ethics. The 
MEAs developed emphasize this interdisciplinary approach, focusing 
on societal problems related to food science, environmental science, 
engineering design, and public health. By embedding these challenges 
within a humanities framework, the MEAs highlight the importance 
of understanding human values and cultural contexts in solving 
complex societal challenges. These MEAs are not only standards-
based but also grounded in the principles of culturally relevant 
pedagogy (Clark, 2021). The MEAs are contextualized through 
connections to local communities and partnerships with local STEM 
industries. This approach ensures that the learning experiences are 
academically rigorous, meaningful, and relevant to the students’ lives 
and communities. Table 1 lists the four MEA topic area titles, societal 

challenges, key questions addressed, Common Core State Standard 
potentially addressed, and the connection of NAE grand challenge.

4.2 Setting

The MEAs were implemented in a primary school with an 
environmental focus (a magnet school), serving students aged 5–12 in 
a large urban district in the central United States. According to the US 
Department of Education, magnet schools offer distinctive educational 
programs emphasizing mathematics, science, technology, visual and 
performing arts, or humanities (U.S. Department of Education, 2004). 
The school aimed to integrate environmental and AgS into an 
elementary education curriculum. To help achieve this mission, 
researchers associated with the project supported the school in 
preparing for and receiving STEM certification through the Indiana 
Department of Education in 2020. The school’s student body was 85% 
Black/African American, 8% Hispanic/Latinx, 6% White/Caucasian, 
and 1% Asian American, with 61% receiving free or reduced lunch 
assistance. It is important to note that a long-term goal of the larger 
project was to increase the number of underrepresented middle school 
students prepared for advanced-level secondary STEM courses. 
Mentioning the racial and ethnic makeup of the school provides a 
basis for broader discussions on how educational practices can 
be  adapted or understood in different international contexts, 
recognizing the diverse populations served globally.

TABLE 1 Model eliciting activities (MEAs) aligned with societal challenges and educational standards.

MEA title Societal challenge 
and learning 
context

Problem statement/
Key question

Common core state 
standards addressed

NAE grand challenge 
connection

Healthy food choices

Public health and nutrition as 

related to childhood obesity

How do consumers use the 

Nutrition Facts Label 

information to make healthier 

food choices?

CCSS.MATH.CONTENT.5.OA.A.2: 

Write simple expressions that record 

calculations; interpret numerical 

expressions without evaluating them.

Advanced health informatics 

enables the use of data and 

technology to guide individuals 

toward better nutrition choices 

through improved access to 

accurate health-related 

information.

Renewable energy

Sustainable energy related to 

wind, solar, and energy

What innovative ways can 

we harness and integrate 

renewable energy sources into 

daily life?

CCSS.MATH.CONTENT.5.NBT.B.7: 

Add, subtract, multiply, and divide 

decimals to hundredths using 

concrete models or drawings and 

strategies based on place value 

properties of operations.

Economic solar technology and 

other renewable energy systems 

enable clean and affordable 

energy that is accessible for 

everyday use.

Urban green spaces

Equitable urban green space 

development

How do the design and 

accessibility of green spaces 

impact the well-being and 

quality of life in urban 

neighborhoods?

CCSS.MATH.CONTENT.4.G.A.1: 

Draw points, lines, line segments, 

rays, angles (right, acute, obtuse), and 

perpendicular and parallel lines. 

Identify these in two-dimensional 

figures.

Revitalized urban infrastructure 

to incorporate green spaces 

enhances livability and promotes 

health equity in urban 

communities.

Food security/Insecurity

Food security and safety 

related to public health and 

nutrition

How can local communities 

contribute to improving access 

to healthy and affordable food 

options?

CCSS.MATH.CONTENT.4.OA.A.3: 

Solve multistep word problems posed 

with whole numbers and having 

whole-number answers using the four 

operations.

Clean water is essential for food 

production and safety, 

supporting sustainable food 

systems, and reducing food 

insecurity in communities.
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4.3 Participants

The study involved 67 students (n = 67), 31 in fifth grade (46.3%) 
and 36  in sixth grade (53.7%). The participating students were 
distributed across four classrooms: fifth- and sixth-graders. Four 
teachers participated in the field testing of the MEAs over two 
academic years. The teachers had varying levels of experience, ranging 
from two to over 15 years, and their subject expertise included English 
language arts (ELA), mathematics, and science. One week before each 
MEA implementation, teacher participants attended a 45-min 
development session. The goal of the development sessions was to (a) 
conduct an explanatory demonstration of the MEA, (b) engage 
teachers in a reflective discussion about the MEA implementation, 
and (c) engage teachers in conversations about students’ motivation, 
culturally relevant pedagogy, community engagement, and STEM 
career exploration. Teacher participants received a stipend and 
instructional supplies for participating in the study.

4.4 The intervention

The AgS MEAs were the first-ever developed AgS-focused MEAs. 
The AgS MEAs were designed, developed, and field-tested using an 
iterative, cyclical design approach (Clark, 2021; Clark et al., 2023). Each 
MEA underwent an engineering design process of implementation, 
testing, and redesign (Clark, 2021; Clark et  al., 2023). All MEAs 
adhered to the models and modeling perspective and associative 
principles (Lesh and Doerr, 2003) and aligned with both Common 

Core State Standards Initiative (CCSSI) (2010) and Next Generation 
Science Standards Lead States (2013). The MEA topics addressed four 
major societal challenges: (1) health and human diet, (2) food security/
insecurity, (3) alternative energy, and (4) equitable green spaces. The 
AgS-related-related societal challenges facilitated a myriad of solutions 
requiring students to reflect on their everyday lives to connect 
challenges and resources in students’ local communities. The AgS 
topics also provided a vibrant venue for real-world contexts to engage 
students in problem-solving that reflected culturally relevant pedagogy. 
Content experts guided the MEA development to ensure the 
curriculum was culturally relevant, connected to the community, 
aligned with state content standards, and developmentally appropriate 
for elementary school students. The structural and interactional 
components of the MEAs are described in Table 2.

4.5 Methods and procedures

The case presented here reports two interrelated studies (Clark, 
2021; Clark et al., 2023) utilizing qualitative and quantitative research 
methods. In what follows, each study’s processes and procedures 
are discussed.

4.6 Study 1

Guided by Self-Determination Theory (SDT), study 1 focused 
on identifying the contextual factors that either facilitate or hinder 

TABLE 2 Structural and interactional implementation components.

MEA components Description

Cover page (a) The cover page included the MEA title, fundamental question, student learning goals, guiding documents to help teachers align the 

MEA with state standards, information about team formations, and recommended supplies.

Advanced organizer (b) The news article included MEA-related content reading based on local current events, culturally relevant data-driven material, 

websites of reference material, informational images, technical terms, and thought-provoking discussion prompts. Each news 

article underwent a Flesch–Kincaid readability test (Kincaid et al., 1975).

Discussion topics (c) Discussion topics included culturally relevant content supported with data sets.

Problem-solving strategies (d) Problem-solving strategies include four steps, i.e., (1) understanding the problem, (2) developing a strategy, (3) applying the 

strategy, and (4) communicating a solution.

MEA assessment rubric (e)
The assessment rubric consisted of measures to assess the quality of the student team’s final presentations, cooperative learning, and 

mathematical model construction.

Implementation plan (f)
Implementation plans included planning prompts for MEA daily activities, the time required to complete the activity, and 

materials.

Student engagement (g)
Student engagement was provided by in-class visits from STEM professionals, including civil engineers, nutritional scientists, 

agriculturalists, food scientists, learning scientists, and city planners.

Problem identification (h)

Problem identification included six prompts: (1) what is the setting of the client’s problem? (2) what is the goal to achieve? (3) 

explain your initial idea for a model; (4) list the steps (descriptions and procedures) you will use to make an effective model; (5) list 

the variables in your model; and (6) how will you document the model.

Culturally relevant pedagogy (i)
Culturally relevant pedagogy included teaching practices reflective of students’ diverse backgrounds, cultural competence, and 

critical consciousness.

Team roles & responsibilities (j) Team roles included project manager, project designer, materials manager, and communication manager.

Reflection (k) Reflection allows students to spend time on the problem to solve, model development, and team interactions.

Supporting technology (l) Technology included Google tools, YouTube, web browsers, and electronic databases.

Described are A through F structural components and G through L interactional components.
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students’ motivation to engage with and learn STEM subjects (Deci 
and Ryan, 1982, 2012; Niemiec and Ryan, 2009; Ryan and Deci, 
2000). SDT posits that motivation, particularly intrinsic motivation, 
can be either enhanced or undermined by contextual factors (Deci 
and Ryan, 1982, 2012; Niemiec and Ryan, 2009; Ryan and Deci, 
2000). Intrinsic motivation, the innate drive to engage in activities 
for their inherent satisfaction, is central to fostering sustained 
engagement and learning (Deci and Ryan, 1982; Ryan and Deci, 
2000). SDT identifies three basic psychological needs that are 
essential for stimulating and sustaining intrinsic motivation, 
especially in educational settings (Niemiec and Ryan, 2009; Ryan 
and Deci, 2000): competence (Harter, 1978), relatedness 
(Baumeister and Leary, 1995; Reis, 1994), and autonomy (Deci and 
Ryan, 2010; DeCharms, 1972). Competence refers to students’ 
confidence in their ability to master content, relatedness pertains 
to their sense of belonging and connection with others, and 
autonomy involves the perception of having control over one’s 
learning activities. When these needs are unmet, students are likely 
to experience disengagement and adverse learning outcomes 
(Niemiec and Ryan, 2009). Conversely, when these needs are 
supported, they are associated with increased motivation, academic 
engagement, and improved learning outcomes (Niemiec and 
Ryan, 2009).

The primary research question guiding the study was: Does 
student motivation to engage and learn in STEM activities change 
after completing MEAs? Two established instruments were adapted 
for this study, i.e., the Intrinsic Motivation Inventory (IMI; Deci and 
Ryan, 1982; Ryan et al., 1991) and the Agricultural, Food, and Natural 
Resources (AFNR) instrument (Scherer, 2016). Both instruments were 
assessed using the Flesch–Kincaid readability test to ensure their 
appropriateness for the targeted grade level (Kincaid et al., 1975).

The IMI, which evaluates students’ subjective experiences related 
to specific activities, was modified to include four subscales: perceived 
competence (PC), effort/importance (EI), value/usefulness (VU), and 
interest/enjoyment (IE). These subscales measured students’ interest 
and motivation for participating in STEM activities. The modified IMI 
questionnaire consisted of 21 items. Five items were included in each 
PC, EI, and VU subscale, while six comprised the IE subscale. 
Responses were rated on a four-point Likert scale ranging from 
1 = Not at all agree to 4 = Mostly agree, reflecting the extent of 
agreement with each statement. Cronbach’s alpha coefficients for 
internal consistency were 0.87, 0.79, 0.87, and 0.71, respectively.

The AFNR instrument, originally developed to assess youth 
interest and motivation in learning agricultural content, was similarly 
modified to focus on interest and motivation in agricultural sciences. 
The resulting questionnaire also contained 21 items, with responses 
on a four-point Likert scale ranging from 1 = Strongly disagree to 
4 = Strongly agree, indicating participants’ agreement with each 
statement. The Cronbach’s alpha coefficient for internal consistency 
was 0.89.

Demographic and questionnaire data were collected from the fifth 
and sixth grade classrooms before the MEAs were implemented 
during each of the two academic school years. IMI data were collected 
one day after the completion of the MEA implementation for each of 
the two academic school years. Two graduate student researchers 
administered each questionnaire. While one graduate student 
researcher distributed the questionnaire to each student, the other 
researcher explained the questionnaire to the student participants, 

question by question, to ensure that students understood 
each question.

Data were analyzed using Statistical Package for Social Sciences 
(SPSS©) version 20. First, reliability coefficient scores were calculated 
for the four scales. The four scales measuring interest and motivation 
were perceived confidence (PC), effort/importance (EI), value 
usefulness (VU), and interest/enjoyment (IE). Second, frequencies, 
percentages, means, and standard deviations were calculated for the 
four IMI scales. Third, independent t-tests were conducted to assess 
students’ interest and motivation differences across all four scales 
between students who experienced two MEAs (fifth graders) versus 
four MEAs (sixth graders). The assumption of normality was 
examined for each t-test and met.

The primary research question sought to determine student 
motivation in STEM learning experiences between students who 
experienced two MEAs [fifth graders versus four MEAs (sixth graders)]. 
The summated means and standard deviations were calculated for 
participants’ responses to the IMI scale, items measuring perceived 
confidence (PC), effort/importance (EI), value usefulness (VU), and 
interest/enjoyment (IE). Table 3 displays the summated means and 
standard deviations along with the independent t-test scores for each of 
the four constructs measured (i.e., PC, EI, VU, and IE).

Results of the independent t-tests indicated no significant 
difference in mean scores for Perceived Confidence [fifth grade 
mean = 3.19, SD = 0.76 and sixth grade mean = 3.07, SD = 0.83; 
t(65) = −0.605, p ≥ 0.05]. The Perceived Confidence scale revealed a 
trivial effect size (Cohen’s d = 0.12). There was no significant difference 
in mean scores for Effort/Importance [fifth grade mean = 3.21, 
SD = 0.68 and sixth grade mean = 2.97, SD = 0.74; t(65) = −1.37, 
p ≥ 0.05]. The Effort/Importance scale revealed a small effect size 
(Cohen’s d = 0.24). However, there was a significant difference in 
mean scores for Value Usefulness [fifth grade mean = 2.79, SD = 0.81 
and sixth grade mean = 2.35, SD = 0.91; t(65) = −2.06, p ≤ 0.05]. The 
Value Usefulness scale revealed a moderate effect size (Cohen’s 
d = 0.44). There was also a significant difference in mean scores for 
Interest/Enjoyment [fifth grade mean = 2.99, SD = 0.89 and sixth 
grade mean = 2.50, SD = 0.68; t(65) = −2.57, p ≤ 0.05]. The Interest/
Enjoyment scale revealed a moderate effect size (Cohen’s d = 0.49).

Results of the independent t-test indicated no significant 
difference in mean scores for interest and motivation in agricultural 
sciences [fifth grade mean score = 2.75, SD = 0.59 and sixth grade 
mean score = 2.75, SD = 0.51; t(65) = 0.037, p ≥ 0.05]. The agricultural 
sciences (AFNR) questionnaire scale revealed a trivial effect size, 
Cohen’s d = 0.0. Table 4 displays the summated scores and t-test results.

4.7 Study 2

The second study employed the Innovation Implementation 
Framework (Gale et  al., 2020; Century and Cassata, 2014, 2016; 
Century et al., 2012; Clark et al., 2023) to explore the critical structural 
and interactional components necessary for effectively implementing 
STEM, agricultural sciences MEAs.

The guiding research question for this study was: What are the 
structural and interactional components of an integrated STEM 
curriculum? The Innovation Implementation Framework (Gale et al., 
2020; Century and Cassata, 2014, 2016; Century et al., 2012) guided 
the semi-structured interviews and focus groups conducted to capture 
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teachers’ discourse on their experiences with implementing the MEAs. 
The Innovation Implementation framework identifies two primary 
categories of components essential for contextualized curriculum 
implementation (Century and Cassata, 2014): structural and 
interactional. Structural components refer to the crucial organizational 
elements for curriculum implementation, such as design and support 
systems. Interactional components involve the behaviors, interactions, 
and practices during the curriculum’s enactment. These components 
focus on the pedagogical actions expected of teachers and the 
engagement activities designed for students within the curriculum 
intervention (Century and Cassata, 2014).

Results from study 2 identified six structural and six interactional 
implementation components. The structural components identified 
included (a) a cover page, (b) an advanced organizer/news article, (c) 
discussion topics, (d) problem-solving strategies, (e) an MEA 
assessment rubric, and (f) an implementation plan. The interactional 
components consist of (g) student mentorship, (h) problem 
identification, (i) culturally relevant pedagogy, (j) team roles and 
responsibilities, (k) reflection, and (l) supporting technology. Table 2 
details the structural and interactional components identified as 
critical for MEA implementation when integrating STEM 
and humanities.

5 Discussion

The case study discussed in this paper highlights the 
transformative potential of integrating humanities into STEM 

education through the strategic use of mathematical modeling and 
AI. This approach is not merely an enhancement of traditional 
educational models but a necessary evolution to meet the demands of 
the 21st century. By leveraging interdisciplinary approaches, 
particularly the integration of humanities into STEM, students can 
develop a more comprehensive understanding of the complex 
challenges they will face in their careers and as global citizens.

The qualitative results from Study 2 reveal the depth of 
engagement and critical thinking that this interdisciplinary model 
fosters. Through semi-structured interviews and focus groups, 
teachers reported that students engaged meaningfully with real-world 
problems, particularly in MEAs focused on agricultural and 
environmental sciences. These topics, embedded with cultural and 
ethical considerations, prompted students to consider the social 
implications of their technical work. For instance, during the MEA on 
renewable energy, students explored the broader impacts of clean 
energy solutions, including accessibility issues for diverse 
communities. Teachers noted that these discussions encouraged 
students to view STEM as a means to address societal problems, 
fostering a sense of responsibility and purpose in their learning.

Moreover, the qualitative data revealed that culturally relevant 
pedagogy was essential for increasing student motivation and 
ownership over their learning. By grounding MEAs in  local, 
community-relevant contexts, the curriculum allowed students to see 
the relevance of STEM to their own lives and communities. The 
culturally relevant pedagogy framework centered around the Three Cs 
(culture, community, and career) was particularly effective in fostering 
a sense of belonging and engagement. Teachers observed that students 

TABLE 4 Summate scores and t-test results for grades 5 and 6.

Agricultural sciences (AFNR) scale 2 MEAs 4 MEAs p value Cohen’s d

5th grade 6th grade

n = 31 n = 36

Interest & Motivation
M = 2.75 M = 2.75

0.970 0.0
SD = 0.59 SD = 0.51

M, Mean; SD, Standard Deviation; and n = 67.

TABLE 3 Summated scores and t-test results for grades 5 and 6.

Intrinsic motivation 
inventory scale

2 MEAs 4 MEAs p value Cohen’s d

5th grade 6th grade

n = 31 n = 36

Perceived Confidence (PC)
M = 3.19 M = 3.07

0.548 0.12
SD = 0.76 SD = 0.83

Effort/Importance (EI)
M = 3.21 M = 2.97

0.171 0.24
SD = 0.68 SD = 0.74

Value Usefulness (VU)
M = 2.79 M = 2.35

0.042 0.44
SD = 0.81 SD = 0.91

Interest/Enjoyment (IE)
M = 2.99 M = 2.50

0.014 0.49
SD = 0.89 SD = 0.68

M, Mean; SD, Standard Deviation; and n = 67.
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were more motivated and proactive in activities that connected 
directly to their communities, especially in MEAs focused on food 
security and equitable green spaces. This insight aligns with Self-
Determination Theory (SDT), as students experienced increased 
autonomy, competence, and relatedness, critical to sustained 
engagement and learning.

The supporting technologies used in the case study, such as 
Google tools, YouTube, various web browsers, and electronic 
databases, provided students and teachers with essential resources to 
access, share, and organize information. These tools were foundational 
in facilitating the research, collaboration, and documentation 
processes within MEAs. However, the success of these technologies 
points to the significant potential for incorporating more advanced 
AI-driven tools into future MEA implementations. For example, 
adaptive feedback systems and scenario-based simulations could allow 
students to explore complex ethical scenarios at their own pace, 
fostering critical thinking and ethical reasoning. Such AI-driven tools 
could enhance the curriculum’s ability to tailor learning experiences 
to individual needs and create immersive, ethically focused problem-
solving scenarios, further supporting this model’s interdisciplinary, 
human-centered learning objectives.

Teachers also highlighted several structural and interactional 
components critical for successful MEA implementation. Structural 
elements, such as advanced organizers and assessment rubrics, 
provided a clear framework for interdisciplinary problem-solving. 
Interactional components, including mentorship and structured 
problem identification, encouraged collaboration and reflective 
thinking. Teachers emphasized that these components supported 
academic learning and facilitated social–emotional growth by 
promoting empathy, teamwork, and problem-solving skills. The 
integration of AI tools, when possible, could add further depth to this 
approach by enabling dynamic, personalized learning environments. 
AI-driven platforms could offer real-time feedback and adjust to each 
student’s unique pace and understanding, allowing deeper engagement 
with ethical and cultural considerations.

The quantitative results from Study 1 showed limited statistically 
significant changes in student interest and motivation. These findings 
indicate the need for alternative assessment tools to capture shifts in 
attitudes, perceptions, and critical thinking that traditional metrics 
may not adequately reflect.

In summary, the qualitative data from Study 2 affirm that 
integrating humanities into STEM education through MEAs and AI 
is a feasible and impactful model, especially when culturally relevant 
contexts and ethical considerations are embedded into the curriculum. 
This approach cultivates technically proficient students who are also 
empathetic, ethically aware, and prepared to address today’s world’s 
complex, interdisciplinary challenges.

6 Acknowledgment of constraints

This study acknowledges several constraints that could impact 
the generalizability and interpretation of its findings. Firstly, the 
limited duration of the intervention and the relatively small sample 
size, primarily drawn from a single educational setting, may not 
fully represent the diversity of educational landscapes. This 
limitation raises concerns about how the findings can be applied to 

other contexts, particularly those with different demographic, 
cultural, or socioeconomic characteristics. Additionally, the 
quantitative measures used to assess changes in student interest and 
motivation may not fully capture the depth and complexity of the 
interdisciplinary impact. This reliance on quantitative data might 
overlook subtle shifts in student perceptions and engagement that 
could be  better understood through qualitative approaches. 
Potential biases, such as the influence of the specific school 
environment or the teachers’ lack of familiarity with 
interdisciplinary methods, could also affect the outcomes and 
should be considered when interpreting the results.

Future research should address these limitations by conducting 
longitudinal studies with larger, more diverse demographic samples 
to understand better the long-term effects and broader applicability 
of integrating humanities into STEM education through AI and 
MEAs. Such studies could also explore potential biases or 
confounding variables, such as variations in technological access, 
teacher training, and curriculum adaptation, which could influence 
the effectiveness of this educational model. By examining these 
factors, future research can provide a more comprehensive 
understanding of the challenges and opportunities associated with 
scaling this approach across different educational settings and age 
groups, ultimately contributing to more equitable and 
effective implementation.

7 Conclusion

In conclusion, the integration of humanities into STEM 
education, supported by mathematical modeling and AI, 
represents a powerful approach to developing well-rounded 
individuals capable of addressing the complex challenges of the 
modern world. This interdisciplinary model prepares students to 
think critically and ethically about the impact of technology on 
society, ensuring that they are proficient in technical skills and 
equipped with the cultural and ethical awareness necessary to use 
these skills responsibly. As educators seek to implement this 
model, it will be  essential to continue refining both the 
pedagogical frameworks and assessment methods to realize the 
full potential of this approach.

The integration of Humanities into STEM education, supported 
by AI and MEAs, represents a pivotal advancement in educational 
strategies to prepare students for the complexities of the contemporary 
world. The case presented here highlights the profound benefits of 
such an interdisciplinary approach, which enhances academic 
performance and cultivates critical thinking, ethical reasoning, and a 
broader understanding of societal impacts. By fostering these skills, 
the curriculum equips students to navigate and contribute thoughtfully 
to a world where technology, society, and ethical considerations are 
increasingly intertwined. Despite its challenges, the successful 
implementation of this educational model underscores the urgent 
need for education systems to evolve, reflecting the multifaceted 
nature of modern societal challenges.

Educators, policymakers, and stakeholders can consider the 
practical implications, objectives, and lessons learned from the case 
presented here to facilitate the widespread adoption of interdisciplinary 
education. Integrating AI and MEAs into the curriculum personalizes 
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learning experiences and brings to light the potential of technology to 
enhance educational outcomes across disciplines. As we continue to 
explore and refine these approaches, the goal remains clear: to develop 
an educational framework that not only imparts knowledge but also 
instills a sense of responsibility, empathy, and ethical awareness, 
preparing students to make meaningful contributions to 
society and to address global challenges with innovative and 
responsible solutions.
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