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ABSTRACT 

The research literature suggests numerous affective and skill-based benefits for American 

K-12 students when using Project-Based Learning (PBL) based Global Collaboration 

Projects (GCPs) in the classroom.  Students are afforded opportunities to deepen their 

understanding and awareness of other cultures (affective domain of attitudes) and build 

skills necessary for the 21st century (psychomotor domain of skills) as they address a real 

world problem.  This awareness can be quantified as Global Mindedness (GM), defined 

as a worldview in which one sees oneself as connected and responsible to the global 

community.  Twenty-first century skills are generally viewed as skills specific to 

communication, creativity, critical thinking, and collaboration.  Presently, there is a 

dearth of research investigating how participation in GCPs augments students’ content 

understanding within cognitive domains (of knowledge) evidenced by academic 

achievement in a specific subject area.  This is of particular interest to environmental 

science education, where students are taught the scientific underpinnings of local and 

global (glocal) issues that affect the Earth as a system (e.g. world hunger).  Based upon 

international benchmark assessments, American students hold a poverty of understanding 

in science.  Therefore, participation in GCPs where students interact with global peers 

while learning science, may better aid them in conceptualizing systemic environmental 

issues, facilitating a more robust understanding of scientific issue.  

This study examined the influence of a GCP on science understandings 

(achievement) as well as GM and 21
st
 century skill growth, between two teachers and 

among four Advanced Placement (AP) Environmental Science classes in the same 

geographic location in Texas. All classrooms employed an identical 3-month PBL 
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module on world hunger, where two classrooms (treatment) participated in a GCP with 

classrooms in Mexico, while the remaining classrooms (control) did not.  Using an 

explanatory, sequential mixed methods approach using content assessments on an 

environmental science topic (i.e. world hunger), products of the PBL (posters), a Global 

Mindedness Survey (GMS), and open-ended responses (treatment only), quantitative and 

qualitative data were collected to evaluate the extent to which students’ participation in a 

GCP influenced their GM, 21st century skills, and (science) understanding of world 

hunger.  Both GM and 21
st
 century skills were also evaluated to provide an understanding 

of the PBL in developing students’ affect towards global issues (GM) and enhancing their 

ability to act (21
st
 century skills) as global citizens. 

Results indicated there were no significant differences between control and 

treatment classrooms in academic achievement (test scores and PBL posters) and overall 

global mindedness (GMS).  Results showed that GM decreased from pre-to-posttest for 

all groups; however, qualitative data (open-ended responses) revealed that students in the 

treatment classrooms perceived an increase in GM.  Correlations between achievement 

and GM indicated that while there were no statistically significant relationships, the 

larger the increase in test score, the larger the increase in GM. The purpose of this study 

was to assess science content acquisition, as well as the added benefits of GM and 21
st
 

skill growth, in adding a GCP to PBL in an environmental science classroom.  Although 

no significance differences were detected, treatment classrooms self-reported (open-

ended questions) and were observed (PBL posters) to have gains in cultural pluralism, or 

respect for cultural differences in a global society.  This research supports the growing 

importance of using sound pedagogy and opportunities for students to cultivate their 21st 
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century skills (via PBL) in a globalizing world, and suggests further research is warranted 

for GCP use in K-12 science classrooms.  

  

key words: 21stt Century Skills; Environmental Science; Global Collaboration; Global 

Mindedness; Project Based Learning  
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CHAPTER I 

INTRODUCTION 

Need for the Study 

According to Thomas Friedman (2007), the world is now flat, meaning the once 

isolated and remote corners of the world are now interconnected into a single network, 

leading to unprecedented global prosperity and innovation.  This process of globalization 

is a central driving force behind the rapid political, social, technological, and economic 

changes occurring in contemporary society (Stohl, 2005), facilitated by continuous 

economic and cultural exchanges across the earth (Suarez-Orozco & Sattin, 2007).  The 

increasing speed at which people exchange ideas, migrate across the earth’s surface, and 

actions influence economies and environments abroad, provides further evidence to an 

rapidly globalizing complex world (Sussmuth, 2007).  The shift from “Industrial Age 

production to that of the Knowledge Age economy—information-driven, globally 

networked—is as world-changing and life-altering as the shift from the Agrarian to the 

Industrial Age three hundred and fifty years ago” (Trilling & Fadel, 2009, p. 40). 

 With an ever growing competitive economy (Wagner, 2010), evolving 

communication technologies, and global environmental challenges, it is imperative that 

American K-12 students have the skills to learn, work, and function as global citizens of 

the 21st century (Trilling & Fadel, 2009).  A growing number of business leaders, 

politicians, and educators have united around the idea that students require specific non-

cognitive skills to be successful today (Brazell, 2013; Partnership for 21st Century 

Learning, n.d.; Rotherham & Willingham, 2009; Trilling & Fadel, 2009).  Modern jobs 

are increasingly demanding workers to possess multi-disciplinary knowledge, 
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interpersonal skills, and the ability to be innovative problem solvers (Brazell, 2013).  As 

a result, there is an urgent need to implement curriculum and pedagogies to instill these 

21st century skills within the American public-school system (Balistreri, Di Giacomo, 

Ptak, & Noisette, 2012).  These proficiencies are commonly referred to as 21st century 

skills.  These are “the skills, knowledge and expertise students must master to succeed in 

work and life; it is a blend of content knowledge, specific skills, expertise and literacies” 

(P21, 2015a, p. 1).  21st century skills consist of: content knowledge that includes global 

awareness and economic, financial, civil, health, and environmental literacy in addition to 

core subjects; life and career skills which include initiative, social skills, productivity and 

responsibility; learning and innovation skills; and technology skills (P21, 2007).  

Students need learning and innovation skills, more commonly referred to as the 4Cs – 

critical thinking, creativity, communication, and collaboration – that are crucial for 

success in this flat, competitive, globalized world (P21, 2007).   

  Just as globalization has changed the way we do business, communicate, 

socialize, produce, and consume products, it should too change our approach to education 

(Balistreri et al., 2012), yet schools continue to operate under an obsolete and industrial 

model of education that no longer prepares students to become effective citizens of the 

21st century (Miller, 2016; Trilling & Fadel, 2009; Wagner, 2010).  Therefore, schools 

need to adapt to include cognitive as well as affective and social skills that go beyond 

their own classrooms and reflect the changing technology, labor markets, and 

interconnected global society (Brazell, 2013; Lindsay & Davis, 2013; Sussmuth, 2007).  

More simply, a global citizen in the twenty-first century cannot learn using a twentieth-

century factory model of education (Prather & Field, 2001; Suarez-Orozco & Sattin, 
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2007); thus American K-12 schools must eschew the industrial model of education 

(Prather & Field, 2001) and embrace strategies to help empower and instill students’ 

(critical) thinking to solve current and future problems (Wagner, 2010).  Critical thinking 

is only part, as now more than any other time in history, people are able to communicate, 

collaborate, and problem solve from diverse parts of the world.  This coincides with 

another human milestone, local and global (glocal) problems around crucial 

environmental concerns like global food access and insecurity. Because the skills needed 

for current demands will change as technology rapidly evolves, future workers will need 

to be more adaptive and flexible in their communication, collaboration, and problem-

solving skills (Fox, 2011) to address these potentially catastrophic ecological issues.  

Trilling and Fadel (2009) described this as: 

One of education’s chief roles is to prepare future workers and citizens to deal 

with the challenges of their times. Knowledge work—the kind of work that most 

people will need in the coming decades—can be done anywhere by anyone who 

has the expertise, a cell phone, a laptop, and an Internet connection. But to have 

expert knowledge workers, every country needs an education system that 

produces them; therefore, education becomes the key to economic survival in the 

21st century (p. 42-43). 

 

Though these skills are essential to succeed in this competitive knowledge economy, they 

are lacking in high school, college and university graduates (Casner-Lotto & Barrington, 

2006; Trilling & Fadel, 2009; Wagner, 2010).   However, even at basic knowledge skills, 

American students are lacking in their understanding of science (ACT, 2016; NAEP, 

2011; OECD, 2016b; IEA, 2016) which may help to explain a disinterest or denial among 

young people regarding global environmental issues (Doherty & Clayton, 2011; Reser & 

Swim, 2011) due their lack of scientific understanding (Bradley, Waliczek, & Zajicek, 

1999). 
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 Therefore, in today’s interconnected world, the American K-12 education agenda 

must address global needs to develop global citizens with a global education (U.S. 

Department of Education, 2012).  For this study, the author has defined global education 

as a curriculum that provides learning opportunities for students to develop the 

knowledge, competencies or skills, and mindedness to prepare for citizenship in a global 

society.  Global education has been used interchangeably with multicultural studies, 

study abroad, international education, or world-centered education, and although they 

are separate constructs, they do have commonalities: awareness of other cultures; 

appreciation for differences; awareness of global issues (e.g. environmental); building 

tolerance and mutual understanding (Boix-Mansilla & Jackson, 2011; Hanvey, 1982; 

Hunter, 2004; Kirkwood, 2001; Marshall, 2015).  Global education develops higher-order 

cognitive skills (content understanding), better communication and collaboration skills 

(21
st
 century skills), and last the empathy toward diverse individuals, flexibility, and 

intercultural skills (Boix-Mancilla & Gardner, 2007; Cheng, 2007; Hett, 1993; 

Hugonnier, 2007; Suarez-Orozco & Sattin, 2007).  Otherwise known as Global 

mindedness (GM), it is defined as a “worldview in which one sees oneself as connected 

to the global community and feels a sense of responsibility to its members” (Hett, 1993, 

p. 4).  Such learning opportunities for students can be sourced from Project Based 

Learning (PBL), a vetted pedagogical tool to engage K-12 students in real world 

problem, question or challenge through group collaboration (Larmer, Ross, & 

Mergendoller, 2009). It is imperative that educators and curriculum leaders discover 

ways to strengthen the students’ 21st century skills and global mindedness as they enter 

post-secondary education or the workplace.  Whereas Global Collaboration Projects 
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(GCPs) are those that involve students working with students in a different geographical 

locations using technology (Lindsay & Davis, 2013). GCP-enhanced PBLs are ascribed 

to foster improved 21
st
 century skills (Cook, Bell, Nugent & Smith, 2016) and increase 

students’ engagement, motivation, social skills and achievement in students, as well as 

growth of their overall awareness of other students and their cultures (Atwater, 1996; 

Cui, 2013).   Therefore, globally enriched PBL may provide an avenue to develop a 

multitude of not only affective and psychomotor skills, but perhaps enhancing cognitive 

skills as well.     

 Employing GCP PBLs in science classes may offer a rich context for developing 

21st century skills, such as critical thinking, collaboration, communication, and 

information literacy, particularly when the projects include relevant and real-world 

problems (National Science Teachers Association, 2011) and understanding of science 

content.  This is especially relevant in environmental education because of the global 

context of current environmental issues.  Therefore, this study examined the utility of 

PBL via global collaboration as an effective pedagogy for developing 21st century skills 

as well as increasing student achievement and global mindedness in Advanced Placement 

Environmental Science (APES) on a specific global environmental issue of world hunger. 

Statement of the Problem 

 A current challenge in K-12 American education is to facilitate international 

interactions among students to correspond with the realities of the 21st century 

(Longview Foundation, n.d.).  Specifically, global learning opportunities that lead to 

instillation of global values and skills in students that may occur inside the formal K-12 

classroom.  Yet, current education policy, curricula, and standards generally do not 
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include nor prioritize global education and there is a lack of agreement on a definition of 

the terms globalization or global education (Boix Mancilla & Gardner, 2007; Hugonnier, 

2007; Spring, 2009).  Students do not possess enough of the global skills needed to 

compete in this complex, interconnected society; this is has been described from PISA 

data, which revealed “that in no area of achievement is the United States among the 

world’s leaders in terms of average educational output or yield at age 15 — despite the 

fact that we are among the leaders in per-pupil spending” (Kirsch, Braun, Yamamoto, & 

Sum, 2007).  In response, the passage of federal legislation, Every Student Succeeds Act 

(ESSA, 2016), has described the importance that students are provided with 21st century 

learning opportunities to build 21st century skills.   

Despite the immense benefits of and federal impetus for students learning cross-

culturally, global education in classroom practice is no small task.  As Dukes, Darling, 

and Gallagher (2016) argued, “in spite of our ability to view and virtually experience 

events around the world in real time, geographic distances, language, resources, and a 

host of other barriers make any real changes on a large scale a challenge at best” (p.161).  

Globalization has raised new anxieties with the slow pace of educational change and the 

rapid world economic, social, and cultural changes (Gardner, 2004).  And this rapid 

change is particularly important to the United States.  The United States’ population has 

shifted, gaining over a million new immigrants per year, for a total foreign-born 

population of over 42 million people (United States Census Bureau, 2016).  The change 

in American demographics has huge implications for education; immigrants and 

newcomers will need the content knowledge and skills to maintain the strength of the 

economy.  Although the diversity of American cities continue to increase, the classroom 
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remain monocultural (Peters, 2009), and schools are not properly integrating culturally 

and linguistically diverse immigrant learners (Suarez-Orozco & Sattin, 2007).  To 

address this shift in student diversity, school leaders and educators may leverage global 

learning by embedding these perspectives throughout the curriculum, not “relegate[ing] 

multicultural education as a loose addition to the curriculum, or the heroes and holidays 

approach” (Mensah, 2013, p. 67). Students need opportunities to step outside their 

classrooms, physically or virtually, and start collaborating with students of other cultures 

(Hugonnier, 2007; Kirkwood, 2001; Lindsay & Davis, 2013) to experience the world, so 

they may think, analyze, and problem solve (Wagner, 2010). 

 The education of learners today is disconnected from the realities of a global 

world (Suarez-Orozco & Sattin, 2007).  Yet, there are several issues that are global in 

nature:  poverty; world hunger; climate change; water access and quality; energy and 

mineral resources; pollution of air, water, and soil; waste disposal; and sustainability, 

among others.  The very nature of environmental science is global.  Issues such as 

poverty, hunger and access to water affect all humans in all countries, and need to be 

examined thoroughly so students can truly understand scientific phenomena that they 

may not directly experience (Suarez-Orozco & Sattin, 2007; Sussmuth, 2007), and gain 

the 21st century skills of global awareness and environmental literacy.  Per Bradley et al. 

(1999), “young people's environmental attitudes are particularly important because young 

people ultimately will be affected by and will need to provide solutions to environmental 

problems arising from present-day actions” (p. 17).  To meet the expectations of a 

globalizing workforce (Casner-Lotto & Barrington, 2006) and ESSA (2016), teachers 

should be prepared to provide opportunities for students to interact with students of 
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various cultures and backgrounds, so they may gain valuable content understanding as 

well as international perspectives, especially of global issues. To this end, schools must 

prepare students to succeed in a globalizing world using activities that integrate 21st 

century skills, so they may better comprehend content through collaboration with peers 

worldwide, so they may engage and compete at an international level (P21, n.d.).    

 Though the call to increase 21st century skills is not new, per se, instructional 

methods still involve memorization of facts and preparing for standardized exams, not 

exploring rich content (NRC, 2000; Stiggins, Arter, Chappuis, & Chappuis, 2004).  Well-

designed PBL activities may help students learn subject-specific content knowledge and 

the 4Cs, as well as engage them with local and global issues (Boss, 2013).  There have 

been several studies examining the effectiveness of PBL pedagogy  (Capraro, Capraro, & 

Morgan, 2013; Hasni et al., 2016; Hernandez-Ramos & De La Paz, 2009; Lin, Ma, Kuo, 

& Chou, 2015; Mudrich, 2017; Schneider, Krajcik, Marx, & Soloway, 2002; Thomas, 

2000) for teaching course content and 21st century skills. 

  Global collaboration is a unique focus of PBL that includes working with 

international peers towards reciprocal skills in global mindedness as collaboration, 

communication, creativity, critical thinking, and other 21
st
 century skills.  Research 

suggests these opportunities better prepare students for addressing real world issues in 

modern, multicultural society (Atwater, 2010; Balistreri et al., 2012; Cook et al., 2016).  

Global mindedness may be further broken down into subconstructs of responsibility, 

cultural pluralism, efficacy, globalcentrism, and interconnectedness (Hett, 1993).  Hett’s 

(1993) research not only delineated the aforementioned constructs but also developed a 

Global-Mindedness Scale (GMS) to quantify global mindedness (Cogan & Grossman, 
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2009; Duckworth, Walker-Levy, & Levy, 2005; Kehl & Morris, 2008; Kirkwood-Tucker, 

Morris, & Lieberman, 2011; Walton, 2002; Zong & Farouk, 1999).  This instrument can 

help shape and evaluate teaching and learning experiences that seek to develop learners’ 

global mindedness skills.   

 Although there have been studies about the types and benefits of global 

collaborations (Bickmore, 2009; Cook et al., 2016; Daniels, Cajander, Pears, & Clear, 

2010; Johnson & Johnson, 2010; Kirkwood-Tucker, 2009; McTighe & Seif, 2010; M. M. 

Merryfield & Harris, 1992; Nugent, Smith, Cook, & Bell, 2015; Tye & Tye, 1999), little 

is known about the relationship between students’ content acquisition as evidenced by 

academic achievement and global mindedness from participating in global collaboration 

projects in the secondary science classroom.  Since the 1950s, the Advanced Placement 

(AP) program run by the College Board has developed diagnostic assessments to 

quantitatively measure students’ knowledge in their 38 curricular domains (DiYanni, 

2008). There is robust and longitudinal documentation of content assessment in the AP 

program, which has evidenced that APES continues one of the lowest passing rates of 

under fifty percent (College Board, 2017).  Many students will earn college credit for 

passing the AP Exam, so it is important that instructors find the best methodologies to 

relay environmental science content and 21
st
 century skills for college and career.  This 

study seeks to provide some research to how global collaboration project outcomes in the 

APES classroom with how the addition of global interactions with peers may enhance 

students’ APES content understanding and 21
st
 century skill growth.    Therefore, this 

study is warranted to examine the efficacy of GCPs vis-a-vis student content knowledge 

acquisition in APES, 21
st
 skill growth, and global mindedness evolution.  
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Background 

 There are a multitude of definitions surrounding global education, 21st century 

skills, global mindedness, global competency, and global learning.  Therefore, it is 

important to review the research to understand contexts in which prior research was 

conducted to understand the need and the gap for this study.  The discussion that follows 

involves a brief description of the various definitions of these constructs in the literature, 

and which ideologies were used for this study. 

Globalization of education and global education. The notion of globalization, 

that certain ideas, events, and policies extend to all parts of the globe, serves as the 

impetus for broad academic, economic or environmental issues (Friedman, 2007).  

Globalization of education refers to the international events and discussions that affect 

national and local school systems (Spring, 2009).  Cui (2013) argued that “global 

education is an umbrella term that embodies global education initiatives, globalizing 

curricula, international activities, and global learning outcomes” (p. 1).  

Intergovernmental organizations (IGOs) such as the World Bank (WBG), the United 

Nations (UN), and the Organization for Economic Cooperation and Development 

(OECD), promote global education agendas that reflect a world culture view that includes 

human capital, economic development and multiculturalism (Spring, 2009).  In 2016, the 

UN released 17 Sustainable Development Goals (SDGs) to fight poverty, inequality and 

climate change over the next 15 years (United Nations, 2015).  The global collaboration 

project topics in this study were taken from the SDGs, particularly 2 (Zero Hunger) and 

10 (Reduced Inequalities).   
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Global science education and achievement.  It is important for teachers to engage 

their students in learning about the complex interactions among science, technology, 

society and the environment as these areas will continue to impact their lives (NGSS 

Lead States, 2013).  Results from PISA, Trends in International Mathematics and Science 

Study (TIMSS), and the National Assessment of Educational Progress (NAEP) indicate 

that American students are not significantly improving in math and science content 

acquisition (International Association for the Evaluation of Educational Achievement, 

2016; NAEP, 2016; OECD, 2016c).  The ACT, a measure of college readiness, indicated 

only 36% reached the science benchmark score (ACT, 2016).    

Achievement in AP Environmental Science (APES).  The Advanced Placement 

(AP
®
) program is one in which students can learn college-level material while in high 

school, and potentially earn college credit by taking a standardized exam at the end of the 

school year (Warne, 2017).  Students who score at a certain level (3, 4, or 5 out of 5) on 

their course’s AP Exam may be granted course credit and/or be exempted from taking 

similar introductory courses in the college or university that the student is admitted.  AP 

classes have long held importance to K-12 education as research has shown students’ 

participation in the program has facilitated increases in the number of students entering 

university and pursuing STEM fields (DeBoer, 1991).  Although the number of students 

taking STEM AP courses and exams has increased in the last ten years, the percentage of 

students earning proficiency (i.e. passing with a 3, 4, or 5 on the exam) has decreased; in 

2006, 63.7% of students were proficient on AP math or science exams (College Board, 

2006) as compared to 61.4% in 2017 (College Board, 2017).  APES has traditionally held 

the lowest proficiency rate among the five science exams (e.g. Biology, Chemistry, 
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Physics, and Physics C).  In 2017, only 49% were proficient on the APES Exam (College 

Board, 2017).  As content of the course remains largely the same, it begs the question to 

the types of knowledge a student needs to know and skills to demonstrate in order to be 

successful on the APES examination (Flanagan, 2016).  The APES exam remains a 

valuable metric for assessing environmental understanding of high school science 

students throughout the United States.  

 The need for environmental education.  There are numerous studies that 

identify the need for environmental education, what they should learn, or especially the 

attitudes of teachers or students towards environmental issues (Duckworth et al., 2005; 

Hett, 1993; Kirkwood-Tucker et al., 2011; Rickinson & Lundholm, 2008).  However, 

there are few current studies that document what environmental science content students 

know or do not know.  If current global environmental, political and social problems, 

such as access to water and world hunger or nutrition, are to be solved, we need a 

generation of scientifically literate citizens who can take an active role and make 

informed judgments (Hodson, 2003; Kirkwood-Tucker et al., 2011).  It is widely 

acknowledged that environmental education can help to create positive attitudes and 

awareness about environmental issues and for some, it can promote environmentally 

responsible action (Bradley et al., 1999).  Increasing scientific literacy involves more 

application of 21st century skills so students can be more productive citizens of a global 

society. 
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21st Century Skills 

Due to technology and communication in a flattened world, proficiencies needed 

for work and life are different in the new global economy (Dede, 2010).  These 

proficiencies are also commonly referred to as 21st century skills, which include global 

skills, intercultural skills, higher-order thinking skills, deeper learning outcomes, college 

and career readiness, and complex thinking and communication skills (Kay, 2010; 

Merryfield & Harris, 1992; National Research Council, 2013; Saavedra & Opfer, 2012; 

Sussmuth, 2007).  In a meta-analysis by Dede (2010), there are a number of conceptual 

frameworks that are used in conceptualizing 21st century skills, which include: the 

Partnership for 21st Century Skills (P21); enGauge; OECD; the National Leadership 

Council for Liberal Education and America’s Promise (LEAP); the International Society 

for Technology in Education (ISTE); and the Educational Testing Service (ETS).   

 This study utilized the Framework for 21
st
 Century Learning and Teacher Guide: 

K-12 Global Competence Grade-Level Indicators developed by P21 (P21, 2007, 2015a, 

2015b)  and PBL for 21st Century Success (Boss, 2013) to guide the implementation of 

GCPs and assessment of 21
st
 century skills development.  21st century skills, according 

to P21(2015a), are the proficiencies students must acquire to succeed in school and 

career; it is a blend of content knowledge, skills, and literacies  (See 21st century skills in 

the definition section).  These 21st century skills consist of three components: 1) content 

knowledge that includes global awareness and economic, financial, civil, health, and 

environmental literacy in addition to core subjects; 2) life and career skills which include 

initiative, social skills, productivity and responsibility; and 3) learning and innovation 

skills; and technology skills (P21, 2007).  This study focused on the learning and 
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innovation skills (4Cs) in addition to global awareness and environmental literacy.  To 

achieve a goal of scientific and environmental literacy as well as global mindedness, 

students must have strong environmental science content knowledge and be able to use 

this knowledge to apply in real-world situations (Karahan & Roehrig, 2015).  

Developing Global Understandings 

Application of 21
st
 century skills in a global context requires students to be aware 

of and develop skills in global understandings so they may address issues of international 

concern.  Therefore, 21
st
 skills are not enough; students should concurrently require 

additional skills and mindsets to achieve this aim of global learning, in global mindedness 

and global competency, respectively. 

Global mindedness.  There are several conceptions of the global mindedness 

construct.  Overall, global mindedness can be viewed as awareness and understanding of 

other people and their cultures (Clarke, 2004; Ertmer et al., 2011; Lindsay & Davis, 

2013; Randall, 1990; Singh & Jin, 2013).  This study used Hett’s (1993) definition, which 

consists of “a worldview in which one sees oneself as connected to the global community 

and feels a sense of responsibility to its members. This commitment is reflected in the 

individual's attitudes, beliefs, and behaviors” (p. 143).  Hett (1993) constructed the GMS 

to measure global mindedness and its constructs.  The research conducted by Hett and 

later studies using the GMS on K-12 students, undergraduates, preservice teachers, and 

teachers (Cogan & Grossman, 2009; Duckworth et al., 2005; Golay, 2006; Kehl & 

Morris, 2008; Kirkwood-Tucker et al., 2011; Walton, 2002; Zong & Farouk, 1999) 

indicated that global mindedness is an overall attitude that can be quantified and used to 

inform curriculum and instruction.  Global mindedness can be seen as the first step on a 
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student’s path to global learning, developing as a result from initial global interaction/s, 

and a vital piece of the study.   

Global competency.  Global competence is often used interchangeably with 

global mindedness, but the literature suggests subtle differences.  Global mindedness can 

be observed as awareness, whereas global competence can be viewed as the set of 

knowledge and skills needed to function and act on issues of global significance (Boix-

Mansilla & Jackson, 2011; NEA, 2010; OECD, 2016a; Schleicher, 2012).  The globally 

competent person brings their knowledge, understanding, skills, and  attitudes together in 

order to collaborate with others to solve globally-relevant problems  (OECD, 2016a).  

Therefore, competence is using one’s global mindedness to function outside of one’s 

environment.   

Global learning.  Fostering learning opportunities that utilize 21
st
 skills while 

developing students’ understandings of the global society is imperative.  As P21 attested, 

“the methodical integration of educational tools that build global awareness and ensure 

measurement of students’ global competence demonstrates commitment to preparing 

students for the world they will inherit” (P21, 2015b, p. 1).   

 Schleicher (2012) acknowledged that current curricula is more learner centered, 

therefore the education system needs to create new avenues for learning in a multicultural 

society.  Reimers (2009a) argued for the use of technology in education to promote and 

create global learning communities that support the development of global awareness and 

competency among students.  With the increased availability of technology and Internet 

access, students are leaving the traditional classroom and conducting science inquiries 
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around the world, thus leveling the playing field and flattening classrooms (Lindsay & 

Davis, 2013).   

 Project-Based Learning. PBL is an active, student-centered instructional approach 

to teaching and learning that investigates real-world problems and solutions while 

developing 21st century skills (Boss, 2011; Cervantes, 2013) (see Project-Based 

Learning in the definition section).  This is a dynamic approach where students are 

engaged in topics of interest, typically working in groups, using technology tools to 

collaborate, research, communicate, create and publish “authentic” products (Boss, 2013, 

p. 5).  As the foci of the Common Core State Standards and the Next Generation Science 

Standards are on students’ conceptual knowledge and deeper learning skills, PBL goals 

align well (Condliffe et al., 2017).  There have been a number of studies examining the 

value of PBL pedagogy and its effect on achievement, attitudes and behaviors 

(Blumenfeld, Fishman, Krajcik, Marx, & Soloway, 2000; Campbell, 2012; Capraro et al., 

2013; Chang, 2001; Hasni et al., 2016; Hernandez-Ramos & De La Paz, 2009; Lin et al., 

2015; Mudrich, 2017; Schneider et al., 2002; Stratford & Finkel, 1996; Thomas, 2000).  

One avenue for implementing global learning and transmitting 21st century skills is 

completing a Global Collaboration Project (GCP), within a PBL-based activity. 

 Global collaboration projects. GCPs involve students communicating and 

engaging with students in a different part of the world using technology (Lindsay & 

Davis, 2013) (see definition section). Students actively engaged in GCPs have the 

potential to grow in their motivation, attitude, and awareness of other perspectives (i.e. 

global mindedness) (Cook et al., 2016; Nugent et al., 2015).   
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 Therefore, a global education approach should be one that involves lifelong 

learning, is knowledge-rich with learner-centered instruction (with a mixture of student 

and teacher choice of topic and method), using Information and Communications 

Technology (ICT) tools to connect to other students in order to address or solve real-

world, local and global problems (Boss, 2013; Lindsay & Davis, 2003; P21, 2015).  A 

GCP uses this approach as it enables students to use technology to communicate and 

collaborate with students in a different geographical location in order to address or create 

a solution to an international issue.   Hence, it is logical to hypothesize that GCPs have 

the potential to increase one’s own cultural awareness, empathy, and social responsibility 

of being a global citizen.  Many students have worked with students in other locations, 

either across the U.S. or across the world; however, the literature does not indicate that 

many studies have assessed the efficacy of this method in terms of academic achievement 

or augmenting students’ understanding of science concepts, in addition to improvements 

in 21st century skills and global mindedness.   

 Theoretical Underpinnings of PBL Pedagogies  

The theoretical foundation for this study using PBL as the vehicle for the GCP  

lies in Shepard’s (2008) social-constructivist learning paradigm, which blends and 

borrows concepts from cognitive, constructivist, and social learning theories.  Social-

constructivism is the foundation for global education, PBL, GCPs, and 21st century skills 

since students and teachers are engaged in real-world or international issues that offer 

diverse opportunities for socialization and discourse with their peers.  As Hicks (2017) 

stated, “all human knowledge is socially constructed, i.e. no area of human endeavor can 
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ever be neutral or value-free since it is always underpinned by the values and beliefs, 

both conscious and unconscious, of its proponents” (p. 1). 

Social cognitive theory.  Cognitive theory states that learning is an active process 

in sense making, where existing knowledge can either enhance or impede new learning, 

and intelligent thought involves self-awareness and monitoring (Shepard, 2008).  

Bandura’s social learning (1977) and social cognitive (1986) theories coincide with 

Shepard’s theory (2008) as they have been seen as a bridge between behaviorist and 

cognitive learning theories (Learning Theories, 2016).  Social learning theory asserts that 

people learn via modeling and observing behavior, attitudes, and outcomes of those 

behaviors (Bandura, 1977).   

Constructivism-constructionism.  In constructivism, knowledge is constructed 

by the learner (Driver, Asoko, Leach, Scott, & Mortimer, 1994); as children grow and 

develop from a young age, their knowledge continues to build upon itself as they 

experience life events.  Per Driver et al. (1994), social constructivism, from the 

Vygotskian (1978) perspective, is that “knowledge and understandings, including 

scientific understandings, are constructed when individuals engage socially in talk and 

activity about shared problems or tasks” (p. 7).  A subset of social learning theories, 

constructionism states that students can create knowledge through discovering patterns, 

using technology, and collaborating with other students to create a product.  In order to 

make sense of globalization, people may turn to their different ideological understandings 

of social issues, global social relations (Griva & Chryssochoou, 2015) and environmental 

issues.  Thus, knowledge constructed from a social experience like GCPs is closely 

related to understandings of relevant social categories in addition to content.  This study 
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used global collaboration-enhanced PBL to explore social constructivist pedagogies and 

encourage 21
st
 century skills development, environmental science content acquisition, 

and global mindedness. 

Conceptual Framework 

 The conceptual framework for this study began with the backward design  

(Wiggins & McTighe, 1998) of assessment and student learning objectives in APES.  The 

PBL project built upon relevant social learning theories and constructionism, and was 

carefully designed using inputs of global collaboration, environmental science content (in 

the areas of global food supply and nutrition), and 21
st
 century skill growth.  Students 

were assessed on content of global food issues, global mindedness, and communication, 

collaboration, and creativity skills.  Outputs, to assess the efficacy of the unique 

intervention, was through selected response (AP style selected response), survey (using 

Hett’s (1993) GMS,  and document analysis (qualitative review of students’ PBL 

products to determine areas of 21
st
 century skill growth) (see Figure 1). 

 

Figure 1. Inputs and outputs of study. 
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Purpose of the Study 

 The purpose of this study was to explore the effect of GCPs on American APES 

students’ understanding of global food supply and nutrition, global mindedness, and 21
st
 

century skill development.  In order to address this focus, an explanatory sequential 

mixed methods design was used; this design involved collecting quantitative data first, 

and then explaining certain results with in-depth qualitative data.  In the first, quantitative 

phase of the study, test scores and survey data were collected from APES students at two 

high schools in South Texas while participating in GCPs to assess whether these projects 

have affected achievement or global mindedness scores.  In the second phase, qualitative 

data were collected through open-ended questions added to the GMS and students’ PBL 

products to explore changes in global mindedness and differences between the control 

and treatment APES classes.   

Research Questions 

This study was framed by the following research questions: 

1) How do global collaboration projects impact student achievement? (Mixed) 

a. Is there a significant difference in the students’ knowledge of hunger 

between the treatment and control groups’ pre- and posttest scores? 

b. Is there a significant difference in the students’ knowledge of hunger 

between the treatment and control groups’ PBL posters? 

2) To what extent does student global mindedness evolve due to participating in 

global collaboration projects? (Mixed) 

a. Is there a significant difference in the total GMS score between the 

treatment and control groups? 
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b. Is there a significant difference in the students’ responsibility dimension of 

the GMS between the treatment and control groups? 

c. Is there a significant difference in the students’ cultural pluralism 

dimension of the GMS between the treatment and control groups? 

d. Is there a significant difference in the students’ efficacy dimension of the 

GMS between the treatment and control groups? 

e. Is there a significant difference in the students’ global centrism dimension 

of the GMS between the treatment and control groups? 

f. Is there a significant difference in the students’ interconnectedness 

dimension of the GMS between the treatment and control groups? 

3) To what extent does student demonstrate 21
st
 century skill growth due to 

participating in global collaboration projects? (Qualitative) 

a. Is there a significant difference in the PBL projects in demonstrating 21
st
 

century skills between the treatment and control groups? 

4) Is there a relationship between students’ achievement scores and global 

mindedness? 

Significance of the Study 

Educators need to discover new ways of preparing all students for learning, work, 

and global citizenship in the 21st century (Wagner, 2010). Student achievement remains 

as the litmus test for evaluating relevant and enriching classroom instruction (Corrigan et 

al., 2013; Reshetar & Melican, 2010).  This research addressed a deficiency in the 

literature, relating numeric achievement data, 21st century skill growth, and global 

mindedness, to participation in global science PBL.  Although educators and scholars 
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recognize the benefits of global education, it is not well known how these experiences 

affect their content acquisition and understanding, or their global mindedness.  This 

research explored how students collaborating with students in another country on the 

global issue of hunger, via global projects, could increase their achievement scores, 21
st
 

century skill growth, and global awareness, which each uniquely contribute to their 

understanding of and ability to be an engaged global citizen.   

This study is based upon the research literature that suggests students, teachers, 

and schools may enhance students’ achievement in science by leveraging the infusion of 

creative pedagogies (collaboration projects with other countries) within an ever-important 

context (global applications).  In turn, when students engage in GCPs (i.e. participating in 

collaboration projects with students in other countries), they not only grow in their 

content knowledge (e.g. science), but also garner skills in global awareness, and improve 

their 21st century skills, so they may understand global environmental issues and able to 

act as global citizens.  Meaning, at the local level, students can be active participants in 

solving problems of their community;  at the global level, they can exchange ideas, 

conduct meaningful dialogues, and engineer culturally appropriate awareness or solutions 

for global issues with their peers in other countries (Kirkwood-Tucker, 2009).  The 

significance of this study is to provide new knowledge and tangible evidence for the 

efficacy of GCPs for curriculum and instruction leaders institutionalizing throughout K-

12 classrooms.  This study adds to the growing body of literature to determine how 

curriculum intervention work in classrooms (Viadero, 2005) by using a mixed methods 

research design favored among robust educational researchers (Creswell & Garrett, 

2008).   
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Audience 

 The findings of this study indicate that GCPs in APES can enhance student 

communication, critical thinking, creativity, and collaboration competencies, as well as 

their overall global mindedness.  This is of value for teachers and curriculum leaders who 

are seeking effective pedagogies that utilize and develop 21st century skills such as the 

4Cs, through GCPs in the science classroom. 

Limitations of the Study  

Due to the scope of the project, the present study may exclude several key 

variables found in the literature to impact student achievement or global mindedness 

evolution.  As the researcher was an active participant, bias was taken into account in 

data collection, analysis and interpretation. 

Delimitations of the Study 

 Delimitations are factors that prevent the researcher from claiming that study 

findings are true for all people in all times; these are the parameters of the study 

("Planning the methodology," 2017).  A delimitation of the study was that the data and 

analysis was confined to students enrolled in AP environmental science, and relied on the 

teachers to enact an effective PBL project in science. 

Assumptions 

The study included the following assumptions: a) control and treatment 

classrooms contained equivalent students; b) participating students completed all metrics 

to the best of their ability (e.g. PBL project, unit exams and the global mindedness 

survey; and c) the data collected adequately measured the constructs of interest (i.e. 

student achievement on hunger issues as well as student global mindedness). 
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Definitions of Terms 

 In this study, specific terms may need to be defined for the reader to better 

understand the context. The following definitions are provided: 

Global mindedness: “a worldview in which one sees oneself as connected to the 

global community and feels a sense of responsibility to its members. This commitment is 

reflected in the individual's attitudes, beliefs, and behaviors” (Hett, 1993, p.4). 

Global competence:  the combined set of knowledge and skills needed to function 

and act on issues of global significance (Boix-Mansilla & Jackson, 2011; NEA, 2010; 

OECD, 2016a; Schleicher, 2012; Tye & Tye, 1999). 

21st century skills – “the skills, knowledge and expertise students must master to 

succeed in work and life; it is a blend of content knowledge, specific skills, expertise and 

literacies” (P21, 2015a, p. 1).  These include collaboration, creativity, critical thinking, 

communication, responsibility, accountability, global awareness, social skills, and 

information/technology literacy. 

Global collaboration project – an educational project that flattens or joins 

classrooms and people from geographically dispersed places within a technology 

infrastructure built for a common curricular purpose (Lindsay & Davis, 2013, p. 7). 

 Project-Based Learning (PBL):  “a systematic teaching method that engages 

students in learning important knowledge and developing 21st century competencies 

through an extended, student-influenced inquiry process structured around complex, 

authentic questions and carefully designed products and learning tasks” (Boss, 2013, p. 

5). 
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Organization of the Research  

 Chapter I has presented the introduction, statement of the problem, purpose of the 

study, research questions, limitations, delimitations, assumptions, and significance of the 

study.   Chapter II presents the theoretical framework for the study and a review of 

related literature and research pertaining to the study. The methodology for the study is 

further explained in Chapter III.  Chapter IV presents a discussion of the results and 

findings for the study.  Chapter V will include conclusions, implications, and 

recommendations for future research. 
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CHAPTER II 

LITERATURE REVIEW 

 

 The purpose of this research was to examine the effect of a PBL-based GCP about 

world hunger on American high school students’ understanding of environmental science 

content (aligned to the APES curriculum), 21
st
 century skill growth, and global 

mindedness.  This chapter includes a review of the literature related to globalization of 

education, including global standards, 21
st
 century skills, and global mindedness.  This is 

then related to the current state of affairs of students’ understanding of environmental 

science, highlighting the need for globally enhanced learning in the context of 

environmental science, especially in world hunger issues.  Student achievement, a proxy 

measure for measuring students’ understanding of science, will too be addressed, as well 

as a means to illuminate gaps in APES students’ environmental science knowledge. To 

address these gaps, GCPs using PBL as a pedagogical vehicle to for K-12 students to 

build content knowledge, 21
st
 century skills, and global mindedness will be discussed.  

To explore the issue, the study’s conceptual framework, including theoretical 

underpinnings, will be presented to illuminate how the needs and the gaps within the 

reviewed literature will be addressed in the research study. 

Globalization  

 Globalization is seen as the “ widening, deepening, and speeding up of worldwide 

interconnectedness in all aspects of contemporary social life” (Held, McGrew, Goldblatt, 

& Perraton, 1999, p. 5).  This notion serves as a drive for international issues (i.e., 

environmental), and is stirred by those who understand the “flat” world, who are able to 

adapt to nuances in technology, and who are able to communicate and collaborate 
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globally (Friedman, 2007; Lima & Brown, 2007).  While there have been debates on the 

notion of globalization, whether it’s a process or a condition (Steger, 2013), economical 

or technological, multicultural or unicultural, the commonality is that people do not 

universally agree about the definition of globalization; instead, people have contrasting 

perspectives, grounded in their varying political views, economic status, ideology, and 

culture (Griva & Chryssochoou, 2015; Steger, 2013; Stohl, 2005).   

 Globalization has shrunk distances, torn down barriers, and connected people; 

problems halfway around the world become everyone’s problem (Pappas, 2013).  The 

resultant crossing of physical and cultural borders from human activities has allowed not 

only relationships to change, but allow other “impersonal phenomena” such as climate 

change, spread of disease, and food and water shortages, to become more global in nature 

(Cohen & Kennedy, 2013, p. 32).  Consequently, globalization has important 

ramifications for developed and developing countries, various cultural or religious 

groups, international organizations, multinational companies, and education (Held et al., 

1999).  While globalization is a phenomenon that can bring opportunities for the 

demographic transition of nations, it also creates huge disparities among nations; this is 

especially true of the global issue of world hunger (Held et al., 1999; Lima & Brown, 

2007; United Nations, 2015; World Bank, 2017b). 

Globalization and education.  As globalization has changed many aspects of 

modern life (i.e. work, entertainment, travel) (Balistreri et al., 2012), it too, should 

change our approach to education.  Globalization of education refers to the global 

dealings and deliberations that affect local and national school systems (Spring, 2009).  

The constant evolution of technology, college readiness, and competition for future jobs 
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have impacted the knowledge that students need to be successful in today’s flattened 

society (Trilling & Fadel, 2009).  As the world constantly changes via globalization, the 

ways in which students are equipped for an awareness of diversity (e.g. racial, ethnic, 

religious, cultural, etc.), fairness, and interconnectedness, locally and globally, must be 

constantly changing as well (Merryfield, 1998). 

 Global education approaches.  Various groups have diverse notions in 

determining what constitutes an appropriate global education agenda.  Following is a 

brief discussion of some influential education agenda promoters, and how that relates to 

this study and what modern students need to succeed in modern society.   

World Bank. The WBG is the globe’s largest investor in education.  Between 

2000 and 2016, the WBG invested $50.6 billion in education (World Bank, 2017a).  With 

a wide reach and long list of international connections, the WBG has much influence in 

what is happening to education around the world.  On the WBG Education Overview 

webpage, it states, “Providing all children with a quality education that teaches them 

skills for work is critical to end poverty by 2030 (author emphasis)” (World Bank, 

2017a).  This coincides with the world culture view that includes human capital.  Human 

capital refers to the knowledge, information, ideas, skills, and health of individuals 

(author emphasis) (Becker, 1964).  Investments in education would improve human 

capital, which Becker (2006) later called knowledge capital, and thereby fuel economic 

growth.  The recent emphasis on standardized, high-stakes tests, stemming from federal 

education legislation and initiatives (e.g. No Child Left Behind, Race to the Top, Every 

Student Succeeds Act) also reflects this individualized perspective on education rather 

than a collective/community outlook (Spring, 2009).   
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The WBG (2003) has stated there are core competencies and skills that must be 

mastered to be successful and function in the knowledge economy of a global society.  

Competencies include acting autonomously, using tools interactively, and functioning in 

socially heterogeneous groups, while skills include literacy, problem solving and 

analytical skills, communication and teamwork skills, and the ability to learn on one’s 

own.  They further state the competencies are needed because of the “rapid proliferation 

of scientific and practical knowledge, the shortening of the useful life of knowledge 

because of the continuous production of knowledge, and the growing influence of science 

and technology, which profoundly change the organization of jobs and lives” (World 

Bank, 2003, p. 22).  The WBG envisions fueling a knowledge-rich, lifelong education 

with learner centered instruction, using information and communication technology (ICT) 

tools in an interconnected environment, where students learn from each other and this 

learning is connected to the real world (Spring, 2009). 

 OECD. The OECD is an Intergovernmental Organization (IGO) that is 

comprised of the 35 richest countries in the world.  The mission of OECD is to “help 

governments foster prosperity and fight poverty through economic growth and financial 

stability” (OECD, 2016d).  OECD shares a large part of the WBG’s vision of global 

education in terms of a knowledge-rich global economy, aspects of multicultural 

education, literacy, using ICT tools and lifelong learning (Spring, 2009); however, OECD 

differs from the WBG on two important fronts.  The WBG focuses on developing 

countries, whereas OECD focuses on developed member countries.  The World Bank 

focuses on individualism (acting autonomously), while OECD focuses on social cohesion 

(Spring, 2009).  OECD has profound influence on globalizing standardized education 
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through the Programme for International Student Assessment (PISA), as the organization 

provides global education PISA data to compare nations, discussed below (Spring, 2009).   

UNESCO.  The United Nations Educational, Scientific and Cultural Organization 

(UNESCO) is a specialized agency of the UN with 195 members that works to create a 

dialogue among people, based upon respect for commonly shared values, with the goal 

that the world can achieve global visions of sustainable development (United Nations 

Educational Scientific and Cultural Organization, 2017).  Although the agency works 

with and shares a world education culture with the WBG and OECD, UNESCO has 

marked differences in their discourse on global education.  As opposed to the knowledge 

economy of the World Bank and OECD, UNESCO focuses on sustainable development 

and human rights (Spring, 2009).  Instead of standardized testing, UNESCO prefers 

different pedagogies that model the subject studied; instead of using a global English to 

communicate via ICT tools, UNESCO wants instruction to be at the local level, solving 

local problems, using their native language (Spring, 2009).  

Millennium Development Goals. In 2000, the UN created the Millennium 

Development Goals (MDGs) to combat poverty, hunger, disease, illiteracy, 

environmental degradation, and discrimination against women by the year 2015 (World 

Health Organization, 2015).  The Eight Millennium Development Goals included 

eliminating poverty, hunger, child deaths, maternal morbidity, reducing infectious 

diseases (e.g. HIV and malaria) and gender inequality, and developing global 

partnerships, universal education, and environmental sustainability (UN, 2015). 

Sustainable Development Goals. At the end of the MDG era, 2016 brought a new 

set of 17 global goals, the Sustainable Development Goals (SDGs) to fight poverty, 
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inequality and climate change over the next 15 years (UN, 2015).  The goals built on the 

MDGs in order to address the MDGs not met and focus on the most vulnerable 

populations.  These goals include zero hunger, quality education, gender equality, clean 

water and sanitation, and reduced inequalities (UN, 2015).   

Marrying MDG and SDG.  In May 2015, world leaders gathered to devise a plan 

that would create an accessible and equitable education for all children.  The goal was to 

create a path tailored to ensure that all people be armed with the knowledge and skills to 

be effective global citizens (UNESCO, 2015).  In drafting the transformative global 

education agenda, Education 2030, the heads of various NGOs, IGOs (including WBG, 

OECD and UNESCO), local governments, educators, and civilians envisioned a plan that 

built on the MDGs and SDGs, calling for an “equitable quality education for all” and 

recognizing that education is a “main driver of development and in achieving the other 

proposed SDGs” (UNESCO, 2015, p. 67). 

 Blending global education approaches.  While both agencies center on 

economic growth, standardized testing, and using ICT tools to communicate, the WBG 

focuses on the individual student in developing nations, and the OECD focuses on social 

unity in developed countries.  UNESCO focuses on human rights, sustainable 

development, and educational pedagogies in students’ native languages, thus keeping 

global education goals more at the local level. 

 Perhaps the most impactful global education agenda approach would be one that 

blends aspects of all three of these agencies: one that is knowledge-rich with learner-

centered instruction (including a mixture of student and teacher choice of topic and 

method), and using ICT tools to connect to other students in order to address or solve 
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real-world, glocal problems that focus on sustainable development and/or human rights. 

A PBL GCP uses this approach as it enables students to use technology to communicate 

and collaborate with students in a different geographical location in order to address 

and/or create a solution to a global issue.   The GCP topics in this study were inspired by 

the SDGs (UN, 2015), particularly 2 (Zero Hunger), and 10 (Reduced Inequalities).  

Knowing the foci of global education approaches, this begs the question of how these 

foci are addressed and implemented in the K-12 classroom. Following is a discussion of 

the characteristics of global education and the rationale for their inclusion in modern 

pedagogies. 

Defining Global Education 

There is no single definition among scholars in the field for global education.  Cui 

(2013) stated that global education represents various programs, pedagogies, and 

activities that lead to global learning outcomes.  Hicks’ (2017) futures education is one 

that coincides with global, and is used to describe a form of education which: 

 enables pupils to understand the links between their own lives in the 

present and those of others in the past and future 

 

 increases understanding of the economic, social, political and cultural 

influences which shape people's perceptions of personal, local and global 

futures 

 

 develops the skills, attitudes and values which encourage foresight and 

enable pupils to identify probable and preferable futures 

 

 works towards achieving a more just and sustainable future in which the 

welfare of both people and planet are of equal importance (“A Futures 

Perspective,” para. 2). 

 

The Longview Foundation for Education in World Affairs and International 

Understanding (n.d.) believes in a global education, one where all students “need 
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opportunities to gain broad and deep global knowledge and the language and intercultural 

skills to engage effectively with people around the corner and around the world”  

(“Mission,” n.d. para. 2).  Kirkwood (2001) analyzed and compared various scholars’ 

definitions and conceptions of global education and compared them to Hanvey’s seminal 

(1982) definition that there are five dimensions that prepare a student to think globally: 

perspective consciousness, “state-of-the-planet” awareness, cross-cultural awareness, 

knowledge of global dynamics, and awareness of human choices (p. 162).  She found that 

among the varied definitions, most scholars agreed on four essential elements and most 

differences were “idiosyncratic than substantive” (Kirkwood, 2001, p. 14).  Kirkwood 

credited Merryfield (1998) as having the most comprehensive definition by combining 

elements of others’ definition to include a framework of eight elements: human beliefs 

and values, global systems, global issues and problems, cross-cultural understanding, 

awareness of human choices, global history, acquisition of indigenous knowledge, and 

development of analytical, evaluative, and participatory skills (Merryfield, 1998).   

The researcher found that this definition was more representative of global 

education as it contained terms like development of skills, and knowledge of global 

systems, issues and problems, not simply awareness or attitudes.  Hence, it is not enough 

to have awareness or understanding of other cultures; one must be able to function in a 

global society and interact with others using their knowledge and awareness. The 

research suggests that for students’ to develop a global mindset, global education should 

utilize pedagogies that provide learning opportunities for students to develop the 

knowledge, 21st century skills, and global mindedness to function in a global society.   
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Global Education in K-12 Classroom 

 In February 1990, President George Bush announced six National Education 

Goals that were adopted by all US Governors (National Education Goals Panel, n.d.).  

Goal number six stated, “by the year 2000, every adult American will be literate and will 

possess the knowledge and skills necessary to compete in a global economy and exercise 

the rights and responsibilities of citizenship” (NEGP, n.d. para.1).   

To implement a global approach and develop global mindsets in students, 

appropriate and relevant pedagogies must be used to provide these opportunities to 

students.  In formal K-12 education, this is achieved through standards and curriculum, 

vital inputs to produce globally aware learners.  Following is a discussion of three 

elements of global education central to this study: global standards (competencies); 21
st
 

century skills; and global mindedness. 

Global standards.  Based upon the previously reviewed global education 

approaches, standards to develop student competency are the foundation upon which a 

comprehensive education program is built (P21, 2015), and global education is no 

different.  Global competence is often used interchangeably with global mindedness, but 

the literature suggests subtle differences; global mindedness can be viewed as awareness 

and understanding of global issues (Clarke, 2004; Ertmer et al., 2011; Lindsay & Davis, 

2013; Singh & Jin, 2013), global competence can be viewed as the set of knowledge and 

skills needed to function and act on issues of global significance (Boix-Mansilla & 

Jackson, 2011; NEA, 2010; OECD, 2016a; Schleicher, 2012; Tye & Tye, 1999).  After 

discussions with representatives from several organizations including international 

education, multinational businesses and the UN, Hunter (2004) constructed global 
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competence to mean “having an open mind while actively seeking to understand cultural 

norms and expectations of others, leveraging this gained knowledge to interact, 

communicate and work effectively outside one’s environment” (p. 8).  Therefore, global 

competence is using one’s global mindedness to function outside of one’s environment. 

 There are several reasons to promote global competence:  economies are more 

interdependent; the population is more multicultural; health and environmental issues are 

global in nature; and possessing 21st century skills improves overall academic 

achievement (NEA, 2010; OECD, 2016a).  Globally competent students can investigate 

the world outside their own, recognize diverse perspectives, communicate with diverse 

audiences, and take action (Boix-Mansilla & Jackson, 2011).  The P21 (2014) has 

declared:  

Global ready students develop the attitudes, skills and, knowledge to understand 

and participate in a globally connected world. Specifically, students:   

 

 Explore their own cultures, make comparisons with other cultures and 

investigate global issues and challenges.  

  

 Improve their critical thinking, problem solving, perspective-taking, and 

research skills.  

 

 Develop awareness of cultural diversity and global issues. (p. 9)  

 

 Furthermore, 21st century skills of the globally competent student include: critical 

thinking and problem solving; collaboration; creativity; adaptability; curiosity; self-

regulation; and technological literacy (Bernhardt, 2015; NEA, 2010; P21, n.d.; Saavedra 

& Opfer, 2012).  A globally competent person uses their knowledge and skills to 

collaborate with others to address internationally-relevant issues (OECD, 2016a). 
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As the Partnership for 21
st
 Century Learning stated, “global competence is the 

fuel students need to develop sensibilities for advancing local and global solutions with 

concern for all people and generations” (P21, 2015, p. 3).  School leaders and educators 

can assess global competency by providing the Global Competence Aptitude Assessment 

(2016), a tool that measures the knowledge, skills, and attitudes necessary to become 

globally competent.  Although this is valuable information for updating curricula, this 

assessment is farther along a global education progression, of which global mindedness is 

first, and is beyond the scope of this particular study.  Utilizing the competency skills 

above would be considered global learning.  This is important because Schleicher (2012) 

has stated that educational systems need to create innovative avenues of learning in this 

modern society where learning is more student centered.  Reimers (2009a) argued for the 

use of technology in education to promote and create global learning communities that 

support the development of global competency among students.  Gabriela Ramos 

(OECD, 2016a), the OECD Chief of Staff, declared: 

Finding innovative solutions to escalating problems, from the depletion of 

natural resources to a fairer distribution of wealth and opportunity, depends on 

the ability of people to act creatively and ethically, and in collaboration with 

others.  But in many countries, social cohesion, the bedrock for collaboration, is 

growing weaker. The challenge now is to embed global competence in schools 

around the world so that young people are better equipped for today’s fast-

changing, globalised world. (p. 2) 

 

Global issues and problems are not going away or fixing themselves. As they 

become global citizens, students need the knowledge and skills to act on these complex 

issues in order for them to be resolved (Collins, Czarra, & Smith, 1998).  Yet, developing 

these global competencies requires a progression of skill building experiences in both 

global awareness and those of the 21
st
 century.  One avenue of gaining the knowledge 
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and skills needed for developing global competencies is through the development of 21st 

century skills.    

 21st century skills.  As the world is globalizing, today’s students are learning and 

living in an environment where they can connect (provided they have access) to others of 

different nations, languages, cultures, religions, and socioeconomic status (Suarez-

Orozco & Sattin, 2007; Sussmuth, 2007).  A growing number of business leaders, 

politicians, and educators have united around the idea that students require specific non-

cognitive skills to be successful today (Rotherham & Willingham, 2009).  Critical skills 

such as understanding of diversity, participating in government, or even understanding 

nutritional values, will not only contribute to a well-prepared future workforce, but also 

provide individuals the competencies that help them develop and succeed (NSTA, 2011). 

Therefore, schools around the world need to adapt their traditional pedagogies to include 

the cognitive, digital, and social skills that go beyond their own classrooms (Sussmuth, 

2007).   

 Although these skills may not be new or unique to the 21
st
 century, they have 

growing importance due to the evolving economy and work (Silva, 2009).   Since high-

stakes tests do not assess these skills and due to the lack of standards and curriculum 

surrounding teaching and evaluation of these skills, several frameworks were developed 

in order to define and organize these skills (Dede, 2010).   When Dede (2010) compared 

the frameworks of P21, OECD, LEAP, ISTE and ETS, he concluded: 

Groups developing conceptualization of 21st century skills have built sufficiently 

on each other’s ideas to avoid speaking a different language about the same 

topic….organizations that argue for 21st century skills have frameworks largely 

consistent in terms of what should be added to the curriculum.  However, each 

group has different areas of emphasis within the overarching skillset. (p. 73) 
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 Though the frameworks have similar conceptualizations, the researcher used the 

P21 Framework as a foundation for designing the GCPs for this study as she felt it was 

more comprehensive, detailed, and more widely adopted than the other frameworks.  The 

Partnership for 21st Century Learning was founded in 2002 as a coalition bringing 

together the business community, education leaders, and policymakers to position 

twenty-first century readiness at the center of US K-12 education (Partnership for 21st 

Century Learning, n.d.).   Its mission is to build collaborative partnerships so that all 

learners acquire the knowledge and skills they need to thrive in a world where change is 

constant and learning never stops.   

The framework was developed to describe the skills and knowledge needed for 

students to succeed and thrive as global citizens, and contains student outcomes and 

support systems (see Figure 2).  Support systems include: learning environments; 

professional development; curriculum and instruction; and standards and assessments. 

Student outcomes include: key subjects and 21st century themes, including global 

awareness and environmental literacy in addition to core academic content; learning and 

innovation skills, including creativity, communication and collaboration; information and 

technology skills; and life and career skills, including responsibility, and social and cross-

cultural skills (P21, 2015a). 
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Figure 2. 21st Century Student Outcomes and Support Systems. Reprinted from 

Framework for 21st Century Learning, In p21.org, n.d., Retrieved January 17, 2017 from 

http://www.p21.org/our-work/p21-framework.  Copyright 2007 by P21. Reprinted with 

permission (see Appendix A). 

 Global mindedness.  Global mindedness is a concept with several ideations that 

contain commonalities.  Randall (1990) considered global mindedness to mean viewing 

the world and its people with understanding and concern.  Singh and Jin (2013) 

determined that international mindedness was an overall attitude that included the 

characteristics of global engagement, multilingualism and intercultural understanding. 

Lindsay and Davis (2013) viewed global mindedness as a set of five areas within digital 

citizenship: technical awareness, individual awareness, social awareness, cultural 

awareness, and global awareness (in terms of geography and politics).  According to 

Hansen (2010), a highly global-minded person has “a strong sense of appreciation of 

diversity and differences, and an awareness and appreciation for the interconnectedness 

of the world” (p. 15).  Lima and Brown (2007) viewed global mindedness as global 

citizenship, where one could speak more than one language, understands different 

cultures, respects diversity, is informed about local and world events, and is willing to 
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help others.  Osler and Starkey (2005) also viewed this construct as a type of active 

citizenship, where individuals could be agents of influence and change of human rights. 

One of the competencies from P21’s framework under key subjects and 21st 

century themes is global awareness.  Indicators of global awareness include being able to 

use other 21st century skills to address global issues, working collaboratively with those 

from other cultures, and understanding other nations, including the use of non-English 

languages (P21, 2015a).   

 Hett’s (1993) instrument development was guided by research in world-

mindedness, international understanding, feminism, education, futurism, and the quest for 

community.  Her research built upon Sampson and Smith’s (1957) World-Mindedness 

Scale, and the Global Understanding Project established by Barrows (1981).  She 

proposed a definition of global mindedness to be “a worldview in which one sees oneself 

as connected to the global community and feels a sense of responsibility to its members. 

This commitment is reflected in the individual's attitudes, beliefs, and behaviors” (Hett, 

1993, p. 143).  Global mindedness consists of five dimensions: responsibility; cultural 

pluralism; efficacy; global-centrism; and interconnectedness.  Hett (1993) constructed 

the Global Mindedness Scale (GMS) (see Appendix B) to measure global mindedness in 

these five dimensions, as described below:  

 Responsibility: A deep personal concern for people in all parts of the world 

which surfaces as a sense of moral responsibility to try and improve conditions 

in some way. 

 Cultural Pluralism: An appreciation of the diversity of cultures in the world a 

belief that all have something of value to offer. This is accompanied by taking 

pleasure in exploring and trying to understand other cultural frameworks 

 Efficacy: A belief that an individual’s actions can make a difference and that 

involvement in national and international issues is important 
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 Globalcentrism: Thinking in terms of what is good for the global community, not 

just what will benefit one’s own country. A willingness to make judgments based 

on global, not ethnocentric, standards 

 Interconnectedness: An awareness and appreciation of the interrelatedness of all 

peoples and nations, which results in a sense of global belonging or kinship with 

the “human family.” (p. 143) 

 

Subsequent studies using Hett’s (1993) GMS with K-12 and undergraduate 

students, preservice teachers, and teachers, have established that global mindedness is an 

overall attitude and understanding that can be measured and used to inform instruction 

(Béneker, Tani, Uphues, & Van der Vaart, 2013; Cook et al., 2016; Duckworth et al., 

2005; Golay, 2006; Hansen, 2010; Kehl & Morris, 2008; Kirkwood-Tucker et al., 2017; 

Kirkwood-Tucker et al., 2011; Walton, 2002; Zong & Farouk, 1999) 

 Relevant literature using GMS to measure global mindedness. When Hett 

(1993) tested the GMS on 396 undergraduate students at the University of California at 

San Diego, she noted several significant findings: participants with higher scores on the 

GMS tended to have the following traits: were female; had significant global educational 

experience; participated in internationally-oriented activities; possessed high political 

interest and liberal political orientations; had friends from other countries or cultures; and 

had experience studying/living outside of the USA.   

In Duckworth, Walker-Levy and Levy’s study, (2005), pre- and in-service 

international teachers were assessed in terms of their global mindedness using the GMS.  

Although the sample was diverse in a number of categories, the participants were largely 

female, had extensive international travel or experience, and spoke more than one 

language.  Results indicated that participants exhibited each of the five constructs, but 

there was lack of significant correlations between scores on the GMS and several factors 
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such as gender, age, ethnicity, where a participant was born or if they lived abroad, and 

what languages they could speak (Duckworth et al., 2005).  Although quantitative results 

had mixed levels of international mindedness (IM), Duckworth, Walker-Levy and Levy’s 

(2005) qualitative data revealed that participants held a rather uniform view about IM 

(used interchangeably with global mindedness):  

Most participants felt that IM required flexibility, tolerance and respect toward all 

cultures, as well as experience in various cultural settings. While most have not 

had much teaching experience (0–4 years), they nonetheless possessed a mature 

view of the type of teacher required to develop IM in students. (p. 303) 

 In a large-scale study, Kirkwood-Tucker, Morris, and Lieberman (2011) looked at 

the global mindedness of 644 elementary and high school pre-service social studies 

teachers at large universities in Florida.  A significant correlation was found of higher 

GMS scores with: enrolling in courses with a global component; female gender; high 

grade point average; the ability to speak two or more languages, and those born outside 

the U.S. (Kirkwood-Tucker et al., 2011). 

 Walton (2002) examined teachers’ global mindedness using the GMS and 

classroom communication competence. This study found there was a positive correlation 

between international travel of teachers and global mindedness in the constructs of 

responsibility, globalcentrism, cultural pluralism, and interconnectedness.  Results also 

found a positive correlation between global mindedness and classroom communication 

competence, suggesting that as teachers increased their global mindedness, their 

speaking, interpersonal, and listening skills increased (Walton, 2002). 
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 Zong and Farouk (1999) wanted to examine the effect of an Internet-based project 

on preservice social studies teachers’ global knowledge, global mindedness and teaching 

strategies.  The treatment group incorporated a project which used the internet to research 

and collaborate/communicate with students around the world for solutions to global 

issues.  No significant differences in global mindedness were found between the control 

and treatment groups, although it was noted that the students who participated in the 

project scored lower on average than those who did not participate (Zong & Farouk, 

1999).  It was found, however, that the treatment group scored significantly higher on a 

global knowledge test (Zong & Farouk, 1999). 

 Hansen (2010) and Golay (2006) both examined global mindedness with study 

abroad students.  Golay administered the GMS to a study abroad group and non-study 

abroad group.  At the end of one semester, it was found that there were significant 

differences for cultural pluralism and the total posttest score for the study abroad group, 

while there no significant difference found on any dimensions of global mindedness for 

the non-study abroad group (Golay, 2006).  The study concluded that learning in other 

dimensions, such as study abroad, may require methods such as “service learning” or 

culture education aspects of culture (p. ix).  Results from Hansen’s (2010) study indicated 

there were no differences between study abroad students, students enrolled in a 

multicultural course instead of study abroad, and students not participating in either, 

based on pre- and posttest global mindedness scores.  She concluded that studying abroad 

does not guarantee increased acceptance of others’ culture or an expanded worldview. 

Kehl and Morris (2008) examined the differences in global mindedness between 

students who participated in short-term (eight weeks or less) or semester-long study 



Texas Tech University, Shannon W. Sahabi, May 2018 

 
 

 44 

abroad programs and those who intended to apply for study abroad, at three private 

universities. The researchers found no significant differences in the global mindedness of 

short-term study abroad students compared to those who plan to study abroad in the 

future; however, students in the semester-long group had significantly higher GMS scores 

than the short-term group and the group planning to study abroad (Kehl & Morris, 2008). 

 In Beneker, Tani, Uphues, and Van der Vaart’s (2013) study that compared 

students’ global mindedness and ideas of global dimensions in their geography education 

in Finland, Germany, and the Netherlands, it was found that all three countries’ students 

had similar and relatively high world mindedness scores.  The data showed high scores 

for values such as respect and diversity, but had lower scores for values such as equal 

access and global centrism.  Differences between the countries were small, but Finnish 

students’ results revealed more openness to and interest in other cultures, as well as 

patriotism.   

 In Cook, Smith, Lan, and Carpenter’s (2016) study, American students partnered 

with students from Argentina and Mexico to examine the global mindedness and global 

competencies of students and teachers participating in a GCP.  The GMS was used to 

assess global mindedness while classroom observation, interviews, and student products 

were used to assess global competencies.  Results demonstrated that although the 

quantitative findings of the GMS scores were not significant, teachers reported that 

perceptions of student global mindedness increased as they interacted with students in 

another country.  It was also found that global education experiences cause change in 

beliefs and behaviors, including cross-cultural communication and recognizing 

perspectives other than their own. 
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 Kirkwood-Tucker et al. (2017) study on global mindedness of high school seniors 

revealed that females had significantly higher GMS scores than males in total score and 

in each of the five constructs, although the qualitative data analysis showed little 

difference in Cultural Pluralism, Globalcentrism, and Interconnectedness.  The results 

also showed that African-American students had significantly higher scores for the total 

GMS score and the constructs of Interconnectedness and Efficacy, although interview 

analysis revealed no ethnicity differences in the areas of Responsibility and Cultural 

Pluralism.    

 Environmental issues awareness and attitudes.  In 2007, P21 administered a 

survey which asked, in part, asked the participants to rank the importance of fourteen 

identified skills, such as collaboration, creativity, innovation, and global awareness, as 

well as rank the extent to which schools are teaching and developing these skills in their 

students.  While a majority ranked global awareness as an important skill, only one in ten 

thought schools were doing an adequate job of teaching it (Reimers, 2009b).  Young 

people's environmental attitudes are particularly important to assess because they are the 

ones ultimately affected by environmental problems and issues, and will need to create 

awareness and create solutions. 

It is widely acknowledged that environmental education can help to create 

positive attitudes and awareness about environmental issues and for some, it can promote 

environmentally responsible action (Bradley et al., 1999).  Some research reported that 

high school students exposed to environmental science courses demonstrated an increase 

in responsible environmental behavior and an increased awareness of environmental 
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issues (Al-Balushi & Al-Aamri, 2014; Bradley et al., 1999).  Global mindedness is a vital 

piece of the study as it was measured using Hett’s GMS.   

Summary of Global Education 

 Laurence Peters (2009) defined global education as an approach that fosters cross-

cultural awareness, cooperation and understanding.  According to the United Kingdom’s 

Global Teacher Project, “Global Education is not a subject, but a dimension that 

combines methodology and core concerns, that runs through the curriculum, an extra 

filter to help children make sense of all the information and opinion the world is throwing 

at them” (“Global Teacher Project,” n.d.).   In terms of science education, engagement in 

global education can help students prepare for international competitiveness as they work 

towards understanding the methods, content, and nature of science and technology (Guo, 

2007).  Global mindedness can be seen as an overall attitude – an awareness of the 

interconnectedness of a global society.  Global competencies are the skills needed to 

work in a global society and act on global issues. 

Environmental science is a course that can embed and implement the use of many 

21st century skills, particularly the 4Cs, global awareness, and environmental literacy.  

Although global awareness is considered a competency of the P21’s framework, it is also 

considered a worldview, rather than a skill, that studies the degree to which students 

possess the attitudes and beliefs for living in a world where cultures converge (Clarke, 

2004).  It is important to understand where in the curriculum to place GCPs in order to 

not only cover the important content, but to practice using the 21st century skills that will 

assist them on the AP Exam and other international assessments.  Therefore, it is 



Texas Tech University, Shannon W. Sahabi, May 2018 

 
 

 47 

important to take a look at the science content and historical science assessment data to 

understand the use for GCPs in APES.   

Student Understanding of Environmental Science 

 Environmental science is a course that is multidimensional in that it covers 

various fields of science such as biology, chemistry, and geology, in addition to social 

studies, such as laws, economics, and geography.  Gauging student understanding of 

complex environmental science issues is vital, as these issues have implications for their 

future in school or work as global citizens (Palmer & Suggate, 2004; Rickinson & 

Lundholm, 2008; Wals, Brody, Dillon, & Stevenson, 2014).   

 Environmental education vs science education.  There have been numerous 

studies outlining the need for environmental education, environmental science education, 

and the attitudes of students and teachers toward global (Duckworth et al., 2005; Hett, 

1993; Kirkwood-Tucker et al., 2011; Rickinson & Lundholm, 2008).  In fact, when 

researching the various definitions of environmental education, for which all noted 

awareness and/or attitudes, the researcher found that the International Union for the 

Conservation of Nature and Natural Resources (IUCN) 1970 definition, as cited in 

Palmer and Neal (1994), was most encompassing:  

Environmental education is the process of recognising values and clarifying 

concepts in order to develop skills and attitudes necessary to understand and 

appreciate the interrelatedness among man, his culture and his biophysical 

surroundings. Environmental education also entails practice in decision making 

and self-formulation of a code of behaviour about issues concerning 

environmental quality. (p. 12)  

 

Environmental education topics can evoke strong emotional responses among 

learners, which can influence the depth of their engagement with any learning activities 
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set up by the teacher (Rickinson & Lundholm, 2008).  The authors discuss that a 

student’s view or belief in the environmental topic, a student’s view in contrast to 

instructor’s view,  or if the student does not feel the topic is appropriate to the course are 

all avenues to draw out emotional responses.  This seems to indicate that environmental 

education is not so much about knowledge gained, but about awareness, attitudes, and 

beliefs about the environment and how to practice sustainability.  While environmental 

education stresses values and behaviors, science education focuses on knowledge and 

skills (Wals et al., 2014).  

 Environmental science content.  There are few current studies that document 

what environmental science content students know or do not know.  In one study, Serbian 

students had deficiencies in understanding the relationship between consumerism and 

negative effects on the environment (Veinovic, 2016). The students knew little about the 

origin of the products they use in everyday life such as toys, clothes, or food, and also 

scored low on questions about their own perception of future generations (Veinovic, 

2016).  Students often have incorrect perceptions about Earth system relationships as well 

as how human activities impact on those systems (Fortner, 2001).  

As part of a large, international study entitled Emergent Environmentalism, 

Palmer and Suggate (2004) investigated the development of United Kingdom (UK) 

children’s ideas about far-off places and environmental issues between ages 4 and 10.  

They found that as young as four years old, children are able to make accurate, albeit 

simple, statements about the effects of environmental change (such as deforestation and 

climate change). By age six, most children realize long-term effects of change are more 

significant, and by age 10, some children realize their own actions affect other organisms 
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(Palmer & Suggate, 2004).    The impact of this research indicates that since “there 

appears to be a steadily increasing ability with increasing age to understand and articulate 

complex relationships between creatures and habitats,” environmental science topics can 

be introduced and built upon in a progressive manner throughout K-12, as the students 

construct new knowledge based on their experiences and understandings (p. 236) 

Linking environmental science content with attitudes.  One could view the 

difference between environmental science education and environmental education as 

knowledge versus emotion.  For example, Wals et al. (2014) contend:  

While science education would teach students how to monitor water quality, identify 

pollutants, and understand technologies that can reduce pollution, environmental 

education would involve an analysis of the circumstances and behavior that caused the 

pollution, as well as identifying ways to clean up a river involving the local community, 

policy makers, and industry (p. 583). It is important that environmental science courses 

link scientific knowledge with global mindedness and sociocultural knowledge.  There 

are several studies that use environmental topics for their research in attitudes or linking 

attitudes to knowledge gain (Al-Balushi & Al-Aamri, 2014; Barraza & Walford, 2002; 

Bradley et al., 1999; Lester, Ma, Lee, & Lambert, 2006; Morgil, Arda, Secken, Yavuz, & 

Oskay, 2004; Rosenthal, 1990).  In one study by Barraza and Walford (2002), Mexican 

and English students were compared in environmental knowledge and attitudes.  For both 

Mexican and English children, war, pollution and hunger were the three most serious 

problems in the world. Poor health and population growth were highly ranked concerns 

for the Mexican children, whereas concerns about nuclear waste and illegal wildlife trade 

were highly ranked for the English children.  Their findings indicated that cultural 
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differences affect children’s perception and attitudes towards environmental issues and 

the difference in knowledge and vocabulary related more to classroom style than 

curriculum.  The cultural differences in attitude could potentially affect collaboration 

efforts between foreign peers when designing a solution to a global environmental and 

social issue. 

In Bradley, Waliczek, and Zajicek’s (1999) study, high school students’ 

environmental knowledge and attitudes were assessed from a questionnaire administered 

before and after experiencing a 10-day general environmental science course. Results 

indicated significant increases in both knowledge gain and attitudes of students after 

exposure. A positive correlation was found between knowledge increase and attitudes 

(Bradley et al., 1999), which supports other studies that found knowledge and/or attitude 

increases following exposure to an environmental science course. 

As part of a large-scale instructional intervention research, a study by Lester, Ma, 

Lee, and Lambert (2006) examined elementary students’ science knowledge and 

awareness of social activism. The study involved fifth-grade students from five 

elementary schools in a large urban school district in the U.S and was based on the 

analysis of students’ responses to a writing prompt addressing an increased greenhouse 

effect and global warming at the beginning of and at the completion of instruction over 

the school year. The results indicated that “students with adequate science knowledge 

tended to express activism more frequently, and that their expression of activism 

increased as they gained better science knowledge after the instruction” (Lester et al., 

2006, p. 1). These results emphasize the importance of effective pedagogies for students’ 

to better understand the content relevant to  environmental issues, so that they can be 
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more aware, partake in activism, and become socially responsible global citizens (Lester 

et al., 2006).  This supports the use of global collaboration-enhanced PBL as a unique 

pedagogy to assess content understanding of environmental science.  

APES content in the literature.  When searching for literature, the researcher 

could not find any studies pertaining to high school student achievement tied to world 

hunger and global mindedness in AP Environmental Science. Very few studies included 

APES at all.  Following is a brief discussion of the global topic chosen for the GCPs in 

this study.   

Hunger Issues. Poverty continues to be the core cause of other problems such as 

proper nutrition, access to water or electricity, and safe shelter in most developing nations 

(Suarez-Orozco & Sattin, 2007; Undp, 2017; WHO, 2015).  The working poor, who work 

and live on less than $1.90 a day, accounted for 10 percent of workers worldwide in 2015 

and the global population suffering from hunger equates to 11 percent in 2014–2016 

(Undp, 2017), which equates to around 793 million people who are undernourished 

(World Bank, 2017b).    The infant and child mortality rates of low-income countries are 

more than fourteen times greater than developed nations  and it is estimated that every 

four seconds, a child dies from starvation (Suarez-Orozco & Sattin, 2007).  On the 

contrary, overnutrition is a major concern for the U.S. and developed nations.  The 

Centers for Disease Control and Prevention (CDC) (2017) state about one-third of U.S. 

adults (36.5%%)  and approximately 17% (or 12.7 million) of children and adolescents 

aged 2-19 years are obese.  Obesity disproportionally affects children from low-income 

families (Cdc, 2017), providing another indication that poverty affects health and 
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wellness.  Being one of the 17 SDGs, World Hunger is a critical and glocal topic to study 

in making an effort to create awareness or design possible solutions. 

Sustainability.  Sustainable development is “development that meets the needs of 

the present without compromising the ability of future generations to meet their own need 

(World Commission on Environment and Development, 1987, p. 43).  Development in 

this definition is not only economic in nature, but social and cultural (Ratcliffe & Grace, 

2003).  Sustainability is a theme that cuts across environmental education and the entire 

AP Environmental Science curriculum, and is local and global in nature.  The curriculum 

includes sustainability of global food supplies, a topic of the project used in this study. 

Awareness of poverty, human population growth, and differences between 

developed and developing nations as causes for world hunger and nutrition issues are 

vital for students’ understanding of this global issue.  In order to gauge what students 

know and need to know, it is important to review the literature on science assessment, in 

particular, environmental science assessment. 

Science Education and Achievement 

There are few sets of issues relevant to all human beings than environmental 

issues.  Climate change, pollution, population growth, world hunger and water shortages 

are all global in nature and thus, affect us all. There is world-wide inequality in access to 

and use of resources due largely to corporate capitalism, which leads to increasing 

violence between countries and religions, growing social and economic disparity, mass 

starvation, and environmental degradation (Pappas, 2013).  The education of learners 

today is disconnected from the realities of this global world (Suarez-Orozco & Sattin, 

2007).  As such, it is essential that teachers engage their students in learning the complex 
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interactions among science, technology, society and the environment as these areas will 

continue to impact their lives (NGSS Lead States, 2013).  Arguably, environmental 

science classrooms are the best to address global issues such as world hunger and water 

shortages.  In order to assess whether or not students are gaining the competencies that 

are vital to growth as a global citizen, it is important to examine how achievement in 

science and environmental education is measured and how that measurement is used to 

inform curriculum pedagogies and instruction. 

 Assessment.  Assessment is the process of gathering evidence to measure student 

learning in order to inform instructional decisions (Stiggins, 2008).  A teacher wants their 

students to demonstrate knowledge and skills and their ability to integrate and apply these 

skills in new situations (O'Connor, 2011; Schnitzer, 1993).  It is used as a tool to 

determine effective instruction (McMahon, 2006) given in most formal American K-12 

classroom settings.   

 Pedagogy is the relationship between teaching and learning and how together they 

lead, through meaningful practice, to enhanced knowledge and understanding (Corrigan, 

Gunstone, & Jones, 2013).  Assessment is a critical aspect of pedagogy in order for 

growth to occur.  The teacher’s interpretation and enactment of curriculum and 

assessment policy, then, influences the pedagogical decisions that are made and how 

these are enacted in the classroom (Corrigan et al., 2013).    

As Scouller (1998) asserted, exams have been the dominant student assessment in 

a majority of undergraduate courses, and the researcher concurs with this on her high 

school campus; semester averages are determined by a final exam, and in science, this is 

exclusively selected response exams.  A wealth of studies have shown that testing 
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(exams) can improve subsequent learning of the initially tested material (Pashler et al., 

2007; Roediger & Butler, 2011; Roediger & Karpicke, 2006a).  

 Selected response in assessment.  Some authors dispute that selected response 

examination (like multiple choice) do not effectively measure students’ gained content 

knowledge (Roediger & Marsh, 2005); however many studies have assessed the benefits 

of retrieval practice with a final test containing a verbatim re-presentation of the same 

questions used on the initial test as well as similar questions to investigate transfer to 

other contexts (Butler, 2010; Carpenter, 2012; Chan, McDermott, & Roediger, 2006; 

Karpicke, Blunt, Smith, & Karpicke, 2014).   Glass and Sinha (2013) described the 

findings of several studies in a meta-analysis of the distributed questioning method, that 

when selected response questions were asked more than once before a unit exam, middle 

school and college students exhibited long-term retention and higher performance when 

the same questions were asked later on the final exam in the social sciences. Quizzing or 

testing more than once was also featured in a practice guide for educators as a method for 

enhancing student learning that is backed by robust evidence (Pashler et al., 2007). 

There may be concerns of giving strictly selected responses tests due to “false 

learning” or misinformation from thinking the distracters are correct (Roediger & Marsh, 

2005, p. 1158), as well as surface learning as opposed to deep, critical thinking.  In a 

study by Scouller (1998), it was found that students were more likely to use surface 

learning (e.g. factual recall) approaches in the selected response examination and to 

perceive this kind of exam as assessing lower levels of Bloom’s (1956) taxonomy in 

cognitive processing. Poor performance in the selected response test was associated with 

the employment of deep learning strategies, such as analysis or synthesis. In contrast, 
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students were more likely to use deep learning approaches when preparing essays, which 

they perceived as assessing higher levels of processing (Scouller, 1998).   

There are several advantages to selected response kind of assessment, however.   

In a study by Roediger and Marsh (2005), participants answered more questions correctly 

on the final cued-recall test when they had been tested beforehand on a multiple-choice 

test compared to when they were not.  All AP Exams and most international exams 

contain at least a large section of selected response test items.  Selected response items 

tend to cover more content areas, are efficient, reliable, and easy to score (Reshetar & 

Melican, 2010).  As they are more economical and objective (Schaeffer, Henderson-

Montero, Julian, & Bene, 2002), the information gathered from these types of tests can be 

valuable when assessing student content needs.   

 International Assessments.  Because these selected response assessments are 

useful in providing a snapshot of student achievement, international tests may benchmark 

and measure certain knowledge and skills, elucidating where American students rank in 

those exams.  This is helpful in understanding gaps in American students’ science content 

knowledge and understanding. 

PISA. The PISA (1998) proposed that a scientifically literate person is “able to 

combine science knowledge with the ability to draw evidence-based conclusions in order 

to understand and help make decisions about the natural world and the changes made to it 

through human activity” (p. 5).Taken every three years since 2003,  the PISA “assesses 

the extent to which 15-year-old students, near the end of their compulsory education, 

have acquired key knowledge and skills (in science, mathematics, reading, and 

collaborative problem solving) that are essential for full participation in modern 
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societies” (OECD, 2016c).  For the 2015 administration, the United States ranked 19th in 

science, 15th in reading, and 37th in mathematics out of 72 participating countries.  In 

2015, the focus of PISA was on science; the U.S. average science literacy scores were not 

measurably different from average science literacy scores in 2006, 2009 and 2012 

(NCES, 2016; OECD, 2016c).  In the United States, one in five 15-year-olds (20 percent) 

scored below level 2 in science literacy, the baseline level of proficiency in science, in 

which students can draw on their knowledge of basic science content and procedures to 

identify an appropriate explanation, interpret data, and identify the question being 

addressed in a simple experiment; this was not measurably different than the OECD 

average (21 percent)(NCES, 2016; OECD, 2016c).  In the 2006 report of OECD 

Programme for PISA, environmental attitudes were incorporated into the definition of 

scientific literacy. Out of the 108 questions asked the PISA 2006 science assessment, 24 

were related to environmental science. For this specific branch of questions, the US 

placed 25th, below the OECD average. 

TIMSS.  Every four years since 1995, the International Association for the 

Evaluation of Educational Achievement (IEA) administers the Trends in International 

Mathematics and Science Study (TIMSS) to fourth and eighth graders in more than 60 

countries (IEA, 2016). TIMSS is designed to broadly align with math and science 

curricula in the participating countries; therefore, the results imply the degree to which 

students have learned the math and science concepts and skills likely to have been taught 

(NCES, 2016).   For the 2015 administration, out of 270 possible questions, 66 were 

environmental in nature, which included concepts from biology and earth science; the 

United States ranked 10th out of 55 in fourth grade science and 11th out of 44 in eighth 
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grade science (IEA, 2016).  The percentage of students reaching various benchmarks on 

these tests had not fluctuated much from the five previous administrations.  Countries 

such as Singapore, Japan, Russia, China, and Finland ranked ahead of the U.S. (NCES, 

2016).   

NAEP.  The National Assessment of Educational Progress (NAEP) science 

assessment measures students’ knowledge of three content areas (physical, life, and Earth 

and space sciences) and four science practices (identifying science principles, using 

science principles, using scientific inquiry, and using technological design), which 

describe how students use their science knowledge by measuring what they are able to do 

with the content (NAEP, 2016).  The average NAEP science scores for the nation 

increased 4 points between 2009 and 2015 in both grades 4 and 8, but did not change 

significantly at grade 12, with 38%, 34%, and 22%, respectively, at or above the 

proficient level (NAEP, 2016); environmental science content was found in descriptions 

of earth science and biology-type questions (items were not released).   

 In 2011, NAEP conducted a special administration of the 8th grade test in an 

effort to link the NAEP scale to TIMSS, so that states could compare the performance of 

their students with that of students in other countries (NAEP, 2011, 2016).  Compared to 

the TIMSS average of 500, 47 states scored higher, 2 states scored comparably, and 3 

states scored lower.  Singapore scored higher than all 52 U.S. states (Nces, 2013).  It 

should be noted that numerous differences between the NAEP and TIMSS 

administrations – including time of year taken, accommodations allowed for NAEP and 

not TIMSS, NAEP only tested public school students while TIMSS tested both public 

and private school students, assessment contents/percentages, and program policies could 
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contribute to the sources of error around predicted TIMSS scores (NCES, 2013). 

Therefore, predicted TIMSS scores should not be interpreted as actual TIMSS scores.   

 Advanced Placement (AP) Exams.  In 2017, 49% of students had a passing AP 

Exam score (College Board, 2017) in Environmental Science (9.3% scored a 5, 24.4% 

scored a 4, 15.5% scored a 3, 24.6% scored a 2, and 26.3% scored a 1); this was the 

lowest scoring science.  Given the interest in standards-based education, AP courses have 

become increasingly important for high school students, particularly in the sciences 

(Wood, 2009).  Therefore, the content and exams themselves must hold high reliability 

and validity.  When students succeed on AP Exams, it means that their mastery of 

college-level content and skills has been externally validated by experts in the field. 

(College Board, 2014).  Morgan and Klaric (2007) indicated that if students perform well 

on the AP Exam, they will be successful in college; if the scores are not reliable, the 

validity will be called into question.  The procedure used to align AP grade standards 

with college grading standards is outlined in Morgan and Ramist (1998).  

 The AP program is held in high esteem by many high schools and universities 

because it presumably contains the same course content and rigor found in introductory 

college courses (Flanagan, 2016; Parker et al., 2013).  The growth of AP in the last 

decade suggests that students, families, and policy makers recognize AP as a standard of 

high academic rigor (Sadler, 2010).   

 Content standards are written to guide instruction though focusing on a select set 

of ideas.  While most states focus in science literacy, the College Board (2009) focused 

on college and career readiness – what students need to know, understand, and do to be 

successful in an introductory college course.  Panels of content experts (e.g. scientists and 
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environmental science professors and high school teachers gather to draft selected 

response items and determine validity (Reshetar & Melican, 2010).  Since it is not 

practical to use the same test form year to year, variation of forms is controlled by setting 

content and skill, and structural specifications; content and skills specifications include 

how many items (or a percentage) of a topics will appear on a test form (Reshetar & 

Melican, 2010).   

 The Topic Outline of APES (College Board, 2013) shows that 10-15% of the AP 

Exam covers land and water use (e.g. agriculture, food requirements/ nutrition, Tragedy 

of the Commons), and 10-15% covers populations (e.g. population ecology, impacts of 

human population dynamics, strategies for sustainability) – the topics covered in this 

study (see Appendix C). Since APES is an interdisciplinary science, there are many 

different topics to include, but have been organized into six broad themes (College 

Board, 2013); two of these included on the world hunger unit test and the world hunger 

project include humans alter natural systems and environmental problems have a social 

and cultural context.  The World Hunger Project was designed using Earth Science 

standard 5 (humans and the environment impact each other) and enduring understandings 

(4A, 4C, 4D, 5A, 5E).  Appendix C shows the full description of the standard and 

enduring understandings, and sections of the course outline included in this study. 

Knowledge gaps in hunger on the AP Exam.  Based on previous AP Exams, the 

College Board (2005; 2015) has identified through its AP testing that globally, students 

had trouble quantifying and explaining the energy efficiency of grain production versus 

that of meat production.  Students were generally able to discuss advantages of a diet 

with meat to a diet with no meat, but not the advantages or disadvantages of a diet with 
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little meat.  Students were found to be able to identify human activities, other than 

anthropogenic climate change, that decrease the amount of freshwater flowing into 

wetlands, but could not describe these activities.  Many confused pesticides with 

fertilizers as potential sources of phosphate runoff, and incorrectly identified manure and 

organic fertilizers as substances low in phosphorus.   

If current global environmental, political and social problems like access to proper 

nutrition are to be solved, we need a generation of scientifically literate citizens who can 

take an active role and make informed judgments (Hodson, 2003; Kirkwood-Tucker et 

al., 2011).  Students deserve a curriculum that will allow them to develop global 

competencies. Effectively weaving global mindedness dimensions into the curriculum for 

individual students is currently a challenge (Singh & Jin, 2013).  One of the competencies 

from P21’s (2007) framework includes environmental literacy. Indicators of 

environmental literacy include demonstrating knowledge and understanding of 

environmental issues (i.e. food, population growth), human impacts on the environment 

(global economics, consumption), investigating and analyze global issues, and creating 

solutions to address challenges (P21, 2015a).  PBL enhanced with global collaboration 

components allow student the opportunity to explore global issues with students outside 

of their country in order to analyze the issue and create awareness or solutions to address 

it.   

Global Collaboration Projects: PBL convergence with global education 

 Analysis of labor markets is critical in determining which skills and knowledge 

people will need in order to compete in the modern, global society (Held et al., 1999).  In 

a time of wireless connections and digitized information, more learning can conducted 
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from anywhere in the world (Levy & Murnane, 2007).  The knowledge-intensive, 

communication and collaboration skills of today are far from the industrial skills of the 

twentieth century (Spring, 2009; Steger, 2013).  These new skills are constantly evolving 

and schooling needs to evolve with it.  Students need more than just reading and writing 

skills.  Merryfield (1992; 1998; 2008) indicated students should possess skills in global 

awareness, become culturally literate, and collaborate effectively across cultural and 

linguistic borders. 

 For most students, an enriched learning environment can be provided within the 

regular classroom by substituting or adding activities that foster higher-level thinking 

skills and problem solving (Pound, 2010).  When you establish meaning for a learning 

opportunity, students can be involved in goal setting which allows them to take 

ownership and responsibility for their own learning.  Rapid advancements in technology 

have driven change within science education to better prepare our students for global 

competition (Guo, 2007; Kerlin, Carlsen, Kelly, & Goehring, 2013; Peters, 2009).  With 

the increased availability of technology and Internet access, students are virtually 

stepping outside the classroom walls and performing science inquiries around the world, 

thus flattening classrooms (Lindsay & Davis, 2013).  Saavedra and Opfer (2012) offered 

nine lessons for teachers to foster 21
st
 century learning: making it relevant, teaching 

through the disciplines, developing thinking skills, encouraging learning transfer, 

teaching students how to learn, addressing misunderstandings directly, treating teamwork 

like an outcome, exploiting technology to support learning, and fostering creativity 

(p.11).  They argued that by embedding these types of learning activities, both teachers 

and students will facilitate the growth of their own 21
st
 century skills.  Global education 
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opportunities remain critical to fostering these skills in addition to constructing new 

content knowledge.   

When Thomas (2000) conducted his literature review of PBL, he argued that 

research was needed in light of NCLB and emphasis on standardized testing, which he 

believed tended to “move school in the direction of traditional, teacher-directed 

instruction” (p. 38).  The education reform movement has since been shifting toward an 

emphasis on 21st century skills and global competencies, which align with PBL 

(Condliffe et al., 2017).    

Project-Based Learning.  PBL is a pedagogy where students investigate real-

world problems and design solutions while developing 21st century skills (Cervantes, 

2013).  PBL involves authentic research, guided by student’s own interests, and is a 

viable instruction strategy to help all students access the curriculum (Boss, 2013; Larmer 

et al., 2009; Andrew Walker et al., 2011). Many studies have explored PBL use in a 

variety of contexts for teaching course content and 21st century skills (Blumenfeld et al., 

2000; S. A. Campbell, 2012; Chang, 2001; Schneider et al., 2002; Stratford & Finkel, 

1996).  Key features of PBL common to most studies include: student choice in the 

activities and interests they want to study; students learn to communicate and collaborate 

with peers; students develop critical thinking skills; students discover concepts and 

content through real-life projects; and students connect new learning to past experiences 

(Boss, 2013; S. Brown, Lawless, & Boyer, 2013; Kaldi, Filippatou, & Govaris, 2011; 

Larmer et al., 2009).   The uniqueness of PBL is the construction of an artifact that 

reflects students’ knowledge gained and attitudes regarding the issue being explored,  and 

presented to the public using videos, photographs, posters or models (Kokotsaki, 
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Menzies, & Wiggins, 2016, p. 268).  By working collaboratively, the experience allows 

the students to become bigger than themselves (MaKinster, Barab, & Keating, 2001), 

particularly when a topic explores a global issue like world hunger  

  Benefits of PBL. Modern technology, high quality group collaboration, the 

teacher’s ability to scaffold learning, balancing between traditional and inquiry methods, 

and solid assessment have been identified as important factors in the implementation of 

PBL (Kokotsaki et al., 2016).  Studies comparing learning outcomes for students taught 

via PBL versus traditional method show that PBL can increase long-term retention and 

deeper learning of content (Strobel & van Barneveld, 2009), help students apply 

knowledge and perform as well as or better on high-stakes assessments (Finkelstein, 

Hanson, Huang, Hirschman, & Huang, 2010; Geier et al., 2008; Maxwell, Mergendoller, 

& Bellisimo, 2005), improve problem-solving and collaboration skills, and improve 

student attitudes towards learning (Hixson, Ravitz, & Whisman, 2012; Ravitz, 2010; A 

Walker & Leary, 2008).  Studies in Detroit indicated that carefully designed PBL can 

improve achievement in more diverse or poverty-stricken populations of students (Geier 

et al., 2008; Marx et al., 2004). 

 A concern of some teachers who may be reluctant to pursue PBL is that 

participating in PBL will hinder standardized test preparation (Hixson et al., 2012).  If 

what Mergendoller, Markham, Ravitz, and Larmer (2006) suggest is true, then well-

planned, well-designed, and well-assessed projects can help students learn rigorous 

content while developing 20th century skills.  In a study by Hixson, Ravitz, and Whisman 

(2012), standardized test scores of teachers who were extensively trained in PBL 

pedagogy were compared to those of where were not trained, in large, comprehensive 
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high schools and in smaller high schools.  Those who were trained taught 21st century 

skills more in depth and more often.  Although in this study standardized test scores were 

not significantly different, it helped mitigate the concern that PBL will get in the way of 

test preparation (Hixson et al., 2012). 

PBL in core content areas. Hernández-Ramos and De La Paz (2009) had eighth-

grade students in a U.S. history class create multimedia mini-documentaries during a six-

week unit. Compared to students who received traditional instruction, students who 

participated in the PBL curriculum demonstrated positive affective benefits and 

significant gains in history content knowledge as well as deeper thinking skills.  

Parker, Lo, Yeo, Valencia, Nguyen, Abbott, Nolen, Bransford and Vye (2013) 

aimed at testing a specific PBL that was suited to advanced high school coursework (AP 

U.S. Government).  An integral part of the study was to develop a test that asked students 

to transfer and apply knowledge, rather than simply recall it.  The PBL implementation of 

repetitive projects of role-playing was aimed at deeper learning of content, same or 

increased AP exam scores compared to traditionally lecture based courses, greater appeal 

to more diverse students, and a sustainable course.  Students in the AP with PBL classes 

scored significantly higher on the AP exam than students in the comparison classes in 

two comparisons – one involving a high-achieving school and one involving a 

moderately achieving school (in both analyses, comparison classrooms were in a 

moderately achieving schools) (Parker et al., 2013).   

 In a study by Finkelstein, Hanson, Huang, Hirschman, and Huang (2010), the 

impacts of a PBL approach in high school economics were explored.  The analyses 

compared outcomes for students and teachers in the treatment group with their equivalent 
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in the control group at the conclusion of the course.  A 40-item selected response exam 

and open-ended essay questions were analyzed; it was found that students who 

participated in the PBL course (where the teachers also had specialized professional 

development) significantly outscored the control group students on the selected response 

exam and the essays (Finkelstein et al., 2010), which evaluated problem-solving skills 

and application to real-world problems. 

 In a study by Campbell (2012), PBL was evaluated for strengths and weakness 

with English language learners.  Students completed projects in an Integrated World 

Studies class.  Although the PBL limited the amount of time for direct teach of content 

and language, the research suggested this allowed them extra time for interaction and 

talking time to native speakers of English.    

 PBL in science courses. In a study conducted by Stratford and Finkel (1996), 

students, in a classroom designed for science PBL, were given a survey designed to 

measure students’ attitudes toward science classes and learning, and compared to students 

in a traditional biology class.  At the end of the year, results indicated that students who 

were in the PBL class had a larger positive increase in science class attitudes.  They came 

to see science class as a place where they can collaborate, collect and analyze data, and 

design and solve problems (Stratford & Finkel, 1996). 

 Geier et al. (2008) examined the effects of reform that focused on supporting 

standards-based science teaching in Detroit middle schools via PBL science units.  

Seventh and eighth graders that participated in the project units were compared to the rest 

of the district population, using results from the high-stakes state standardized test in 

science.  Results indicated that the students who participated in the PBL units 
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demonstrated increased science content understanding, improved process skills, and 

significantly higher pass rates on the standardized state test.  

 Chang (2001) studied the effects of PBL instruction on students’ earth science 

achievement in Taiwan. Tenth grade students enrolled in an earth science course 

participated in a pretest–posttest experiment where, during a two-week period, the 

experimental group students received the PBL, while the control group received a direct 

teaching method. In the PBL group, students had to define and put a real-world science 

problem (natural hazards) into context, research and understand the problem, collect data 

and analyze their own solutions to the problem.  Results showed that the PBL was more 

effective in promoting students’ achievement than the direct teach, as the students in the 

experimental group scored significantly higher in areas of knowledge and 

comprehension. 

In Al-Balushi and Al-Aamri’s (2014) study, 11th grade female students were 

divided into two groups – an experimental group that would conduct five environmental-

based projects, while the control group studied the content using traditional methods.  

Results indicated that the students’ participation in projects had a significant positive 

impact on their environmental knowledge and science attitudes and the experimental 

group outperformed the control group on both instruments.  Further, the most attitudinal 

impact was seen in the projects where students created a documentary movie, an 

environmental exhibit, and a school-wide environmental campaign (Al-Balushi & Al-

Aamri, 2014). 

Summary of PBL.  Through exploration of the literature on PBL implementation 

in science other core classes, there is an abundance of studies that indicate PBL-enhanced 
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courses increase student achievement via deeper learning and problem-solving, and 

increase attitudes toward school or subject matter, whether they are high achieving AP 

students, have low socioeconomic status, or are English language learners.  It is fair to 

say that PBL is an effective pedagogy that can be modified and impactful for diverse 

populations of students.  GCPs are PBL-based learning opportunities through which 

students and teachers can connect to students around the world to facilitate the 21st 

century skills to, in turn, create, critically think, and solve real-world problems.  

Environmental science is an ideal course to implement these types of projects as it is 

intrinsically global.   

 Global collaboration projects. GCPs are a unique kind of venture in that 

students can leave the comfort of their classroom walls to learn about and create with 

students unlike themselves.  In a global collaborative classroom, students and teachers 

can connect to communicate, collaborate, and create a shared artifact with other students 

anywhere on the globe.  These interactions “foster cultural understanding and global 

awareness in the process of learning” (Lindsay & Davis, 2013, p. 7).  Translation tools 

allow students to overcome language barriers and make meaningful connections.  There 

are several websites, such as iEARN (http://www.us.iearn.org), Edmodo 

(http://www.edmodo.com), or ePals (http://www.epals.com/#/connections), which allow 

teachers to make connections with other teachers or experts to set up global 

collaborations.  These approaches provide a means for all students to access global 

learning and achieve global competency.   

 Increased enthusiasm, engagement, achievement scores, and global mindedness 

are all potential outcomes of participating in PBL enhanced with global collaboration 
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(Cook et al., 2016; Lindsay & Davis, 2013; Merryfield, 2002).  As students identify and 

research global issues in order to address a public audience, communication with experts 

is ideal.  “Support for collaborative research efforts among scientists, educators, and the 

public, linking science and society with place and identify, through more effective 

processes of public engagement and learning that can result in meaningful 

socioecological outcomes” (Wals et al., 2014, p. 584).   

 In Riel’s (1994) study, students from eight geographically diverse classrooms and 

different social categories (e.g. gifted, not successful, special needs) collaborated in a 

virtual space called Learning Circles, where the students were the experts on their 

communities and explored systemic relationships of political, economic, environmental, 

and cultural and social systems, conducting cross-cultural exchanges and adding to their 

knowledge base with varied perspectives.  Results demonstrated that there were 

significant reading and writing skill gains in students who participated in Learning 

Circles than control groups, in addition to increased awareness of societal problems. 

 Wals et al. (2014) contended that citizen science, which most often refers to 

community-based data collection when monitoring environmental changes, allows people 

to engage with science on environmental issues in collaboration with others.  A GCP is 

an avenue to collect and share environmental data via technology and communication 

tools.  These projects connect to recent environmental education research that “identifies 

the use of social media as well as technology-enhanced citizen data acquisition as a way 

to enhance the interaction between research in science, education and the environment” 

(Wals et al., 2014, p. 584).  GCPs tie well to a convergence of environmental and science 

education in order to have a comprehensive environmental science education. 
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 Opportunities for collaboration support students’ ability to “engage in meaningful 

learning that will allow them to manage the fast changing, knowledge-based society of 

the twenty-first century” (Darling-Hammond, 2008, p. 196).  Although there have been 

studies about the rationale, frameworks, types of activities, teacher professional 

development needs, and benefits of global education (Bickmore, 2009; Cook et al., 2016; 

Daniels et al., 2010; Johnson & Johnson, 2010; Kirkwood-Tucker, 2009; McTighe & 

Seif, 2010; Merryfield & Harris, 1992; Nugent et al., 2015; Tye & Tye, 1999), as 

described earlier, there is little known about the association between students’ content 

knowledge as measured by academic achievement and global mindedness from 

participating in GCPs in the secondary science classroom.  

Collins, Czarra, and Smith (1998) developed global education guidelines to 

delineate what all American students should know and understand about the world.  

These guidelines included knowledge, skill, and participation objectives under the themes 

of: global issues, problems, and challenges; cultures; and global connections.  The global 

collaboration-enhanced PBL project in this study covers all three of these themes as 

students are learning about another culture’s perspective on a global issue (world hunger) 

and collaborating to address that challenge and create awareness or a solution.  

 In 2002, a National Research Council report recommended that AP courses be 

redesigned to shrink the typical accelerated content exposure and better reflect what it 

means to truly learn (NRC, 2002). According to that report, too much content can thwart 

the goal of a deeper level of understanding in advanced study.  It went on to say that 

well-designed instructional methods “help students develop skills of inquiry, analysis, 
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and problem solving so that they become superior learners” (NRC, 2002, p. 12).  It is 

hopeful that GCPs can positively affect learning in these areas. 

While PBL methods have been linked to increased student achievement in STEM 

courses compared to traditional methods (Blumenfeld et al., 2000; Hasni et al., 2016; 

Schneider et al., 2002), there is lack of research with empirical evidence of student 

achievement in PBL classes with a global collaboration component.  Further, there are no 

current studies that collectively examine and measure student content knowledge, 21st 

century skill development, and global mindedness resulting from global collaboration 

PBLs. 

Theoretical Underpinnings 

As technology has dramatically changed our communication and information 

flows, the competencies students need to assimilate have changed as well.  The NGSS 

have stressed science literacy and 21st century skills employing constructivist and social 

constructivist paradigms that promote inquiry, collaboration, and learner-centered 

learning (Barak, 2017; NGSS Lead States, 2013).  The theoretical foundation for this 

study is based on Shepard’s (2008) socio-constructivist theory, which combines concepts 

from cognitive, constructivist, and social learning theories.  Social-constructivism is an 

appropriate framework to undergird GCPs because students and teachers are working 

with real-world issues and international perspectives within a certain context to 

communicate their newly constructed knowledge to the community.  Environmental 

problems embody real, contextual, complex phenomena, those which that do not have 

one correct answer (Stauffhacher, Walter, Lang, Wiek, & Scholz, 2006).  To address 
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these complex problems, a collaborative and multidisciplinary approach is needed as a 

framework. 

Social cognitive and social learning theories.  According to Shepard (2008), 

cognitive theory states that learning is active rather than passive, and that previous 

knowledge can augment or hinder new learning.  Bandura’s social learning (1977) and 

social cognitive (1986) theories align with socio-constructivist theory due to their 

components linking behaviorist and cognitive learning theories (Learning Theories, 

2016).  Behaviorists like Skinner (1954) worked with only observable behaviors and 

supported operant conditioning for learning, in that the child must perform and receive 

reinforcement (Culatta, 2015a) in order to learn.  Behaviorists would try to find the most 

efficient way of shaping a learner’s behavior; teachers would break down a task into 

smaller, manageable chunks and students would practice over and over until mastery, 

then move on to the next step in the hierarchy.  This frequent testing was thought 

necessary to ensure mastery before moving on and motivation to succeed was mostly 

external (Resnik & Hall, 1998).    

However, behaviorists were unable to explain certain social behaviors and 

Bandura (1977) recognized that an individual could model behavior by observing the 

behavior of others.  Learning theories began to shift from observing reinforced behaviors 

to supporting mental processes and connections (Ertmer & Newby, 1993).  Social 

cognitive theory asserts that learner cognitive development arises from behavioral and 

environmental factors, and that self-efficacy regulates learning activities (Bandura, 1986; 

Barak, 2017; Caprara, Vecchione, Alessandri, Gerbino, & Barbaranelli, 2011).  The 

cognitive teacher would break down the information like the behaviorist, but move from 
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simple to more complex ideas and build the new knowledge on top of previous 

knowledge.  

Social learning theory claims that people learn through observation of models’ 

behaviors and attitudes (Bandura, 1977).  Information is easier to remember if it is 

considered meaningful by the learner (Good & Brophy, 1990).  Lave’s situated learning 

theory (1988) is also social in nature in that interaction is essential, but that learning is 

unintentional and happens naturally in the situation.  Therefore, knowledge is acquired as 

“novices learn from experts in the context of everyday activities” (Culatta, 2015b, p. 5)  

Ostman and Wickman (2014) viewed epistemology similar to Lave, meaning learning is 

social, situational, and progresses through authentic and extended experiences. 

Constructivism-constructionism.  Constructivism shifts the emphasis of 

learning from a passive transmission of knowledge from teacher to student, to one that is 

a process of reorganizing and assimilating knowledge to students’ previous knowledge 

(Osborne, 1994).  As children grow and develop, their knowledge is constructed as they 

experience life events and engage socially with others (Driver et al., 1994).  Learners do 

not transfer knowledge externally, but build their own understanding of the world 

through different contexts (Ertmer & Newby, 1993).  Whereas behaviorism and 

cognitivism have objectives for learning that are easily measured, constructivism is more 

open-ended and subjective, thus not as easily measured.   

Constructionism differs from constructivism in that constructionism states 

learning is most effective when students create artifacts and share them with an audience 

(Harel & Papert, 1991; Karahan & Roehrig, 2015).  In other words, students construct an 

actual external product (Harel & Papert, 1991), not simply cognitive structures, making 
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this theory more tangible.  Students can construct knowledge through discovering 

patterns, using technology, and collaborating with other students using technology.   

Social Constructivism. Within social constructivism, there are two trends: one, in 

line with Piaget’s (1937) work, demonstrates how cooperation among peers (student-

student interaction) affects the development of each individual’s cognitive structures; the 

other, aligned with Vygotsky’s (1978) work, claims that learners can understand new 

models if they are introduced to the culture by their teacher (student-teacher interaction) 

(Bächtold, 2013).  The learner’s reality is constructed through experiences and 

interactions with others.  When working in a social context, teachers can recognize their 

areas for improvement and assist each other design better lessons, labs, or projects.  

Jonassen (1991) asserts that while behavioral and cognitive instructional design has a 

prescribed outcome with usually pre-determined answers, constructivistic design is 

subjective where there not predictable outcomes; therefore instruction should facilitate 

instead of control learning.  In terms of social constructivism, teachers and students 

construct new knowledge in their understanding and application of 21st century skills 

because of a social interaction during the GCP, and can thus better reflect and report their 

learning.  

The US National Science Foundation defines inquiry teaching as leading students 

to “build their understanding of fundamental scientific ideas through direct experience 

with materials, by consulting books, other resources, and experts, and through argument 

and debate among themselves” (National Science Foundation, 1997, p. 7) This type of 

teaching puts the students in the driver’s seat and teacher in role of facilitator, as students 

are socially constructing their own learning.  Students are able to make sense of new 
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experiences with others rather than alone, and develop cognitive structures that exist with 

previous knowledge to construct understanding (Harlen, 2013).  With classmates and 

teachers, students can reach the next step from Vygotsky’s (1978) ‘zone of proximal 

development’ through scaffolding (Harlen, 2013).   

Constructivism through discovering patterns.  Helping students create their own 

knowledge through scaffolding and teaching interpretive and evaluative skills is more 

effective than giving them the information and answers (Gardenfors, 2007).  When 

students create their own knowledge, they may have a deeper understanding of content 

through recognizing patterns, and can generalize and apply that knowledge to other 

situations (Gardenfors, 2007).  This understanding occurs when a student has that 

moment when he “gets it,” (e.g. learning to read, the rhythm in certain genres of music, 

understanding how to solve a math equation).  According to Gardenfors (2007), students 

may not recognize cultural patterns of others since they are not their own; when working 

with peers from other cultures, the best way to understand the cultural patterns is to dive 

into the culture with a teacher who exposes the patterns needed to understand what they 

are learning.  GCPs provide this immersion through which students from across the globe 

can connect and begin to understand each other’s cultural patterns by communicating and 

working together on an issue or problem. 

 Constructivism through technology collaboration.  Technology has expanded the 

variety of experiences within constructivism and constructionism (Riel, 1994).  Since 

knowledge can be seen as socially constructed, Brown (2008) considered the internet’s 

most profound impact on learning was the socially-based opportunities it offers.  He 

offered that student understanding of content is socially constructed through 
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conversations about that topic and through collaborative problem solving. Brown (2008) 

stated that the focus of learning “is not so much on what we are learning but how we are 

learning” (p. 18).   Traditional science teaching involves the teacher controlling students’ 

education and being the transmitter of knowledge, while students take a passive role in 

acquiring knowledge.  The constructivist approach to science education, however, states 

that students are the ones who should control their understanding, be active in their 

learning, engage in discourse, and given opportunities to make choices in their education 

(Tobin, 1998).  Because they can interpret other perspectives, these learners can perhaps 

apply new knowledge in the real world.  Chang (2001) suggested that the PBL approach 

encouraged students to actively research and to solve problems at their own paces, which 

helped students to construct their own meaningful learning.   

 Karahan and Roehrig (2015) investigated constructionism and social 

constructivism-based learning processes on students’ environmental awareness and 

activism.  Students created multimedia products to express their knowledge and 

awareness of environmental issues and used a social networking website to interact with 

each other (Karahan & Roehrig, 2015).  Using a survey to quantify student environmental 

problem awareness and blog posts, video projects and observational field notes, results 

indicated that student environmental awareness and their perceived need for activism at 

the personal, community, and global lives were improved throughout the constructionist 

and social constructivist learning processes.   

Constructionism through global collaboration.  Blumenfeld et al. (2000) 

described PBL in science as an opportunity to “construct knowledge by solving real 

problems through asking and refining questions, designing and conducting investigations, 
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gathering, analysing, and interpreting information and data, drawing conclusions, and 

reporting findings” (p. 150).  It is also constructionist in nature as a physical artifact is 

created by group members to be shared with the community.    

When designing GCPs, it is necessary to provide students with the tools, 

resources, and guidance to research and communicate with their global partners.  Tools 

such as wikis, web pages, podcasts, videos, Skype, and social media sites give teachers 

an opportunity to provide their students with collaborative problem solving (Peters, 

2009).  Technology tools have the ability to facilitate active knowledge and artifact 

construction as an online learning environment allows for multiple perspectives (students 

connecting from different countries) in real world collaborative tasks (Zong, 1999).  In 

the World Hunger project, the Google platform allowed American students to 

communicate with Mexican students in order to experience a different perspective and 

collaborate on a global issue.  As there were no correct answers for addressing awareness 

or a solution for global hunger, students had to socially negotiate final artifacts, and use 

their newly (or updated) constructed knowledge to actually design and construct their 

final products.   

Lindsay and Davis (2003) contend that “the aim of global collaboration in 

education is to improve learning, break down classroom walls and develop authentic 

audiences” (p. 4).  Global learning enables students around the world to connect with 

each other, collaborate to solve ill-defined problems, and share in inquiry science. This 

sharing helps bridge the gap between countries and allows students to be cognizant of 

other cultures and learn from each other (Ertmer & Newby, 1993; Kerlin et al., 2013).  

Since ideologies, culture, and the social nature all play a role in students’ learning, PBL is 
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more engaging for diverse learners (Boss, 2011).  Thus, knowledge constructed from a 

social experience like GCPs is closely related to understandings of relevant social 

categories in addition to content.  Examining social knowledge, like global mindedness, 

on environmental phenomena might be useful in determining conflicting beliefs, which 

may impact peoples’ willingness to act in a globalized world (Griva & Chryssochoou, 

2015).   

When engaging in global collaborations, students are given more ownership of 

what they are learning and can be more interested in what they need to correct. 

Assessment of student learning can be made a social situation (Shepard, 2008) in the 

context of global collaborations since the students are engaging socially with their 

classmates and students in another country.  In terms of socioconstructivism, the students 

construct their new knowledge in understanding and application of content and 21st 

century skills as a result of a social interaction during global collaborations, and can thus 

better report their learning.   

 Science is a human endeavor, therefore social.  The construction of knowledge 

and artifacts by students is like the scientific community in that it is influenced by the 

culture and context where it is created; it is not an autonomous act.  In order to achieve 

what they want, people have to “pool their knowledge, skills, and resources, provide 

mutual support, form alliances, and work together to secure what they cannot accomplish 

on their own” (Bandura, 2002, p. 270).  Students can construct new scientific knowledge 

that is meaningful, personal, and connected to their local community when examining 

global issues such as world hunger (OECD, 2016b).  Additionally, “environmental 

problems are socially constructed in terms of their conceptualized effects on individuals, 



Texas Tech University, Shannon W. Sahabi, May 2018 

 
 

 78 

groups, other living things and systems, [and accordingly,] research based on 

constructivist principles provides not only a coherent framework in which to theorize 

about learning, but also a context for understanding socially constructed issues and 

knowledge” (Palmer & Suggate, 2004, p. 208).   

Conceptual Framework 

This study was viewed through the lenses of socio-constructivist and 

constructionist theoretical perspectives. The instructional and learning approaches used in 

the study were built around a socio-constructivist and constructionist pedagogy, PBL, 

with the addition of a global collaboration component, in the context of global food 

supply.  PBL is based on three constructivist values that learning is active, specific to 

context, and socially interactive to share knowledge and understanding (Driver et al., 

1994; Lave, 1988).  PBL also inherently includes use of 21st century skills such as 

communication, creativity, critical thinking, and collaboration.   

This study explored the effect of integrating a global collaboration component 

with a PBL on global food supply and security in AP Environmental Science to assess 

differences in student achievement, global mindedness, and 21st century skill growth 

between treatment and control groups (see Figure 3).  It is believed that when content 

(e.g. world hunger) is framed as a global problem to be solved collaboratively with peers 

in a different geographical location, global mindedness will increase (control group will 

have no change) and content understanding will increase a higher degree than when there 

is no global partner to collaborate with.  This is believed so because of the multiple 

perspectives that go into the problem solving and creation of artifacts; with the 

contribution of perceptions outside of their immediate community, students are able to 
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have a more inclusive awareness and understanding of an issue that affects citizens 

worldwide.  This, in turn, allows for additional points of view when creating a product to 

address the global problem.  Since the treatment group students must collaborate and 

communicate when creating posters with foreign peers, it is expected that their 21st 

century skill development will be observed more frequently than the control group. 

 

 

Since global learning opportunities and 21st century skill development are at the 

forefront of education agendas, the findings of this study may be useful to curriculum and 

instruction leaders deciding how to best include and assess a global collaboration-PBL 

pedagogy to promote content understanding, global mindedness, and 21
st
 century skills 

competencies.  It is hopeful that this example of a unique pedagogy can serve as model 

Figure 3. Conceptual framework of the study. One arrow in the outputs of the control group indicates an 

increase in scores or observations, while “No Δ” indicates no change.  For the treatment group, two arrows 

indicate an amplified increase in scores or observations due to the global collaboration, though not 

necessarily twice as much as the control group. 
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for science teachers searching for authentic projects using technology to support inquiry 

learning. 

Conclusion  

 In this chapter, the literature relevant to this study was reviewed.  Globalization of 

education, 21st century skills, and the global education constructs of global mindedness, 

global competence, and global learning opportunities that include PBL and GCPs were 

investigated.  Knowledge, achievement, and assessment in environmental science, as well 

as attitudes towards environmental issues were also explored.  The theoretical 

underpinnings of social constructivism and the conceptual framework were discussed.  A 

gap in the literature relating GCPs to measurable student achievement, 21st century skill 

growth and global mindedness was discussed.  The following chapter will describe the 

methodology, research design, data collection and analysis procedures employed in this 

study.  
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CHAPTER III 

 

METHODOLOGY 

 

 

 The focus of this study was to examine the impact of a GCP that highlighted 

world hunger issues on high school students’ achievement, use of 21
st
 century skills, and 

changes in global mindedness in Advanced Placement Environmental Science.  To 

address this focus, a quasi-experimental, explanatory sequential mixed methods design 

was used.  The purpose of using this method was, in the first phase, to obtain quantitative 

data on achievement and global mindedness using exam scores and a survey, 

respectively.  In the second phase, qualitative data was collected through the students’ 

final PBL poster products and open-ended questions added to the global mindedness 

survey during the final administration.  Quantitative data include the hunger unit exam 

and the Global Mindedness Survey (GMS), and were analyzed using the Statistical 

Package for the Social Sciences (SPSS) software, version 25.  The qualitative data from 

the GMS and posters were examined and coded according to a priori themes sourced 

from Hett’s (1993) constructs of global mindedness, the AP standards on hunger issues, 

and a rubric of 21
st
 century skills by the Buck Institute for Education.  The advantage in 

this approach was to create the opportunity for exploring qualitative results, if unexpected 

results arise from the quantitative data (Morse, 1991) .  

Research Questions 

This research study was guided by the following research questions: 

1) How do global collaboration projects impact student achievement? (Quantitative) 
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a. Is there a significant difference in the students’ knowledge of hunger 

between the treatment and control groups’ pre- and posttest scores? 

2) To what extent does student global mindedness evolve due to participating in 

global collaboration projects? (Mixed) 

a. Is there a significant difference in the total GMS score between the 

treatment and control groups? 

b. Is there a significant difference in the students’ responsibility dimension of 

the GMS between the treatment and control groups? 

c. Is there a significant difference in the students’ cultural pluralism 

dimension of the GMS between the treatment and control groups? 

d. Is there a significant difference in the students’ efficacy dimension of the 

GMS between the treatment and control groups? 

e. Is there a significant difference in the students’ global centrism dimension 

of the GMS between the treatment and control groups? 

f. Is there a significant difference in the students’ interconnectedness 

dimension of the GMS between the treatment and control groups? 

3) To what extent does student demonstrate 21
st
 century skill growth due to 

participating in global collaboration projects? (Qualitative) 

a. Is there a significant difference in the PBL projects in demonstrating 21
st
 

century skills between the treatment and control groups? 

4) Is there a relationship between students’ achievement and global mindedness? 
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Research Design 

 For this research, a quasi-experimental, explanatory sequential mixed methods 

design was used; it is a two-stage design in which quantitative data is collected and 

analyzed, followed by collection and analysis of qualitative data to help explain the 

quantitative results (Creswell, 2014; Creswell & Plano Clark, 2011).  According to 

Ivankova, Creswell, and Stick, 

The rationale for this approach is that the quantitative data and their subsequent 

analysis provide a general understanding of the research problem. The qualitative 

data and their analysis refine and explain those statistical results by exploring 

participants’ views in more depth. (2006, p.5) 

A follow up explanations variant (Creswell, 2014) was employed because priority was 

placed on the quantitative phase.  A graphic representation of the explanatory sequential 

mixed method design (Creswell, 2014, p. 220) is presented in Figure 4. The rationale for 

selecting this design is that the combination of quantitative and qualitative approaches 

will provide a more complete understanding of the inferences and conclusions by using 

both approaches rather than a singular approach (Creswell, 2014; Creswell & Plano 

Clark, 2011; Onwuegbuzie & Leech, 2003; Tashakkori & Teddlie, 1998).  

 

Figure 4.  Explanatory sequential mixed method research design.  Adapted from 

Creswell, 2014, p. 220. 

 This is an appropriate design because most of the data were more quantitative in 

nature, and the researcher can help validate numerical data by referring the information 
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gathered from the qualitative phase (Creswell & Plano Clark, 2011; Onwuegbuzie & 

Leech, 2003).  An advantage to this method includes the opportunity for the exploration 

of quantitative results in more detail (Ivankova, Creswell, & Stick, 2006). The  

In using a larger quantitative piece, interpretations may be generalized to larger 

populations, but may lack depth; however, although the qualitative data is limited to a 

small sample, they enrich and explain quantitative (e.g. GMS responses) with perspective 

where numerical data cannot.  Greene, Benjamin, and Goodyear (2001) purposed that if 

mixed methods research is done purposefully, it includes more perspectives in the 

research, it leads to more comprehensive understandings of the phenomenon being 

studied, and increases the validity of the conclusions made. 

 Quasi-experimental research designs are widely used, and acceptable, when true 

experimental designs are not possible due to lack of full experimental control; this is 

likely in educational, classroom-based research where subjects are not randomly 

distributed with classes formed at the beginning of the year (Campbell & Stanley, 1963; 

Ross & Morrison, 1996).   These circumstances prevent true-experimental designs, thus 

allowing for a quasi-experiment as an option (Ross & Morrison, 1996).  Since the 

participants in this study self-selected the AP course, they were not placed randomly; 

students were already assigned to classrooms.  The nonequivalent control group design 

(Campbell & Stanley, 1963) involves an experimental group and control group that will 

be given a pretest and posttest, but the groups do not have pre-experimental equivalence. 

Researcher Positionality 

This study was conducted using an overall pragmatist worldview as this 

perspective works well with mixed methods research methodology (Creswell, 2014; 



Texas Tech University, Shannon W. Sahabi, May 2018 

 
 

 85 

Creswell & Plano Clark, 2011; Patton, 1990; Patton, 2002; Tashakkori & Teddlie, 1998, 

2003).  The researcher perceives this worldview as a medium between postpositivism and 

constructivism, a blending of their characteristics.  With pragmatism, the foci are finding 

answers to the research questions and to discover “what works” in practical and applied 

research using multiple approaches, objective and subjective knowledge, and both 

inductive and deductive thinking (Creswell & Plano Clark, 2011, p. 43).  The philosophy 

of this worldview,  according to Tashakkori and Teddlie (1998),  is that the researcher 

should “study what interests and is of value to you, study it in different ways that you 

deem appropriate, and use the results in ways that can bring about positive consequences” 

(p. 30).  Therefore, the researcher felt a pragmatist worldview was the most appropriate 

one to complete this study; she examined student achievement and global mindedness 

through a socioconstructivist lens.  However, because this study is examining student 

achievement and global mindedness through the lens of socioconstructivism, it is fitting 

that the qualitative phase of the research design shifts to a more constructivist worldview 

as participants are providing their own understandings, speaking from “meanings shaped 

by social interaction with others and from their own personal histories” (Creswell & 

Plano Clark, 2011, p. 40). Thus, the researcher chose the APES curriculum as she is 

familiar with the course content, alignment to global issues, and its assessment (i.e. the 

AP examination), having taught the course for nine years in a formal high-school 

classroom setting.   

Setting and Participants 

Geographic selection. “Captive samples” (classrooms of students), a type of 

convenience sampling were used based on the availability of the participants to the 
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researcher and the relative ease of data collection (Tashakkori & Teddlie, 1998, p. 76).  

This Independent School District (ISD) is one of Texas’ largest, serving over 100,000 

students among 115 campuses.  Smithville ISD (pseudonym) has the highest number of 

non-Spanish speaking English language learners in the city, due to its partnership with 

Catholic Charities (refugees) and the size of the district (Foster-Frau, 2016).  Out of the 

more than 106,000 students total at Smithville ISD, the 9,300 students speak another 

language other than English or Spanish (Texas Education Agency, 2017). Although 

Spanish is the predominant language other than English spoken by students, there are 66 

more native languages spoken by students in the district (TEA, 2017).  This demographic 

is mentioned now as this diversity could certainly have had implications for GMS results, 

such as students being more tolerant of differences, or showing more concern for those 

less fortunate.  The mission statement of the district states that, “The Smithville 

Independent District and our community will provide innovative, high-quality, diverse 

learning experiences for all students in an ever-changing world.” The vision statement 

says, “Our students will be principled, knowledgeable individuals who maximize their 

potential to make positive contributions to society” ("Mission, values & beliefs," n.d., p. 

1).  See Appendix D for district and campus demographics. 

Content selection.  This study addressed one environmental issue, world hunger, 

which is at the forefront of social and political agendas; the researcher wanted to see if 

students collaborating on this topic from across the globe would have any effect on their 

test scores or global mindedness.  Because of the nature of content relevant to the APES 

curriculum, especially the global issue of hunger, the APES course was used in this 

study.  In addition, high school aged students (aged 15 to 19) in APES courses are 
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cognitively prepared to examine  global issues of concern (Warne, 2017), yet limited in 

their global experiences (Balistreri et al., 2012), making them ideal for understanding the 

science content presented, engage in 21
st
 century skill growth, and expand their global 

mindedness.  APES was an appropriate course to examine global mindedness, as the 

survey is a self-report on participants’ view on national and global issues. 

 Teacher selection.  Two teachers, who taught two APES courses at two different 

high schools in the same district, were selected.  Both teachers taught two sections (class 

periods) of APES in this study. The researcher was one of the two teacher participants 

(Teacher A) and the second teacher (Teacher B) has similar teaching experience in APES 

at the same ISD.  Both instructors have been invited by the College Board numerous 

times to be readers (graders) for the Free Response Question (FRQs) portion of the AP 

Exam.  Quasi-experimental designs identify a comparison group that is as similar as 

possible to the treatment group in terms of baseline characteristics (White & Sabarwal, 

2014).   To address this aspect of the design, as well as potential bias, the researcher 

chose another APES teacher and students to a) not appear biased for using her own 

students, and b) determine if the researcher’s results were similar in a different APES 

class, which would add to the generalizability of the study. 

Teacher A.   Teacher A, Mrs. Clark (pseudonym), was born and raised in South 

Texas and is 38 years old.  The researcher has not lived abroad, but has traveled abroad, 

in particular, Tunisia and Mexico.  She has taught science for 15 years – five at an 

alternative middle school where she taught sixth, seventh and eighth grade science, and is 

in her tenth year at her current high school campus, where she has taught Chemistry, 

Physics, Integrated Physics and Chemistry (IPC), Earth and Space Science (ESS), and 
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APES.  She is in her ninth year of teaching APES, for which her students have achieved 

the highest or second-highest pass rate in the district on the AP Exam every year (see 

Appendix E).  Teacher A has three experiences in conducting global collaborations 

through 66 hours of coursework at the doctoral level and several experiences with PBL in 

APES, which include designing appropriate zoo habitats for endangered species and 

designing smart growth cities. The extent of her experiences in GCPs has been with 

students from Pakistan, Morocco, Mexico and China.  This is the second year the 

researcher has participated in the World Hunger project, described in detail below.   

Teacher B.  The second teacher participating in this study, Mrs. O’Connor 

(pseudonym), is from Southeast Texas and is 38 years old.  Her formal training is in 

science (Biology) and has conducted doctoral work in Plant Pathology. Mrs. O’Connor 

has not lived abroad, but has traveled to Europe.  She has taught science for 10 years – all 

10 at the high school level, where she has taught IPC, Biology, Chemistry, Physics, AP 

Biology and APES.  She has eight years of experience teaching APES and consistently 

has a pass rate above the district and global average (see Appendix E).  She has several 

PBL experiences in the classroom, such as a children’s book created from the periodic 

table of elements.  This study was her first experience working with foreign teachers and 

students for an APES GCP; however, she does have experience working globally through 

class projects with foreign students in graduate school, and tutoring APES students in 

Hong Kong via internet.  She also developed a water access PBL experience during a 

water conference, using the BIE rubrics (she and the researcher adapted this project in the 

spring for another global collaboration).  In order to prepare Teacher B for the World 

Hunger Project, Teacher A met with Teacher B several times during the summer before 
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the study began to discuss the project, the planning, and the platforms used.  She was 

given a copy of PBL Starter Kit: To-the-Point Advice, Tools and Tips for Your First 

Project in Middle of High School (Larmer et al., 2009) to read prior to beginning the 

project.  She was introduced to the Mexican teacher participating in the study and all took 

part in a group email to settle on products and due dates. Teachers A and B met every 

week, in person or over the phone, during the fall semester to discuss any concerns or 

ways to improve.  Studies have acknowledged the challenges associated with PBL, such 

as experience, content, alignment with standards, planning, and time (Boss, 2013; Marx 

et al., 2004; Maxwell et al., 2005; Thomas, 2000).  Although teachers vary in their 

experience and effectiveness, research has shown that teachers are more satisfied using 

PBL than traditional materials (Finkelstein et al., 2010), and that it takes time to develop 

the vision of PBL, plan and manage a project, iron out concerns and problem solve with 

peers or mentors (Larmer, 2015). 

Participant selection.  Participants in this study were Advanced Placement 

Environmental Science (APES) classes, containing 83 students distributed across four 

classes at two suburban high schools in south Texas. APES students were chosen for this 

study for two reasons: (1) there are few courses that are inherently global in nature like 

environmental science, so it seemed ideal to collaborate with students in a different 

country to address a global issue; and (2) the literature is limited with pedagogies applied 

specifically in the APES classroom.   To conform to the nonequivalent control group 

design (Campbell & Stanley, 1963), these groups are naturally assembled classrooms, not 

randomly selected students.  A single stage, purposeful sampling method (Creswell, 

2014) was used for selecting the sites and participants because the students were in the 
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same school district, same course, and similar in demographics. Since the study focused 

on APES students in particular, purposeful sampling allows the researcher to have a more 

comprehensive understanding about the results from this study.  Patton (2002) 

acknowledged that it is better to focus on a small number of purposefully selected 

participants, rather than gather information from a large, statistically significant sample. 

Student selection for control.  There were 39 students in two classrooms of the 

control group, approximately 16 years old.  This comprised of 15 males and 24 females, 

which were demographically comprised of 42% Caucasian, 32% Hispanic, 3% African-

American, 8% Asian, and 15% who chose “Multi-ethnic.”  68% of this group has visited 

countries outside of the U.S., and 21% has lived in countries outside of the U.S. 

Student selection for treatment group. There were 44 students in two classrooms 

of the treatment group, approximately 16 years old (mode = 15 years old).  This 

comprised of 17 males and 27 females, demographically comprised of 43% Caucasian, 

21% Hispanic, 5% African-American, 2% Asian, and 29% who reported “Multi-ethnic.” 

73% of this group has visited countries outside of the U.S., and 11% has lived in 

countries outside of the U.S. 

 Protection of the participants. The Institutional Review Board (IRB) at Texas 

Tech University, as well as the participating school district, reviewed the description of 

the research and granted approval of the study (see Appendices F and G). All participants 

provided their consent (teachers and parents) and assent (students) (see Appendix H).  If 

a parent or student did not consent, or withdrew consent, all activities were still required 

to be completed by students as a part of class activities; their data was not collected for 

research.  There was no monetary or tangible reward since participants were not doing 
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anything outside of what the other students did in the course. Pseudonyms were used for 

the teachers and campuses used. Students’ names were recorded initially for the sole 

purpose of collecting consent forms. Once collected, each student with consent was given 

a de-identified study identification (ID) number. That ID number was used from that 

point on in the context of the study for data collection and analysis.  No data was 

collected for those students without assent or parental consent.  No question on any test 

or survey asked personally identifying information.  The researcher used only aggregate 

data in the analysis, not individual student scores. The district, campus and teacher names 

were replaced with pseudonyms to protect identity. Electronic documents were stored on 

a password-protected computer and surveys were stored on a password protected 

program and physical documents (i.e. consent forms, test booklets, and printed PBL 

products), were stored in a locked cabinet in the researcher’s office.  No one outside the 

researcher, second teacher participant, and researcher’s dissertation committee had access 

to the data.  

Intervention 

The PBL project focused on the APES standards of populations and land/water, 

which fall under the global issue of world hunger.  In the fall semester, each teacher 

chose one class section to complete the World Hunger Project while collaborating with 

students in another country (treatment), while the other section completed the project 

without collaborating with students in another country (control).  All other aspects of 

classroom activity were as similar as possible – lesson plans, lecture notes, videos, 

quizzes, and lab exercises were the same for both teachers during this unit to eliminate or 
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reduce as many variables as possible that might account for any significant changes in 

achievement or global mindedness other than participation in a GCP.   

World Hunger Project. The researcher created a Google Plus community for this 

project that the students posted products and responses to (control groups posted their 

activities to their teachers’ Google Classroom site).  Teachers A and B and the Mexican 

teacher communicated via email and editing Google docs to finalize the activities and due 

dates.  The Mexican teacher created a document with a calendar and communication 

guidelines for students.  Communication between American teachers and the Mexican 

teacher occurred between activities to address questions or concerns.  One class at each 

American school worked with 10th grade students in a Mexican math class. American 

students were able to form their own groups of 3.  The Mexican teacher assigned his 

groups to American groups randomly and input into a spreadsheet. 10 groups were 

composed of three American students and three Mexican students, while 10 groups were 

composed of three American students and four Mexican students.  Each group needed at 

least one email address that would post to and respond on the Google Plus community. 

There were a total of four activities: introduction slides; bilingual hunger survey; journal 

reflection/discussion; and poster.  Groups were assigned numbers that were used in posts 

along with activity number (e.g. Team 6, Post #1).  Following is a discussion of each of 

the project’s activities and the alignment of the project to PBL, 21st century skills, and 

APES content.  

 Activity one.  Students first created and posted an initial slideshow that included a 

group photo and information about each other to introduce themselves to their foreign 

partners (see Appendix I).  It was expected that all teachers and partners respond to the 
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introduction by posting a comment on the slideshow.  Students had the opportunity to 

asynchronously ask each other questions and respond before moving on to the second 

activity.  The control groups also created introductory slideshows to be used the next 

semester for another project, and posted on their teacher’s Google Classroom. 

 Activity two.  Since the Mexican students were from a math class, their teacher 

wanted to add some mathematics and real-world learning skills to the project.  The 

second activity was designed to enhance communication between American and Mexican 

students, increase technology proficiency, and analyze real results with statistics.  The 

Mexican students created a bilingual (Spanish/English) survey in Google Forms on the 

topic of local and global hunger, using their own questions and/or borrowing ideas from a 

list of sample interview questions (see Appendix J).  Background information was given 

to all students to provide perspective when drafting survey questions.   

 The Mexican students posted their form link to the Google Plus community and 

shared with their American partners.  American groups viewed the survey and 

proofread/edited the English portion of the questions.  After simple grammar or spelling 

corrections were made (as a shared Google document can be edited by everyone invited), 

American students posted comments and suggestions for the survey, such as rewording a 

question or answer choices, deleting a repetitive question or suggesting an additional 

question to be added.  Once the American groups responded, the Mexican groups 

completed changes and notified their American partners that the survey was ready to be 

shared out (see sample survey in Appendix K).   

 At least one American and one Mexican student per group were required to have a 

Twitter social media account.  These students, and any other participant who had a 
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Twitter account, posted the survey link to their social media, tagged all three instructors, 

and used the hash tag #GlobalCollaboration.    The control groups also created surveys, 

but did not make them bilingual; they posted surveys to their social media accounts and 

Google Classroom.    

 Activity three.  Using two short YouTube video clips and the same background 

information provided in activity two, students described their feelings about world hunger 

and responded to several questions in the form of a journal entry.  For example, students 

reflected on, “Do you think overpopulation causes hunger?  If not, what do you think is 

the biggest cause of hunger?” (See Appendix L for complete list of questions.)  Students 

in each group collaborated in their responses and posted one journal entry.  Partner 

groups responded by commenting on the reflection with reactions or shared feelings 

about the topic.  Students were given time to respond more than once, if desired.  The 

control groups also collaborated on their responses and posted to Google Classroom for 

their instructor to comment. 

 Activity four.  The culminating activity for the World Hunger Project was for the 

students to collaborate and create a poster to generate awareness about the global issue or 

provide a solution for world hunger – something that could be understood all over the 

world (see Appendix M).  The poster was created using one Google slide.  The American 

groups began this activity by collaborating with each other and creating a first draft of the 

poster.  It was posted to the online community and shared with the Mexican partners to 

critique, suggest, and add to it.  After the Mexican partners added to the poster, the 

Americans completed final draft edits and saved the slide as a picture (.jpg).  The final 

images were posted on the community as well as Twitter (to maximize outreach and 
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audience), using the hashtags #EndWorldHunger and #GlobalCollaboration.  The control 

groups also created a poster, but did not have global partners.   

 PBL and 21st century skills.  When designing a PBL, there are a number of 

elements to consider, from the project elements itself to the development and execution.  

There are seven elements that form what Larmer, Mergendoller & Boss (2015) refer to as 

the “Gold Standard PBL”: (1) a challenging problem or question, (2) sustained inquiry, 

(3) authenticity, (4) student voice / choice, (5) reflection, (6) critique and revision, and (7) 

a public product (p. 37).  The World Hunger Project was able to successfully include six 

of the seven elements in its design (see Table 1 for alignment).  When designing the 

project, the researcher knew that hallmarks of PBL included: open-ended tasks, 

collaboration with a team, authentic with real-world connections, and creation of a 

product (Boss, 2013; Larmer, 2015).  The researcher considered a global issue context 

that aligned to deeper learning of course content standards and 21st century skill growth, 

but would also engage students with meaningful goals and products.  

   Table 1 

   World Hunger Project Alignment to Gold Standard PBL Design Elements  

Design Element World Hunger Project Alignment 

Challenging Problem 

or Question(s) 

How can you inspire change for the causes of hunger?  What 

is the biggest cause and what is a possible solution? (no one 

correct answer) 

  

Sustained Inquiry 
Purposeful and meaningful learning about a global issue and 

gaining perspective from another culture 

  

Authenticity 

World hunger is a global issue (SDG #2) that affects 800 

million people in every community; students created surveys 

to gather information about local and global hunger issues; 

students created impactful posters that educate and generate 

awareness 
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Table 1. Continued  

Design Element World Hunger Project Alignment 

Reflection 

Students collaborated to share their reflections and 

perspectives about nutrition issues and their connections to 

other global issues.  The metacognition component was the 

original Activity 5, but was eliminated due to time 

constraints. 

  

Critique / Revision 
Activities 2, 3, and 4 included critique, revision, and 

suggestions from global partners 

  

Public Product 

Posters were published on a social media platform for 

maximum audience outreach and used searchable hashtags 

#EndWorldHunger and #GlobalCollaboration 

Note. Source: Larmer, Mergendoller & Boss (2015).   

 After collaborating with the two other teachers involved, and a final set of 

activities determined, a time line was designed that followed the Gold Standard PBL 4 

phases (see Table 2).  When examining 21st century skill growth, the researcher selected 

to observe three of the 4Cs – collaboration, creativity, and communication; however, 

critical thinking was embedded in the project as well.  In terms of critical thinking, 

students needed to think deeply about how to design a poster that would be impactful, 

one that would get people to think about the global issue of hunger.  Students also needed 

to analyze and evaluate information in the reading passages from Activities 2 and 3 to 

form their own conclusions and opinions, before being able to collaborate with group 

members and global partners on the survey creation (what is most important to ask people 

on a survey about this issue) and journal reflection.  By extending choice to students on 

design of products, they are fueling their creative sides.  Students were able to use the 

internet or draw a concept of world hunger (either awareness or solution), and insert into 

a Google slide with layout, colors, fonts, and themes aligned to their vision.  Students 



Texas Tech University, Shannon W. Sahabi, May 2018 

 
 

 97 

needed to be creative in coming up with an idea that was global in nature, one that could 

be understood by a majority of citizens, thus, impactful images were necessary.  All 

activities required collaboration and input of group members to produce the introductory 

slides and reflection post, and of global partners for the final draft of the bilingual survey, 

reflection post, and poster.  The American or Mexican group would first post their artifact 

to the Google + community (Americans posted the initial poster, Mexicans posted the 

initial survey) for the global partners to examine, critique, edit, and comment.  Finally, 

students demonstrated communication through responding to board posts and posting the 

products on social media to reach a global audience. Students asynchronously 

communicated through all activities: in Activity 1 (Introduction), students responded to 

their partners’ slides and were given the opportunity to ask questions in order to get to 

know each other better; in Activity 2, American students responded to their partners’ 

survey post, by commenting on the general look of the form, mentioned where they 

edited, and commented on what they suggested should be added to the survey, which 

would then need to be written in Spanish; in Activity 3, groups posted their reflection to 

the reading passages with the expressed requirement that their partners read and respond 

with their agreement/disagreement and questions (students could asynchronously 

communicate through the platform as often as they wished); in Activity 4, the American 

groups first posted a hunger poster idea, and the Mexican partners, were able to edit, 

critique and comment through the Google platform.  Lastly, all students communicated to 

a larger, global audience through posting the surveys and posters images on social media 

using traceable hash tags. 
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Table 2 

 

 

 

__ 

 

Four Phases of Gold Standard PBL from World Hunger Project. 

Phase Activities 

Phase 1: Launch Project and Driving 

Questions 

Activity 1 – Introduce Google+ 

community (platform); Introductory 

slides for global partners 

  

Phase 2: Build Knowledge and Skills to 

Answer Driving Questions 

Activities 2 and 3 – video clips and 

readings about hunger issues in order to 

reflect on perspectives and create 

products 

  

Phase 3: Develop and Critique Products 

and Answers to Driving Questions  

Activities 2,3, and 4 – creating, 

collaborating, and critiquing on bilingual 

surveys, reflection entry, and poster 

  

Phase 4: Present Products 

Activities 2 and 4 – posting links to 

hunger survey and publishing posters on 

social media 

   Note: Phases taken from Larmer, Mergendoller & Boss (2015).   

 Alignment to APES content standards.  The AP Program provides an 

opportunity for high school students to receive credit for college-level course work at the 

secondary school level (Morgan & Ramist, 1998). Topics covered during the project 

included those of population and land and water use, which have great ramifications for 

world hunger among several other environmental issues.  Thus, the causes of world 

hunger are reviewed not only in this unit, but again later on in the course when examining 

other global issues such as water, pollution, and resources.  

 As described in detail in chapter 2, the Science College Board Standards for 

College Success identifies what all students should know, understand, and be able to do 

to be prepared for first-year college science courses, and the Enduring Understandings 

represent the foci and end goals of the APES course (College Board, 2009).  The course 
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topics fall under these big ideas.  The World Hunger Project was designed using several 

enduring understandings for APES (4A, 4C, 4D, 5A, 5E) and Earth Science Standard 5 – 

humans and the environment impact each other (see Appendix C for complete 

descriptions of the enduring understandings).  By examining population ecology, human 

population growth and the factors that influence it, agricultural methods to feed a 

growing human population, unregulated resource use (e.g. tragedy of the commons), the 

environmental injustice to economically disadvantaged and/or minority groups, and the 

relevant laws or policies that influence global environmental issues, students were able to 

respond thoughtfully to the reflection questions, pose questions for the survey, and create 

an impactful message for the poster. 

Global collaboration component.  While PBL includes collaboration among 

group members, a global collaboration-enhanced PBL allows for more perspectives to be 

taken into account since the partners are in a separate classroom from a different part of 

the world.  A well-designed, globally-enhanced PBL can promote 21st century skill 

growth, global awareness, and deeper knowledge of cultures as well as content (Hixson et 

al., 2012; Lindsay & Davis, 2013). 

In a meaningful global collaboration, students are not simply sending emails, but 

communicating by responding to global partners, recognizing similarities and differences 

between partners, and contributing to a final product (Lindsay & Davis, 2013).  The 

World Hunger Project was designed to include aspects of global collaboration in order to 

promote global mindedness.   According to Lindsay and Davis (2013), the three Rs of 

global collaboration include Receive, Read, and Respond.  Students involved in the 

World Hunger Project received notification of their global partners’ posts.  Participants 
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were given time in class to read the community posts or product contributions, so they 

could thoughtfully respond and contribute to the final artifact.  Through these activities, 

global collaboration-enhanced PBLs can support global mindedness growth.  Table 3 

illustrates how this unique PBL aligns to Hett’s (1993) global mindedness constructs.  

Table 3 

 

Alignment of World Hunger Project to Global Mindedness Constructs. 

Construct How Project Activities Connect  

Responsibility 

Reading the background information about world hunger gives 

the students understanding of inequity; the posters address 

inequity and concern for others  

Cultural Pluralism 

By communicating and collaborating on activities, students 

become less ethnocentric and value other perspectives and 

cultures 

Efficacy 

All activities center around a global issue where individual 

actions can make a difference; posters could address a solution 

to world hunger 

Globalcentrism 

When examining solutions for a global issue like world 

hunger, students look at what is good for the world, not just 

their local community 

Interconnectedness  

Activities examined the local and global relationships of 

hunger,  and the international ramifications of world hunger 

over time  

   Based on Hett’s (1993) Global Mindedness Survey. 

Instrumentation              

 To address the research questions, several instruments were used for quantitative 

and qualitative data collection and analysis.  The quantitative data included the GMS 

survey responses before and after the PBL, and pre-and post hunger unit exam scores.  

Qualitative data included coded students’ final PBL products and open-ended responses 

from the post-GMS survey.  The following section outlines the instruments themselves, 

how they were used in the research study, validity and reliability, and trustworthiness to 
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explore the research questions.  Table 4 shows how each instrument aligned to the study 

research questions and analysis. 

Table 4 

 

Study Instrument Alignment to Research Questions and Analysis Used. 

Data 

Source RQ (#) 

Within  

Treatment Analysis 

Control x 

Experimental Analysis 

Page 

# 

Unit Test:       

Pre-post 

Hunger Test 

scores 

RQ #1 Paired T-tests  

Independent T-tests 

ANCOVA  

 Control x exp 

 Teacher A x Teacher B 

p. 122 

GMS: 

Pre-Post  

(2x data 

points) 

RQ #2 

Wilcoxon Signed Rank   

● Total GMS score 

● Constructs scores 

Mann Whitney U  

● Total GMS score 

● Constructs scores 

p. 132 

Post only: 

Open-ended 

GMS 

questions 

RQ #2 

Coding for GM 

constructs (Hett) 

● All students   

Frequency Count p. 146 

PBL 

products: 

Hunger 

poster 

RQ #1 

RQ #2 

RQ #3 

● Hunger Content   (AP 

standards) -RQ1 

● Coding for GM (Hett) - 

RQ 2 

● 21st Century Skills 

(BIE rubric) - RQ3 

Chi Square comparing 

control products and 

treatment products 

p. 151 

Test Score x 

GMS 
RQ #4 Spearman’s Rho Compare the r numbers p. 167 

 

 Content understanding assessment.  The data collected and analyzed for 

content understanding during this study were pre-post test scores from a unit exam that 

covered environmental science curriculum content as well as connected to the project 

themes, and observations of student artifacts.  
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 Unit exam.  Prior to the GCP, all students took the hunger unit pre-test.  At the 

end of the project and unit, students took the same 30-question selected response exam as 

a post-test.   All questions for this exam were pulled from the instructors’ previously used 

exams, which contain a majority of questions from official released AP Exams and some 

from the textbook supplemental test bank.  Items on the hunger unit exam were patterned 

off released APES Exams in style and level of difficulty and covered hunger and 

nutrition, agriculture, global economics, and land and water use (see Figures 5 and 6 for 

sample questions and Appendix N for full-length exam).  It was intended to measure 

environmental science content understanding and growth.   

 

Figure 5. Sample unit test question regarding factors contributing to world hunger. 

 

Figure 6.  Sample test question about tragedy of the commons.   

 Because the FRQs change from year to year, and would not be scored 

professionally like the AP Exam, the researcher chose to administer and analyze only a 

multiple choice exam.  Additionally, research has shown (Lukhele, Thissen, & Wainer, 

1994; Wainer & Thissen, 1993) that when a test is composed of a mixture of components 

that are not homogenous (e.g. selected response and constructed response), the overall 



Texas Tech University, Shannon W. Sahabi, May 2018 

 
 

 103 

reliability of the test decreases, especially when the components are not weighted equally.  

Further, from their analysis of seven AP Exams, the researchers “found no evidence of 

any comparison of the efficacy of the two formats (when a particular trait was specified 

and skilled item writers then constructed items measure it) in which the multiple-choice 

item format was not superior” (Wainer & Thissen, 1993, p. 115).  Their empirical 

evidence supported the use of selected response items to measure knowledge, and that 

they have more precision and take less time than essays.  

 Validity. Although the hunger unit exam did not use questions from one released 

AP exam, but from several, it is important to discuss the AP Exam itself.  The AP 

Environmental Science Exam is mixed format exam – two 90-minute sections consisting 

of a multiple-choice and free-response section. The multiple-choice exam consists of 100 

questions and the free-response section contains four questions.  A composite score is the 

total score of the weighted multiple-choice (60%) and free-response (40%) sections, 

which is then converted to a final score, ranging from 1 to 5.  Most colleges grant credit 

or advanced placement to students with grades of 3 or higher (Morgan & Ramist, 1998). 

Correlational coefficients (Cronbach’s alpha) are computed to measure internal 

consistency (Cronbach & Meehl, 1955; Ewing, Huff, & Kaliski, 2010).  The reliability 

coefficient for the multiple-choice questions is generally very high, between 0.86 and 

0.94 for 2007-2008
1
. The AP Exam’s validity is ensured through curriculum surveys and 

comparative and longitudinal studies (Morgan & Ramist, 1998).  Most AP studies are 

longitudinal in nature, comparing college students’ course grades with high school AP 

                                                           
1
 the researcher is still waiting on data requests to the College Board regarding internal 

consistency alphas for 2009-2016 (4/21/17). 
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Exam scores.  Validity is important to the AP program as their ability to grant college 

credit is predicated upon the validity of their assessments (Morgan & Ramist, (1998).    

 The textbook supplemental test bank authors are all veteran APES teachers who 

patterned the questions after the AP Exam (e.g., five distracters, roman numeral-style 

questions, and questions relating to tables, graphs, or figures).  According to the textbook 

authors, “the test items have been checked for relation with the text content and notation, 

overall usability, and accuracy” (Friedland, Relyea, & Courard-Hauri, 2012, p. xx).  

 Content validity of the hunger unit test was established via judgmental validation 

(Tashakkori & Teddlie, 1998).  Veteran APES teachers (three teachers with more than 

seven years experience) were sent the hunger unit exam with the College Board APES 

Topic Outline and Standards.  They were asked to rate the questions to determine if the 

items were relevant to the dimensions of hunger issues, and to assess if the questions 

adequately represented the content of the topics and standards (Creswell, 2014; 

Tashakkori & Teddlie, 1998) (see Appendix O for one teacher’s validity form).  

Concurrent validity was established from the content validity in that the questions were 

deemed valid based on their relevance and alignment to the College Board standards 

(ESS 5) and Enduring Understandings (4A, 4C, 4D, 5A, 5E).  Test-retest reliability was 

not established as correlation coefficients were not calculated for the questions.  This was 

deemed acceptable by the researcher since the questions had been previously marked 

reliable and valid, the tests were administered in alternate forms, and there was a gap of 

three months between pre- and posttest.   

 Artifacts. Students were also assessed on content understanding from the final 

poster products they created as a result of the collaboration.  Observations of content 
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topics were recorded through frequency counts.  It is important to build the student 

learning experience with as many forms of assessment as possible (Capraro et al., 2013).  

A review of studies showed that group work secures significant learning advantages if the 

groups are genuinely collaborative (Bonk & Cunningham, 1998; Boss, 2013; Corrigan et 

al., 2013).    

 Global mindedness survey. Students took the Global Mindedness Survey 

(GMS), an online survey that examines personal perceptions about global issues and 

one's place in the world. The original 30-question survey developed by Hett (1993) was 

paper-based and response choices are on a continuous 5-point Likert scale (1 = Strongly 

Disagree, 2 = Disagree, 3 = Unsure, 4 = Agree, and 5 = Strongly agree).  Permission was 

granted to use the GMS for this study (see Appendix P).  For analysis, items were typed 

into Qualtrics software (http://www.qualtrics.com) with the addition of 12 demographics 

questions.  Students took the online survey three times – pre-intervention, post 

intervention, at the end of the school year.   

Validity.    The GMS was initially developed to provide a “means for evaluating 

the effectiveness of attempts to develop a global worldview in students” (Hett, 1993, p. 

141).  Hett used rigorous validation techniques (i.e. large, diverse sample, multiple 

rounds of factor analysis), to produce a final version of 30 items contained five factors on 

the final instrument that were distinct and identifiable.  The constructs identified were: 

responsibility; cultural pluralism; efficacy; global centrism; and interconnectedness, as 

described in Chapter 2 (see page 41).  The construct validity for the GMS, using 

Cronbach’s (1955) coefficient alpha was 0.90 overall. Alphas for the five constructs 

ranged from 0.65 – 0.90.   A correlation of 0.65 (when reverse scored), significant at the 
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0.001 level, was established between the GMS and the Barrow's Chauvinism Scale 

(1981),  providing evidence of convergent validity, further evidence of Hett’s (1993) 

construct validity.  The instrument’s  dimensionality was determined through calculation 

of Pearson correlation coefficients and was found to range from 0.34 to 0.52, indicating 

multi-dimensionality (Hett, 1993).   

Reliability. Internal consistency reliability (construct validity) was established 

through reporting of Cronbach's coefficient alpha (Hett, 1993). To increase the level of 

reliability of this instrument, numerous studies have used the Hett (1993) GMS to 

measure levels of global mindedness for teacher candidates, K-12 students, 

undergraduate and study-abroad students, university faculty and administrators (Béneker 

et al., 2013; Cook et al., 2016; Duckworth et al., 2005; Golay, 2006; R. Hansen, 2010; 

Kehl & Morris, 2008; Kirkwood-Tucker et al., 2017; Kirkwood-Tucker et al., 2011;  

Walton, 2002; Zong & Farouk, 1999). 

Qualitative Instruments 

 Two instruments were used to qualitatively examine global mindedness, content 

understanding, and 21st century skill growth: open-ended questions from the GMS and 

poster artifacts from the World Hunger Project. 

 Open ended questions. During the final administration of the GMS, two 

additional multiple choice and six open-ended questions were added to the online survey 

to qualitatively observe aspects of students’ global mindedness (see Appendix Q).  Since 

there is not one definitive answer, they give participants an opportunity to respond in 

their words and contexts.  These questions what they learned from the global project, how 

they felt their overall global awareness may have changed because of the GCPs. For the 
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open-ended questions, all participants had engaged in a global collaboration, therefore 

de-identified individual submissions were coded, and reported in aggregate form through 

frequency counts and quotes.  Although these kinds of questions may be more difficult to 

code and interpret, they allow the researcher to explore in-depth aspects of topics and can 

elicit quotable material (Fink, 1995)    

 PBL products.  Artifacts from the World Hunger Project were observed for 

evidence of environmental science content understanding, global mindedness, and 21st 

century skill growth.  These posters were intended for students to address the global issue 

of world hunger and create awareness or a solution to be posted on a social media 

platform (Twitter) for an international audience.   

Trustworthiness.  Precautions were taken to ensure the study complied with 

acceptable practices of scholarly research.  There are a number of components to 

trustworthiness that must be addressed.  These components refer to the research findings’ 

truth value. Credibility refers to the determination that the findings “ring true” for the 

participants (Erlandson, Harris, Skipper, & Allen, 1993, p. 30).  Credibility was 

established by interpreting the constructed realities of the participants in their context 

through collection of open-ended responses to the GMS and artifacts, prolonged 

engagement throughout the study by observing all activities, and peer debriefing with a 

professor outside of the context (Erlandson et al., 1993).  Triangulation (Creswell & 

Plano Clark, 2011; Erlandson et al., 1993; Lincoln & Guba, 1985) is another component 

of credibility and includes use of different methods and/or sources for data collection. In 

this study, triangulation involved gathering data from multiple instruments, different 

methods (quantitative and qualitative), and different classrooms, thus enhancing validity 
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and reliability.  Triangulation was used to assure validity of the hunger unit test and GMS 

survey through corroborating evidence from the open-ended questions and coded artifacts 

that were used in data collection.   

Transferability refers to the extent the research’s findings can be applied in other 

contexts (Erlandson et al., 1993; Lincoln & Guba, 1985), similar to generalizability.  

Readers need to know as much about the research situation in order to draw conclusions 

and determine if it could be applied in a different situation.  In this study, the researcher 

used purposive sampling and supplied a highly detailed description of the research 

methodology to allow readers to make their own judgments about its transferability.  The 

researcher, however, does not claim that the results of this study apply to all other 

situations.   

Dependability is established by showing the readers reliability, that the study can 

be replicated and findings would be repeated (Erlandson et al., 1993; Lincoln & Guba, 

1985).  Confirmability refers to the degree to which the findings are as objective as 

possible and not clouded by the researcher’s bias (Erlandson et al., 1993; Lincoln & 

Guba, 1985).  In this study, both dependability and confirmability were established 

through an audit trail and intercoder agreement (Creswell, 2014) from cross-checking 

codes by a second rater outside of the context. The researcher’s dissertation chair also 

served as an auditor, providing feedback on appropriate methodology, interpretations, 

and conclusions resulting from the data.  Using multiple sources and methods for data 

collection for triangulation also contributed to confirmability of the study. Although half 

of the participants were the researcher’s students, the researcher did her best to reduce 

bias by keeping records of all data (i.e. unit exam scores, GMS scores and responses, and 
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PBL products) and communication across teachers involved, in order to show objectivity 

and that any negative findings were not suppressed.   

It should also be noted that a second campus was chosen for this study for the 

researcher to not appear biased for using her own students, as well as developing 

generalizability.  Due to the nature of the nonequivalent control group design, natural 

classrooms were used and therefore, groups do not have pre-experimental equivalence 

(Campbell & Stanley, 1963).   The second campus had a similar student population and 

AP Exam pass rate, so the groups would be as equal as possible before the study, thereby 

increasing reliability.  

  Threats to validity. Due to the nature of the sample, students who turned in a 

signed parental consent form, the notion of “refraining from conveying the main 

objective” of the study is not an option (Tashakkori & Teddlie, 2003, p. 101).  Therefore, 

participant reactivity may be a threat to internal validity.  When using the nonequivalent 

control group design (Campbell & Stanley, 1963), the more similar the experimental and 

groups score on the pretest, the more effective the control becomes.  According to 

Campbell and Stanley (1963),   

“we can regard the design as controlling the main effects of history, maturation, 

testing, and instrumentation, that the difference for the experimental group 

between pretest and posttest (if greater than that for the control group) cannot be 

explained by the main effects of these variables such as would be found affecting 

both the experimental and control group” (p. 48)  

 

 Students did not have the opportunity to go over their incorrect answers after the 

pre-test administration.  Mortality (Campbell & Stanley, 1963) did not affect results, as 

students who withdrew from the course consequently had not returned a consent/assent 

form. 
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Data Collection 

The data collection procedure chosen for this study was designed to use data 

collected through test scores, surveys, open-ended questions, and poster artifacts, as well 

as demographic data of students.  The data was collected from September to January of 

the 2016-2017 school year. 

Quantitative phase.  The quantitative phase consisted of collection of pre-post 

unit test scores and pre-post GMS (Hett, 1993) scores.  The hunger unit test was selected 

response to reflect the actual AP Exam in terms of level of difficulty and style (see 

Appendix N for full-length test).  Scores from the administrations of the unit exam were 

entered into a Google spreadsheet, using each student’s study ID number. To address the 

quantitative part of the second research question, data was collected for the GMS, 

students took a thirty-question online survey regarding global perceptions and attitudes 

(see Appendix B). Students completed the online survey before any intervention, at the 

end of the intervention, and at the end of the school year.   

 Purpose of quantitative data.  The goal of the quantitative phase is to address the 

first and second research questions: to compare pre- and posttest scores of both sets of 

experimental and control groups on the hunger unit exam to determine if GCPs have any 

effect on students’ content understanding (e.g. achievement) or global mindedness.  The 

purpose of the GMS cross-sectional survey (Creswell, 2014) was to generalize the 

findings of global mindedness evolution after participating in GCPs, from a sample to a 

population.  This survey was chosen for a quantitative component due to its reported 

validity (Hett, 1993) and the quick turnaround time (Creswell, 2014) in terms of 

submission since it is easy and convenient to submit online.  Survey data allows 
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flexibility in analysis; however, survey research can lack validity because respondents 

must choose from a set of options that may or may not fit their exact belief on the subject, 

which may limit the depth of respondents’ actual responses (Baxter & Babbie, 2004).  In 

response to this weakness, the researcher added six open-ended questions to the GMS, 

allowing the respondents to further explain their perspectives of global mindedness 

evolution.  Nonprobabilistic sampling (Creswell & Plano Clark, 2011) was used for the 

surveys because the researcher was targeting students in a specific course at two specific 

schools.  Since all students were given the survey, there was no stratification.  

Qualitative phase. In the second, qualitative phase, open-ended questions 

explored, in depth, the results from the statistical tests of the GMS.  Two multiple choice 

and six open-ended questions were added to the post administration of the GMS near the 

end of the school year in order to gain deeper explanations and perspectives of the 

students’ global mindedness, in addition to overall attitudes of the project.  Although the 

questions did not all focus on specific aspects of global mindedness, the researcher 

wanted the participants to freely respond in order to gather genuine perspectives. The 

following questions were added to the GMS with their justifications in Table 5.   

Table 5 

 

Open-ended Questions Added to Final Administration of GMS and Justifications. 

Question  Justification 

Did you like collaborating with students in 

another country? 

 Researcher wanted to estimate student 

engagement with a unique pedagogy. 

   

Do you think you are more aware of cultural 

difference than you were before interacting with 

students in a different country? 

 A way of quickly determining the overall 

cultural pluralism aspects of global 

mindedness. 

   

What did you like about collaborating with 

another country? 

 By not specifying a GM construct, 

students could respond to any of the five. 
Table 5. Continued.   
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Question  Justification 

   

What did you NOT like about collaborating 

with another country? 

 By not specifying a global mindedness 

construct, students were able to respond 

about any of the five constructs or 

concerns about the design or approach of 

the project. 

   

What would you change about the global 

collaboration project?   

 Gauge the appropriateness of the 

activities to the topics and goals of global 

hunger issues. 

   

What do you think you learned or gained about 

yourself or another culture or the world? 

 More in-depth explanations of Question 

#2 regarding cultural pluralism. 

   

If you could do another collaboration project, 

what country would you like to work with? 

 As the researcher would make future 

connections with other teachers, she 

wanted to know where and who the 

students were interested in learning 

about. 

   

If you could do another collaboration project, 

what topic would you like to explore (does not 

need to be environmental in nature)? 

 As the researcher would make future 

connections with other teachers, she 

wanted to know what the students were 

interested in learning about.  If not 

environmental, she could pass on 

information to other subject teachers. 

  

 Purpose of qualitative data.  The purpose of the data from the open-ended 

questions and poster artifacts was for the qualitative themes to link to the quantitative 

results for the intent of explanation (Creswell & Plano Clark, 2011).  The difference in 

sample size between the independent databases was not considered a problem; the 

quantitative data set aimed toward generalizing to a population, while the smaller, 

qualitative data set sought more in-depth descriptions of global mindedness (Creswell, 

2014).  A smaller sample of artifacts allows the researcher to observe more in-depth for 

evidence of content understanding and 21st century skills growth.  Although the GMS 

responses may include short sentences or brief comments,  therefore not as rich and 

detailed (Creswell & Plano Clark, 2011)  as qualitative researchers might like, this was 
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nonetheless qualitative data combined with the quantitative to warrant a mixed methods 

approach.   

Data Analysis 

In this study, quantitative data analysis consisted of examining student scores on 

the hunger unit test and GMS.  Qualitative data analysis consisted of inspecting student 

responses to the open-ended questions of the GMS and poster artifacts from the World 

Hunger Project.  The quantitative components were analyzed first, followed by analysis 

of the qualitative components, as consistent with an explanatory sequential design 

(Creswell, 2014).  The qualitative components were designed to further explain 

quantitative results in order to answer the research questions.  Demographic information 

for each school was summarized and included with the district and school data (see 

Appendix D).   

Quantitative data.  Aggregate score data were analyzed to examine the 

differences in average score between each pre- and posttest in both the control and 

treatment classes.  Univariate and bivariate statistics were used to examine the 

quantitative components of the data.  These types of statistics and the use of tables were 

employed to summarize the data and allow the researcher to report results in order to 

answer the research questions.   

  Hunger unit test.  Scores from the hunger unit test were input into a Google 

spreadsheet, checked for accuracy, and entered into SPSS.  Descriptive statistics were run 

to determine mean and standard deviation for each set of scores.  The paired-samples t-

test was used to determine whether the mean difference between the pre- and post test 

was statistically significantly different from zero (Laerd Statistics, 2017) within each 
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control and treatment group.  The univariate tests were run to see any significant changes 

in score for both teachers.  This is an appropriate test as the same participants in each 

control and treatment group were tested on two occasions.  The independent-samples t-

test was used to determine if an average score difference existed between the control and 

treatment groups, and if that difference was statistically significant (Laerd Statistics, 

2017).  This test was run between groups for each teacher and between teachers.  This 

test was appropriate as the data is on a continuous scale, and the groups were not related 

(e.g. control vs. treatment or Teacher A control vs. Teacher B control).  A Cohen’s d 

effect size value was calculated for any statistically significant results, to provide a 

measure of its practical significance (Laerd Statistics, 2017).   

To make sure the tests conducted were correct and that groups were equivalent, a 

one-way analysis of covariance (ANCOVA) was also run between control and treatment 

groups of each teacher and between teachers, to examine any interaction by the pre-test 

score or the teacher, respectively, on posttest scores.  Since this test adjusts for initial 

differences, it was an appropriate selection.   

 GMS.  The 30-item GMS data was analyzed, and descriptive statistics using SPSS 

software were run on the scores to determine the mean, standard deviation, and median 

for total scores and each of the five constructs, or groups of items.  Data was transformed, 

so that each construct was aggregated, not averaged.  Nonparametric tests were selected 

as the most appropriate when looking at score differences since the GMS is measured on 

an ordinal scale and the assumption of normality is not necessary.  The Wilcoxon signed-

rank test is a statistical test used to establish if there is a median difference between 

paired observations, and can be viewed as the nonparametric counterpart to the paired-
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samples t-test (Laerd Statistics, 2017).   The Mann-Whitney U test is a rank-based 

nonparametric test that can be used to look at differences between two groups on a 

ordinal dependent variable, and is often presented as an alternative to the independent t-

test (Laerd Statistics, 2017).  Changes in total score and constructs within each control 

and treatment group were examined with the Wilcoxon signed-rank test, while the Mann-

Whitney U was used to examine changes between groups and groups between teachers. 

 Achievement v. global mindedness.  Hunger unit test scores and total GMS scores 

were used to answer question four: Is there a relationship between students’ achievement 

scores and global mindedness?  

 To measure the degree of association between two variables, a correlation 

coefficient must be calculated.  A Spearman’s rank-order correlation, the nonparametric 

equivalent to the Pearson product moment correlation, measures the strength and 

direction of a monotonic relationship between paired data (Laerd Statistics, 2017). The 

value of the correlation coefficient rs (rho) ranges from -1 for a perfect negative 

correlation, to +1 for a perfect positive correlation; a correlation coefficient of zero (0) 

indicates no correlation (Laerd Statistics, 2017).  Thus, the closer the correlation 

coefficient is to zero, the weaker the association, and the closer +1 or -1, the stronger the 

association between the ranks.  If rs achieves significance, it is possible to conclude that 

the relationship between the two variables was not due to chance; however, it is 

important to note that correlation does not imply causation.  Cause and effect may be 

present, but correlation does not prove cause, as other variables may be acting on the 

related variables.  In this study, a Spearman’s rank-order correlation (bivariate) was run 

to assess the relationship between hunger unit posttest and total GMS posttest scores, as 
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well as the relationship between difference in hunger unit pre-post test score and 

difference in pre-post total GMS score.  This was an appropriate test as one of the 

variables (GMS scores) involved ordinal data.  The researcher was not interested in 

determining if the change in one variable caused a change in the other, but only to 

determine the strength of the relationship between the two variables. 

 Qualitative data.  Data collected from the PBL poster artifacts and open-ended 

questions added on the final administration of the GMS were analyzed to answer the sub 

questions of research question #2:  “To what extent does student global mindedness 

evolve due to participating in global collaboration projects?, and research question #3: 

To what extent does student demonstrate 21
st
 century skill growth due to participating in 

global collaboration projects?.” Analysis consisted of sifting through the data, finding 

conspicuous or reoccurring statements or actions, and then coding according to a priori 

codes  (Creswell, 2014; Lincoln & Guba, 1985).  The qualitative data was then 

quantitized (Tashakkori & Teddlie, 2003), meaning the frequency of code occurrences 

were counted and then computed with SPSS for purposes of reporting results and 

interpretations.   

Open-ended questions.  Responses to the open-ended questions were viewed in a 

Google spreadsheet, coded according to the five constructs identified in Hett’s original 

GMS (1993), and highlighted.   Different colors were used for the different constructs, 

such as frequent words or phrases that emerge through the analysis (Lincoln & Guba, 

1985b).  Frequency of observed constructs were recorded in the spreadsheet and totaled 

for analysis.  Quotes used in this dissertation were assigned footnotes and listed in the 

audit trail found in Appendix R. 
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 PBL artifacts.   World Hunger Project posters were saved into a Google Drive 

folder from the Google+ community after it was posted.  The images were divided into 

control and treatment groups and coded three ways, using a priori codes for: (1) the five 

GMS constructs; (2) human population and land and water use in science content; (3) the 

21st century skills of collaboration, creativity, and communication.  Each occurrence of 

each of the codes was recorded into a spreadsheet and totaled for each construct.  See 

Appendix S for complete code book.   

Mixing the Data 

 Integration refers to the stage or stages in the research process where the mixing 

of the quantitative and qualitative methods occurs (Creswell, 2014; Ivankova et al., 2006; 

Tashakkori & Teddlie, 1998).  Possibilities range from mixing at the beginning of the 

design when formulating questions, during data collection, or during the interpretation 

stage (Ivankova et al., 2006; Tashakkori & Teddlie, 2003).  For explanatory sequential 

designs, the quantitative and qualitative phases are connected (Creswell & Plano Clark, 

2011) in the intermediate stage when the results of the data analysis in the quantitative 

phase of the study informs the data collection in the qualitative phase.  In this study, 

mixing occurred in three places: at the study design stage when formulating the second 

and third research questions; where data were connected in between the first and second 

phases, as the open-ended global mindedness questions were formulated according to the 

data in the first phase; and when interpreting outcomes of the global mindedness and 21st 

century skills parts of the study by integrating quantitative and qualitative data. 

Limitations 
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 Limitations are shortcomings or influences that cannot be controlled by the 

researcher ("Sample chapter 1 and 3 outlines," n.d.), which can potentially impact 

methods, interpretations, and conclusions.  The following limitations have been identified 

for this study: 

1. This study was limited to the purposefully selected students enrolled in an 

Advanced Placement Environmental Science class at two high schools in 

south Texas.  

2. Prolonged engagement with participants and personal interpretation of 

qualitative data may lead to bias.  The researcher was also one of the 

instructors of the course in the study. 

3. Self-reporting of GMS data may have created results different from what 

participants truly felt.   

4. Test-retest reliability coefficients were not calculated for the hunger unit 

exam.  This was mitigated by the fact that the students were given alternate 

forms of the test (scrambled questions), and there was a three month time gap 

between the pre- and posttest. 

5. The amount of time to collect and analyze quantitative and qualitative types 

of data (Creswell & Plano Clark, 2011; Ivankova et al., 2006; Tashakkori & 

Teddlie, 1998) was viewed as a limitation, but the researcher felt the 

advantage of more in-depth results in terms of achievement, global 

mindedness, and 21st century skill growth was critical to the study. 

 

 

Summary of Methodology 
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 This research study was conducted to examine the impact of GCPs on American 

APES students’ understanding of environmental science content, global mindedness and 

vital 21st century skills.  A quasi-experimental, explanatory sequential mixed methods 

design was used, which involved collecting quantitative data first, then using qualitative 

data to help explain the quantitative results.  The context of the study described the 

researcher, sites, and participants that were selected to partake in the study. Protection of 

human subjects and ethical issues were discussed. Data were collected through a variety 

of instruments, including unit tests, the global mindedness survey, open-ended responses, 

and student artifacts.  Quantitative data was analyzed through statistical tests in SPSS, 

while qualitative data was analyzed through coding of open-ended questions and PBL 

products using a priori codes from the GMS (Hett, 1993),  APES course standards 

(College Board, 2009), and 21st century skills (P21, 2007).  Qualitative data was 

quantitized in order to summarize and report findings.  Methods to ensure the reliability 

and validity of the study were discussed. 
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CHAPTER IV 

RESULTS AND FINDINGS 

The purpose of this study was to observe the effect of incorporating global 

(Mexico) collaboration (known as treatment) into an American APES Project Based 

Learning activity on global food security to assess differences in   participating students’ 

achievement, global mindedness, and 21st century skill development.  To this end, a 

quasi-experimental, explanatory sequential mixed methods design was used to study this 

hypothesized difference using control and treatment groups; it involved collecting 

quantitative data first, then following up certain quantitative results with descriptive, 

qualitative data.  This chapter presents results of the data analyzed from student unit test 

scores and GMS survey, as well as findings from the open-ended questions of the GMS 

survey and PBL products for both control and treatment groups.  The data were collected 

and analyzed to answer the four questions of the study: 

1)  How do global collaboration projects impact student achievement? (Quantitative) 

a. Is there a significant difference in the students’ knowledge of hunger 

between the treatment and control groups’ pre- and posttest scores? 

2) To what extent does student global mindedness evolve due to participating in 

global collaboration projects? (Mixed) 

a. Is there a significant difference in the total GMS score between the 

treatment and control groups? 

b. Is there a significant difference in the students’ responsibility dimension of 

the GMS between the treatment and control groups? 
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c. Is there a significant difference in the students’ cultural pluralism 

dimension of the GMS between the treatment and control groups? 

d. Is there a significant difference in the students’ efficacy dimension of the 

GMS between the treatment and control groups? 

e. Is there a significant difference in the students’ global centrism dimension 

of the GMS between the treatment and control groups? 

f. Is there a significant difference in the students’ interconnectedness 

dimension of the GMS between the treatment and control groups? 

3) To what extent does student demonstrate 21
st
 century skill growth due to participating 

in global collaboration projects? (Qualitative) 

a. Is there a significant difference in the PBL products for demonstrating 21
st
 

century skills between the treatment and control groups? 

4) Is there a relationship between students’ achievement scores and global mindedness? 

Summary of Data Collection and Analysis  

 Shepard’s (2008) social-constructivist learning paradigm and the worldview of 

global mindedness formed the basis of the conceptual framework of this study (see 

Figure 1, p. 28).  The goal of this research was to describe if and how a unique pedagogy, 

such as PBL-based activity incorporating global collaboration with (Mexican) peers, 

could lead to potential changes in student achievement, global mindedness, and 21
st
 

century skills, as compared to a control (i.e. an identical PBL activity without global 

collaboration).   

 Several sources of data were used to examine these changes.  The quantitative 

data sources consisted of students’ (both control and treatment) scores on a unit test 
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assessing the domain of global food insecurity (within the APES curriculum) before (pre) 

and after (post) the PBL project.   Both control and treatment groups participated in order 

to measure achievement and global mindedness.  Survey (quantitative) data was analyzed 

using the Statistical Package for the Social Science (SPSS) software v. 25.  Qualitative 

data consisted of open-ended responses from the post (only) GMS administration and 

PBL world hunger poster products created by control and treatment students, which were 

used to assess growth of global mindedness, understanding of science (global food 

insecurity) content, and 21st century skills.  Students’ PBL products were coded using: a 

template analysis (i.e. into themes) based on a set of a priori codes sourced from Hett’s 

(1993) five constructs of the GMS; curriculum and project themes taken from the topic 

outline of the APES course description (College Board, 2013); and three of the 4Cs (i.e. 

collaboration, creativity and communication), from the Buck Institute for Education 

(BIE) rubrics (Boss, 2013).   

 It is important to note that these results are pseudoreplications.  Pseudoreplication 

was coined by Hurlbert (1984) to refer to "the use of inferential statistics to test for 

treatment effects with data from experiments where either treatments are not replicated 

(though samples may be) or replicates are not statistically independent" (p. 187).  In this 

study, the experimental unit used in the statistical tests was the independent student, not 

classroom.  Therefore, caution should be taken when interpreting the results. 

Global Collaboration Impact on Student Achievement 

Quantitative data were collected to answer the question:  How do global 

collaboration projects impact student achievement?   
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Hunger unit test scores – within groups. Paired sample t-tests were ran to 

compare changes, within groups, for each teacher to evaluate any significant changes in 

scores between test administrations. The summary of results for the test analyses for 

Teacher A is presented in Table 6.  This analysis showed there were significant learning 

gains for both control and treatment groups taught by teacher A.  For the control group, 

the pre-assessment means were 60.64 (SD = 13.71) and post-assessment means were 

80.92 (SD = 10.90) with an alpha value of p <0.05.  In the treatment group, pre-

assessment means were 62.40 (SD = 11.72) and post-assessment means were 79.76 (SD 

= 10.51) with an alpha value of p <0.05. These differences from pre to post instruction 

suggest both groups learned science content using the PBL format for teacher A.   

Also, table 6 illustrates the pre-post comparisons for hunger test scores for 

Teacher A.  While students in both groups had a significant increase in score between 

pre-test and post-test, the control group had a slightly higher statistically significant mean 

increase of 20.28 points, 95% CI [16.12, 24.44], t(24) = 10.05, p < .001, d = 2.01 (see 

Appendix T). An effect size of 2.01 indicates a large effect, which “evaluates the degree 

that the mean of the difference scores deviates from 0 in standard deviation units” (Green 

& Salkind, 2011, p. 171). 

Table 6 

 

Means, Standard Deviations and Paired Samples t-tests for Pre/post Hunger 

Scores for Teacher A. 

Group Pre/post N M SD df t p 

Control Pre 25 60.64 13.71 24 10.05 .000* 

 Post 25 80.92 10.90    

Treatment Pre 25 62.40 11.72 24 7.84 .000* 

 Post 25 79.76 10.51    

Test scores are out of 100 total points, * p < .05  
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 A paired samples t-test was run for hunger test score changes within groups for 

Teacher B in Table 7.   The analysis showed there were significant learning gains for 

both control and treatment groups taught by teacher B.  For the control group, the pre-

assessment means were 59.43 (SD = 9.79) and post-assessment means were 76.64 (SD = 

11.58) with an alpha value of p <0.05.  In the treatment group, pre-assessment means 

were 60.05 (SD = 10.31) and post-assessment means were 75.63 (SD = 12.19) with an 

alpha value of p <0.05. These differences from pre to post instruction suggest both groups 

learned science content using the PBL format for teacher B. 

Table 7 

   

Means, Standard Deviations and Paired Samples t-tests for Pre/post Hunger Scores 

for Teacher B. 

Group Pre/post N M SD df t p 

Control Pre 14 59.43 9.79 13 5.59 .000* 

 Post 14 76.64 11.58    

Treatment Pre 19 60.05 10.31 18 7.87 .000* 

 Post 19 75.63 12.19    

Test scores are out of 100 total points, * p < .05  

One outlier (low student test score) was detected among teacher B data that was 

more than 1.5 box-lengths from the edge of the box in a box plot for the data (see 

Appendix T). Inspection of its value did not reveal it to be extreme (e.g. more than ±3 

SD) and it was kept in the analysis.  The assumption of normality was not violated, as 

assessed by Shapiro-Wilk's test (p = 0.153) in Appendix T.   Although students in both 

groups had a significant increase in score from pre- to post-test, the control group had a 

slightly higher statistically significant mean increase of 17.21 points, 95% CI [10.56, 

23.87], t(13) = 5.59, p < .001, d = 1.49 (see Appendix T).  This d statistic indicates a 

large effect, suggesting high practical significance for this group. 
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Hunger unit test scores – between groups.  Independent samples t-tests were 

used to compare scores between control and treatment groups for each teacher and 

between teachers.  A one-way analysis of covariance (ANCOVA) was ran for between 

groups, of each teacher and between teachers, to observe if there were any interaction(s) 

by the pre-test or the teacher, respectively, on scores.  The intent of the ANCOVA is to 

observe the effect of the global collaboration intervention after the effects of the 

covariates (i.e. teacher and pre-test score) have been accounted for.  As the teacher could 

potentially influence the posttest score, it is a factor that needs to be controlled for, and 

therefore, ANCOVA was selected as an appropriate test.   

Student scores on the hunger unit test before and after the global collaboration 

project were used to answer the sub question for Research Question #1: Is there a 

significant difference in the students’ knowledge of hunger between the treatment and 

control groups’ pre- and posttest scores?  Independent samples t-tests were used to 

compare post-test scores between control and treatment groups for Teacher A in Table 8.  

There were no outliers in the data, as assessed by inspection of a box plot.  Scores were 

normally distributed, as assessed by Shapiro-Wilk's test (p > .05) and there was 

homogeneity of variances, as assessed by Levene's test (p = .264) as seen in Appendix U.  

There was no significant difference between the post-test scores of the control group 

(M = 80.92, SD = 10.91) and the treatment group (M = 79.76, SD = 10.51); t(38) = .383, 

p = .703.  This supports the earlier comparisons of pre- and post-test means within 

groups; although both groups seemed to learn science content using a PBL format, the 

control group scored an average of one point higher on the post test than the treatment 

group.  An independent samples t-test was run to compare pre- and post-test score 
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changes between groups (see Appendix U).  There was no statistically significant 

difference in change scores, although the control group had a larger change, M = 2.92, 

95% CI [-3.10, 8.94], t(48) = .975, p < .334. 

 Table 8 

Adjusted and Unadjusted Group Means and Variability for Post-test with Pre-test 

as a Covariate for Teacher A. 

  Unadjusted Adjusted 

Group N M SD M SE 95% CI 

Control 25 80.92 10.91 81.37
a
 1.73 [77.89, 84.84] 

Treatment 25 79.76 10.51 79.31
a
 1.73 [75.84, 82.79] 

a
Covariates appearing in the model are evaluated at the following value: pre-test hunger 

unit exam = 61.52. 

 Independent samples t-tests were used to compare post-test scores between 

control and treatment groups for Teacher B in Table 9.  There were no outliers in the 

data, as assessed by inspection of a box plot.  Scores were normally distributed, as 

assessed by Shapiro-Wilk's test (p > .05) and there was homogeneity of variances, as 

assessed by Levene's test (p = .151), shown in Appendix V.  There was no significant 

difference between the post-test scores of the control group (M = 78.69, SD = 9.03) and 

the treatment group (M = 75.63, SD = 12.19); t(30) = .771, p = .447.  These results are 

similar to the earlier paired samples t-tests within groups for Teacher B; the control group 

scored higher on the posttest by an average of three points, more of a difference than 

between Teacher A’s groups.  An independent samples t-test was run to examine pre- and 

posttest score changes between groups.  There was no statistically significant difference 

in change scores, although the control group had a larger change than the treatment 

group, M = 3.96, 95% CI [-2.17, 10.09], t(30) = 1.320, p < .197. 
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Table 9   

Adjusted and Unadjusted Group Means and Variability for Post-test with Pre-test 

as a Covariate for Teacher B. 

  Unadjusted Adjusted 

Group N M SD M SE 95% CI 

Control 13 78.69   9.03 79.09
a
 2.24 [74.52, 83.67] 

Treatment 19 75.63 12.19 75.36
a
 1.85 [71.57, 79.14] 

 a
Covariates appearing in the model are evaluated at the following value: pre-test hunger 

unit exam = 59.69. 

An ANCOVA (see Table 10) was conducted to determine if there was a 

statistically significant difference between control and treatment groups’ posttest score 

after controlling for the pre-test score for Teacher A.   

 

Table 10 

 

Tests of Between-Subjects Effects - ANCOVA controlling for pre-test score: Teacher A. 

Source 

Type III Sum 

of Squares df Mean Square F Sig. 

Partial 

Eta sq 

pre_test hunger 2014.229 1 2014.229 27.124 .000 .366 

group_hunger 52.473 1     52.473    .707 .405 .015 

Error 3490.171 47     74.259    

Total 5521.220 49     

R Squared = .368 (Adjusted R Squared = .341) 

 

Preliminary analyses (see Appendix W) indicated there was a linear relationship 

between pre- and post-test scores for both control and treatment groups, as assessed by 

visual inspection of a scatterplot.  There was homogeneity of regression slopes as the 

interaction term was not statistically significant, F(1, 46) = .203, p = .655.  This means 

that there is no interaction between the pre-test score and group. Standardized residuals 

for the groups were normally distributed, as assessed by Shapiro-Wilk's test (p > .05).  

There was homoscedasticity and equal error variances, as assessed by visual inspection of 
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a scatterplot of the standardized residuals plotted against the predicted values and 

Levene's test of homogeneity of variance (p = .967), respectively. There were no outliers 

in the data, as assessed by no cases with standardized residuals greater than ±3 standard 

deviations (Laerd Statistics, 2017).  After adjustment for pre-test score, there was no 

statistically significant difference in post-test score between the control and treatment 

groups, F(1, 47) = .707, p = .405, partial η
2
 = .015.  Similar to previous t-test results, the 

control group’s adjusted mean (M = 81.37) on the post-test was higher than the treatment 

group’s (M = 79.31) by around two points.   Controlling for pre-test score seemed to have 

had no effect on posttest score. 

 A second one-way ANCOVA (in Table 11) was conducted to compare between 

groups on the pre- and post-test hunger exam while controlling for pre-test score for 

Teacher B.   

Table 11 

 

Tests of Between-Subjects Effects – ANCOVA controlling for pre-test score: 

Teacher B. 

Source 

Type III 

Sum of 

Squares df 

Mean 

Square F Sig. 

Partial 

Eta Sq 

pre-test hunger     1765.494 1 1765.494 27.151 .000 .484 

group hunger   107.406 1   107.406   1.652 .209 .054 

Error     1885.697 29    65.024    

Total     3723.500 31     

R Squared = .494 (Adjusted R Squared = .459) 

 

The first analyses (see Appendix X) indicated there was a linear relationship 

between pre- and post-test scores for both control and treatment groups, as assessed by 

visual inspection of a scatterplot.  There was homogeneity of regression slopes as the 
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interaction term was not statistically significant, F(1, 29) = .936, p = .341.  Standardized 

residuals for the groups were normally distributed, as assessed by Shapiro-Wilk's test 

(p > .05).  There was homoscedasticity and variances were equal, as assessed by visual 

inspection of a scatterplot of the standardized residuals plotted against the predicted 

values and Levene's test of homogeneity of variance (p = .594), respectively. It should be 

noted there was one outlier in the data, as assessed by one case with standardized 

residuals greater than ±3 standard deviations.  Because this outlier was just over 3 

standard deviations (3.16), the researcher decided to run the ANCOVA with and without 

the outlier to see if the results differed sufficiently for different conclusions to be drawn 

(Laerd Statistics, 2017).  The results were both not significant (p = .209 and p = .672 for 

removing outlier and not, respectively).  However, the researcher felt that removing the 

outlier, albeit not significant at the end of the test, led to a truer mean of the control 

group.  Therefore, the final results do not include the outlier.   After adjustment for pre-

test score, there was not a statistically significant difference in post-test score between the 

control and treatment groups, F(1, 29) = 1.652, p = .209, partial η
2
 = .054.  Aligned with 

the previous t-test results, the control group’s adjusted mean (M = 79.09) on the post-test 

was higher than the treatment group’s (M = 75.36) by a margin of roughly 3.5 points.  

Thus, controlling for pre-test score had no effect on posttest score. 

 Hunger unit test posttest score with teacher as covariate.  An ANCOVA was 

conducted to determine a statistically significant difference between both control groups’ 

scores on the post-test hunger exam, controlling for teacher.  Group means and variability 

are presented in Table 12 and ANCOVA results in Table 13.  
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Table 12 

 

Adjusted and Unadjusted Group Means and Variability for Post-test of Control 

Groups with Teacher as Covariate. 

  Unadjusted Adjusted 

Group N M SD M SE 95% CI 

Teacher A 25 80.92 10.91 80.64
a
 1.53 [77.52, 83.75] 

Teacher B 13 78.69   9.03 79.24
a
 2.13 [74.92, 83.56] 

  a
Covariates appearing in the model are evaluated at the following values: Pre-test hunger 

= 60.13. 

 

Table 13 

 

ANCOVA posttest score (control groups) controlling for Teacher 

Source 

Type III 

Sum of 

Squares df 

Mean 

Square F Sig. 

Partial Eta 

Squared 

Pre-test – control  1777.835 1 1777.835 30.283 .000 .464 

Teacher 16.725 1     16.725     .285 .597 .008 

Error 2054.774 35    58.708    

Total 3875.053 37     

R Squared = .470 (Adjusted R Squared = .439) 

  

For the control groups, there was a linear relationship between pre- and post-test 

scores, as assessed by visual inspection of a scatterplot (see Appendix Y). There was 

homogeneity of regression slopes as the interaction term was not statistically significant 

for the control group, F(1, 34) = .040, p = .843 (see Appendix Y).  The normality 

assumption was met as assessed by Shapiro-Wilk's test (where p > .05). There was 

homoscedasticity as assessed by visual inspection of a scatterplot. There was also 

homogeneity of variances, as assessed by Levene's test (p = .447).  There were no outliers 

in the data, as assessed by no cases greater than ±3 standard deviations.   After adjusting 



Texas Tech University, Shannon W. Sahabi, May 2018 

 
 

 131 

for teacher, there was not a statistically significant difference in post-test score between 

the control groups groups, F(1, 35) = .285, p = .597, partial η
2
 = .008.  Teacher A’s 

control had a group mean of 2.23 points higher than Teacher B’s group.   

 Group means and variability among teachers (A and B) for post-test scores are 

presented in Table 14.  

Table 14 

 

Adjusted and Unadjusted Group Means and Variability for Post-test of Treatment 

Groups with Teacher as Covariate. 

  Unadjusted Adjusted 

Group N M SD M SE 95% CI 

Teacher A 25 79.76 10.51 79.15
a
 1.84 [75.44, 82.86] 

Teacher B 19 75.63 12.19 76.43
a
 2.11 [72.17, 80.69] 

 a
Covariates appearing in the model are evaluated at the following values: Pre-test hunger  

61.39. 

 

An ANCOVA was conducted to determine a statistically significant difference between 

treatment groups’ scores on the post-test hunger exam, controlling for teacher. ANCOVA 

results in Table 15. 

Table 15 

 

ANCOVA posttest score (treatment groups) controlling for Teacher 

Source 

Type III 

Sum of 

Squares df Mean Square F Sig. 

Partial 

Eta 

Squared 

Pre-test – 

treatment 

1876.661 1 1876.661 22.326 .000 .353 

Teacher 78.968 1     78.968     .939 .338 .022 

Error 3446.320 41     84.057    

Total 5506.977 43     

R Squared = .374 (Adjusted R Squared = .344) 
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For the treatment groups, there was a linear relationship between pre- and post-

test scores, as assessed by visual inspection of a scatterplot (see Appendix Z). There was 

homogeneity of regression slopes as the interaction term was not statistically significant, 

F(1, 40) = 2.279, p = .139.  The normality assumption was met, as assessed by Shapiro-

Wilk's test (where p > .05) and there was homoscedasticity as assessed by visual 

inspection of a scatterplot.  There was also homogeneity of variances, as assessed by 

Levene's test (p = 1.000). There were no outliers in the data, as assessed by no cases 

greater than ±3 standard deviations.  After adjusting for teacher, there was not a 

statistically significant difference in post-test score between the treatment groups when 

controlling for teacher, F(1, 41) = .939, p = .338, partial η
2
 = .022.  The treatment group 

for Teacher A scored 4.13 points higher than Teacher B’s group.  

 Hunger unit test summary.  Ten tests were run on the hunger unit test data.  

Paired samples t-tests were run to measure the difference between pre- and posttest 

scores within groups (Tables 6 and 7).  Independent samples t-tests were run to examine 

the difference between the posttest means between control and treatment groups (Tables 

8 and 9), as well as the difference between score change means.  ANCOVAs were 

conducted to determine if there was a statistically significant difference between control 

and treatment groups on posttest means when controlling for pre-test score (Tables 10 

and 11) and teacher (Tables 13 and 15).   

There was a significant change in score from pre to posttest in both teachers’ 

control and treatment groups.  While the data seemed to show science content learning 

with the PBL enhanced unit, there was no significant difference between control and 
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treatment groups’ posttest scores for either teacher or between teachers’ groups.  Further, 

results indicated that the control groups for both teachers scored higher on the posttest, 

between one and four points.  Finally, Teacher A’s control and treatment groups both 

scored higher on the posttest than Teacher B’s groups.   

Global Collaboration Impact on Global Mindedness   

 Quantitative data was collected to partly answer the sub question: is there a 

significant difference in the total GMS score (and individual constructs) between the 

treatment and control groups?  The GMS is a questionnaire (see Appendix B) that has 

been used to quantify the measure of the global mindedness worldview.  It is a 30-item 

survey with Likert-type questions (1 = strongly disagree, 5 = strongly agree) and is 

comprised of five constructs of a globally minded person: feelings of responsibility 

(N=7), understanding of cultural pluralism (N=8), sense efficacy in effecting global 

change (N=5), a lack of global centrism (N=5), and perceptions of global 

interconnectedness (N=5).  All participants completed the GMS before and after the 

intervention.  Total GMS scores, as well as total construct scores, were compared before 

and after the GCP.  Nine questions were reverse scored before analysis to ensure score 

totals go in the same positive direction.  Total score ranges between 30 – 150; higher 

scores (e.g. 100 and above) indicate a higher level of global mindedness (Hett, 1993).  

Changes in total score within groups and between groups for each teacher and between 

teachers were examined using Wilcoxon signed-rank tests (within groups) and Mann-

Whitney U tests (between groups).  The Wilcoxon signed-rank test was used to determine 

whether there was a median difference within control and treatment groups’ pre- and 

posttest GMS total scores.  The Mann-Whitney U test is a rank-based nonparametric test 
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that can be used to examine differences between two groups on a continuous or ordinal 

dependent variable (Laerd Statistics, 2017). The Mann-Whitney U was run to determine 

if there were significant differences in the posttest score between different groups, 

namely the treatment and control group students. Since the GMS is measured on an 

ordinal (ranked) scale, these were most appropriate test when looking at score 

differences.   

 Total GMS score changes.  Descriptive statistics are displayed in Table 16 for 

total scores in both groups for Teacher A and B.  Teacher A’s control group scored an 

average of 117.12 (SD = 9.92) on the pre-administration of the GMS and a 116.88 

average (SD = 13.04) on the post GMS administration.  Teacher A’s treatment group 

scored 114.72 on average (SD = 9.98) on the GMS pre administration and 111.96 (SD = 

13.94) on the post GMS administration.  Teacher B’s control group scored an average of 

116.15 (SD = 13.25) on the pre-administration of the GMS and a 114.86 average (SD = 

15.33) on the post GMS administration.  Teacher A’s treatment group scored 114.47 on 

average (SD = 12.51) on the GMS pre administration and 110.32 (SD = 22.33) on the 

post GMS administration.  

Table 16 

 

 

 

 

 

Means, Standard Deviations, and Medians for Pre & Posttest for Total GMS Score. 

  Pre-test  Posttest 

Teacher Group N M SD Mdn  N M SD Mdn 

A Control 24 117.12   9.92 119.50  25 116.88 

 

13.04 118.00 

 Treatment 25 114.72   9.98 116.00  25 111.96 13.94 114.00 

B Control 13 116.15 13.25 118.00  14 114.86 15.33 115.00 

 Treatment 19 114.47 12.51 113.00  19 110.32 22.33 112.00 
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GMS constructs score changes.  The GMS items are divided into five 

dimensions (constructs) to evaluate the global mindedness worldview: 7 questions on 

responsibility; 8 questions on cultural pluralism; 5 questions on efficacy; 5 questions on 

globalcentrism; and 5 questions on interconnectedness.  A Wilcoxon signed-ranks test 

was conducted to determine differences between pre- and posttest scores in each of the 

five constructs.  Table 17 illustrates descriptive statistics for each control and treatment 

group for each of the five constructs.  As the test items were ordinal data, the scores 

reflected here are the construct total aggregates, not item averages.  Like with the total 

GMS score, higher scores indicate higher levels of global mindedness; however, the 

ranges are different (See Table 17 Notes).   

Table 17 

 

 Means, Standard Deviations, and Medians for Pre- and Posttest by GMS Constructs. 

   Pre-test  Posttest 

Construct Tchr Group M SD Mdn  M SD Md

n 
Responsibility

a
 A C 28.17 3.05 27  27.64 3.28 28 

  T 26.80 2.80 27  26.24 3.59 26 

 B C 27.00 3.65 27  26.29 4.41 26 

  T 25.84 4.67 26  25.74 6.10 27 

Cultural Pluralism
b
 A C 33.79 

 

3.13 35  34.20 3.59 34 

  T 32.84 3.35 34  32.04 5.05 33 

 B C 32.69 4.25 32  32.14 5.43 33 

  T 31.74 5.14 32  30.79 7.38 33 

Efficacy
c
 A C 19.21 1.99 20  19.40 3.63 20 

  T 19.56 2.12 20  18.76 3.18 19 

 B C 19.08 3.03 20  20.14 2.77 20 

  T 20.53 2.31

8 

20  18.74 4.72 20 

Globalcentrism
c
 A C 16.63 3.29 16  16.32 3.83 16 

  T 19.40 2.31 20  16.16 3.82 17 

 B C 17.85 3.91 19  16.93 2.73 17 
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  T 17.05 2.66 17  16.53 3.24 17 

Interconnectedness
c
 A C 19.33 2.35 19  19.32 3.33 19 

  T 19.04 2.85 19  18.76 2.37 19 

 B C 19.54 3.05 18  19.36 3.18 19 

  T 19.32 2.34 19  18.53 3.53 19 

Teacher A control (N = 24 for pretest and N = 25 for posttest) and treatment (N = 25); 

Teacher B control (N = 13 for pretest and N = 14 for posttest) and treatment (N = 19).    
a
Range of possible scores: 7-35.   

b
Range of possible scores: 8-40.   

c
Range of possible scores: 5-25.  

 

Teacher A.  Table 18 displays the Wilcoxon signed-ranks test results for Teacher 

A.  Nonparametric tests indicated that scores were significant from pre- to posttest for the 

globalcentrism construct of the treatment group, z = -3.033, p = .002.  Out of 25 students, 

19 had a decrease in score (mean rank = 12.50), four had an increase in score (mean rank 

= 9.63), and two students had no change in score.  While insignificant, there were 

positive changes in scores from pre- to posttest for efficacy (control group) and cultural 

pluralism (treatment group) and interconnectedness (both). 

Table 18 

 

 

  

 

 

 

] 

 

 

 

Wilcoxon Signed-Rank Test Results: Constructs for Teacher A. 

 Control (N = 24)  Treatment (N = 25) 

Construct + - = z p  + - = z p 

Responsibility 1

0 

1

2 

2 -

.573 

.567  9 13 3 -.882 .378 

Cultural Pluralism 1

1 

1

2 

1 .764 .445  13 10 2 -.735 .462 

Efficacy 1

3 

9 2 .572 .567  9 14 2 -

1.088 

.277 

Globalcentrism 9 1

3 

2 -

.948 

.343  4 19 2 -

3.033 

.002* 

Interconnectedness 1

2 

9 3 .228 .820  11 10 4 -.546 .585 

Note. Positive ranks are denoted by +; Negative ranks are denoted by -;  

Tied ranks are denoted by =. 

Asymptotic significances are given for p values. 

*p < .05.  

Table 17.  Continued. 



Texas Tech University, Shannon W. Sahabi, May 2018 

 
 

 137 

 

Of the 24 students in the control group, 11 students scored higher on the posttest, 

whereas 11 scored lower, and two students had no change.  A Wilcoxon signed-rank test 

determined there was no statistically significant difference from pre-test (Mdn = 119.50) 

to posttest (Mdn = 118.00), z = -0.33, p = .974.  Out of 25 students in the treatment group, 

10 had an increase in score, whereas 12 had a decrease in score and three students had no 

change.  A Wilcoxon signed-rank test indicated there was no statistically significant 

difference from pre-test (Mdn = 116.00) to posttest (Mdn = 114.00), z = -1.235, p = .217.   

 A Mann-Whitney U was conducted for between groups.  Distributions of the 

posttest scores for treatment and control groups were similar hence the difference in 

posttest score was not statistically significantly different between the control (Mdn = 

118.00) and treatment group (Mdn = 114.00), U = 256.50, z = -1.087, p = .277.  Table 19 

displays the results of the Mann-Whitney U test (between groups).  Distributions of 

posttest scores for treatment and control groups for all constructs were similar, posttest 

scores were not significant between control and treatment group for any construct.   

Table 19 

 

Mann-Whitney U Test Results: Constructs for Between Groups for Teacher A. 

Construct 

Mean 

Rank 

Control 

Mean 

Rank 

Treatment 

U z p
a 

Responsibility 29.34 21.66 216.500 -1.874 .061 

Cultural Pluralism 28.42 22.58 239.500 -1.421 .155 

Efficacy 26.92 24.08 277.000 -.693 .488 

Globalcentrism 25.14 25.86 321.500 .175 .861 

Interconnectedness 26.88 24.12 278.000 -.674 .500 

Note. N = 25 for both control and treatment groups.  
a
Asymptotic significances are given for p values. The significance level is .05.  
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 Teacher B.  Out of 13 students in the control group, five had an increase in score, 

whereas seven had a decrease in score and one student had no change.  A Wilcoxon 

signed-rank test indicated there was no statistically significant difference from pre-test 

(Mdn = 118.00) to posttest (Mdn = 115.00), z = -.236, p = .814.  Out of 19 students in the 

treatment group, six had an increase in score, whereas 12 had a decrease in score and one 

student had no change.  Although twice as many students had a decrease in score, a 

Wilcoxon signed-rank test indicated there was no statistically significant difference from 

pre-test (Mdn = 113.00) to posttest (Mdn = 112.00), z = -1.112, p = .266.  Table 20 

summarizes the Wilcoxon signed-ranks test results for Teacher B.   

Table 20 

Table Wilcoxon Signed-Rank Test Results: Constructs for Teacher B. 

 Control (N = 13)  Treatment (N = 19) 

Construct + - = z p  + - = z p
a 

Responsibility 5 8 0 -.544 .58

6 

 11 8 0 .609 .543 

Cultural Pluralism 6 5 2 -.223 .82

3 

 7 9 3 -.313 .754 

Efficacy 8 5 0 1.408 .15

9 

 5 12 2 -

2.223 

.026*  

.026* 
Globalcentrism 4 8 1 -

1.425 

.15

4 

 9 8 2 -.095 .924 

Interconnectednes

s 

5 6 2 -.090 .92

8 

 6 8 5 -

1.175 

.240 

Note. Positive ranks are denoted by +;  

Negative ranks are denoted by -;  

Tied ranks are denoted by =.  
a
Asymptotic significances are given for p values. 

*p < .05.  

  

A Mann-Whitney U was conducted for between groups for Teacher B.  

Distributions of the posttest scores for treatment and control groups were not similar and 

the difference in posttest scores were not statistically significantly different between the 

control (mean rank = 18.18) and treatment groups (mean rank = 16.13), U = 116.50,      

z = -.601, p = .553.  Table 21 describes the results of the Mann-Whitney U conducted for 
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between groups.  Distributions of the posttest scores for treatment and control groups for 

all constructs were similar. Changes in posttest scores were not statistically significantly 

different between the control and treatment group for any construct.   

Table 21 

 

Mann-Whitney U Test Results: Constructs for Between Groups for Teacher B. 

Construct 

Mean 

Rank 

Control 

Mean 

Rank 

Treatment 

U z p
a 

Responsibility 17.36 16.74 128.000 -.183 .855 

Cultural Pluralism 17.61 16.55 124.500 -.311 .756 

Efficacy 18.50 15.89 112.000 -.771 .441 

Globalcentrism 17.29 16.79 129.000 -.147 .883 

Interconnectedness 18.11 16.18 117.500 -.568 .570 

Note. Positive ranks are denoted by +; Negative ranks are denoted by -;  

Tied ranks are denoted by =.  
a
Asymptotic significances are given for p values. The significance level is .05. 

  

Teacher A and Teacher B.  The Mann-Whitney U test was conducted to 

determine if there were significant differences on the posttest score between control and 

treatment groups.  Table 22 summarizes the results of the test.  Distributions of the 

posttest scores for the control groups were not similar, as assessed by visual inspection 

(see Figures 7-11). However, for both control and treatment groups, distributions of the 

posttest scores on each construct were similar.  The difference in posttest scores were not 

statistically significantly different between Teacher A’s control group (mean rank = 

20.18) and Teacher B’s control group (mean rank = 19.68), U = 170.50, z = -.132, p = 

.897.  For the treatment groups, distributions of the posttest scores were similar, as 

determined by visual inspection (see Figures 7-11). Difference in posttest score was not 

statistically significantly different between Teacher A’s treatment group (Mdn = 114.00) 
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and Teacher B’s treatment group (Mdn = 112.00), U = 232.50, z = -.119, p = .906. 

Changes in posttest score were not statistically significantly different between Teacher A 

and B’s control or treatment group for any construct. 

Table 22 

Mann-Whitney U Test Results: Constructs for Between Groups comparing Teacher A 

to Teacher B. 

Construct 

Group 

Mean 

Rank 

Teacher 

A 

 

Mean 

Rank 

Teacher 

B 

U z p
a 

Responsibility control 21.38 17.54 140.500 -1.019 .308 

 treatment 22.08 23.05 248.000 .250 .802 

Cultural Pluralism control 21.30 17.68 142.500 -.959 .338 

 treatment 23.08 21.74 223.000 -.345 .730 

Efficacy control 19.28 21.29 193.000 .530 .596 

 treatment 22.30 22.76 242.500 .119 .905 

Globalcentrism control 19.22 21.39 194.500 .574 .566 

 treatment 21.96 23.21 251.000 .322 .747 

Interconnectedness control 20.02 19.96 174.500 -.015 .988 

 treatment 22.96 21.89 226.000 -.275 .783 

Note. N = 25 for control and N = 25 for Teacher A.   

N = 14 for control and N = 19 for Teacher B.   
a
Asymptotic significances are given for p values. The significance level is .05. 

 

Distributions of scores on the posttest for each construct by teacher and group can 

be seen in Figures 7-11.  
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Figure 7. Responsibility posttest score distribution. 

 

 

Figure 8. Cultural Pluralism posttest score distribution. 
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Figure 9. Efficacy posttest score distribution. 

 

 

Figure 10. Globalcentrism posttest score distribution. 
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Figure 11. Interconnectedness posttest score distribution. 

Results of the nonparametric tests determined that scores were significant from 

pre- to posttest for the efficacy construct of the treatment group, z = -2.223, p = .026.  

Similar to the one significant difference with Teacher A, out of 19 students, 12 showed a 

decrease in score (mean rank = 10.25), five had an increase in score (mean rank = 6.00), 

and two students had no change in score.  Like Teacher A, there were more negative 

changes in score than positive for both groups, but not for the same constructs. In fact, all 

changes were opposite between the groups.  Where there were more positive changes for 

a construct of a group, there were more negative changes for the same construct in the 

other group.  For example, where there were more positive changes for cultural pluralism 

in the control group, there were more negative changes for the same category in the 

treatment group. While they were not found to be statistically significant, there were 

positive changes in scores from pre- to posttest for the constructs of cultural pluralism 

and efficacy in the control group, and responsibility and globalcentrism in the treatment 

group.  Opposite of Teacher A’s groups, both groups had more negative changes for the 

interconnectedness category.  
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 GMS score change summary. Since the GMS survey contains ordinal data, the 

researcher thought it most appropriate to run a series of nonparametric tests for analysis.  

A Wilcoxon signed-rank test was used to examine changes in total GMS score and 

construct scores within groups.  A Mann-Whitney U was run to examine changes in score 

between groups and between teachers.  Results from the tests indicated no statistically 

significant changes on total GMS score from pre- to posttest for neither control group nor 

treatment group for either teacher.  Surprisingly, for all groups, total GMS score 

decreased from pre- to posttest and the control groups’ average total score was higher 

than the treatment groups’ total score for both teachers.   

 In terms of constructs, changes in total scores for each were examined.  Results 

indicated that for both teachers, there were more negative changes in score from pre- to 

posttest than positive.  Globalcentrism and efficacy were the constructs with a significant 

change in score for Teacher A and Teacher B treatment groups, respectively; however, 

they both were in the negative direction.  While they were not found to be statistically 

significant, there were positive changes in scores from pre- to posttest for some 

constructs: efficacy and interconnectedness in the control group and cultural pluralism 

and interconnectedness in the treatment group for Teacher A; cultural pluralism and 

efficacy in the control group, and responsibility and globalcentrism in the treatment group 

for Teacher B.  

 While the quantitative results did not exhibit much positive change in global 

mindedness as a whole, this study used more than one source of data to gather 

information about evolution of this worldview.  The qualitative data collected in the form 

of open-ended questions at the end of the second GMS administration, as well as GCP 
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products was intended to provide enhanced data visualization, to give context to the lack 

of any results within the quantitative data.  

Qualitative Findings 

 Qualitative data was collected in order to answer the sub questions of research 

question #2:  “To what extent does student global mindedness evolve due to participating 

in global collaboration projects? and research question #3: To what extent does student 

demonstrate 21
st
 century skill growth due to participating in global collaboration 

projects?.”  The qualitative data sources consisted of 6 open-ended responses to 

questions added to the GMS during the post administration only, and PBL artifacts, 

which were the student poster products on global food insecurity during the World 

Hunger Project.  A template analysis was used for the open-ended survey responses to 

code data utilizing a priori themes derived from the constructs of Hett’s (1993) GMS: 

responsibility; cultural pluralism; efficacy; globalcentrism; and interconnectedness.  The 

template analysis for the student-created products was based on Hett’s (1993) 5 

aforementioned GMS constructs, the topic outline of College Board’s (2013) AP 

Environmental Science course description (Appendix N), and BIE’s (2013) rubrics for 

collaboration, creativity, and communication (Appendix O).      

 Table 23 displays a summary of the key terms and characteristic responses that 

were used to code each source of qualitative data. The first column identifies the codes 

used in the template analysis, and subcategories within each. The second column lists key 

terms that were used to code the data sources. The third column provides an example of a 

quote or content taken from the data source that was coded into the corresponding 
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category based on key terms. The fourth column identifies the data sources where each 

category was found and coded. The complete code book can be found in Appendix S.   

Table 23 

 

Summary of Template Analysis Methods. 

a priori codes and 

subcategories Key Terms Example 

Data 

Source 

Global 

Mindedness 
   

Responsibility 
moral obligation, 

concern for others 

I became aware of how 

unfortunate/ disadvantages 

many undeveloped countries 

face on a day to day basis 

 

 

GMS 

open-

ended 

responses 

(N = 38) 

Cultural 

Pluralism 

embracing diversity, 

value in learning 

from other cultures 

That there are so many like-

minded people in the world 

even if they don't speak the 

same language or have the 

same culture. 

 

PBL 

products 

(N = 23) 

Efficacy 

behavior impacts 

others and ecosystem, 

working together can 

make a difference 

I became aware of how 

much a single individual can 

impact a huge community 

 

 

Globalcentrism 

we should share 

resources, we should 

seek common 

understandings with 

other cultures and 

environments 

I got to see that though we 

live in different countries, 

we are not all that different 

(we still all liked the things 

normal teenage girls would 

like) 

 

 

GMS 

open-

ended 

responses 

(N = 38) 

Interconnected

ness 

bond with global 

family, I am a global 

citizen 

I think that collaborating 

further connects the world 

and that we help contribute 

to the global 

interconnectedness that is 

occurring. 

 

PBL 

products 

(N = 23) 

Table 23. Continued.   
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a priory codes and 

subcategories Key Terms Example 

Data 

Source 

Science Content    

Population 
impacts of human 

population on hunger,  

150 million children 

are malnourished; End 

World Hunger 

 

PBL 

products 

(N = 23) 

Land and 

Water Use  

feeding a growing 

population, human 

nutrition, fishing, global 

economics 

we produce enough 

food for every person 

to consume 2700 

calories everyday 

 

    

21st Century 

Skills 
  

 

Collaboratio

n 

takes responsibility, 

respects others, works as a 

whole team 

all students contributed 

to product 

 

Creativity 
generates ideas, presents 

work to target audience, 

originality, value, style 

students created 

original work that has 

value 

PBL 

products 

(N = 23) 

Communicati

on  

explanation of 

ideas/information, 

organization, presentation 

aids 

product has 

requirements of task, 

met purpose of task 

 

 

 Open-ended GMS responses.  Upon completion of the posttest administration of 

the GMS, students were given a Google form link (see Appendix P) to answer two Yes or 

No questions and six short answer questions on willingness to participate again in global 

collaboration (N=2), their changes in global mindedness (N=2), and preferences in the 

nature of the global collaboration (N=2).  Data only from the treatment groups of the 

World Hunger project were analyzed for a total of 38 responses. When student were 

asked, “Would you collaborate with students from a different country again if you 

could?” 79% of students responded Yes.  When asked, “Do you think you are more aware 

of cultural difference than you were before interacting with students in a different 
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country?” 57% of students responded Yes.  Two short answer questions were analyzed 

using the template analysis for the GMS constructs.  Constructs were split into positive 

and negative sub constructs, different statements that illustrated the specific construct.  

The negative codes were essentially the opposite of the positive codes (see Table 24).  

Responses were coded according to a sub-construct as either positive or negative, and 

then all responses were collapsed by construct for purpose of reporting.  Emergent codes 

that did not fit into a GMS construct included fun/cool/different from other projects and 

communication/collaboration categories.  

Table 24 

 

Code Book for Global Mindedness Constructs. 

  
 
GMS Construct Positive Sub-constructs Negative Sub-constructs 

Responsibility Moral obligation No moral obligation 

  Concern for others No concerns for others 

globally 

  Imagining how they feel  Does not imagine how they 

feel 

  Speaking out for those who 

cannot 

No need to speak out, should 

speak out for themselves 

  Frustration and depression over 

state of affairs 

No negative affect over 

current state of affairs 

Cultural Pluralism Trying to understand other 

cultures 

No commonalities 

  Enjoying company of foreigners  Distrust of foreigners 

  Embracing diversity Devaluing diversity 

  Value in learning from other 

cultures 

No value in learning from 

other cultures, American 

culture is better 

  Focus on commonalities 

between us and them 

Focus on dissimilarities 

between us and them 

   

   

   

Table 24. Continued. 

GMS Construct Positive Subconstructs Negative Subconstructs 
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Efficacy My behavior impacts others 

globally 

Nothing we can do about the 

world 

  Individual actions impact the 

ecosystem  

Individual actions cannot 

impact the ecosystem,  

  Working together can make a 

difference 

Working together cannot 

make a difference (little to no 

impact) 

  Interest in future careers to 

impact future generations 

Interest in future careers to 

impact personal wealth or 

status 

Globalcentrism We should share resources with 

others 

We should not care or share 

resources with others when in 

need 

  Especially if they have fewer 

than we do 

Everyone is on their own for 

resources 

  We should seek common 

understandings with other 

countries and cultures 

USA is #1 country, US 

culture is the best 

  We should seek common 

understandings with other 

people and their environments 

USA has the best people, US 

environment is okay then we 

are just fine 

Interconnectedness Bond with global family Don't care if I am part of a 

global community 

  US benefits when we share 

(resources, etc) 

US loses when we share 

(resources, etc) 

  I am a citizen of the world,  I am a citizen of the USA  

  We should think about future 

generations 

I am not worried about future 

generations, just me or my 

generation 

   I am a global citizen I don’t consider myself a 

global citizen 

 

 Table 25 describes the frequency of responses that identified global mindedness 

constructs for the question: “What did you like about collaborating with another 

country?”  An overwhelming majority of responses (N=33) included some aspect of the 

cultural pluralism construct.  Most of these responses included words such as seeing or 

learning a new “perspective” or “culture,” and came from the sub-constructs of trying to 

understand other cultures and value in learning from other cultures.  
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For example, one student responded, “I liked having different perspectives on 

how we should go about doing things.”
1 

 Another student responded, “I liked that when 

we collaborated with another country we could see into different aspects of their culture 

and thought processes, something we'd never have uncovered unless we directly spoke 

with them.” 
2
 One participant said, “I liked interacting with students from different 

countries and seeing how similar their cultures were to ours.” 
3
 Other students not only 

mentioned the similarities or differences in culture, but also in communication as well.  

One student responded, “Provided an experience I've never had before. Communicating 

and working together with fellow students on a different continent entirely was eye 

opening to their culture and views.” 
4  

 
A few students (N=3) recognized the global aspect of the world hunger issue: 

“Seeing people from other backgrounds and cultures views on global problems.” 
5 

 Only 

Table 25 

 

Students’ Elaboration of Collaborating with Another Country. 

Construct 

Number of 

Participants –  

Positive 

Responses 

(N = 38) 

% of 

Participants 

Number of 

Participants – 

Negative 

Responses 

(N = 38) 

% of 

Participants 

Responsibility 0 0 0 0 

Cultural Pluralism 33 87 2 5 

Efficacy 0 0 0 0 

Globalcentrism 1 2 0 0 

Interconnectedness 0 0 0 0 

Fun/cool/different 2 5 0 0 

Communication 

/Collaboration 1 2 0 0 
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two responses were considered negative in that they focused on only differences between 

the groups.  For instance, one student responded, “It taught me our cultural differences.” 
6 

  

   Table 26 illustrates describes the frequency of responses that identified global 

mindedness constructs for the question: “What do you think you gained or learned from 

doing a global collaboration project?”  Once again, the majority of responses (N=27) 

included some aspect of the cultural pluralism construct.  Most of these responses 

(N=19)   fell into the sub-constructs of trying to understand other cultures and value in 

learning from other cultures.   

One student stated, “I gained an appreciation for other people's views and 

understandings of global events,” 
7 

while another stated they learned by “Acknowledging 

there are other students like me living parallel life in another country.” 
8 

 For another 

student, efficacy was gained and shared, “I learned that people in different areas of the 

Table 26 

Students’ Elaboration of Learning Gains from Global Collaboration Project 

Participation. 

Construct 

Number of 

Participants 

–  

Positive 

Responses 

(N = 38) 

% of 

Participants 

Number of 

Participants – 

Negative 

Responses 

(N = 38) 

% of 

Participants 

Responsibility 4 11 0 0 

Cultural Pluralism 27 71 4 11 

Efficacy 1 2 0 0 

Globalcentrism 2 5 1 2 

Interconnectedness 2 5 0 0 

Fun/cool/different 0 0 0 0 

Communication 

Collaboration 2 5 0 0 
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world have different viewpoints then me and that we can come together to make 

something bigger.” 
9  

 Increasing global awareness (interconnectedness) also resonated with some 

participants.  One student shared, “I think I’m more aware of the state of the world 

outside of the us [sic],”
10 

while another student responded they “learned more about 

world hunger than I thought I knew.” 
11 

One student recognized one of the tenets of GCPs 

when they stated, “I think that collaborating further connects the world and we help 

contribute to the global interconnectedness that is occurring.” 
12

 

 PBL Products.  The culminating activity for the PBL was to create a poster to 

address the global issue and post the image on social media (i.e. Google+ community and 

Twitter) in order to reach a larger audience.  Posters were coded in three ways: first, to 

the five GMS constructs like the open-ended responses at the post GMS administration; 

second, observations of elements/characteristics of human population and land and water 

use for science content; and third, elements of collaboration, creativity, and 

communication to demonstrate 21st century skills. 

 GMS constructs. Posters were examined for evidence of including any of the five 

GMS constructs; Table 27 illustrates how each poster was coded and Table 28 

summarizes the sub-construct totals.   
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Table 27. 

PBL Products: GMS Constructs. 

 Responsibility  Cultural Pluralism  Efficacy 

Poster Moral 

Con-

cern 

How 

they 

feel 

Speak 

out 

Frust-

ration  

Unders

tand 

Enjoy 

Others 

Diver

sity Value 

Com

mon  

Beha

vior 

Indiv. 

Impac

t 

Togeth

er Future 

1 0 0 0 0 0  0 0 1 0 1  0 0 1 0 

2 0 1 0 0 0  0 0 0 0 0  0 1 0 0 

3 0 1 1 0 0  0 0 0 0 0  0 1 0 0 

4 1 0 0 1 1  0 0 0 0 1
a
  0 1 0 0 

5 1 1 0 1 1  0 0 1 0 0  0 0 1 0 

6 0 1 0 0 0  0 0 1 0 0  0 0 1 0 

7 0 1 0 0 0  0 0 0 0 0  0 0 1 0 

8 0 1 0 0 1  0 0 0 0 1
a
  1 1 0 0 

9 0 0 0 0 0  0 0 1 0 0  0 0 1 0 

10 1 0 0 0 0  0 0 0 0 0  1 1 1 0 

11 1 1 0 1 1  0 0 0 0 0  0 1 1 0 

12 0 1 0 0 0  0 0 0 0 0  1 1 0 0 

13 0 0 0 1 1  0 0 0 0 1
a
  0 1 0 0 

14 0 1 0 0 0  0 0 1 0 1  0 0 1 0 

15 0 1 1 0 0  0 0 0 0 1
a
  1 0 0 0 

16 0 1 0 0 0  0 0 1 0 0  0 0 0 0 

17 0 1 0 1 1  0 0 0 0 0  0 1 0 0 

18 0 1 0 0 0  0 0 1 0 0  0 0 1 0 

19 0 1 0 0 1  0 0 0 0 0  0 0 0 0 

20 1 1 0 1 0  0 0 0 0 0  1 1 1 0 

21 0 1 0 1 1  0 0 0 0 0  0 1 1 0 

22 0 1 0 0 1  0 0 1 0 0  0 1 1 0 

23 1 1 1 1 1  0 0 0 0 0  1 1 1 0 
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Table 27. Continued.   

 Globalcentrism  Interconnectedness 

Poster 

Share 

resources 

If they 

have < 

Under-

standing 

People/Env

ironments  

Global 

Family 

U.S. 

Benefits 

World 

Citizen 

Future 

Gener 

Global 

Citizen 

1 0 0 1 0  1 0 0 0 0 

2 0 0 0 0  1 0 0 0 0 

3 1 0 0 0  1 0 0 0 0 

4 1 0 0 0  0 0 0 0 0 

5 1 0 0 0  1 0 0 0 0 

6 0 0 1 0  1 0 0 0 0 

7 0 0 0 0  0 0 0 0 0 

8 0 0 0 0  0 0 0 0 0 

9 1 0 0 0  1 0 0 0 0 

10 0 0 0 0  1 0 0 0 0 

11 0 0 0 0  0 0 0 0 0 

12 0 1 0 0  0 0 0 0 0 

13 0 0 0 0  0 0 0 0 0 

14 1 0 0 0  1 0 0 0 0 

15 0 0 0 0  0 0 0 0 0 

16 1 0 0 0  1 0 0 0 0 

17 0 0 0 0  0 0 0 0 0 

18 0 0 1 0  1 0 0 0 0 

19 1 0 0 0  0 0 0 0 0 

20 0 0 0 0  0 0 0 0 0 

21 0 0 0 0  0 0 0 0 0 

22 0 0 0 0  1 0 0 0 0 

23 1 1 0 0  1 0 0 1 0 

Note. Posters 1-10 belonged to the control group, while 11-23 belonged to the treatment group.  
a
These values were assigned for observations of 

the negative code, “focus on dissimilarities between us and them,” rather than the positive code, “focus on commonalities between us and them.” 
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Table 28 

 

PBL Products: GMS Constructs – Observation Frequencies. 

Construct 

Control Posters     

(N = 10) 

 Treatment Posters        

(N = 13) 

Responsibility    

Moral Obligation 3  3 

Concern for Others  6  12 

Imagining How They Feel 1  2 

Speaking Out 2  6 

Frustration Over State 3  7 

Cultural Pluralism    

Understand Other Cultures 0  0 

Enjoy Company of Foreigners 0  0 

Embracing Diversity 4  4 

Value in Learning Cultures 0  0 

Commonalities / Dissimilarities 3  3 

Efficacy    

My Behavior Impacts Others 2  4 

Individual Actions Impact 5  8 

Working Together to Make a 

Difference 6  7 

Future Career -> Impact on Others 0  0 

Globalcentrism    

We Should Share Resources 4  4 

Especially if they Have Less 0  2 

Common Understandings w/ Cultures 2  1 

Common Understandings w/ 

Environments 0  0 

Interconnectedness    

Bond with Global Family 7  5 

US Benefits When We Share 0  0 

I am a Citizen of the World 0  0 

Think about Future Generations 0  1 

I am a Global Citizen 0  0 

 
Responsibility.  The two constructs observed most frequently were Responsibility 

and Efficacy.  Under responsibility, the treatment groups’ posters included twice as many 

observations as the control groups’ posters, particularly showing evidence for concern for 
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others, speaking out for those who can’t speak for themselves, and frustration or 

depression over the current state of affairs.   

Efficacy.  For the construct of efficacy, the treatment groups’ posters displayed 

more evidence of my behavior impacts others globally and individual actions impact the 

ecosystem, while groups were similar in demonstrating evidence of working together can 

make a difference (see Figure 12 for an example) – six observations in the control group, 

while there were seven in the treatment group.   

 
Figure 12.  Student Poster (#6) illustrating efficacy (working together). 

   

Cultural Pluralism.  The two groups had the same frequency of observations of 

cultural pluralism within only two sub-constructs – embracing diversity and focus on 

commonalities/ dissimilarities between us and them.  Embracing diversity included 

observations of world maps, flags, different languages, or people of different skin colors 

(see Figure 13 for an example). Only negative codes observed were applied on this sub-

construct.  Out of three observations in each group, two posters focused on dissimilarities 

between us and them, such as displaying an obese, light-skinned man throwing crumbs on 

a skinny, dark-skinned child (see Figure 14).    
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Figure 13. Student Poster (#16) illustrating cultural pluralism (diversity). 

 

 
 

Figure 14.  Student Poster (#4) depicting negative code of  

“focus on dissimilarities between us and them.” 

 

 Globalcentrism.  For the Globalcentrism construct, both groups were coded with 

four observations of we should share resources with others; however two of the treatment 

group posters went a step further to include sharing resources especially if they have 

fewer than we do. Other evidence of globalcentrism fell under the sub-construct of we 

should seek common understandings with other countries and cultures.  

 Interconnectedness.  Under the construct of Interconnectedness, displaying 

images or text to reflect the notion of bonding with the global family was observed seven 

times in the control groups’ posters and five for the treatment group.  One poster from the 
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treatment group also included information about infant mortality rate and unequal 

distribution of resources, indicating we should end world hunger in order to think about 

future generations.   

 Chi-Square Analysis of GMS constructs.  A chi-square test of independence was 

conducted comparing the observation frequency of GMS constructs between control and 

treatment groups’ posters and their predicted frequency (see Table 28) to determine if 

there is an association between collaborating with students in a different country and 

students’ global mindedness.  As seen in Table 29, all expected frequencies were greater 

than five.  Although there were 21 more observations of responsibility and efficacy for 

the treatment groups’ posters, there were no statistically significant association between 

the control and treatment groups for global mindedness, χ
2
(4) = 2.593, p = .628. The 

association was small, Cramer's V = .149.  In other words, as the expected frequencies 

are close to the observed frequencies, the less the two are associated.   

Table 29 

 

Crosstabulations – GMS Constructs  x Control or Treatment groups  

 

Control or Treatment 

groups 

Total Control  Treatment  

GMS 

Constructs 

Responsibility Count 15 30 45 

Expected Count 18.5 26.5 45.0 

% within GMS CS 33.3% 66.7% 100.0% 

     
Cultural 

Pluralism 

Count 7 7 14 

Expected Count 5.7 8.3 14.0 

% within GMS CS 50.0% 50.0% 100.0% 

     
Efficacy Count 13 19 32 

Expected Count 13.1 18.9 32.0 

% within GMS CS 40.6% 59.4% 100.0% 

     



Texas Tech University, Shannon W. Sahabi, May 2018 

 
 

 159 

Globalcentrism Count 6 7 13 

Expected Count 5.3 7.7 13.0 

% within GMS CS 46.2% 53.8% 100.0% 

     
Interconnected-

ness 
Count 7 6 13 

Expected Count 5.3 7.7 13.0 

% within GMS CS 53.8% 46.2% 100.0% 

      
Total Count 48 69 117 

Expected Count 48.0 69.0 117.0 

% within GMS CS 41.0% 59.0% 100.0% 

To ascertain significance, Table 30 contains chi-square statistics.  This statistic suggests 

that since expected counts are similar between the control and experimental groups, the 

global collaboration added to the PBL did not affect global mindedness in students. 

Table 30 

 

Chi-Square Tests – GMS constructs 

 Value df Asymptotic Significance (2-sided) 

Pearson Chi-Square 2.593
a
 4 .628 

Likelihood Ratio 2.593 4 .628 

Linear-by-Linear Assoc 1.718 1 .190 

N of Valid Cases 117   
a
0 cells (.0%) have expected count less than 5. The minimum expected count is 5.33. 

  

APES content. Two broad environmental science topics were included in the 

World Hunger Project – Population and Land and Water Use.  Within Population were 

the sub-constructs of population biology/ecology, which included elements of carrying 

capacity, survivorship, and countries/stakeholders, and human population impact, which 

looked specifically at hunger or lack of food.  Within Land and Water Use, there were 

three sub-constructs: agriculture, which included elements of nutrition or types of food; 

Table 29.  Continued. 



Texas Tech University, Shannon W. Sahabi, May 2018 

 
 

 160 

fishing, which included fishing techniques, overfishing, aquaculture, and relevant laws; 

and global economics, which included elements of globalization, tragedy of the 

commons, and relevant laws or treaties.  Each poster was coded for observations (value 

of 1 (observed) or 0 (not observed)) these science topics and subtopics.  Table 31 shows 

individual coding (per poster) for the entire data set (N=23). 

Table 31 

 

PBL Products: APES Science Content  

 Population  Land and Water Use 

Poster 

population 

biology / 

ecology 

human 

population 

impact 

 

agriculture fishing 

 

global 

economics 

Poster 1 1 1  0 0 0 

Poster 2 0 1  1 0 1 

Poster 3 0 1  0 0 1 

Poster 4 0 1  1 0 2 

Poster 5 0 1  1 0 1 

Poster 6 1 1  0 0 1 

Poster 7 1 0  1 0 1 

Poster 8 0 1  1 0 2 

Poster 9 0 0  1 0 2 

Poster 10 0 1  1 0 1 

Poster 11 0 1  0 0 1 

Poster 12 1 0  0 0 1 

Poster 13 0 1  0 0 2 

Poster 14 1 0  0 0 1 

Poster 15 0 1  1 0 1 

Poster 16 1 0  0 0 0 

Poster 17 0 1  0 0 2 

Poster 18 1 1  0 0 1 

Poster 19 0 1  0 0 1 

Poster 20 1 0  1 0 1 

Poster 21 0 0  1 0 1 

Poster 22 1 0  0 0 1 

Poster 23 1 1  1 0 1 

Note. Posters 1-10 belonged to the control group, while 11-23 belonged to the treatment 

group. 
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Table 32 summarizes the poster totals.  Treatment had more observations than control, in 

both categories (population and land and water use), although not significantly. 

 

 

 

 

 

 

 

 

 

Population. Aspects of population were observed 11 times in the control posters 

and 14 times in the treatment posters.  The control group posters contained more images 

or words that involved human population impact, such as a world map made of grain 

representing lack of food, than population biology (see Figure 15).   

 
 

Figure 15.  Student Poster (#2) illustrating lack of food – human population impact. 
 

The treatment group included equal observations of human impact and population 

biology concepts, such as indicating how many people lack food (see Figure 16).   

Table 32 

 

PBL Products: APES Science Observation Frequencies 

Construct 

Control 

Posters 

(N = 10) 

 Treatment 

Posters   

(N = 13) 

Population    

pop biology / ecology 3  7 

human pop impact 8  7 

    
Land and Water Use    

agriculture 7  4 

fishing 0  0 

global economics 12  14 
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Figure 16.  Student Poster (#19) illustrating disparity of resources. 

  

 Land and water use.  The control group had 19 observations of land and water 

use, including more aspects of agriculture, such as images of healthy foods, while the 

treatment group included 18 observations.  The treatment group’s posters included more 

observations of global economics, such as images that illustrate disparity and the Tragedy 

of the Commons concept (see Figure 17).  

 
 

Figure 17. Student Poster (#17) illustrating Tragedy of the Commons. 

 

 Chi-Square analysis of science content.  A chi-square test was conducted between 

control and treatment groups’ PBL posters to determine if GCPs affected students’ 

content knowledge of population and land and water use.  As seen in Table 33, all 

expected frequencies were greater than five.  There was no statistically significant 
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association between the control and treatment groups for content knowledge, χ
2
(1) = 

.323, p = .570. The association was small, Cramer's V = .072.   

Table 33 

 

Crosstabulation: APES content constructs x Control or Treatment groups 

 Control  Treatment  Total 

 

Population Count 11 14 25 

Expected Count 12.1 12.9 25.0 

% within APES 

content constructs 
44.0% 56.0% 100.0% 

Land and 

Water Use 

Count 19 18 37 

Expected Count 17.9 19.1 37.0 

% within APES 

content constructs 
51.4% 48.6% 100.0% 

TOTAL      Count 30 32 62 

Expected Count 30.0 32.0 62.0 

% within APES 

content constructs 
48.4% 51.6% 100.0% 

 Table 34 expresses the chi-square statistic.  Since expected counts are relatively 

the same between the control and experimental groups, the results suggests the PBL 

enhanced with global collaboration did not affect content acquisition in students. 

Table 34 

 

Chi-Square Tests – APES Content 

 Value df 

Asymptotic 

Significance 

(2-sided) 

Exact Sig.  

(2-sided) 

Exact 

Sig.  

(1-sided) 

Pearson Chi-Square .323
a
 1 .570   

Continuity Correction
b
 .096 1 .757   

Likelihood Ratio .323 1 .570   

Fisher's Exact Test    .613 .379 

Linear-by-Linear 

Association 

.318 1 .573 
  

N of Valid Cases 62     
a
0 cells (.0%) have expected count less than 5. 

b
Computed only for a 2x2 table 
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 21st century skills. Posters were examined for evidence of 21st century skills, 

particularly collaboration, creativity, and communication (see Figure S3 for coding 

criteria). Table 35 illustrates how each poster was coded.   

Table 35 

 

PBL Products: 21st Century Skills. 

 Collaboration  Creativity  Communication 

P Rep Res TW  Ideas TA  Origin Value Style  EI ORG PRES 

1 1 0 1  2 1 1 1 2  1 1 1 

2 1 0 1  1 0 1 1 1  1 1 1 

3 1 0 1  1 1 1 1 1  1 1 1 

4 1 0 1  1 1 1 1 1  2 1 1 

5 1 0 1  2 1 1 1 2  1 1 1 

6 1 0 1  2 1 1 1 2  1 1 1 

7 1 0 1  1 0 0 1 1  1 1 1 

8 1 0 1  1 1 1 1 1  1 1 1 

9 1 0 1  1 0 1 1 1  1 1 1 

10 1 0 1  1 1 1 1 2  1 1 1 

11 1 0 1  1 1 1 1 1  1 1 1 

12 1 0 1  2 1 1 2 2  1 1 1 

13 1 0 1  1 1 1 1 2  1 1 1 

14 1 0 1  1 1 1 1 2  1 1 1 

15 1 0 1  1 1 0 1 1  1 1 1 

16 1 0 1  2 1 1 1 1  1 1 1 

17 1 0 1  1 1 1 1 2  1 1 1 

18 1 0 1  1 1 0 1 1  1 1 1 

19 1 0 1  1 0 0 1 1  2 1 1 

20 1 0 1  2 1 1 2 2  2 1 1 

21 1 0 1  1 1 1 2 1  1 1 1 

22 1 0 1  2 1 1 1 2  1 1 1 

23 1 0 1  1 1 1 2 2  2 1 1 

Note. Posters 1-10 belonged to the control group, while 11-23 belonged to the treatment group. P = Poster; 

Rep = Responsibility; Res = Respect; TW = Team Work; TA = Target Audience; EI = Explain Ideas; ORG 

= Organization; PRES = Presentation 

 

Table 36 summarizes the main construct and sub-construct totals.  Treatment 

posters had more observations of both creativity and communication, although not 

significant. 
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Table 36 

 

PBL Products: 21st Century Skills – Observation Frequencies. 

Construct 

Control 

Posters 

(N = 10) 

 

Treatment Posters  

(N =13) 

Collaboration     

Takes Responsibility 10  13 

Respects Others  0  0 

Works as a Whole Team  10  13 

Creativity    

Generate/Select Ideas 13  17 

Present to Target Audience  7  12 

Originality 9  10 

Value 10  17 

Style 14  20 

Communication    

Explanation of Ideas 11  16 

Organization 10  13 

Presentation Aids 10  13 

 

 Collaboration.  Under the construct of collaboration, all groups demonstrated 

evidence of the sub-constructs of responsibility and teamwork, as a requirement of the 

project was to collaborate and use technology tools.  Therefore, by virtue of a completed 

project, each group demonstrated the construct of collaboration.  Although the groups 

showed respect to each other during the process of creating, no teams were able to 

demonstrate (and thus code) the sub-construct of respect in the product itself.   

 Creativity.  Seventy-six observations were made in the treatment posters and 53 

observations in control posters for the construct of Creativity.  Treatment groups used 

different perspectives, such as including different languages, flags, or people of color, in 
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addition to ingenuity and imagination in their product (see Figure 18), compared to the 

control groups.   

 
Figure 18. Student Poster (#1) showing evidence of creativity using different 

perspectives 

 

Although all groups demonstrated evidence of value, which indicated the product 

was seen as useful or met the identified need, all additional observations of value came 

from the treatment products in that they offered a solution to the problem of world 

hunger.  More evidence of style was observed in the treatment group posters, as they had 

a more distinct approach or message in their product (see Figure 19).   

 

 
Figure 19.  Student Poster (#11) showing evidence of creativity with distinct style and 

message. 

 

 Communication.  All groups demonstrated skills in the construct of 

communication, for each group met the requirements of producing a poster (visual aid) 

addressing world hunger.  Additional evidence in the explanation of ideas and 

information sub-construct was observed if a poster contained a statistic or data (see 
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Figure 20), as they added supporting information for their message; more evidence of this 

sub-construct was demonstrated in the treatment posters.  

 
Figure 20. Student Poster (#20) showing evidence of explanation through adding data. 

 

Chi-Square analysis of 21
st
 century skills. In order to further determine if global 

collaborations had an association with 21st century skill development, a chi-square test of 

independence was conducted between control and treatment groups’ world hunger 

posters.  As seen in Table 37, all expected frequencies were greater than five.  There was 

no statistically significant association between the control and treatment groups for 21st 

century skills, χ
2
(2) = .092, p = .955. The association was small, Cramer's V = .019.  This 

suggests that, since expected counts are relatively the same between the control and 

experimental groups, the global collaboration added to the PBL did not affect 21st 

century skills in students.   
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Table 37 

 

Crosstabulation 21st c. skills constructs x Control or Treatment groups  

 

Control or Treatment 

groups 

Total Control  Treatment  

21st century 

skills 

Constructs 

Collaboration Count    20    26 46 

Expected Count 19.3 26.7 46.0 

% within 21st c. 

skills Constructs 
43.5% 56.5% 100.0% 

     

Creativity Count    53    76 129 

Expected Count 54.1 74.9 129.0 

% within 21st c. 

skills Constructs 
41.1% 58.9% 100.0% 

     

Communication Count     31    42    73 

Expected Count 30.6 42.4 73.0 

% within 21st c. 

skills Constructs 
42.5% 57.5% 100.0% 

      

   Total Count 104 144 248 

Expected Count 104.0 144.0 248.0 

% within 21st c. 

skills Constructs 
41.9% 58.1% 100.0% 

 

Table 38 

 

Chi-Square Values – 21st Century Skills 

 Value df 

Asymptotic 

Significance 

(2-sided) 

Exact 

Sig. (2-

sided) 

Exact Sig. 

(1-sided) 

Pearson Chi-Square .323
a
 1 .570   

Continuity Correction
b
 .096 1 .757   

Likelihood Ratio .323 1 .570   

Fisher's Exact Test    .613 .379 

Linear-by-Linear 

Association 

.318 1 .573 
  

N of Valid Cases 62     
a
0 cells have expected count less than 5. The minimum expected count is 12.10. 

b
Computed only for a 2x2 table 

 



Texas Tech University, Shannon W. Sahabi, May 2018 

 
 

 169 

To ascertain significance between categorical variables, Chi-square analyses were 

performed, suggesting there was no significance.  Chi-square results are described in 

Table 38.   

Relationship between Achievement and Global Mindedness 

 Students’ scores on the hunger post-test and GMS after the GCP were used to 

answer Research Question #4: Is there a relationship between students’ achievement 

scores and global mindedness?  A Spearman’s rank-order correlation was run to assess 

two relationships: between hunger unit posttest and total GMS posttest; and between 

change in hunger unit pre-post test score and change in pre-post total GMS score.   

Table 39 

 

 

 

Spearman’s rho Correlation between Achievement Scores and GM. 

 Hunger Posttest and 

Total GMS Posttest 

 

Hunger Pre-post 

Difference and Total 

GMS Pre-post 

Difference 

 correlation 

(rho) p-value  

correlation 

(rho) p-value 

Teacher A      
control (N = 25) -.096 .65   .095 .66 
treatment (N = 25)  .217 .29   .258 .21 

Teacher B      
control (N = 13) .200 .51  -.199 .54 
treatment (N = 19) .425 .07    .195 .44 

 

 Table 39 summarizes the correlational results.  There were weak inverse 

relationships between the hunger posttest and GMS posttest for Teacher A’s control 

group, rs = -.096, as well as between the changes in the hunger pre-posttest and GMS pre-

posttest for Teacher B’s control group, rs = -.199.  Although not statistically significant, 

there is some indication of a positive correlation between hunger posttest/GMS posttest 
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scores and the change in scores between the hunger unit test and GMS.  In other words, 

higher hunger test scores correlated to higher total GMS scores and greater changes in 

pre-post hunger test scores correlated to higher changes in GMS scores.  Further, there 

were stronger positive correlations for both treatment groups in both tests. 

Chapter Summary 

 The results of the study were determined by several sources of quantitative and 

qualitative data.  Student knowledge of science content was measured by a hunger unit 

test and PBL poster products for the World Hunger Project.  Global mindedness was 

measured by the GMS, open-ended questions added to the GMS, and the PBL posters.  

21st century skills were observed by coding PBL posters. A summary of the results by 

research questions can be seen in Table 40. 
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Table 40 

Results by Research Question 
RQ Sub questions Hypothesis Results 

1. How do 

global 

collaboration 

projects 

impact student 

achievement? 

a. Is there a significant 

difference in the 

students’ knowledge of 

hunger between the 

treatment groups (TRT) 

and control groups 

(CON) pre- and posttest 

scores? 

Content 

understanding will 

increase a higher 

degree for the TRT 

as a result of the 

GCP 

 Both CON  posttest scores > 

TRT  

 CON pre-post score change > 

TRT  

 No statistically sig differences 

btwn CON and TRT posttest 

scores when controlling for 

pre-test or teacher 

 Teacher A’s groups test scores 

> Teacher B’s groups 

 PBL posters – CON contained 

more notions of human 

population impact, while TRT 

included more aspects of 

global economics 

 

2. To what 

extent does 

student global 

mindedness 

evolve due to 

participating 

in global 

collaboration 

projects? 

a. Is there a significant 

difference in the total 

GMS score between TRT 

and CON? 

Global mindedness 

will increase for 

TRT, while CON 

will have no change 

 Total GMS score decreased 

between pre- and posttest for 

all groups 

 Total GMS score for both 

CON > TRT   

     b. Is there a significant 

difference in the 

responsibility dimension 

of the GMS between 

TRT and CON? 

Responsibility will 

increase for TRT 

while CON will 

have no change 

 Positive pre-posttest score 

changes – TRT (Tchr B) 

 TRT > CON in observation of 

PBL posters  

 c. Is there a significant 

difference in cultural 

pluralism dimension of 

the GMS between TRT 

and CON? 

Cultural pluralism 

will increase for 

TRT while CON 

will have no change 

 Positive pre-posttest score 

changes – CON (Tchr B) 

 Open-ended responses largely 

reflected appreciation of 

diversity and different 

perspectives 

 

 d. Is there a significant 

difference in the efficacy 

dimension of the GMS 

between TRT and CON? 

Efficacy will 

increase for TRT 

while CON will 

have no change 

 Positive pre-posttest score 

changes – CON (Tchr A) 

 Significant change pre-post 

(negative) – Tchr B TRT 

 Positive pre-posttest score 

changes – CON (Tchr B) 

 TRT > CON in observation of 

PBL posters 
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Table 40. Continued 

RQ Sub questions Hypothesis Results 

2.  To what 

extent does 

GM evolve 

due to 

participating 

in a GCP? 

e. Is there a significant 

difference in the global 

centrism dimension of 

the GMS between TRT 

and CON? 

Global centrism 

will increase for 

TRT while CON 

will have no change 

 Significant change pre-post 

(negative) – Tchr A TRT 

 Positive pre-posttest score 

changes – TRT (Tchr B) 

    

 f. Is there a significant 

difference in the 

students’ 

interconnectedness 

dimension of the GMS 

between TRT and CON? 

Interconnectedness 

will increase for 

TRT while CON 

will have no change 

 Positive pre-posttest score 

changes – CON and TRT (Tchr 

A) 

    

    

3. To what 

extent does 

student 

demonstrate 

21st century 

skill growth 

due to 

participating 

in global 

collaboration 

projects? 

a. Is there a significant 

difference in the PBL 

products for 

demonstrating 21st 

century skills between 

TRT and CON? 

21st century skill 

development will 

be observed more 

frequently in TRT 

than CON  

 Collaboration was evident in all 

groups through the technology 

tools and prerequisites of the 

project.   

 TRT posters contained > 

evidence of communication 

(e.g. data) and creativity (e.g. 

value, style) than CON 

    

4. Is there a 

relationship 

between 

students’ 

achievement 

scores and 

global 

mindedness? 

 Positive correlation 

between hunger test 

scores and GM 

 No statistically significant 

relationships 

 Small positive relationships – 

higher hunger test scores = 

higher GMS scores 

 larger changes in hunger scores 

correlated with higher changes 

in GMS  

 For the hunger unit test, the control groups for both teachers had higher posttest 

scores, as well as a higher statistically significant increase in score from pretest to 

posttest, than treatment groups.  When controlling for pre-test score and teacher, there 

were no statistically significant differences between control and treatment groups’ 
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posttest scores for each teacher or between teachers.  It was found that Teacher A’s 

groups scored higher than Teacher B’s groups. 

 For the GMS, changes in total score and construct totals were examined.  

Interestingly, total GMS score decreased between the first and second administration for 

all groups, whereas the average total score for both control groups was higher than the 

treatment groups.  For GMS individual constructs, there were more negative changes in 

score than positive from the first to second administration, for both teachers.  Although 

not statistically significant, Teacher A had positive pre-posttest score changes for efficacy 

(control group) and interconnectedness (control and treatment).  For Teacher B, there 

were positive score changes for cultural pluralism and efficacy in the control group, and 

globalcentrism and responsibility in the treatment group.  From the open-ended questions 

added to the second administration of the GMS, it was found that a majority of students 

reported they were more aware of cultural differences after collaborating with students in 

a different country and would participate in a GCP again.  When asked what they liked or 

learned from participating in a global collaboration, students’ responses included aspects 

of cultural pluralism, such as gaining appreciation for other people’s views or learning 

new perspectives.  In coding the PBL posters, there were more observations of 

responsibility (e.g. concern for others) and efficacy (e.g. individual actions have an 

impact or working together) in the treatment posters than the control group posters; 

however, chi-square analyses indicated this was not significant.   There were no 

statistically significant associations between the control and treatment groups for global 

mindedness constructs, suggesting the global collaboration added to the PBL did not 

affect global mindedness in students. 
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 In examining the inclusion of science content, particularly population and land 

and water use, in the World Hunger posters, the control groups contained more images or 

words of human population impact, while the treatment groups included more aspects of 

global economics (e.g. Tragedy of the Commons).  Chi-square analyses indicated, 

however, there were no statistically significant associations between the control and 

treatment groups for science content, suggesting the global collaboration did not affect 

science content understanding in students. 

 The 21st century skills of collaboration, creativity, and communication were 

observed in the World Hunger posters.  All groups showed evidence of collaboration by 

using the technology tools and prerequisites of the project.  The treatment groups 

included more observations of creativity, particularly in using different perspectives, and 

adding elements of value and style.  Further, more treatment groups added 

communication evidence by including supporting information, data, or statistics to their 

message.  Chi-square analyses revealed small, albeit not statistically significant, 

associations between the control and treatment groups, suggesting the global 

collaboration added to the PBL did not affect 21st century skills in students. 

 Finally, Spearman’s rho correlations were conducted to determine any 

relationship between hunger and GMS posttests scores, as well as between the change in 

hunger and GMS pre/posttest scores.  Although there were no statistically significant 

relationships, six out of eight tests revealed higher hunger test scores correlated with 

higher GMS scores, and larger changes in hunger test scores positively correlated with 

changes in total GMS score. 
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CHAPTER V 

DISCUSSION, IMPLICATIONS, LIMITATIONS, AND RECOMMENDATIONS 

FOR FUTURE RESEARCH 

 The purpose of this study was to explore the affordances of a classroom GCPs on 

world hunger between the United States and Mexico in two Advanced Placement 

Environmental Science (APES) classes.  More specifically, examining how this unique 

collaboration among students of different cultures augmented American students’ 

understandings of science (global food supply), culture (global mindedness), and vital life 

skills (of the 21
st
 century).  The conceptual framework driving this research was to 

ascertain how a global collaboration component within a 3-month PBL on global food 

among international peers (e.g. 44 American (Texas) students in an advanced 

environmental science course (APES)  and 68 Mexican (Mexico City) students would not 

only develop American students’ global mindedness (see Hett, 1993), but also develop 

their content understanding related to the concepts of the project on global food supply 

(e.g. human populations, land and water use, and global economics) (see College Board, 

2013) and skills of the 21
st
 century (see P21, 2007).  To evaluate this research inquiry, 

both quantitative (i.e. Global Mindedness Survey/GMS and test scores) and qualitative 

(the collaborative PBL group products--food posters and open ended response) data was 

collected from 44 students who participated in the intervention and 39 students who 

participated in an identical PBL but without the global collaboration component.  Data 

was analyzed and coded, respectively, to the theoretical constructs of global mindedness, 

conceptual understanding of global food supply, and 21
st
 century skills. The following 
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section will include a discussion of the results of this analysis by research question in 

regard to the implications, limitations, and recommendations for future research based on 

the findings.   

Discussion of the Results 

 Research question #1: student achievement.  Research question #1 examined 

the impact of GCPs on student achievement, specifically, the students’ content 

knowledge of global food supply.    Results indicated there was a significant change in 

score from pretest to posttest in both teachers’ control and treatment groups.  This could 

be anticipated as the learning gains at the end of the unit were evidenced by using the 

same test (Butler, 2010).  Moreover this finding supports prior scholarship finding 

increases in environmental science content knowledge following exposure to an 

environmental science unit, course, or program (Arcury, 1990; Armstrong & Impara, 

1991; Bradley et al., 1999).  

 Results indicated there was no significant difference between the control and 

treatment groups’ posttest scores for either teacher or between teachers’ control and 

treatment groups.  Surprisingly, the control groups for both teachers scored higher on the 

posttest, but only by one or two points.  Furthermore, the control and treatment groups of 

Teacher A scored higher on the posttest than Teacher B’s control and treatment groups.  

This may be due to Teacher A having advantages over Teacher B, namely more students 

in her classrooms and global collaboration experiences.  In addition, Teacher A has taken 

doctoral level coursework on global education, specifically in orchestrating global 

collaborations.  Prior research indicates teachers with global experiences are more 

advanced in screening curriculum for equity, putting material in a local and global 
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context, more diverse in knowledge about the world, include the teaching and use of 21st 

century skills, and engage their students to a higher degree (Hixson et al., 2012; Lambros, 

2004; Larmer et al., 2015; Lo, 2006; Merryfield & Harris, 1992). Varied experience in 

certain pedagogies, such as PBL, can too influence teacher effectiveness (Lambros, 2004; 

Marx et al., 2004; Maxwell et al., 2005; Thomas, 2000).   

 Two specific environmental science topics were included in the World Hunger 

Project: population dynamics and land and water use.  Upon a qualitative examination of 

the PBL posters for evidence of inclusion of these topics, a chi-square test revealed there 

was no statistically significant association between the control and treatment groups for 

content knowledge.  However, treatment group posters did include more observations of 

global economics, like that of global disparities in food distribution and tragedy of the 

commons.  Examples of this include posters that contained slogans for ending world 

hunger through policy (reducing meat, working together, personal responsibility of not 

wasting food, and need versus greed – tragedy of the commons).  Overall, the treatment 

group posters held more poignant and nuanced perspectives on experiences of individuals 

grappling with food insecurity globally and the role of the individual in ameliorating 

global food imbalance.   

 Previous research in comparing PBL classroom pedagogy  to traditional  (direct 

instruction) pedagogies (Al-Balushi & Al-Aamri, 2014; Chang, 2001; Drake & Long, 

2009; Geier et al., 2008; Kubick, 2012; Schneider et al., 2002; Thomas, 2000) 

demonstrated that students in PBL-classrooms learned more science content than their 

peers in traditional classrooms.  Yet, the results of this study do not support previous 

findings, regarding improvement in science knowledge through selected response 
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classroom tests.  This could be due to not enough time was not devoted to collaborating 

with the global partners, or that the scope of the study was limited (i.e. examined only 

one project on one topic).  However, the current literature exploring relationships 

between academic achievement (content knowledge) and GCPs remains lacking.  While 

some studies on global collaborations or PBL have included academic content 

(Hernandez-Ramos & De La Paz, 2009; Marx et al., 2004; Maxwell et al., 2005; Parker et 

al., 2013) there are few empirical studies that measure science content understanding (via 

more than one assessment modality) resulting from short or long-term participation in 

global collaborations to learn science. 

 Research question #2: change in global mindedness.  Research question #2 

examined changes in students’ global mindedness (and its constructs) before and after 

participating in a GCP. The most favorable assessment of global mindedness requires a 

combination of instruments, which can reveal the consistency or inconsistency in results 

across different measuring tools, as well as account for the multiple constructs inherent in 

global mindedness (Singh & Jin, 2013).  The GMS, open-ended questions, and posters 

were used to examine global mindedness in this study. 

 GMS scores.  Results indicated there were no statistically significant changes on 

total GMS score from pre- to posttest for either the control group or treatment group for 

either teacher (A or B).  Surprisingly, for all groups, total GMS score decreased from pre- 

to posttest and the control groups’ average total score was higher than the treatment 

groups’ total score for both teachers.  Previous research in global mindedness has too met 

with mixed results.  Some studies found significant differences in global mindedness 

between groups (Golay, 2006; Kehl & Morris, 2008; Kirkwood-Tucker et al., 2017), 
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while other studies found no significance (Béneker et al., 2013; Cook et al., 2016; R. A. 

Hansen, 2010; Zong & Farouk, 1999).  This study aligns well with Zong and Farouk’s 

(1999) research where they found that their treatment group’s average GMS score was 

lower than the control, albeit not statistically significant. 

 GMS constructs.  For the individual constructs, changes in scores for each were 

examined.  Results indicated that for each teacher, there were more negative changes in 

score than positive from pre- to post administration.  Changes in scores were found to be 

statistically insignificant for responsibility, cultural pluralism, and interconnectedness; 

however, there were positive changes in scores from pre- to post administration for 

interconnectedness in the control group and cultural pluralism and interconnectedness in 

the treatment group for Teacher A.  There were positive score changes for cultural 

pluralism in the control group and responsibility in the treatment group for Teacher B.   

 Insignificant findings.  Responsibility in this study is having a deep concern for 

global people and wanting to improve conditions somehow (Hett, 1993).  For this 

construct, both groups of students exhibited a sense of caring and empathy for others not 

residing within their own country.  Both teachers’ groups averaged 26 out of a maximum 

of 35 points on the GMS; therefore, scores were relatively high and thus not a significant 

in change or difference, suggesting there may have been a ceiling effect. Therefore, more 

evidence for growth, not seen in the quantitative data, was gathered through the open-

ended responses and poster products.  As one student stated,  

I learned from this project that some people are less fortunate than us and cannot 

afford the time or can readily access the internet, as seen in the case of the people 

we collaborated with. Something as simple as accessing the internet is difficult for 

them, truly a shame.
13 
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 The treatment groups’ posters included twice as many observations of 

responsibility as the control groups’ posters; concern for others, speaking out for those 

who can’t speak for themselves, and frustration or depression over the current state of 

affairs were sub-constructs most observed, such as one poster citing malnourishment and 

infant mortality as the results of unequal distribution of resources, and therefore we need 

to end world hunger.  As more students gain access to information and interact with 

others from another context, students are able to see how our actions affect others across 

the globe and it is our responsibility to help others (Karahan & Roehrig, 2015; 

Merryfield, 1991; Merryfield, Lo, Po, & Kasai, 2008) 

 Cultural pluralism is seen as an appreciation for the diversity of cultures, valuing 

multiple perspectives, trying to understand other cultures, and believing that all cultures 

have something to offer (Hett, 1993; Kirkwood-Tucker et al., 2017).  Regarding this 

construct, both groups of students scored relatively high on the GMS survey, averaging 

32 out of a maximum of 40 points.  Both groups had the same number of observations of 

cultural pluralism seen in the posters, particularly the subconstruct of embracing 

diversity, such as elements of non-ethnocentrism like including more than one language, 

several countries’ flags, or showing people of different skin colors.  A vast majority of 

responses to “What did you like collaborating with another country?” and “What do you 

think you gained or learned from doing a global collaboration project?” included facets of 

cultural pluralism.  One participant stated, “I liked having different perspectives on how 

we should go about doing things.”
14 

Another student said, “i [sic] think i [sic] learned 

how other countries think about these global issues.”
15  

Another student responded, “I 

think I gained an appreciation for working with people of different cultures.”
16

 Fifty-



Texas Tech University, Shannon W. Sahabi, May 2018 

 
 

 181 

seven percent of students said they were more aware of cultural differences after 

participating in the GCP, which seems to indicate growth in this dimension.  Gaining 

insight of a global issue from diverse communities has the potential to increase not only 

environmental issue awareness, but social activism (Karahan & Roehrig, 2015; 

Merryfield et al., 2008). 

 Interconnectedness was described in this study as an appreciation and awareness 

of the interrelatedness of all people in all countries that results in a global family (Hett, 

1993).  Both teachers’ groups averaged 19 out of 25 points for this construct, indicating 

that these students seemed to exhibit a sense of belonging to the human race, rather than a 

separate group.  Although an overwhelming majority of responses from the open-ended 

questions were coded as cultural pluralism (N=27), there was some evidence observed 

for interconnectedness in the responses; one of the participants said, “I think I gained a 

more coherent understanding of the world and how cultures interact.”
17 

Recognizing that 

many issues are global in nature, such as world hunger, more than half of the groups 

included some characteristic of bonding with a global family.  Considering the 

ramifications of world hunger, it is vital for students to examine the perspectives of the 

issue and consequences for those in other countries, to recognize these kinds of issues are 

connected to us all (Merryfield et al., 2008). 

 In sum, there were no statistically significant differences between groups for the 

dimensions of responsibility, cultural pluralism, and interconnectedness.  This lack of 

overall significant supports findings by Kirkwood-Tucker et al. (2017), who found no 

significant differences between gender or ethnicity (without interconnectedness) on the 

GMS.   Hansen (2010) too found no significant differences between students who 
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engaged in global studies through study abroad and students without study abroad 

experiences (control groups).  Even qualitative or nominal increases in students’ feelings 

of global mindedness in responsibility (speaking up for marginalized groups), cultural 

pluralism (showing value in learning other cultures), and interconnectedness (such as 

including local and global solutions for future generations) hold educational implications.  

This suggests that GCPs can be leveraged as one of many strategies to enhance certain 

facets of students’ global mindedness. 

 Significant findings.  Globalcentrism and efficacy sub-constructs were each 

significant for Teacher A and Teacher B, although both were in the negative direction.  

This suggests that students were negatively impacted by the gravity of a global issue like 

world hunger (Merryfield et al., 2008), facilitating a decrease in their perceptions of these 

dimensions on the GMS. However, average scores for globalcentrism were 16 out of 25 

points and 19 out of 25 points for efficacy, indicating a relatively high level of GM for 

these sub-constructs, suggesting a ceiling effect.   

Globalcentrism is concerned with the idea of believing in what is good for the 

global community, that all people are a single species and make judgments on global, not 

ethnocentric, standards (Hett, 1993; Kirkwood-Tucker et al., 2017).  Globalcentrism 

evidence was observed by including images or messages of developed countries (such as 

the U.S. and Mexico) sharing resources with hungry nations.  Efficacy was defined in this 

study as “a belief that an individual’s actions can make a difference and that involvement 

in national and international issues is important” (Hett, 1993, p. 143).  Qualitative data 

showed efficacy was the second highest observed construct (N=32) in the PBL posters, 

including elements of individual actions impact others, and working together can make a 
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difference sub-constructs.  These posters incorporated images showing many hands 

holding an empty bowl or the words “if we all work together.”  This study supports 

previous research that found significant differences in globalcentrism (Walton, 2002) and 

efficacy (Kirkwood-Tucker et al., 2017), and defies other studies that did not find 

significance in globalcentrism (Golay, 2006; Kirkwood-Tucker et al., 2017) or efficacy 

(Walton, 2002).  Given the diverse nature of the campuses, the students seemed to be 

more accepting of embracing other cultures and perspectives (and found commonalities 

with the global partners), thus it was not difficult for them to collaborate with Mexican 

students; however, if the partners had been from another country, particularly one much 

less developed with less access to resources or information, the outcomes may have been 

different.  Specifically, if the less developed country’s students were in a food poor area, 

the American students may have developed higher degrees of efficacy and responsibility, 

knowing they would post world hunger awareness or solutions information on social 

media and perhaps make a difference in the world.  

Summary of global mindedness findings.  In general, the quantitative results 

indicated mixed levels of global mindedness and its constructs for the participants.  This 

supports previous research where there was not much difference between groups in some 

individual constructs or total score, or there were several significant differences between 

groups, but for different constructs (Béneker et al., 2013; Cook et al., 2016; Golay, 2006; 

R. A. Hansen, 2010; Kirkwood-Tucker et al., 2017; Walton, 2002; Zong & Farouk, 

1999).  There were not studies found where the significant findings were in a negative 

direction.  One possible explanation is the level of global mindedness was high at the 

start; therefore, a ceiling effect may have obscured any potential for significant growth 
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(Béneker et al., 2013; Kirkwood-Tucker et al., 2017; Zong & Farouk, 1999). Another 

possibility is that the constructs measure quantity, while the quality of one’s experience 

may be more important in global mindedness development (Duckworth et al., 2005).  

Thus, while the quantitative results did not exhibit much positive change in global 

mindedness as a whole, this study used more than one source of data (qualitative) to 

gather information about evolution of this worldview.  Analysis of the open-ended 

questions and PBL posters, however, seemed to indicate perceived growth and a more 

descriptive understanding and application of global mindedness (Cook et al., 2016; 

Karahan & Roehrig, 2015).   

 Research question #3: 21
st
 century skill growth.  Research question #3 

examined 21st century skill growth due to participating in a GCP.  Qualitative data taken 

from the PBL posters were observed for evidence of three specific 21st century skills: 

collaboration; creativity; and communication. 

 High levels of collaboration are required as students work in a diverse team to 

achieve a common goal, such as creating the poster  artifact (Gibson, Rimmington, & 

Landwehr-Brown, 2008).  All groups had demonstrated collaborative skills as they had to 

use technology tools to interact on the discussion board and create products 

asynchronously.  Responding to global partners may have elicited individual cognitive 

conflict, resulting in reconstruction of existing ideas, thus deepening their understanding 

of science content (Lay & Kamisah, 2017).  

 Although there were no statistically significant differences between control and 

treatment groups’ evidence of 21st century skills, the treatment groups clearly included 

more aspects of creativity, showing different perspectives, having a distinct style or 
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message, and offering solutions to world hunger, in their poster products.  Further, the 

treatment groups were observed to have more supporting data (statistics) on their posters, 

thus communicating their message with more impact.  Having the ability to gain other 

perspectives made the global issue of hunger more personal, potentially increasing the 

belief they could make more of the community understand the severity of the issue and 

mitigate through individual actions (Karahan & Roehrig, 2015; Merryfield et al., 2008; 

Rosenthal, 1990).  Through sharing posters on social media, all groups were afforded the 

chance to communicate their concern of world hunger with people all over the globe; this 

is important, since it has reported that most of students’ environmental issues knowledge 

comes from media (Barraza & Walford, 2002).  Even though the quantitative results 

revealed no significant findings, qualitative evidence of 21st century skills was observed 

in the products of groups who participated in the global collaboration PBL.  It has been 

assumed within the research community that both PBL (Boss, 2013; Larmer, 

Mergendoller, & Boss, 2015) and GCPs may support the growth of 21st century skills 

(learning and innovation skills, information, media and technology skills, and life and 

career skills) in students (P21, 2007). This research supports that established research, 

finding positive effects of PBL supplemented with global experiences on students’ 21st 

century skills (Gibson et al., 2008; Kwan & So, 2008; Noonoo, 2014; Nugent et al., 2015; 

Roemer, 2015).  

Research question #4: student achievement and global mindedness.  Research 

question four examined the relationship between students’ achievement scores and global 

mindedness.  There was a weak inverse relationship found between the hunger posttest 

and GMS posttest for Teacher A’s control group, rs = -.096, suggesting that as students’ 
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hunger test score increased, their GMS scores decreased (see Table 39). There was also a 

weak inverse relationship between changes in the hunger pre-posttest and GMS pre-

posttest for Teacher B’s control group, rs = -.199 (see Table 39).  Although no 

statistically significant relationships were found, all other results revealed a positive 

association between hunger posttest/GMS posttest scores and the change in pre-posttest 

scores between the hunger test and GMS.  Moreover, higher hunger test scores positively 

correlated to higher total GMS scores, and likewise, larger changes in pre-post hunger 

unit test scores correlated to higher changes in GMS scores.  Ultimately, there were 

stronger positive correlations for the treatment groups in both tests.  Although results do 

not indicate causality, a possible rationale for the treatment groups demonstrating a more 

positive correlation was due to (when controlling for teacher effects) participation in the 

single variable of the treatment, the  global collaboration.  These results support previous 

research that found a positive correlation between increased environmental science 

knowledge (evidenced by test scores) and increased global mindedness or attitude scores 

(Arcury, 1990; Armstrong & Impara, 1991; Bradley et al., 1999).  While other factors can 

certainly influence global mindedness outside of the classroom like studying abroad 

(Golay, 2006; R. A. Hansen, 2010)  it is important to show that global mindedness can be 

at least partially influenced by environmental science content taught within the walls of 

the K-12 classroom.     

Summary of the discussion.  This study aimed to evaluate the efficacy of global 

collaboration PBL projects in terms of increasing student content understanding, global 

mindedness, and 21st century skill development.  While the quantitative results revealed 

no statistically significant differences in achievement scores between groups, all students 
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scored significantly higher on the hunger unit test after completing the World Hunger 

Project.  The qualitative data revealed students in the treatment groups included more 

elements of global economics, disparity, and statistics or data in their poster products.  

 Global mindedness results were mixed, aligning with previous research.  Overall, 

the control students’ total GMS scores were higher than the treatment students after the 

World Hunger Project; however, upon analysis of the open-ended responses and posters, 

it was found that the treatment students displayed more evidence of the responsibility 

construct, indicating a greater concern for others and frustration over the current state of 

affairs related to global food issues, as compared to control students.  Global centrism 

and efficacy were significant between groups, but in a negative direction, while the other 

constructs showed no significant difference.   

In terms of 21st century skills, there were no significant differences between 

groups’ evidence of collaboration, creativity, and communication; however, it was clear 

from the qualitative analysis that the treatment groups included more evidence of 

creativity, and their posters seemed to be more meaningful and impactful. 

Finally, in relating achievement to global mindedness, the findings support 

previous studies in that higher knowledge scores correlated with higher global 

mindedness scores.  Larger gains in post-test hunger test scores also positively related to 

higher gains in global mindedness. 

This study was predicated upon an assumption that there would be significant 

gains in achievement scores and global mindedness, and moderate growth of 21st century 

skills in a PBL supplemented with global collaboration.  Quantitative results indicated 

there were not significant differences, in each aforementioned area, among treatment and 
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control students.  The reality was that achievement scores were similar, and global 

mindedness scores decreased among the (treatment) students who collaborated with 

students in a different country.  Other than cultural and contextual factors (e.g. cultural 

similarities between US-Texan students, historic and current conflicts between the US 

and Mexico) that may have influenced GM in participating students, this is an interesting 

finding and one that deserves to be researched further.  

It is worth noting that total GMS score and the five construct scores were 

relatively high to begin with, suggesting a ceiling effect, providing little visualization of 

students’ GM growth.  Since this is an AP class, students enrolled tend to be higher 

achieving and possibly more globally minded as they self-selected a course that is global 

in nature.  Results may have been different had the study been conducted in a non-AP 

environmental science classroom or a different geographical location (e.g. the Midwest 

US) that is less likely to have the cultural similarities with the global partners.  

 It is important to note that this study examined several factors and constructs, but 

during only one project at one duration in time.  Where other studies on environmental 

science knowledge and attitudes have used brief, general knowledge tests (Al-Balushi & 

Al-Aamri, 2014; Bradley et al., 1999; Levine & Strube, 2012), this study focused on one 

topic (hunger and food) from one unit in a course designed to include GCPs; therefore, 

the test questions centered on a specific area.  Hence, global food insecurity, like other 

diffuse and complex global issues like climate change may be too challenging for the 

students to contextualize. It is important for students to connect to a real-world issue 

through collaboration with students in different locations (i.e. contexts) and expand not 

only content knowledge, but civic awareness and environmental activism via social 
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media (Barraza & Walford, 2002; Karahan & Roehrig, 2015; Merryfield et al., 2008; 

Rosenthal, 1990) 

As mentioned above and in previous chapters, the literature has shown the 

benefits of a PBL that employs the bonus factor of collaborating with students in a 

different geographical location.  Communicating and working with students of a different 

culture allows students to see solutions or design from multiple perspectives, a skill they 

will need for future careers.  Being able to internalize a new perspective, use that new 

knowledge, and create an artifact with peers, such as the case with the World Hunger 

Project, is the very essence of a socio-constructivist pedagogy.  Students were excited to 

work with foreign students and engaged in the process of this PBL.  A large majority said 

they would do it again.  When asked what other countries they would want to work with, 

countries in all parts of the world were named (e.g. Australia, Nigeria, Cambodia, 

Sweden, Ethiopia, etc.), not just western European or North American countries.  

Students wanted to continue communicating with peers across the globe to study 

government, economics, disease, pollution, women’s rights, poverty, architecture, 

children living in slums, water distribution, engineering, and oil spills.  So while the 

results of the study were inconclusive, participating students still had a high degree of 

global mindedness, and this GCP was a memorable experience where they grew in vital 

knowledge and skills. 

Implications for Global Collaboration Development in K-12 

 This study collected data regarding a classroom-based global collaboration PBL 

in secondary advanced environmental science classes. There are a few implications for 
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GCPs and the development of content understanding, global mindedness, and 21st 

century skills, which are addressed based on these results.  

Infusion of global education into STEM coursework.  As global education 

continues to evolve, so do notions of what to include in such programs.  Global 

awareness, global competencies, and global learning opportunities are each facets of 

global education.  Experience in only one GCP in one course promoting global 

mindedness is unlikely to change student attitudes or behaviors overnight or in the long 

term.  Hence, providing more exposure to global issues (both in and out of STEM 

subjects) and enhanced experiences with multiple perspectives (interaction with 

culturally or linguistically diverse students) could potentially lead to change in one’s 

understanding of the subject matter, their global mindedness, and their ability to interact 

with and participate in a flattened society.   

Instructional methodologies. An APES classroom provided an ideal setting for 

including GCPs due to global nature of the course. The socio-constructivist/ 

constructionist framework of PBL supports the skills necessary for students to 

successfully engage in these collaborations (Karahan & Roehrig, 2015; Kwan & So, 

2008; Lay & Kamisah, 2017).  Unfortunately, this might have been the only time these 

students collaborated with students in a different country to produce a product for a 

global audience. When students are participating in their first global collaborations, it is 

important to scaffold the activities so they move toward higher levels of skills 

acquisition, as well as reduce potential frustration from a novel project (Lindsay & Davis, 

2013).  The inherent value of working with students in a different country to increase 

knowledge and skills has been demonstrated in the literature (Cook et al., 2016; Lay & 
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Kamisah, 2017; Lo, Merryfield, & Po, 2006; Merryfield, Lo, Po, & Kasai, 2008), even if 

the data was not statistically significant.  To meet the expectations of 21
st
 century 

learners, students should be exposed to a variety of global collaborations in a variety of 

subjects and contexts; as a classroom-based strategy to further garner these needed skills 

for survival in an interconnected society.  With training in PBL and GCPs, teachers can 

learn how to align their subject standards to global activities without sacrificing relevance 

or content (Kubick, 2012).  In a time of accountability and teaching to the test, it is 

important for teachers to know their students can still pass the standardized exam while 

being engaged and in charge of their learning, as research has shown that PBL 

classrooms do just as well or better on standardized exams (Larmer, 2015; Parker et al., 

2013). 

Deeper collaborations. As GCPs become more commonplace in schools coupled 

with greater access to telecommunication technologies, the opportunities for more robust 

and deeper collaborations will become available.  It was hypothesized by the researcher 

that communication with students in a different country would allow for more evolution 

of student global mindedness and the opportunity to demonstrate further growth in 21st 

century skills, such as collaboration and communication.  Students in this study had 

several opportunities to interact with their Mexican global partners; unfortunately, due to 

differing class schedules, students were not able to connect face-to-face, such as chatting 

live on Skype or Google Hangouts.  This is significant as synchronous activities have 

found to enhance students’ 21
st
 century skills (e.g. communication) and global 

competencies (Lindsay & Davis, 2013; Merryfield, 1991; Saavedra & Opfer, 2012;  

Walton, 2002).  Synchronous activities should be planned, even if outside of normal 
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school hours, in order to provide more personal connections between students.  Previous 

research has shown that more collaboration opportunities result in more meaningful 

encounters, particularly when a product or solution is constructed (Harel & Papert, 1991; 

Klein, 2017).  

Limitations and Recommendations for Future Research 

 Several limitations and recommendations for future research should be discussed.  

The sample size of this study was small as it examined two APES teachers, two schools, 

and four classes of APES students located in south central Texas.  Though the findings of 

this study are transferrable, they may not necessarily be generalizable to all APES 

teachers and at all school sites.  The data from this study represented a Western 

perspective, as it seemed the Mexican students were more culturally similar to the 

American (Texan) students than originally predicted (although data was only collected 

from the American students).  Therefore, it is unknown of the affordances to the global 

peers (Mexican students) due to their participation in the global collaboration PBL. It has 

been shown that cultural differences can affect students’ perception of and attitudes 

toward environmental issues (Barraza & Walford, 2002); thus, replicating this study in 

other countries may produce different results.  

 Due to the quasi-experimental nature of the study, students in the classrooms were 

not randomly selected. Although the ANCOVA results indicated there was no significant 

interaction by the teacher or pre-test on posttest scores, suggesting the groups were 

equivalent and could be compared, the control groups for both teachers scored higher on 

the hunger post test and had a larger score change from pre to posttest.  This suggests that 

the groups may not have been equivalent; perhaps the control groups happened to contain 
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band kids or athletes (depending on the time of day), which can lead to very different 

classroom environments.  Students are different within and between classrooms due to 

tracking.  As stated before presenting results, the experimental unit used in this study was 

the individual student, not the classroom.  A better analysis would have been at the 

classroom level (N = 2), as the intent was to compare aggregate data, thus classroom data.  

It is possible, then, that significance of the data might change. Larger sample sizes, 

including more classrooms from various geographic locations or campus sizes and types 

(rural/urban or public/private), could provide greater data richness.  Although it is not 

known if it would impact results, more quantitative data collected with larger sample 

sizes would add greater statistical power and reduce Type II error.   

 Quantitative research has the benefit of limited researcher bias (Creswell & 

Plano-Clark, 2011) and trustworthiness of interpretation of qualitative data was ensured 

by traditional methods of using extant theory for a priori coding, an audit trail, among 

others.  This was a mixed methods study, allowing a deeper understanding of global 

mindedness and student understanding of content data with the additional observations of 

PBL posters.  Mixed methods provide more evidence to answer the research question 

(Onwuegbuzie & Leech, 2003),  so adding more classrooms from different areas of the 

world to the data set would add variety of perspectives as well, thereby adding data 

richness.  Greater involvement from the educational community would lead to an even 

more robust study.   

 Another study limitation was a restriction to an environmental science course, 

within a single topic area.  Additionally, since the study was completed during the fall 

semester, it is possible that GMS scores could have changed more at the end of the year, 
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after experiencing the entire course and global collaboration.  Other studies of 

environmental science knowledge with/without global mindedness assessment (Al-

Balushi & Al-Aamri, 2014; Bradley et al., 1999; Kwan & So, 2008; Levine & Strube, 

2012) have been short-term (2 days, 10 days, 2 months), whereas this study was longer 

(three months).  Future studies should include following the same group of students from 

beginning to end of the school year, in order to observe global mindedness evolution, 

content understanding, and/or 21st century skills development upon participation in 

several global collaborations, while comparing to other campuses that teach the same 

content but with no global collaboration.   

 Many studies have examined PBL or global collaborations in social studies 

courses in K-12 and college (Béneker et al., 2013; Kirkwood-Tucker et al., 2011; Lo,  

Merryfield, & Po, 2006; Merryfield et al., 2008b; Po, Merryfield, & Lo, 2007; Zong & 

Farouk, 1999).  Since it is obvious that using an environmental science course is ideal for 

working with global issues, future studies should include other STEM courses in GCPs or 

including other subjects for a cross-curricular approach, particularly in K-12 classrooms 

(Lay & Kamisah, 2017; M. Resnik, 2003).  As science is inherently different from the 

social sciences in that social sciences are already geared toward global awareness or 

understanding (Merryfield, 1998), and science is more like discreet sets of facts, it is vital 

that science courses embrace global characteristics of the content to gain greater 

understanding of ideas.  For example, the researcher first participated in the World 

Hunger Project with the sociology teacher on the campus.  Another ideal global 

collaboration for an environmental science teacher would be working with a World 

Affairs teacher, who covers many of the same international issues in preparation for 
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Model UN events.  Adding global collaboration to many parts of the K-12 curriculum 

may afford the students more opportunities to collaborate with global peers in different 

academic contexts.  Hence, further exploration of learning affordances specific to 

different content areas is warranted.  

 Another limitation was that the self-reporting of GMS data may have produced 

results different from what participants actually felt as in the case of the Hawthorne effect 

(Cook, 1962).  Students may have reported a higher level of agreement to GMS 

statements to please the instructor, to perhaps report what they thought the researcher 

wanted to hear, thereby results not being completely accurate (Cook et al., 2016; Levine 

& Strube, 2012).  On the other hand, GMS scores may have decreased due to rating 

themselves lower after the GCP and becoming more aware of what they didn’t know.  In 

other words, upon understanding the GMS statements in a new/different context, students 

may have realized they rated themselves too high the first time. Another potential 

problem with the self-reporting of data is that the wording of the GMS statements had a 

Western perspective, and was also structured more positively.  As Hett (1993) found, “the 

social desirability of the global-minded items may have influenced students to respond 

more strongly in the affirmative than they might have if the items had been more 

neutrally worded” (p. 154).  However, there is evidence (Choa & Lam, 2011; Lam & 

Cheng, 2002) that reports weak correlations between social desirability bias and self-

reported environmental attitudes, thus making social desirability only a minor concern 

(Levine & Strube, 2012).  Further, the GMS has been cited as having the most promise 

for future academic research (Vassar, 1997) and has been used extensively to evaluate 

GM in P-20 educational settings (Cook et al., 2016; Duckworth et al., 2005; Golay, 2006; 
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Hansen, 2010).  Additionally, since aggregate data was used in the study, no individual 

submissions were examined as this was assumed to limit potential teacher influence over 

student responses to the GMS.  

Conclusion 

 The interconnected society of today necessitates strong academic knowledge, 

awareness and responsibility for other human beings and the planet, and competency in 

21st century skills in order to flourish in future studies or career (Boix-Mansilla & 

Jackson, 2011; P21, 2014; Trilling & Fadel, 2009).  When President Bill Clinton was still 

Governor of Arkansas, and representing the first U.S. state to mandate global education, 

he wrote: 

As the world continues to grow smaller and more interdependent, there is a 

greater need for global education. Our economic, political, social, and 

environmental systems have become interconnected to such a degree that we 

must develop a world awareness. This means understanding the 

interconnectedness of world systems as well as different values and points of 

view…a good education fostering global thinking is more important than ever 

before.  (Tye & Tye, 1999, p. xi) 

 

 Curricula based on socio-constructivist or constructionist principles seem to foster 

more academic and 21st century skill development (Blumenfeld et al., 2000; Lay & 

Kamisah, 2017).   Literature indicates that PBL is an effective pedagogy to enrich student 

environmental science knowledge and understanding (Al-Balushi & Al-Aamri, 2014; 

Dori & Tal, 2000; Kwan & So, 2008).  Global collaboration PBLs can be viewed as 

shared learning opportunities for understanding STEM content and the development of 

21st century skills (Capraro et al., 2013; Gibson et al., 2008).  It is no longer sufficient to 

use direct instruction for students to simply learn the facts, figures, and formulas in 

science as there are many studies that suggest socially constructivist and inquiry-driven 
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instructional methods, such as PBL, better support student understandings in science 

(Boss, 2011, 2013; Schroeder, Scott, Tolson, Huang, & Lee, 2007; Thomas, 2000).   

 The results of this study suggest that creating GCPs in relation to content, global 

mindedness, and 21
st
 century skills for K-12 students is necessary for their future as 

global citizens.  This indicates that GCPs present a situation in which students can use 

their previous knowledge, co-construct new meanings, and convey multiple perspectives 

toward a global issue, such as the presented case of world hunger issues.  Implementing 

global collaborations can establish a social constructivist learning environment that 

allows students to deepen subject content knowledge, increase global mindedness, and 

practice various 21
st
 century skills working with real global issues.   
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APPENDIX B 

GLOBAL MINDEDNESS SURVEY (HETT, 1993) 
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APPENDIX C 

ALIGNMENT OF COLLEGE BOARD STANDARDS TO APES GLOBAL 

HUNGER CONTENT AND COURES OUTLINE 

College Board (2009) Standards and Enduring Understandings for World Hunger Project2 

 

Earth Science Standards 

Standard 5 – humans and the environment impact each other (p. 21) 

M = Middle school; H = high school 

PE = performance expectation 

 

Objective ES.5.1 

Humans and Natural Resources: 

Students understand that human societies require natural resources derived from Earth. 

The amounts and types of resources required are a function of the size, growth and 

affluence of the human population. The value of a natural resource is dependent on its 

amount and its ease of extractability from Earth. 

 

ESM-PE.5.1.2 Make claims about the relationship between population demographics and 

resource use. Claims are based on demographic, economic and resource-use data for different 

countries. 

 

ESH-PE.5.1.3 Identify a local natural resource (e.g., metallic, nonmetallic, water, nutrients, 

fossil fuel), and make claims about its benefits to society and about the environmental 

impacts related to its development. 

 There are tradeoffs between the use of resources and its consequences for Earth’s 

systems. Sustainable use of resources relies on analysis of these tradeoffs. 

 

Enduring Understanding 4A 

Ecosystems supply humans with a multitude of resources and processes that are 

collectively known as ecosystem services. 

 Many people, especially those in developed countries or urban areas, no longer 

recognize their connection to the ecosystems that help support them. Wide varieties of 

ecosystem services and natural capital provide numerous benefits, making human economic 

activity possible. Perhaps the most easily recognized are provisioning services, which 

provide resources such as food and energy. Regulating services, such as climate moderation 

and nutrient cycling, help prevent extreme changes to environmental systems. Supporting 

services include air and water purification and crop pollination. Preserving and cultural 

services include such aspects as genetic diversity, recreational opportunities and even 

spiritual inspiration. Most ecosystem services are dependent on healthy, functioning 

ecosystems if they are to be sustainable. 

Enduring Understanding 4C 

The value of ecosystem services is integral to decision-making processes. 

Decisions that affect the environment are not based on scientific analysis alone, but must also 

incorporate social and economic considerations.  The benefits, costs and risks of decisions 

                                                           
2
 Underlined sections were especially considered for the project activities. 
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may not be evenly shared among all parties. In many cases, economically disadvantaged 

and/or minority groups have disproportionately suffered from these decisions, leading to 

concerns of environmental justice. Local, national and international laws, treaties and 

regulations have helped to manage environmental impacts. There are many examples of 

damaged ecosystems that have been successfully restored. 

 

Enduring Understanding 4D 

Sustainability is a guiding principle by which systems and resources are used in ways 

that they can be maintained at an acceptable level indefinitely. 

 Unregulated publicly owned resources that are freely accessible to all for individual 

use — such as traditional community grazing lands (the original “commons”), fisheries and 

clean water — tend to be overexploited, leading to system collapse; this phenomenon is 

known as the “tragedy of the commons.” Sustainable natural and human systems have 

identifiable characteristics, and these can be analyzed to support sustainable development, 

which is a major goal of environmental economics. A variety of tools, such as risk/benefit 

analysis and life cycle assessment, are being used or developed to evaluate the overall 

environmental impacts of products and activities in order to move toward creating sustainable 

societies. 

 

Enduring Understanding 5A 

Human societies require Earth’s resources; the amounts required are a function of 

human population size, growth and affluence. 

 The survival of human societies is dependent on Earth’s resources. Overall, there are 

positive correlations between population, natural resource consumption and environmental 

degradation, although environmental policies and technology influence these relationships. 

This can be applied to the regional, national and global scales. While urbanization may 

involve or provide a number of economic, social and environmental benefits, the global 

population demographic trend of increased urbanization that has been seen as more countries 

prepare to further industrialize may be associated with negative environmental and human 

health consequences. Major factors influencing population growth include education, 

economic status, opportunities for women, public policy, conflict, disease, climate, and 

resource availability. Combined with other considerations, such as access to clean drinking 

water/sanitation, availability of food/proper nutrition, and access to prenatal and other 

medical care, these factors are typically used in making models and predictions as to how 

populations might change over time. 

 

Enduring Understanding 5E 

Human activities have physical, chemical and biological consequences for ecosystems; 

the magnitude of the impact depends in part on the sensitivity of the system to 

perturbation. 

 Ecosystems are sensitive to the impacts of human activities. Illustrative examples 

related to air pollution include the effects of climate change on all ecosystems, acid 

deposition (resulting from the burning of fossil fuels) on forests and lakes, and increased UV 

radiation (resulting from stratospheric ozone depletion) exposure to animals and plants. 

Examples related to biodiversity loss involve habitat destruction, invasion by exotic species, 

and commercial overfishing; examples relating to food web alteration can result from 
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pollutant persistence, bioaccumulation and biomagnification. All of the above may cause 

irreversible damage to the environment. 

 

APES Course Outline topics used in this study 
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APPENDIX D 

DEMOGRAPHICS 

Table A1 
Demographics – Program Counts 2016 – 2017 

Location Enrollment Eco Dis LEP ESL Immigrant G/T SE 

District 106,145 49.6 % 8.8% 3.4% 2.6% 8.3% 11.5% 

Township 

HS  (Tchr 

A) 

2,877 30.5 % 4.2% 3.8 % 3.5 % 12.0 % 10.1 % 

Fremont HS 

(Tchr B) 
3,293 21.1 % 2.6 % 2.5 % 2.0 % 13.8 % 8.2 % 

Teacher A 50 12 % 0 0 0 48 % 0 

Teacher B 33 10% 0 3 % 0 45 % 6 % 

Source: Public Education Information Management System (PEIMS) report (TEA, 2017). 

Note. Eco Dis = Economically Disadvantaged; LEP = Limited English Proficiency; ESL = 

English as a Second Language; G/T = Gifted and Talented; SE = Special Education. 
 

 
Table A2 

Race / Ethnicity 2016-2017 

Location Hisp White AA Asian HI/PI NA 
N.Afr / 

ME
a 

Two or 

more 

District 
68.0% 19.1% 6.4% 3.3% 0.3% 0.1% n/a 2.9% 

Township 

HS (A) 55.7% 30.0% 6.0% 5.0% 0.1% 0.1% n/a 3.2% 

Fremont 

HS (B) 
56.9% 33.5% 3.6% 2.6% 0.2% 0.1% n/a 3.2% 

Tchr A 
32% 42% 3% 8% 0 0 0 15% 

Tchr B 
21% 43% 5% 2% 0 0 0 29% 

  Source: PEIMS report (TEA, 2017) and student self-reported data from GMS survey. 

Note. Hisp = Hispanic; AA = African American; HI/PI = Hawiian/Pacific Islander; NA = Native 

American; N. Afr/ME = North African/Middle Eastern; Two or more = students belong to more 

than one race/ ethnicity. 
a
North African / Middle Eastern” is not a choice for students on the self-reported Age, Grade, 

Residence (AGR) card given at beginning of school year.  It was added by the researcher based 

on the Arab population of her campus; however, they are not enrolled in APES. 
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APPENDIX E 

AP EXAM PASS RATES 

Table A1 

AP Environmental Exam Pass Rates 2012-2017 

Exam Year 

Teacher A Pass 

Rate (%)  

Teacher B Pass 

Rate (%) 

District Pass 

Rate (%) 
Global Pass 

Rate (%) 

2017 66.67 65.22 49.90 49.40 

2016 61.54 56.76 47.35 45.10 

2015 72.92 69.09 51.21 46.60 

2014 47.37 n/a 39.10 47.30 

2013 72.73 15.69/52.38
a
 41.80 45.80 

2012 57.69 18.18/50.82
a
 37.40 50.40 

Note. Last 6 years of data is available.  Teacher A was at same campus all six years of this 

data.  Teacher B did not teach APES in 2013-14.  She was also at one campus 2012-2013  

and her current campus 2015-2017.   
a
For 2012 and 2013, Teacher B’s APES classes consisted of the regular campus  

students and magnet school students, whose data was reported separately.  The first 

number is the pass rate of the regular campus students, while the second number is the  

magnet school’s student pass rate.  The numbers of students from each campus were 

similar, +/- 15 students. Source: College Board: https://www.totalregistration.net/AP-Exam-

Registration-Service. 
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APPENDIX F 

INSTITUTIONAL REVIEW BOARD APPROVAL 
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APPENDIX G 

SCHOOL DISTRICT STUDY APPROVAL 
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APPENDIX H 

PARENTAL CONSENT / STUDENT ASSENT FORM 
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APPENDIX I 

WORLD HUNGER PROJECT ACTIVITY 1 

 

Introduction 

“Handshake” – students will email their group introduction PPT slideshow to the other 

group.  Not all questions need to be answered, but their introduction should give their 

partners a nice idea of who they are going to collaborate with.  They can also create this 

introduction in the form of a video or voice-over pictures, Google slides, etc.  

Suggestion - American students in groups of 3  
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APPENDIX J 

WORLD HUNGER PROJECT ACTIVITY 2 

Google Form Hunger Survey   

★ Students in Mexico will create a bilingual (Spanish/English) survey using 

Google forms.  The questions will address concepts of local and world 

hunger.  Students may create their own questions and/or borrow ideas from 

the sample interview questions below.   

Some readings are included below the sample questions to give students 

perspective - after reading, what do you want to know about your community 

regarding hunger? 

★ Students in Mexico will share their survey with the three teachers 

(tic@mflormx.org, shannon.sahabi@nisd.net, melissa.michalak@nisd.net) 

and their American partners’ gmail address(es).  They will post their initial 

Google form link to the Google + community. Make sure when you share the 

form that it is a “public” survey (so that anyone who has the link and click 

and fill out survey). 

★ American partners will view the survey, proofread/edit the English portion 

of the questions, and then make comments and suggestions for the survey 

questions - perhaps the question should be reworded, deleted, replaced with 

a different question, etc.  This should be collaborative, so both teams should 

be receptive to comments and make suggestions for improvement.  It is 

expected that ALL students participate and are respectful of one another - 

what a great experience to work together!  

★ Finally, when suggestions and edits have been made, the Mexican partners 

will notify their American partners on Google+ community that the survey is 

ready to be shared with everyone.  Students who have Twitter accounts will 

publish the survey link and tag @shannonsahabi  @enriquetroyo  

@michalakapes and use #GlobalCollaboration 

 

Instructions to share your form with collaborators 

You can work together on a form by sharing it with collaborators. If you want people to 

fill out your form instead, learn how to send a form for others to fill out. 

Send a form for others to edit 

1. Open a form in Google Forms. 

mailto:tic@mflormx.org
mailto:shannon.sahabi@nisd.net
mailto:melissa.michalak@nisd.net
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2. In the top right, click More . 

3. Click Add collaborators. 

4. Under "Invite people," type the names or email addresses of the people you 

want to work with. 

5. Click Send. 

Note: Whoever you invite will be able to edit any part of your form, including responses 

and where they are saved. 

Sample Survey Questions 

1. What do you eat during a regular day?  Do you think you are below the number of 

calories, at the recommended number, or above the recommended number of 

calories? 

 

2. How many children are in your family?  How old are they?  Do all children have 

enough food to eat?  Is it healthy food?  

 

3. Do you live with both parents?  Do both parents work?  Do all the kids go to 

school?  Do women have opportunities to go to school/college and work outside 

of the home? 

 

4. In your country, how many children does the average woman have (TFR)?  What 

is the child mortality rate?   

 

5. Do you and your family have regular access to a doctor?  Do you get 

immunizations against diseases? 

 

6. Are there a lot of homeless or unemployed people in your community? 

 

7. Is enough food produced in your country to provide everyone with enough 

calories (adults need 2,000 – 2,700 calories)? 

 

8. Are there hungry people in your community? 

 

9. What are some reasons why people can’t get enough food? 

 

10. Do you think overpopulation causes hunger?  If not, what do you think is the 

biggest reason that causes hunger? 

 

11. What is the number one thing a community (or country) can do to reduce hunger? 
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APPENDIX K 

SAMPLE BILINGUAL HUNGER SURVEY 
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APPENDIX L 

WORLD HUNGER PROJECT ACTIVITY 3 

Reflection 

After exchanging information, either by simple emails or PPT slides students will read 

some background information to reflect on.  Students will describe how they feel about 

the facts of world hunger.  They can answer the questions in a journal entry, make a 

video, or write a poem or song and post.  Partners from the other country should respond 

in a thoughtful manner.  The original student who posted should then reply to the partner 

response. 

Questions:  After reading the background information, please answer the following 

questions however you like – journal entry, video, poem, song, etc. and post.  Notice that 

you answered a few of them in Activity 2.  Have you changed your mind?  Do you want 

to inspire and create change?  Don’t forget to include your own personal feelings here.   

1. What are some reasons why people can’t get enough food? 

 

2. Do you think overpopulation causes hunger?  If not, what do you think is the 

biggest reason that causes hunger? 

 

3. How do poverty and hunger cause overpopulation? 

 

4. Why would becoming a vegetarian (or reducing meat consumption) feed more 

people? 

 

5. What is the number one thing a community (or country) can do to reduce hunger?  

How do we make food distribution more equal to more countries?   
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Activity 3: Reflection 

Background Information  

Why is There Not Enough Food? 
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Is Hunger Caused by Overpopulation? 
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APPENDIX M 

WORLD HUNGER PROJECT ACTIVITY 4 

Power of a Poster  

The final product is for the groups to collaborate in order to create a poster that promotes 

awareness of the global issue of world hunger or a solution for the end of world hunger – 

something that could be understood all over the world.  It should be created in Google 

Slides (on only ONE slide).   

Description:  Think about it.  A clenched fist.  A peace sign.  A word.  A color. How do 

these images or words make an impact on you?  What catches your eye?  Look at the 

following examples (borrowed from “Poster Power” experience on ePals 

(http://www.epals.com)): 

 

 

 

 

 

 

 

 

 

 

In your own group, brainstorm some ideas for a poster that promotes awareness or the 

end of world hunger.  What kind of images do you want?  Which colors?  Do you want to 

have words?  Do you want to inform, motivate, persuade or inspire?  Keep in mind, the 

goal is to reach the most people around the world!    

 (Note:  Now could potentially be a time for the students to communicate over Google 

Hangouts or Skype, which would allow for synchronous communication; however, 

depending on time difference, classroom time or access, this may not be possible and all 

communication can continue to be through email).   
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Don’t forget to begin your post with Team # ____, Post 4. 

Tag your partners using + so they will get a notification. (e.g. +shannonsahabi) 

 

For this activity, the American groups will start the poster, SHARE with the Mexican 

partners and their teacher, and then the Mexican group can edit and send back.  Google 

slides is recommended, but certainly not the only option (students know more programs 

or apps than teachers do!).  Once both groups agree on a final design, post your final 

poster on the Google+ community.  It is recommended that each teacher print the posters 

in color and display so all students can see the posters through a gallery walk.  This is the 

fun part!  Invite your principal and other community members to come down and view 

the posters.  Post your poster on social media using #EndWorldHunger 

#globalcollaboration and tag @shannonsahabi  @enriquetroyo  @michalakapes 
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APPENDIX N 

 

HUNGER UNIT EXAM AND KEY 
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APPENDIX O 

 

CONTENT VALIDITY INDEX 

 
Thank you for serving as a content validity judge for the items on the World Hunger Exam.  You 

were invited to be a judge because you have  more than seven years experience teaching APES, 

have experience writing curriculum for the course, have been a reader for scoring the AP Exam, 

and are considered an expert in the course. 

The purpose of this dissertation, The effect of global collaboration projects on high school AP 

Environmental Science student achievement and global mindedness, is to determine whether or 

not students participating in science projects while collaborating with students in another 

country actually affects their test grades and overall global mindedness.  Global-mindedness is 

defined as a world view in which one sees oneself as connected to the world community and 

feels a sense of responsibility for its members (Hett, 1993).  Students will be collaborating on a 

World Hunger Project in the fall. 

Students will complete a pre-test and post-test World Hunger Project Unit. 

Directions: Your task is to rate each question in terms of its validity as a measure of the content for 

the topic being covered, then asked to rate the test as a whole in terms of its validity for assessing 

these concepts. 

 Check the box next to each test item which you feel best indicates its validity from 

1 (not valid) to 4 (very valid). 

 Please remember to focus on if the content of the item is appropriate to the 

topic, not whether or not you agree with the answer. 

 Feel free to write comments and suggestions. Any suggestions on how to improve 

the clarity of wording would be especially helpful. 

Your careful consideration of each item is greatly appreciated. THANK YOU SO MUCH FOR YOUR 

HELP! 

Please fill in information below.  Your name or any identifying information will not be used in the 

final report and no one aside from the researcher or her committee will have access to your 

responses. 

Name ___Meredith Fox__Position / Occupation ___Teacher/Dual Credit Instructor_____ 

Number of years you have taught APES   _10___   Have you been a reader at the AP Exam? _yes__ 

Have you written APES curriculum for your school, district, and/or College Board?  _yes__ 
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World Hunger Unit Content Validity 

First, please rate the test as a whole, in terms of its validity as appropriately measuring 

the themes, standards, and/or topics of the AP Environmental Science course.  You will 

have looked at all 30 questions to determine if it is a valid measure of student 

achievement. 

Next, you will rate the individual test items, which will cover concepts from the World 

Hunger Unit.  This unit will cover topics such as: feeding populations; controlling pests; 

overgrazing; desertification; fishing techniques; over-fishing; aquaculture; global 

problems of nutrition and availability of food; and Tragedy of the Commons. 

 Check the box next to each test item which you feel best indicates its validity from 

1 (not valid) to 4 (very valid). 

 Please remember to focus on if the content of the item is appropriate to the 

topic, not whether or not you agree with the answer. 

 Feel free to write comments and suggestions. Any suggestions on how to improve 

the clarity of wording would be especially helpful. 

Your careful consideration of each item is greatly appreciated. THANK YOU SO MUCH 

FOR YOUR HELP! 

 

 

As a whole, the World Hunger Project 

Test is…   

 

 

 

On the next page you will judge the validity of the individual test items. 

 

  

Not Valid 
Somewhat 

Valid 
Quite 
Valid 

Very 
Valid 

   x 
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Test 
Item 

# 
Question Answer 

Not 
Valid 

Somewhat 
Valid 

Quite 
Valid 

Very 
Valid 

1 

Indicate whether the statement is true or false. 

 

More grain is used to feed livestock than people. T 

   x 

2 

Indicate whether the statement is true (A) or false (B). 

 

Governments of developing countries allocate more money 

to local crops for consumption than cash crops for 

exportation. 

F 

   x 

3 

Indicate whether the statement is true (A) or false (B). 

 

In countries with low fertility rates, women have more 

children with hopes they will survive and take care of their 

parents in old age. 

 

F 

   x 

4 

Indicate whether the statement is true (A) or false (B). 

 

Hunger and poverty cause overpopulation. 

 

T 

   x 

5 

Indicate whether the statement is true (A) or false (B). 

 

Many children in both developed and developing countries 

suffer from malnutrition. 
T 

   x 

6 

 

Farmers would choose which type of soil for their crops 

a. sand d. loam 

b. silt e. mud 

c. clay 
 

D 

  x  

7 

 

Which of the following is likely to minimize soil erosion? 

a. High-yield crops d. Annual plowing 

b. Deforestation e. No-till agriculture 

c. Herbicide use 
 

E 

   x 

8 

 

Which of the following soil conservation methods involves 

planting different crops in alternating rows to stop soil and 

catch runoff? 

a. conventional-tillage d. contour farming 

b. strip cropping e. terracing 

c. conservation tillage 
 

B 

   x 

World Hunger Unit Test Items 
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9 

The major cause for the decline in the worldwide catch of 

fish since 1990 is 

a. acid deposition d. overfishing 

b. escalating price of fuel e. decline in market price 

c. competition from 

aquaculture 
 

D 

  x  

Test 
Item 

# 
Question Answer 

Not 
Valid 

Somewhat 
Valid 

Quite 
Valid 

Very 
Valid 

10 

Which of the following statements about genetic diversity is 

true? 

a. Genetic uniformity of a crop increases the crop’s 

overall resistance to pests and disease. 

b. Genetic diversity is usually high in endangered species. 

c. Genetic engineering technology is used to increase 

genetic diversity by creating new species with synthetic 

genes. 

d. Genetic diversity within populations of common crop 

species such as corn in typically high 

e. Genetic resistance to pests and diseases can be 

increased by crossing a crop plant with ancestral 

varieties. 

 
 

E 

  x  

11 

Factors contributing to the rise in world hunger include all of 

the following EXCEPT 

a. unequal distribution of available food supplies 

b. loss of or decline in arable land 

c. increasing rate of population growth 

d. increasing poverty in developing countries 

e. increasing consumption of vegetable protein in place of 

meat protein 

 
 

E 

   x 

12 

Which of the following is the best illustration of the tragedy 

of the commons? 

a. Depletion of the fishing stocks in the North Atlantic 

b. Collective farming of wine grapes in communities in 

France 

c. Using national forests for wood production and 

harvesting 

d. Allocation of all nuclear wastes to one site in Nevada 

e. Agreements among western ranchers to jointly manage 

common grazing lands 

 
 

A 

   x 
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13 

Vegetarianism is often cited as a partial solution to the 

growing problems of deforestation and other types of habitat 

destruction as the human population continues to grow. The 

reason for this is 

a. vegetarians are healthier due to a lack of animal fat in 

their diets 

b. more people can be fed using less agricultural land 

because vegetarians eat at a lower trophic level 

c. vegetarians consume fewer calories per person and 

therefore require fewer acres of farmland 

d. vegetarian diets often recommend consuming large 

amounts of tree nuts as a source of protein, which 

preserves forest habitats 

e. vegetarians often support conservation efforts that 

promote forest conservation 
 

B 

   x 

14 

Compared with people in developing countries, people in 

industrialized countries are more likely to eat 

a. beans 

b. beef 

c. corn 

d. rice 

e. wheat 

 

 

B 

   x 

Test 
Item 

# 
Question Answer 

Not 
Valid 

Somewhat 
Valid 

Quite 
Valid 

Very 
Valid 

15 

Which of the following is most likely to be the direct result 

of lack of genetic diversity in a food crop such as corn? 

a. decreased kernel size 

b. decreased potential yield 

c. decreased dependence on chemical fertilizers 

d. increased susceptibility to plant disease 

e. increased resistance to pests 

 
 

D 

  x  

16 

Overgrazing of public land by privately owned livestock is 

an example of the  

a. tragedy of the commons 

b. right of eminent domain 

c. rule of seventy 

d. principle of manifest destiny 

e. swapping debt for nature 

 
 

A 

   x 

17 

The land on a 100 acre farm is equally suited for grazing 

cattle and growing corn. Of the following ways of 

distributing land use, which would produce the greatest 

number of calories for human consumption? 

 

E 

   x 

Acres for Grazing Cattle Acres for Growing Corn

A 100 0

B 80 20

C 50 50

D 20 80

E 0 100
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18 

Which of the following are the three major sources of 

nutrients and calories for global human population?  

a. Potatoes, fish, and barley 

b. Wheat. beef, and potatoes 

c. Oats, soybeans, and poultry 

d. Corn (maize), wheat, and rice 

e. Rye, beef, and eggs 

 
 

D 

  x  

19 

Overgrazing of grasslands can lead to reduced range quality. 

Two major effects of overgrazing are 

a. erosion and desertification 

b. higher fire potential and increased productivity 

c. eutrophication and increased methane production 

d. higher primary productivity and ammonification 

e. soil compaction and subsidence 

 
 

A 

   x 

20 

Which of the following practices would have the biggest 

impact on achieving global sustainability? 

a. Recycling aluminum cans 

b. Using fuel-efficient vehicles 

c. Replanting deforested areas 

d. Reducing human population size 

e. Developing ecotourism venues 

  

 
 

D 

   x 

Test 
Item 

# 
Question Answer 

Not 
Valid 

Somewhat 
Valid 

Quite 
Valid 

Very 
Valid 

21 

It has recently been estimated that the growth in world 

population has slowed in the past decade.  Despite this trend, 

environmentalists remain concerned about the environmental 

impact of world population, principally because 

a. the standard of living is increasing in many developing 

countries, leading to an increased per capita use of 

natural resources 

b. people are living longer in developed nations, putting a 

strain on the economies of those countries 

c. life expectancy is still decreasing in Africa due to AIDS 

d. the standard of living is poor in many developing 

countries, leading to a great deal of deprivation and 

suffering  

e. fertility is falling due to exposure to endocrine 

disruptors released into the environment 

 

 
 

A 

   x 

22 

At the current rate of growth, Earth’s human population will 

double in about 50 years.  Which of the following is the 

LEAST viable strategy for ensuring adequate nutrition for a 

population of this size? 

a. Increasing the number of new crops from the great 

diversity of plant species 

b. Doubling the area of arable land on a global basis 

c. Developing systems for making the global distribution 

of food more equitable 

d. Increasing the area of land that is currently dedicated to 

grain production by reducing the area dedicated to meat 

B 

   x 
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production 

e. Assisting developing countries in using highly efficient 

crop irrigation systems 

 
 

23 

Which of the following is most likely the primary cause of 

high death rates in phase I? 

a. Loss of breeding age males due to warfare 

b. Loss of breeding age females due to disease 

c. Large percentage of elderly individuals in the 

population 

d. Infant and children mortality 

e. 

 

 

General starvation due to famine 

 

 

D 

   x 

24 

Reasons that human populations historically have settled in 

floodplains include which of the following? 

I. The soil in floodplains is usually fertile. 

II. The terrain in floodplains tends to be flat. 

III. Floodplains are close to rivers for transportation. 

 

a. I only. 

b. II only. 

c. I and II only. 

d. II and III only. 

e. I, II, and III. 

 

 

 
 

E 

   x 

Test 
Item 

# 
Question Answer 

Not 
Valid 

Somewhat 
Valid 

Quite 
Valid 

Very 
Valid 

25 

Scientists have inserted a gene for the production of vitamin 

A into rice. This practice of changing the genetic structure of 

agricultural products to improve desirable traits is known as 

a. Genetic Engineering 

b. Transmodification 

c. Selective Breeding 

d. Natural Selection 

e. Animal Husbandry 
 

A 

  x  

26 

The World Health Organization (WHO) estimates that 

worldwide 250,000 children go blind annually due to a lack 

of 

a. Caloric nutrition 

b. Vitamin A 

c. Vitamin B 

d. Vitamin C 

e. Riboflavin 
 

B 

   x 

27 

What is the general relationship between meat consumption 

and affluence 

a. More affluent nations tend to consume more meat 

products 

b. More affluent nations tend to be net exporters of meat 

products 

c. Less affluent nations tend to consume more meat 

because poultry are so easy to raise 

d. Less affluent nations tend to consume less meat 

A 

   x 
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Comments:  

Question 30 is a repeat of an earlier question, #6 

  

because meat is thought of as a trading commodity 

e. There is no apparent relationship between meat 

consumption and affluence 
 

28 

Worldwide, the largest component of the human diet is 

a. Grain products 

b. Meat products 

c. Dairy products 

d. Raw and processed sugars 

e. Fruits and vegetables 
 

A 

   x 

29 

The term undernutrition refers to people who 

a. eat less than the basic minimum number of daily 

calories. 

b. eat balanced meals. 

c. eat too much. 

d. suffer from poor food quality. 

e. eat too much protein 
 

A 

   x 

30 

If you were a farmer, which type of soil would you choose 

for your crops? 

a. clay 

b. sand 

c. gravel 

d. loam 

e. silt  
 

D 

  x  
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APPENDIX P 

PERMISSION TO USE HETT’S (1993) GLOBAL MINDEDNESS SURVEY 
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APPENDIX Q 

 

OPEN-ENDED QUESTIONS ADDED TO GMS POST-TEST 

 
Please be honest in your responses and be as descriptive as you like. 

 

Project ID # 

__________ 

 

1. Would you collaborate with students from a different country again if you could?  

(Yes or No) 

 

2. Do you think you are more aware of cultural differences than you were before 

interacting with students in a different country?  (Yes or No) 

 

3. What did you like about collaborating with another country? 

4. What did you not like about collaborating with another country? 

5. What would you change about the global collaboration projects?  

6. What do you think you gained or learned from doing a global collaboration 

project (about yourself or another culture of the world in general – whatever you 

want to say)? 

 

 

7. If you could do another collaboration project, which country would you be 

interested in working with? 

 

 

8. If you could do another collaboration project, what topic would you like to 

investigate (does not have to be environmental)? 
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APPENDIX R 

AUDIT TRAIL FOR CHAPTERS IV and V 

Citation # Participant Source Location Date 

1 21 
GMS open-ended 

questions 
18 5-23-17 

2 9 
GMS open-ended 

questions 
10 5-23-17 

3 5 
GMS open-ended 

questions 
6 5-23-17 

4 64 
GMS open-ended 

questions 
36 5-19-17 

5 2 
GMS open-ended 

questions 
4 5-23-17 

6 8 
GMS open-ended 

questions 
9 5-24-17 

7 2 
GMS open-ended 

questions 
4 5-23-17 

8 24 
GMS open-ended 

questions 
21 5-23-17 

9 53 
GMS open-ended 

questions 
25 5-19-17 

10 21 
GMS open-ended 

questions 
18 5-23-17 

11 62 
GMS open-ended 

questions 
34 5-19-17 

12 66 
GMS open-ended 

questions 
38 5-19-17 

13 13 
GMS open-ended 

questions 
10 5-23-17 

14 21 
GMS open-ended 

questions 
18 5-23-17 

15 19 
GMS open-ended 

questions 
16 5-23-17 

16 52 
GMS open-ended 

questions 
24 5-19-17 

17 8 
GMS open-ended 

questions 
9 5-24-17 
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APPENDIX S 

 

STUDY CODEBOOK 

 

 

Figure S1.  Code book for GMS constructs. 

 

 

 

Figure S2.  Codebook for science content and 21st century skills. 
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 Figure S3.  Rubric for 21st century skills codebook. 
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APPENDIX T 

PAIRED T-TESTS ASSUMPTIONS 

 
Figure T1.  Box plot to display score changes between pre- and posttest (Teacher A). 

 

Table T1 

 

Tests of Normality (Paired samples Teacher A) 

 

Kolmogorov-Smirnov
a
 Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

difference .096 50 .200
*
 .984 50 .721 

*. This is a lower bound of the true significance. 

a. Lilliefors Significance Correction 

 

Table T2 

 

Paired Samples Test – Differences between pre-posttest scores – Teacher A  

 

Paired Differences 

t df 

Sig. 

(2-

tailed) M SD SE 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Pair 

1 

Post-pre 

Treatment  

17.36 11.07 2.21 12.79 21.93   7.84 24 .000* 

Pair 

2 

Post-Pre 

Control  

20.28 10.09 2.02 16.12 24.44 10.05 24 .000* 

  *p < .05 
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Figure T2. Box plot to display score changes between pre- and posttest (Teacher B). 

 

Table T3 

Tests of Normality – Paired Samples (Teacher B) 

 

Kolmogorov-Smirnov
a
 Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

difference .110 33 .200
*
 .952 33 .153 

*. This is a lower bound of the true significance. 

a. Lilliefors Significance Correction 

 

Table T4 

 

Paired Samples Test - Differences between pre-posttest scores – Teacher B 

 

Paired Differences 

t df 

Sig. 

(2-

tailed) M SD SE 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Pair 

1 

Post-Pre 

Treatment  

15.58   8.63 1.98 11.42 19.74 7.87 18 .000* 

Pair 

2 

Post-Pre 

Control  

17.21 11.52 3.08 10.56 23.87 5.59 13 .000* 

*p < .05 
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APPENDIX U 

INDEPENDENT T-TESTS and ASSUMPTIONS – TEACHER A 

 

Table U1. 

Independent Samples Test – posttest scores between control and treatment – Teacher A 

 

Levene's 

Test for 

Equality of 

Variances t-test for Equality of Means 

F Sig. t df 

Sig.(2 

tailed) MD SE 

95% 

Confidence 

Interval of the 

Difference 

Lower Upper 

Post-test 

Hunger 

unit 

exam 

Equal variances 

assumed 
1.276 .264 .38     48 .703 1.16 3.03 -4.93 7.25 

Equal variances 

not assumed 
  .38 47.94 .703 1.16 3.03 -4.93 7.25 

Note.  MD = Mean Difference, SE = Standard Error Difference. 

 

 

Table U2. 

 Tests of Normality – posttest score between groups – Teacher A 

 control and 

treatment groups 

Kolmogorov-Smirnov
a
 Shapiro-Wilk 

 Statistic df p Statistic df p 

Post-test Hunger 

unit exam 

control hunger 

group 

.173 13 .200
*
 .905 13 .156 

treatment hunger 

group 

.166 19 .176 .932 19 .191 

*. This is a lower bound of the true significance. 

a. Lilliefors Significance Correction 
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Figure U1.  Box plot to display distribution of change scores between groups                   

– Teacher B. 

 

Table U3 

 

Independent Samples Test - difference in score between groups – Teacher A. 

 

Levene's 

Test for 

Equality of 

Variance t-test for Equality of Means 

F Sig. t df 

Sig.(2-

tailed) MD SE 

95% 

Confidence 

Interval of 

the 

Difference 

Lower Upper 

difference 

in score 

Equal 

variances 

assumed 

.388 .536 .98     48 .334 2.92 2.99 -3.10 8.94 

Equal 

variances 

not assumed 

  .98 47.59 .334 2.92 2.99 -3.10 8.94 

Note. MD = Mean difference, SE = Standard Error Difference. 
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Table U4 

 

 Tests of Normality – difference in score between groups – Teacher A 

 control and 

treatment groups 

Kolmogorov-Smirnov
a
 Shapiro-Wilk 

 Statistic df Sig. Statistic df Sig. 

difference control hunger 

group 

.151 25 .144 .956 25 .347 

treatment hunger 

group 

.107 25 .200
*
 .975 25 .779 

*. This is a lower bound of the true significance. 
a
Lilliefors Significance Correction 
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APPENDIX V 

INDEPENDENT T-TESTS and ASSUMPTIONS – TEACHER B 

 

 
Figure V1.  Box plot to display distribution of scores between groups                                

– Teacher B. 

 

 

Table V1 

 

Independent Samples Test - posttest scores between control and treatment – Teacher B 

 

Levene's Test 

for Equality 

of Variances t-test for Equality of Means 

F Sig. t df 

Sig.(2-

tailed) MD SE 

95% 

Confidence 

Interval of the 

Difference 

Lower Upper 

Post-

test 

Hunger 

unit 

exam 

Equal 

variances 

assumed 

2.168 .151 .77       30 .447 3.06 3.97 -5.04 11.170 

Equal 

variances 

not assumed 

  .81 29.745 .421 3.06 3.75 -4.60 10.729 

Note. MD = Mean difference, SE = Standard Error Difference. 
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Table V2 

 

Tests of Normality - posttest score between groups – Teacher B 

 control and 

treatment groups 

Kolmogorov-Smirnov
a
 Shapiro-Wilk 

 Statistic df Sig. Statistic df Sig. 

Post-test Hunger 

unit exam 

control hunger 

group 

.173 13 .200
*
 .905 13 .156 

treatment hunger 

group 

.166 19 .176 .932 19 .191 

*. This is a lower bound of the true significance. 
a
Lilliefors Significance Correction 

 

 

 
 

Figure V2.  Box plot to display distribution of change scores between groups                   

– Teacher B. 
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Table V3 

 

Independent Samples Test - difference in score between groups – Teacher B. 

 

Levene's Test 

for Equality 

of Variances t-test for Equality of Means 

F Sig. t df 

Sig.(2-

tailed) MD SE 

95% 

Confidence 

Interval of 

the 

Difference 

Lower Upper 

difference 

Equal 

variances 

assumed 

.049 .827 1.32      30 .197 3.96 3.00 -2.17 10.09 

Equal 

variances 

not 

assumed 

  1.34 27.472 .190 3.96 2.95 -2.08 10.00 

Note. MD = Mean difference, SE = Standard Error Difference. 

 
 

Table V4 

 

Tests of Normality - difference in score between groups – Teacher B. 

 control and 

treatment groups 

Kolmogorov-Smirnov
a
 Shapiro-Wilk 

 Statistic df Sig. Statistic df Sig. 

difference 
control group .139 13 .200

*
 .956 13 .694 

treatment group .101 19 .200
*
 .978 19 .911 

*. This is a lower bound of the true significance. 
a
Lilliefors Significance Correction 
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APPENDIX W  

ANCOVA PRELIMINARY ANALYSES – TEACHER A 

 

 
Figure W1.  Scatterplot displaying relationship between pre/post test scores. 

 

 

 

Table W1 

 

Tests of Between-Subjects Effects – Homogeneity of regression of slopes 

Dependent Variable:   Post-test Hunger unit exam   

Source 

Type III Sum 

of Squares df Mean Square F Sig. 

Corrected Model 2046.346
a
 3 682.115 9.030 .000 

Intercept 4732.532 1 4732.532 62.649 .000 

group_hunger 5.804 1 5.804 .077 .783 

pre_hunger 1912.256 1 1912.256 25.314 .000 

group_hunger * 

pre_hunger 

15.297 1 15.297 .203 .655 

Error 3474.874 46 75.541   

Total 328247.000 50    

Corrected Total 5521.220 49    
a
R Squared = .371 (Adjusted R Squared = .330) 
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Table W2 

 

Levene's Test of Equality of Error Variances
a
 

F df1 df2 Sig. 

.002 1 48 .967 

Tests the null hypothesis that the error variance of the dependent variable is equal 

across groups. 
a
Design: Intercept + pre_hunger + group_hunger 

 

 
Figure W2.  Scatterplot to assess homoscedasticity. 

 

 

Table W3 

 

Tests of Normality  

 control and 

treatment 

groups 

Kolmogorov-

Smirnov
a
 Shapiro-Wilk 

 Statistic df Sig. Statistic df Sig. 

Standardized 

Residual for 

post_hunger 

control           .117 25 .200
*
 .950 25 .244 

treatment  .131 25 .200
*
 .922 25 .056 

*. This is a lower bound of the true significance.  
a
Lilliefors Significance Correction 
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APPENDIX X 

ANCOVA PRELIMINARY ANALYSES – TEACHER B 

 

 
Figure X1.  Scatterplot displaying relationship between pre/post test scores. 

 

 

 

Table X1 

 

Tests of Between-Subjects Effects – Homogeneity of regression slopes 

Source 

Type III Sum 

of Squares df Mean Square F Sig. 

Corrected Model 1704.273
a
 3    568.091   6.058 .002 

Intercept 1048.186 1 1048.186 11.177 .002 

group_hunger 98.159 1     98.159   1.047 .315 

pre_hunger 1384.512 1 1384.512 14.763 .001 

group_hunger * 

pre_hunger 

87.733 1     87.733    .936 .341 

Error 2719.606 29    93.780   

Total 195336.000 33    

Corrected Total 4423.879 32    
a
R Squared = .385 (Adjusted R Squared = .322) 
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Table X2 

 

Levene's Test of Equality of Error Variances
a
 

F df1 df2 Sig. 

.290 1 30 .594 

Tests the null hypothesis that the error variance of the dependent variable is equal 

across groups. 
a
Design: Intercept + pre_hunger + group_hunger 

 

 

 
Figure X2.  Scatterplot to assess homoscedasticity. 

 

Table X3 

 

Tests of Normality  

 control and 

treatment groups 

Kolmogorov-Smirnov
a
 Shapiro-Wilk 

 Statistic df Sig. Statistic df Sig. 

Standardized 

Residual for 

post_hunger 

control hunger 

group 

.115 13 .200
*
 .970 13 .899 

treatment hunger 

group 

.127 19 .200
*
 .963 19 .643 

*. This is a lower bound of the true significance. 
a
Lilliefors Significance Correction 
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APPENDIX Y 

 

ANCOVA PRELIMINARY ANALYSES – TEACHERS (CONTROL) 
 

 

 
Figure Y1. Scatterplot displaying relationship between control scores-teacher. 

 

 

 

Table Y1 

 

Tests of Between-Subjects Effects – Homogeneity of regression slopes 

Source 

Type III Sum 

of Squares df 

Mean 

Square F Sig. 

Corrected Model 1822.683
a
 3   607.561 10.065 .000 

Intercept 2208.372 1 2208.372 36.584 .000 

Teacher_2 5.050 1       5.050     .084 .774 

pre_test_all_control_hunger 1260.366 1 1260.366 20.880 .000 

Teacher_2 * 

pre_test_all_control_hunger 

2.404 1       2.404    .040 .843 

Error 2052.370 34     60.364   

Total 248036.000 38    

Corrected Total 3875.053 37    
a
R Squared = .470 (Adjusted R Squared = .424) 
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Table Y2 

 

Levene's Test of Equality of Error Variances
a
 

F df1 df2 Sig. 

.591 1 36 .447 

Tests the null hypothesis that the error variance of the dependent variable is equal 

across groups. 
a
Design: Intercept + pre_test_all_control_hunger + Teacher_2 

 

 
 

Figure Y2.  Scatterplot to assess homoscedasticity. 

 

Table Y3 

 

Tests of Normality 

 

Teacher 

Kolmogorov-Smirnov
a
 Shapiro-Wilk 

 Statistic df Sig. Statistic df Sig. 

Standardized 

Residual for Post-

control 

A .116 25 .200
*
 .948 25 .223 

B .140 13 .200
*
 .964 13 .813 

*. This is a lower bound of the true significance. 
a
Lilliefors Significance Correction 

 

Teacher A Teacher B 
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APPENDIX Z 

 

ANCOVA PRELIMINARY ANALYSES – TEACHERS (TREATMENT) 

 
Figure Z1. Scatterplot displaying relationship between treatment scores-teacher. 

 

 

Table Z1 

 

Tests of Between-Subjects Effects – Homogeneity of regression slopes 

Source 

Type III 

Sum of 

Squares df 

Mean 

Square F Sig. 

Corrected Model 2246.423
a
 3   748.808  9.186 .000 

Intercept 1830.766 1 1830.766 22.460 .000 

Teacher_2 223.704 1   223.704   2.744 .105 

pre_test - treatment 2059.712 1 2059.712 25.268 .000 

Teacher_2 * 

pre_test_all_treatment_hunger 

185.766 1   185.766  2.279 .139 

Error 3260.554 40     81.514   

Total 273047.000 44    

Corrected Total 5506.977 43    
a
R Squared = .408 (Adjusted R Squared = .364) 
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Table Z2 

 

Levene's Test of Equality of Error Variances
a
 

F df1 df2 Sig. 

.000 1 42 1.000 

Tests the null hypothesis that the error variance of the dependent variable is equal 

across groups. 
a
Design: Intercept + pre_test_all_treatment_hunger + Teacher_2 

 

 
Figure Y2.  Scatterplot to assess homoscedasticity. 

 

 

Table Z3 

 

Tests of Normality 

 

Teacher  

Kolmogorov-Smirnov
a
 Shapiro-Wilk 

 Statistic df Sig. Statistic df Sig. 

Standardized Residual 

for Post – treatment  

A .119 25 .200
*
 .935 25 .114 

B .148 19 .200
*
 .945 19 .324 

*. This is a lower bound of the true significance. 
a
Lilliefors Significance Correction 

 

Teacher B Teacher A 


