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Introduction

As a veteran, fourth grade teacher at an international American school, Academia Cotopaxi in Quito, Ecuador, I have been implementing satellite education in the classroom for three and a half years, since 2009. This voyeuristic journey began as a pilot program titled, “A Satellite in the Classroom”, and was initiated through a collaboration with the Ecuadorian Civilian Space Agency (EXA). Subsequently a paper, co-authored with Ecuadorian astronaut, Ronnie Nader, was presented at the International Astronautical Congress in Prague, Czech Republic in 2010; it’s focus being on satellite education and, primarily, its affects on academic achievement in the area of geography.

Currently our school would like to increase critical thinking into its math curriculum, as well as augment math scores on the standardized Iowa Tests of Basic Skills (ITBS); especially in the area of computation.  As a result, the school will be transitioning to a new math program during the next school year, starting September 2013. This change in math programs, from grades 1 to 10, will be from a traditional math program to a more conceptually-based one, in an effort to augment math scores with our student body (UICE, 2012). Since improving standardized math scores, as well as our student’s overall understanding of math conceptually, is a goal for our school at this time, I have chosen to investigate whether or not the satellite education that I embed in my own 4th grade classroom curriculum has a positive correlation with math achievement and attitude.  The results of such an investigation would be of interest not only to my school and Ecuadorian community (teachers, parents, students, administration, EXA and local schools), but could also contribute to the global body of work in this area to date. Furthermore, such an investigation could also provide information on how best to increase an interest in science, technology, engineering and mathematics (STEM) for our 21st century learners, as this is of global interest to the field of education (Forbes Magazine, 2012; McNeely & Hahm, 2009; Science Magazine, 2012). 

As a NASA Endeavor Project Fellow, this investigation directly connects with the objective to “prepare educators to effectively integrate and teach STEM content and achieve results with their students” (NSTCP, 2012). By conducting an action research study, I will be able to scrutinize the effectiveness of the teaching strategies and resources currently being utilized in the classroom, with the ultimate goal of becoming a highly qualified science teacher who can enact change in the educational community.

My personal interest in conducting action research is reflected in the fact that I’ve invested a significant amount of time in this area of special interest, without knowing whether my efforts have actually enhanced mathematical achievements with my students, in comparison with their peers who haven’t had such exposure. Previous to this school year, I was a second grade teacher - an age level where standardized math tests are not given to our students - so I didn’t have that particular data available, which I do now. The intention of conducting quantitative research, therefore, is to reveal what math achievement and attitudes have occurred in my fourth grade students over a six month period, as a result of implementing satellite education in the classroom. Supplemental satellite curriculum initiated for the 2012-2013 school year has included implementing programs and activities from NASA’s Weather Data Learning Center (WDLC), as well as utilizing real-time, satellite images from EXA’s HERMES-Delta system; the latter of which creates a virtual ground station in the classroom. As my investigations into educational journals revealed few explorations on this topic, especially with regard to quantitative studies at the elementary level, it follows that analyzing data regarding my current practices will give valuable feedback regarding the fruits of this labor; and, more specifically, guide future teaching practices in this area.
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Why would an elementary, classroom teacher consider embedding satellite education into the already established math curriculum? The reasons are many and significant, the least of which is with regard to student’s lack of college preparedness in mathematics. Current research in the US shows that “large numbers of students graduate high school unprepared for post-secondary education and are ill-equipped for the labor force of the 21st century”, so much so that college institutions find the need to re-teach concepts that should have been attained in high school (McCormick & Lucas, 2011). 

In an attempt to counteract such deficits, satellite education that is supplemented in the regular math curriculum is one option which satisfies US national math standards. Specific math standards which are addressed with satellite education include, but are not limited to: learning about numbers (such as mean, median, mode, comparing and contrasting), algebra (patterns in weather, and utilizing station models to understand quantitative relationships), measurement (converting temperatures from Celsius to Fahrenheit, and measuring weather fronts), data analysis (collecting, organizing, analyzing and applying information), and math processes (problem solving, communicating and making connections) (NCTM, 2012). The Framework for K-12 Science Education, as established by the National Research Council in 2011, aligns well with supplemental satellite activities by: asking questions and defining problems, developing and using models, planning and carrying out investigations, analyzing and interpreting data, using mathematics and computational thinking, communicating information, constructing explanations and designing solutions, and engaging in argument from evidence (NRC, 2011). Regarding the last two points in the framework, where students are encouraged to link their reasoning to phenomenon to be explained and then justify their claims, students involved in this aspect of learning are then motivated to defend their point of view and challenge or question alternatives (Reiser et al., 2012). This occurs in satellite education when students are presented with real-time images, as often no two interpretations are alike; and this opens the topic to lively class discussion and debate. When teachers utilize such engaging pedagogy, they encourage students to interact socially, build scientific knowledge through interdependence and construct meaning based upon their own experiences…just as scientists do in the real-world. This is authentic learning.

As for addressing US priorities, President Obama has promised to train “100,000 well-qualified science and math teachers by 2020, and added a second, complementary goal with a workforce component to it, namely, to produce 1 million additional STEM graduates” (Science Magazine, 2012). As an international, State Department School, educators are held accountable for achieving goal-setting standards in mathematics by following the Association of American Schools in South America (AASSA) Teacher Performance Evaluation System (TPES) (AASSA, 2010).

Including satellite education practices in the classroom is a decision that also supports research-based teaching practices which have been proven to be effective in increasing student learning and performance. Utilizing the WDLC, as well as real-time downloads through Ecuador’s HERMES-Delta, allows for constructive teaching practices which include: communication of content knowledge, questioning strategies, and student engagement (Stronge, Tucker & Hindman, 2004). More specifically, with satellite education, students are engaged through problem solving tasks which stimulate relatable discussions; as was evident when a first grade teacher noted “high, sustained student interest levels” when collecting and manipulating weather data in her classroom over an extended period of time (Gallagher, 2000).  Extensive research by Dr. Robert Marzano, an expert in the field of student achievement, states that “high-yield strategies” related to effective teaching include lessons involving: new content that reflects on learning, practicing and deepening content that has been previously addressed, and cognitively complex tasks that generate and test hypotheses (Marzano 2009). Based on this definition, satellite education would be considered a high-yield strategy worth considering, as it creates authentic learning experiences which deepen student’s understanding of traditional math content. Furthermore, incorporating this type of supplemental curriculum involves experiential and participatory inquiry methods which, when based in genuine learning, lead to self-discovery and ownership of the material learned; and this, in turn, leads to motivated students (Everett & Moyer, 2007).  “The importance of science education by means of innovative classroom exercises that require active student and instructor involvement has been long recognized as an influential and effective pedagogical tool” (Klagges et al., 2002). This was also found to be true when utilizing real-time satellite imagery for K-16 classrooms in Florida, in 2001. Not only did the educators in this particular study find that using real-time satellite imagery directly in the classroom “unsurpassed” utilizing Internet-based sources of data, but it was also their experience that this type of learning promoted academic achievement in STEM and encouraged students to engage further in learning as well (Moxey et al., 2004).

Further literature review has revealed that combining the teaching of math skills with geography, a natural connection with satellite education, yielded “statistically significant increases in performance in math skills” (Dorn et al., 2005). In a 2005 study, through the National Geographic Society, 28 Arizona teacher-authors generated 80 lessons, which combined the teaching of geography and math skills, and was subsequently piloted in 113 classrooms. Math results were not only favorable on Arizona’s state mandated testing, but ultimately teachers increased their level of comfort in teaching math as well. 

One study in particular, conducted with 3,259 upper-elementary students in California from 2005-2007, showed that math self-efficacy corresponds to positively predicted math performance.  Self-efficacy is defined as “the degree to which a student believes that he or she is capable of performing specific tasks”, and students with higher math self-efficacy are known to: persist longer on difficult math problems, are more accurate in math computations, and have better overall math performance (Fast et al., 2010). The manner of implementing both the WDLC and EXA’s HERMES-Delta satellite programs includes ongoing positive feedback, encouragement and accepting all answers as responses in the right direction; thus, it would follow that math self-efficacy would be high when incorporating these programs in a classroom curriculum.

Lastly, integrating weather satellite ground station technology into K-12 classrooms, in Florida classrooms in 1992, revealed that 81% of the teachers that participated believed that the program and ground stations had a positive impact in their classrooms (Graham, 1995). Similar to the HERMES-Delta program, this study followed satellite ground station technology used in classrooms. Among the one hundred six educators included in this study, from 1992-1994, positive impacts included: positive changes in student’s attitudes by connecting scientific events to the real world through the use of technology, increased interest in weather and space in general, readily available data for collection and interpretation, exposing students to computer-assisted learning, sparked interest in parents, and “turned on” students with a previously low interest in science. 


After a thorough literature review, there is much evidence to support the innovative utilization of satellite education as a catalyst to positively motivate students; thereby increasing their overall achievement and attitude in mathematics.
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