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Abstract
This thesis tackles the severed relocated and complex issues of foreign language

education, with special attention to German as a foreign language, and of STEM
education in the K-12, and in some cases K-16, educational system. After exploring the
societal and national need for improved STEM and foreign language education programs,
the thesis suggests methods of integrating STEM education elements and principles in the
foreign language classroom. These methods are provided in chapters about integrating
state and national education standards in the STEM fields; core academic subject fields
and foreign language teaching; and finally in chapters about the most appropriate and
effective pedagogies for successful STEM and foreign language integration. The thesis
brings together research about such integration in learning modules and discusses
assessment methods, and points toward areas of research. The learning modules and
research seek to answer a need to shift education in the direction of an integrative,
interdisciplinary approach that supports deeper learning, purpose for student learning, and

student interest.
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Part 1: A History and Introduction to STEM Education and Foreign Language
Education

This paper discusses an innovative contribution to STEM (Science, Technology,
Engineering, and Mathematics) education and Foreign Language education and discusses
the national need for such an interdisciplinary education. The research and discussion
presented here aims to encourage integrated interdisciplinary studies between German
and other foreign language fields with the STEM subjects by reviewing current STEM
Education literature and programs; current foreign language programs; pedagogy relating
to the integration of the subjects; and any effort to combine the two content areas. This
integration will serve as an innovative suggestion to improve the STEM career and
curriculum crisis as well as speak to the need to preserve and reinvigorate German
Studies in the Unites States, as well as other language programs in the K-16 educational
system.

Problems with low enrollment and lack of enthusiasm in STEM subjects and
second language courses are nothing new to education in the United States. Since the
Cold War era and the launch of the Soviet space satellite Sputnik, initiatives have been
made to increase enrollment in language, science, and math education in order to keep —
or regain — US global leadership in the STEM fields. Within recent years a call has arisen
for an interdisciplinary focus within the STEM subjects themselves and for the
integration of other academic subjects. Because of the need for subject integration,
stakeholder efforts have been exerted to improve enrollment, enthusiasm, and pursuit of

careers that fall in the STEM categories. For their part, foreign language education
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departments are experiencing severe problems with enrollment, low enrollment especially
in German programs and high enrollment in Spanish. This requires innovative solutions
that address student interests, purpose, and academic or career relevancy.

Before teachers can apply innovative solutions to these issues mentioned, they
must first understand the current state of STEM and foreign language education and
curricula in the United States, as well as their importance to society. For example, this
“buzzword” (Breiner, Harkness, Johnson, and Koehler 3) is not as clear to stakeholders,
academia and the general public as STEM educators would like the acronym to be.
STEM has multiple meanings and the inclusion of the “TE” (Technology and
Engineering) fields is a relatively new addition to the educational initiative familiarity
(White 5). The “TE” fields are not traditionally distinct fields of study and current
examples of Technology and Engineering programs are not clearly defined; however,
these disciplines are at the heart of STEM education because they bring together content
knowledge with — to use some other current ‘buzzwords’ — problem-solving, real world,
21 century skills. In “TE” classrooms students learn to create, use, and design tools
using concepts from the science and mathematics disciplines.

Similar to the “TE” of STEM education, foreign language education is still
somewhat of a mystery to the general public, and has actually undergone numerous
revisions since it adopted the Grammar-Translation method applied to learning Latin and
other languages worldwide in the 19" century (Richards and Rodgers 3-5). Foreign
language education, at least when conceived and practiced in a modern way, focuses

more on learning the language for communicative real-world purposes, as opposed to



focusing on literature or grammar in the target language. One can see the connection
between these initiatives as they aim toward a more practical and applicable use of the
skills and knowledge in these content areas. Both foreign language education and STEM
education have mysteries, yet with proper clarification the general public can understand
their value.

Both fields in academia need attention to their curricula and application in the
learning environment and in the real world because they are both valuable to the nation’s
global status and students’ learning experience. Beyond that— and a matter of even greater
controversy and “mystery” to the general public — is the combination of STEM education
and Language education. The integration of these subjects may seem difficult and off-
putting to academia, the general public, and stakeholders (parents, funders, etc.), because
of the misunderstanding about how they would be integrated and how people learn. In
order for the stakeholders to understand the nature of integration involved and how to
apply STEM education in the foreign language classroom, educators and developers must
undertake the following tasks: STEM and foreign language education must be clearly
defined for academia and the public to understand; the teaching methods behind
integrative learning and language learning must be made available to educators through
professional development; and the necessary teaching materials and resources must be
found, adapted, or created for classroom supplemental use. This paper addresses these
three issues that support an educated public, who function in a global economy with the
skills STEM education supports and the use of foreign languages as a tool to

communicate in a variety of situations.
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The history or both foreign language education and STEM education plays a large
role in their current status and understanding. After the Cold-War era, STEM, science,
and mathematics received much of attention financially and academically. Producing
students with STEM related careers was — and still is — suggested to be a potential
solution to the US’s threatened global standing (Wissehr, Concannon and Barrow 374).
Events like Russia’s success in landing on the moon before the US hurt its esteem, and
the desire to increase in STEM careers, students, and accomplishments was a goal that
would improve the US’s global status. The history of the US government’s motivation
behind funding STEM education and teachers starts mainly with the “red moon”
(Wissehr, Concannon and Barrow 369), or Sputnik, orbiting the Earth, and the US
defending its pride as a leading, innovative, global power in the 1950s and 1960s.
Actually the US was already leading in numerous areas of technology and invention, but
Russia had beaten the US in launching the first satellite into space (Wissehr, Concannon
and Barrow 369). As a result of the crisis in the US’s national pride, something had to be
done to enhance science education and improve the US’s status in scientific innovation
and global competition.

In 1958 congress passed the “National Defense Education Act” (NDEA) to
improve education in the United States during the Cold War conflict. The NDEA’s goals
were to create scientists who would put the US back on top of global competition by
improving the quality of science and math programs in K-12 education (Wissehr,
Concannon & Barrow 369). The state of science education was very poor when the

NDEA was signed into law. For example, there was a shortage of qualified professors



and teachers with degrees in sciences (Wissehr, Concannon & Barrow 371-372). As a
result, US schools and universities were deteriorating, creating a situation where the US
was not fit to properly compete with other countries like Russia (Simkovic 549);
therefore, the US needed this educational reform to compete with new, growing, global
powers.

Science education in the US was lightweight compared to the Soviet Union where
the school day and year were longer, and chemistry and physics were fundamental
subjects in schools (Wissehr, Concannon and Barrow 372). Naturally something needed
to be done to improve education in the US. As a result of the NDEA’s initiatives and
overall national interests in the sciences at the time of Sputnik, the “golden age of science
education” began (Wissehr, Concannon and Barrow 374). This “golden age” describes
the improvements and funding made in teacher choice, curriculum, and research, all in
science and mathematics. The result of the positive effects of Sputnik on the US
educational system was the creation of “National Science Education Standards and
Benchmarks for Science Literacy” to help improve the quality of science education in
addition to the overall state standards that connect all subject areas (Wissehr, Concannon
and Barrow 374).

More than half a century later our nation is struggling again with the
education of students looking to pursue STEM related careers. The US found new global
competition in India and China (Sanders 20), which led to the production of the 2007
repost “Rising Above the Gathering Storm: Energizing and Employing America for a

Brighter Economic Future” report. This new report, compiled by the National Academies



(consisting of the National Academy of Sciences, National Academy of Engineering,
Institute of Medicine and National Research council), called for another revision to the
science education curricula in the US and deals with similar problems in education,
including the training of educators, effectiveness of programs, and promotion of diversity
in the STEM subject professions (Bybee 996). However, after this 2007 report, a
response and second report was compiled in 2010 by the National Academies in “Rising
above the Gathering Storm, Revisited.” This document revealed little to no improvement
in STEM career and education (National Research Council 4). It recommended providing
more scholarships for teachers in order to produce more qualified teachers, increased
funding for research, and improve learning conditions for students (National Research
Council “rising above” 19-22). Whereas these reports state the need for improved
curricula in all educational subjects, with emphasis on mathematics and the sciences, they
do not directly tackle the subject of STEM education. For a definition of improvement to
STEM subjects and STEM education, it is necessary to turn to the educators involved in
the reform.

It is not clear to many what the STEM acronym means and it is even less clear
what STEM education implies in the new millennium. The New York Times published an
article explaining that the acronym “stands for Science, Technology, Engineering and
Mathematics, supposedly the major food groups of comprehensive science education”
(Angier, par. 3). The article also mentions the misunderstandings and misinterpretations
of the acronym. For example, it refers to the acronym’s “too-cute reference to botany”

(Angier, par. 6) and that the general public mistakenly relates STEM to “stem cells,



branches, leaves and broccoli stems” (par. 10). All of these assumptions are, however,
much better than assumptions and misunderstandings created by the original SMET
acronym for science, mathematics, engineering and technology that the National Science
Foundation made in the 1990s. SMET ended up sounding too much like “smut” (Sanders
20). Another issue arises specifically with the “T” or Technology in STEM education,
which is often mistaken for computing and computer literacy (Sanders 20). Technology
in STEM refers to “technological literacy for all” (Sanders 24), technological design, and
the integration of the other science, engineering, and mathematical aspects of creating
and understanding technology. According to the Technology for All Americans Project,
and International Technology Education Association, technology is defined as human-
created “tools, machines, and systems” that help human activities through “devices,
capabilities, and knowledge” (ix). Aside from the confusion associated with the acronym,
it is this very integration of all the STEM subjects seen in Technology and Engineering
education that creates good examples of STEM education today.

“Rising above the Gathering Storm, Revisited” raised awareness of the status of
education in the US and its global standing. In addition to this report, the President’s
Council of Advisors on Science and Technology provided ideas for improvement
(Angier, par. 5). Some educational institutions are acting on the suggestions, as they
realize that the current educational system has not greatly improved since the “golden age
of education.” However, overall education in the US is still lacking in preparing students
for the post-k-12 workforce and/or higher education. STEM education today is loosely

defined as the integration of the STEM subjects as one “cohesive entity” (Breiner,



Harkness, Johnson, & Koehler 3). This educational movement seeks to remove the
“educational silos,” or the independent disciplines taught as content courses, that the
STEM subjects have been divided (White 5). For example, a STEM educator would
integrate two or more STEM subjects or STEM with other academic subjects (Sanders
21) in order to demonstrate real world application (Breiner, Harkness, Johnson, &
Koehler 3), stimulate authentic inquiry (Sanders 21) and promote critical thinking (White
2). STEM education curricula seek to simulate new learning experiences that improve
upon an educational system and teaching methods that were created in the late 19"
century, which pays little attention the discoveries made about how people learn and new
technologies, and combine the educational “silos,” meaning disciplinary learning, for a
deeper learning experience. This trend, as | will discuss in detail shortly, is similar to the
adoption of communicative language teaching methods, which also departed from older,
less effective teaching methods from the 19" century and earlier.

The STEM education movement seeks not only to produce a new workforce of
highly educated and trained individuals within the STEM fields, it also intends to produce
individuals with 21* century skills. A quotation from What is STEM education? (Bybee
996) outlines the necessity for this type of education and why it is so important for the
production of a quality workforce:

“As stressed in the National Academies report ‘Rising Above the

Gathering Storm,” students must acquire such skills as adaptability, complex

communication, social skills, nonroutine problem solving, self-management, and

systems thinking to compete in the modern economy. To the degree that STEM
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curricula incorporate group activities, laboratory investigations, and projects, they
afford the opportunity for students to develop these essential 21st-century skills
and prepare them to become citizens who are better able to make decisions about
personal health, energy efficiency, environmental quality, resource use, and
national security. Indeed, the competencies that citizens need to understand and
address such issues, from the personal to global perspectives, are as clearly linked
to knowledge in the STEM disciplines as they are to economics, politics, and
cultural values.” (Bybee 996)

This quote outlines clearly the value of STEM education, its real world application, and
the quality of learners it produces. STEM education is not simply to educate about the
specific fields, but about functioning and problem solving in the real world.

As part of STEM education and educational reform in the US, the various
National Academies and individual educators see the value of STEM and its relation to
other fields. STEM education combines the content of the traditionally separate
disciplines to encourage deeper learning. But other programs promote integration even
further and generate still other acronyms. STEAM is created to involve the arts in STEM
education, which further integrates other programs. The language arts programs integrate
the STEM disciplines into their curriculum, lessons, and/or activities. An additional
acronym is STREAM, which involves adding “R” for reading as another letter. One
potential addition to this interdisciplinary focus, using STEAM and other inclusive
educational programs and initiatives as examples, is the integration of STEM in the

foreign language classroom, specifically with the L2 German classroom in k-16
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education, and especially secondary education in grades 9-12, with low level language
proficiencies. The interdisciplinary shift in education shows that there are issues within
the US’s educational infrastructures; however, it does show a great effort to improve and
integrate all subjects for better learning.

What additionally has become an acute issue in the US, with less of a solution, is
foreign language education (Altschuler, par. 5). Foreign language education has a rich
history, has great societal value, and has gone through many reforms like science, math
and STEM education; however, there is less of a perceived need for foreign languages in
the US due to the frequency and quality of English language programs abroad and the
frequency of English spoken in non-US countries as a second and business language
(Panetta 6). But foreign language in US schools has value in teaching students language
not only to develop critical thinking skills, but also to expose students to different
cultures and ways of living, which can later become a communication skill in various
interactions in the professional world and out.

The history of foreign language education in the US is similar to that of STEM
education, although Foreign Language education has never had the political and social
support that STEM has. Again the World Wars, lack of funding, and perceived necessity
create issues with the quality, value, and availability of foreign language programs in the
US. In a paper presented at the Stanford Language Center, Leon Panetta, former US
Secretary of Defense, questioned the United State’s value of foreign languages and
foreign language education and outlined issues with foreign language education in the US

since the beginning of the 20™ century. In his paper “Foreign Language Education: If
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'Scandalous in the 20th Century, What Will it be in the 21st Century?” Panetta discusses
the decline of foreign language education in the US at the turn of the century due to the
xenophobia that arose from World War | and US imperialism (3).

The perceived value of foreign language education in the US has diminished,;
especially in German as a foreign language with French and Spanish also falling shortly
behind as statistics show (Ecke 64). Language education is still a graduation requirement
in some high schools to graduate and it is a requirement for attending most four-year
college and universities; however, other than fulfilling a requirement, most students,
administrators, parents, and other stakeholders other than the foreign language educator
community, see little value in teaching foreign languages. One way to revive foreign
language education and interest in foreign language study is to involve it in the STEM
crisis by providing teachers with high quality materials for STEM in the foreign language
classroom. This paper will focus on the German and other foreign language classrooms
and offer information on how and why STEM should be involved in the classroom and
how and why STEM education can help with German and other foreign language
programs.

It was not until World War II and the US’s communicative disadvantage abroad
in foreign languages that the obvious need and value of language education was
discussed (Panetta 3). During this time the Army Language Method was developed and
adapted to assist troops abroad. This method was later adapted for use in schools and
colleges after the creation of the NDEA, which also called for reforms in mathematics

and STEM education as previously discussed. Similarly, after WWI1I and the Korean
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War, the shock of the Sputnik launch sparked national interest in foreign language study;
specifically in Russian due to the origin of Sputnik, but the interest extended to other
languages at schools and universities (Panetta 9). Educational reforms created by national
need are the main encouragements in the survival and quality of both STEM educational
programs and foreign language programs; however, foreign language programs are
currently lagging behind STEM education in quality, perceived necessity, and funding.
This is because the US views foreign language capabilities as a secondary skill, US
corporations invest in English instruction abroad, and English is widely used to
communicate in the business world (Panetta 10). If the US is expecting to remain a
leading global power, the quality and national value of foreign language education must
improve.

Just like the standard of science and mathematics education, the quality of
language education has improved somewhat since 1958. This quality has improved
through learner-centered teaching methods and progressive pedagogical practices. The
first set of Proficiency Guidelines, which greatly impacted foreign language education
and structure (Liskin & Gasparro 483), were published in 1982 by the American Council
on The Teaching of Foreign Languages and foreign languages expanded to some
elementary schools. The development of the Proficiency Guidelines has had a significant
impact on language education because they defined language use through “function,
content and accuracy” (Higgs 5) at different levels rather than, according to Higgs,
neutral descriptions of grammar and vocabulary as goals for learning solely in

themselves. Through this definition of different levels of capabilities in linguistic
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function, content, and accuracy, a foreign language program can be structured around the
varying capabilities of the second-language speaker. The Proficiency Guidelines and
structure they create is considered to be the “organizing principle” of language
instruction, method, material and curricula (Higgs 4-7).

The Proficiency Guidelines, as | will discuss in part 4 of this thesis, define what a
second-language learner can do ranging from the novice learner (little to no linguistic
capability in the second language) to the distinguished learner (someone that is
completely competent in the second language) in “real life contexts” and cover speaking,
listening, reading, writing and culture in and of the target language (Higgs 12). These
levels of proficiency create examples of competency in the foreign language in which a
curriculum can be formed.

The development of the ACTFL Proficiency Guidelines was a result of the need
for a National Criteria and Assessment Program, which would use proficiency as goals
for achievement and assessment in both students and teachers (Higgs 30). This initiative
was also sparked after the NDEA and the apparent need for better foreign language
programs and education in the United States.

Although the NDEA, which later became the Higher Education Act (Panetta 9),
led to the support of improved language programs and classrooms, the teaching of foreign
languages “ebbed and flowed depending on perceived national need” (Panetta 4). This is
again the case today as businesses are unable to communicate in the languages of other
nations, at least not without the help of native speakers of the target-business languages.

US companies must rely on foreign countries’ language programs in English or fund
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programs that teach English abroad if they wish to communicate effectively in English in
the workplace. If foreign language and intercultural education is not fostered, US
companies must accept that the US is not in control of its own resources due to the lack
of communication or ability to communicate in the target language of a foreign culture
(Panetta 6). Panetta uses the term linguistic capital to describe a foreign nation’s ability
to use its linguistic abilities to “negotiate economic advantages for themselves” (Panetta
7). With the US lacking in linguistic capital due to disappointing progress in domestic
foreign language education, the size of a trained, prepared and capable workforce is
significantly smaller than other nations (Panetta 7).

The situation of foreign language education in the US has not significantly
improved since the Cold War; however, there have been some positive improvements as
discussed above in the US and in overall, worldwide language instruction. Language
pedagogy has changed significantly since the 19" century, due to involving many reforms
as teachers and researchers discover more about how people learn languages. More
research about second language acquisition and learning styles has led language
pedagogy away from the traditional grammar-translation method to a communicative
approach (Brandl 1). Communicative-Language-Teaching (CLT) has no specific method,
in fact is it said to be “post-method” instruction, which combines other methods to
support using the language for communication (Brandl 1). That is, CLT is based on the
understanding that languages are used as a tool to communicate in real-life situations
(Brandl 5). This idea functions as an “organizing principle” for foreign language

programs through the Proficiency Guidelines. CLT focuses on meaning making in the
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foreign language in all of its forms: written, spoken, and aural, as opposed to the explicit
instruction of structures, vocabulary, and forms — or, as | will discuss in chapter part 5,
language learning. Language education, like STEM, mathematics and science education,
has undergone a number of reforms to provide improved education for students in the 21%
century. Both are reflecting on previous less student-centered classrooms and teaching
methods by reacting to modern research and changes in demand.

Foreign language education has struggled to remain a core subject in US
classrooms. L2 German classrooms are consistently losing students and programs. A
study published in 2010 noted that enroliment in German and the number of German
language programs in the US has significantly diminished (Ecke 60-61). This study was
an alarm among teachers because teaching positions are still in demand, despite the low
enrollment in German programs, and with new, motivated and innovative teachers, a
solution could be found for saving German programs in the US (Ecke 74). There are
more part-time positions in German-teaching available as posted on the American
Association of Teachers of German’s webpage, while full-time positions are diminishing
as well as German programs in General (Ecke 71-74). The statistics in this article about
the loss of programs and enrollment in the US were disheartening, but the call for
teachers was an encouraging note because it shows German programs still exist and
German faculty are still in demand, even at the part-time level. Ecke states that proper
teacher training and qualification is a problem in the field, even though the teachers are

still in demand (75).
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Aside from only part-time work and underqualified workforce, another issue is of
the importance of student interest, motivation and enthusiasm in the student’s choice to
study German (Ecke 56). The majority of students studying German at the introductory
level are students who have some connection to German by way of ancestry, background
and/or previous exposure to German (Ecke 56). German heritage is not enough to sustain
German programs because the number of German-speaking households is diminishing
(Ecke 56), although the hereditary interest still remains. German programs need more
qualified teachers and a motivation other than previous interest in the subject. German
studies and language programs need to have real world value and application much like
the STEM subjects in modern education, and with the change in content a change in
methods. The fields need to be revamped and integrated to serve global, national and
personal interest in order to help serve students in their education and careers.

The integration of German + STEM education will be beneficial not only to the
students and their stakeholders, but also to the quality of education in the US and the
global position of the US. Students will not learn a second or foreign language and the
STEM subjects in the STEM subjects’ respective educational silos; the subjects will be
integrated and given purpose to students’ everyday lives and goals which will produce
capable citizens with 21° century skills that are ready to compete in a global community.

The following chapters will outline current STEM education and STEM +
Foreign Languages programs; current standards to fields relevant to combining STEM +
Foreign Languages; teaching methods, assessment, and lesson plans for integrating the

subjects. The materials, examples, and instructions within the upcoming sections can all
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be applied to curricula, lessons, activities, instruction, and teaching methods that apply to

combining STEM education + Foreign Languages.



18

Part 2: Overview of Literature

STEM education is a fairly new educational initiative to help with issues of
enrollment, outcomes and curriculum in science, technology, engineering, and
mathematics programs. Foreign language education, similarly, is regarded as necessary
for the nation to succeed in producing 21 century skilled workers who can compete
globally. STEM education combines the four fields, science, technology, education and
mathematics, to create an integrative approach to learning for students to grasp a deeper
understanding of science and math concepts through real-world, hands-on experiences.
Although the acronym STEM is used to refer to a new innovative method for teaching
science and math, the data to support its success are scarce and difficult to find, as is
concrete literature surrounding methods, application, and curriculum. Information about
the integration of other academic subjects, more specifically foreign languages, is even
more difficult to find, no doubt due to the lack of programs and research in this area.
Similarly literature about the application of methods in STEM education relating to the
individual STEM subjects and other academic subjects is scarce, although information
about the need for STEM education and a reform of science and mathematics education is
widely available. Through specific search terms and bibliographical references, the
background research for this thesis yielded a fairly useful series of primary and secondary
sources that relate to the teaching, structure, research, application, success of and need for
STEM education and foreign language education in the US, and literature about the
combination of STEM education with other non-STEM subjects which can be related to

the integration of STEM in foreign language education.
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The body of literature pertaining to STEM education and foreign language
education can be divided into the following categories: 1) first, literature addressing the
need for innovative teaching solutions that will support 21* century skills and improve
the Unites State’s global status; 2) second literature consists of current programs and
initiatives that have adapted the suggested reforms; 3) third are sources that support the
material in the first two initiatives; 4) fourth are the articles from online and paper
newspapers and editorials about STEM education. Literature relating to the first category
is mainly available in educational and government reports, legislation, or initiatives
stating or creating the need for educational reforms in the US. Examples of the third
section of literature are primary and secondary sources about pedagogy and teaching
methods or documents about educational standards, and resources outlining the history of
STEM education or foreign/German language education. The body of literature
attempting to combine STEM education and foreign/German language education
supports the need for the integration of the subjects, but does not present a solution to
integration.

The first section of literature relating to the need for educational reforms in the
US relates to the National Defense Education Act, which expresses the need for better
science, math and foreign language education during the Cold War conflict. Sources
describing these needs are found in more recent legislation, reports, and initiatives. For
example, an expression of the need for educational reform can be found in the report
Rising Above the Gathering Storm: Energizing and Employing America for a Brighter

Economic Future (2007) and then again in Rising Above the Gathering Storm, Revisited:
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Rapidly Approaching Category 5 (2010). These both are more recent publications by the
National Academies, a collaboration of various national organizations. The National
Academies address the need for improved education in the US; they highlight once again,
the STEM fields and the need for students trained in foreign languages so that the US can
remain competitive in the 21% century. All three of these documents have laid out
suggestions for improvement.

Further examples of this first literature group includes a report published during
the same year the “Rising Above the Gathering Storm, Revisited: Rapidly Approaching
Category 5” (2001) was published. The National Science Board, which consists of
advisors on science and engineering education policy (National Science Board, 2013),
produced and published a report titled “Preparing the Next Generation of STEM
Innovators: Identifying and Developing Our Nation’s Human Capital” (2010). This report
outlines the history of the need for improvement in the STEM education fields and
provides a number of recommendations for improvement. The National Academies
produced a similar report titled “STEM Integration in K-12 Education: Status, Prospects,
and an Agenda for Research” in 2014 as a response to the report “Monitoring Progress
Toward Successful K-12 STEM Education: A Nation Advancing?” in 2013. The 2014
report described the framework of current integrative STEM education programs,
initiatives and curricula in the United States and called for more research and
collaboration in STEM education. These documents, including reports and legislation as
seen in the previous examples, outline the national need for reform in the educational

system in the US. They highlight the need for improved instruction in STEM fields
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through new methods of STEM education and highly qualified teachers. The documents
also mention the national need for foreign language education as part of 21% century
skills. This body of literature supports the need for innovation, integration, and
improvement.

The second category of literature observed in this thesis are newspaper articles
and editorials about the understanding of STEM education, programs describing the
STEM education curriculum they have created, the need for STEM education and foreign
language education, and the integration of STEM fields with other academic subject
classrooms. These are more commentaries from the public and professionals in the field.
For example, the article “STEM, STEM Education, STEMmania” discussed the nature of
STEM education, the issue of communication between educators, stakeholders, and the
history of STEM education initiatives in order to introduce the graduate program in
STEM education at Virginia Tech (Sanders 21). This article describes an example of a
professional development program created to support teachers wishing to become STEM
educators. The article outlines the nature of the program and how it relates to the history
and goals of STEM education. Other examples of program descriptions are the articles
titled “Making STEM Real” (Hoachlander & Yanofsky) and “STEM progress in
Katrina’s wake” (Gonzalez), which discuss programs in California and Louisiana and
touch on the definition of STEM education as related to their programs. Hoachlander and
Yanofsky discuss the Linked Learning option for students in some California classrooms
in their article “Making STEM Real” (61). They discuss engineering courses offered in

some California high schools that allow students to integrate mathematics, science and
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other core subjects of their choice to focus their high school education around
engineering and related fields (Hoachlander & Yanofsky 63). This article explains the
teacher resources involved in the classroom, how the Linked Learning exemplifies
excellent STEM and interdisciplinary education, and how the program prepares students
for their future after high school. “Making STEM Real” (Hoachlander and Yanofsky)
mentions not only the inclusion of core academic subjects in the engineering classrooms,
but also how their foreign language classes might include themes from the STEM
focused engineering classroom. “STEM progress in Katrina’s wake” (Gonzalez)
discusses the implementation of new “progressive educational program[s] like STEM-
based education” (Gonzalez 24) in the public schools of New Orleans. This article also
discusses the nature of implementation and teacher supports. These resources serve as
examples of current programs and efforts to encourage STEM education and their
success.

The third section of literature reviewed in this thesis relates to the commentaries
and supporting materials of the subject. The category of commentaries refers to the
newspaper articles discussing the present nature of STEM education and reviewing
certain programs. For example, the article titled “STEM Education Has Little to Do With
Flowers” commented on the understanding of STEM education with supporting surveys
and statements from experts. Other commentaries are the book The Tongue Tied
American: Confronting the Foreign Language Crisis (1988) discussing the United State’s
lack of foreign language skills and Leon Panetta’s speech (1999) given at a conference

titled “The Study of Foreign Languages in the New Century: Retrospective Views from
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"The President's Commission on Foreign Language and International Studies' and
Prospects for the Future” (Manuel, par. 5) on the state of foreign language education and
study in the United States.

The final supporting literature is that on teaching methods, pedagogy, and
educational standards for the content.! These sources apply to the application and
creation of STEM + German/foreign language activities, learning modules, and
curriculum. The educational standards that can be used as a framework for goals and
outcomes of STEM education and German/foreign language education and those
discussed in this paper are the “Standards for Foreign Language Learning, ACTFL
Proficiency Guidelines” (2012), “Common Core State Standards” (2010), “Next
Generation Science Standards” (2012), and “Standards for Technological Literacy:
Content for the Study of Technology” (2000). In addition to the standards that help create
the goals and outcomes of such programs, an overview of sources relating to the
application of these standards and STEM/German/Foreign Language content in the
classroom is reviewed. These refer to the teaching methods and pedagogies referenced
and suggested throughout the documents reporting about current STEM education
programs and foreign language programs. STEM education programs make strong
references to inquiry-, problem-, and design-based learning and/or instruction that foster
the integration of mathematics and science concepts in technology and engineering

education. The teaching methods and literature relating to foreign language education

1t should be mentioned that the grade and content standards are constantly changing to fit the needs of
education and society. This paper refers to the standards in each content area at the time of its creation and
as referenced in the work cited section of this paper.



suggest the use of content-based instruction and task-based instruction in classrooms.
These methods combine CLT and language acquisition with the use of authentic
materials relating to the STEM content areas and can promote interest in the areas of
content by extending the use and knowledge of the concepts to other fields of study.
The body of literature relating to STEM education is scattered, but this thesis
organizes the literature and combined ideas consistent throughout various reports,
initiatives, legislations, books, articles, and presentations. The literature provides
information about the nature of STEM and foreign language education, integration of
academic subjects in STEM education, the benefits and need for STEM and foreign
language education, and the pedagogy of integrating STEM and foreign language

education.
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Part 3: Examples of Instruction, Curricula and Programs

The first chapter outlined the societal values and the need for educational reforms
that can to produce students with valuable 21% century skills. It also applied those
concepts to two key subject areas, STEM and foreign language education. STEM
education is defined as an interdisciplinary study between the “major food groups”
(Angier, par. 3) of science and math education mixed with the hands-on learning of
technology, engineering, and, possibly, other academic subjects. The current innovative
programs and curricula in STEM education and L2 German education are working
separately to better the quality of education in the US and cater more to the current
knowledge of how people learn while providing an example of how to motivate,
encourage, and involve learners. This chapter examines current STEM, STEM +
languages and STEM + German curricula in the US and current efforts to improve and
integrate the subjects now that they have been defined as socially valuable even if the
general public is not always aware of that value.

There are few concrete guidelines or examples of an ideal STEM education
curriculum; however there are numerous efforts, reforms and programs that promote what
is defined as STEM education curriculum. Some STEM education curricula are modified
for all learners and attend to the study of science and mathematics in relation to
engineering and technology accessible to all, not just what are considered to be gifted
learners (Peters-Burton 64-65); however, there are schools with a STEM education focus
that have selective admission policies (National Research Council “Monitoring Progress”

13) and may or may not adopt newer pedagogical approaches.
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To understand the general components of all STEM education programs and the
main components of STEM content area curriculum this paper turns to an article that
mapped “scholarly communication in the field of STEM education” (Assefa and Rorissa
2514). The article clarifies all of the major components of each STEM field and how
STEM education is widely defined. All existing articles found on the Web of Science and
ERIC scholarly databases were searched by its authors to find knowledge areas related to
STEM education through using a Co-word Analysis that associates words that co-occur
(Assefa & Rorissa 2515). The research analyzed each individual component of the STEM
acronym (science education, technology education, engineering education, mathematics
education). The following information was concluded about the separate fields in STEM
education; Science education is a broad term that “involved teaching science to students
at elementary, precollege, college and university levels;” teacher training; research
activities; and the specific scientific content knowledge like “biology, chemistry, physics,
technology education, environmental education, and mathematics education” (Assefa &
Rorissa 2520-2521). Technology education found the word co-occurrences of “industrial
arts, design, electronic, internet, information technology, vocational education, energy,
manufacture, and transportation,” in addition to the less frequently occurring terms of
“literacy, mathematics education, and standards” (Assefa & Rorissa 2521-2522). The
analysis of engineering education involved the terms “civil engineering, chemical
engineering, electrical engineering, software, electronic, and technical education,” and
even broader terms that relate to “core knowledge areas,” and “continuing and

professional education” (Assefa & Rorissa 2522). The range of co-occurring words
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relating to the field of mathematics education related more specifically to the subfields in
mathematics. For example, common core knowledge areas of mathematics education are
“algebra, geometry, calculus, number concepts, computer and computation, problem
solving, mathematical concepts and mathematical skills” (Assefa & Rorissa 2523). This
study sought to explore the “underlying structure of STEM and STEM education”
(Assefa & Rorissa 2513), which will help explain the structures of currently existing
STEM curricula, what the individual content fields cover, and what content knowledge is
expected for integration. The major and common components of the fields helps create a
starting point for integrating the major and common components of the STEM fields in
foreign language classes. This information is important for understanding the components
of STEM Education programs and then to reproduce these components in a well-rounded
STEM + German/Foreign Language program.

The study also explored each individual field in the framework of curriculum
development. By identifying the individual fields and their content, I could incorporate
more of what was common among the fields in the learning modules and would help
understand what components of STEM education could be used in a STEM + Foreign
language curriculum. The result of this additional study and framework showed “the need
for a statewide and/or national map, guide, and/or framework for program development
and curriculum evaluation” (Assefa & Rorissa 2524). The need for improvement,
consistency, concrete definition, guidelines, and a framework relating to STEM education

is not only an issue in curriculum development; it is also, as discussed in the previous
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chapter, an issue for the general public and stakeholder understanding of the need for
improved education for science and mathematics content knowledge.

Although there is a general lack of consistency, lack of guidelines, and lack of
definition, there are currently a number of STEM education programs and STEM
education teacher-training programs that seek to use the concepts of STEM education and
the individual fields to create STEM education curricula in schools and therefore better
education in the US.

In 2011 the National Academy of Engineering and National Research Council
STEM Education published an overview and analysis of integrative STEM education
programs that is different from the general search through literature about STEM
education in literature databases. This report detailed a two-year study researching
“approaches and conditions most likely to lead to positive outcomes of integrated STEM
(science, technology, engineering, mathematics) education at the K-12 level in the United
States” (National Academy of Engineering and National Research Council vii). This
report was based on existing programs, curricula, and their approaches to integrated
STEM education. From the research done, the report developed a framework for
programs to follow according to the practices of current programs. The studied programs
were those that attempted to highlight connections “within, between and among STEM
subjects” (National Academy of Engineering and National Research Council 19) as
opposed to the historically separate and individual STEM subjects. The report found that
integrative STEM education connects anywhere between two STEM subjects or concepts

to three or more areas of STEM or the subjects falling under the “umbrella term” (Assefa
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& Rorissa 2513), meaning the sub fields of science education, technology education,
engineering education and/or mathematics education. Now that the programs are
documented, the societal need for educational reforms has been created, and a potential
solution through integrative and connected learning has been put into action, the
framework the National Academy of Engineering and National Research Council created
from their research has set the goal for further research in the effectiveness of integrative
STEM education

The framework created by the National Academy of Engineering and National

Research Council suggests goals, outcomes, implementation, and the nature and scope of
integrative STEM education for current and future programs to support research in STEM
education. The report focuses on Integrative STEM education: this approach to STEM
education is defined as having experiences that involve some degree of connected
learning. This connected learning can take place in a single class or course, several
classes, throughout a curriculum, in an integrated STEM specific school, or through
extracurricular learning opportunities. This variety in integrative STEM education makes
sense for small changes to a system of education that has relied on schools and
curriculum focused on “learning in discrete subject areas” since the late 19" century
(National Academy of Engineering and National Research Council 16) in a nation with a
“decentralized educational system” (National Research Council “Monitoring Progress”
8). Since current knowledge in integrative STEM education is somewhat scarce and

unclear, without clear instructions, methods, structure, and goals, this study created a
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framework for integrative STEM education, which will help with current and future
research in STEM education.

The framework created by the National Academy of Engineering and National
Research Council states that the goals of integrative STEM education are for students to
gain literacy in the STEM subjects, be competent in 21 century skills, prepare for the
STEM workforce, increase interest and engagement, and help make connections among
STEM disciplines.

The outcomes align somewhat with the goals and aim for student learning and
achievement, development of 21 century competencies, STEM course interest and
enrollment, higher graduation rates, STEM-related employment, STEM identity
development, and ability to make connections among STEM disciplines. The 21 century
skills and competencies refer to technological literacy through familiarity with some
fundamental STEM concepts, understanding the roles of individual STEM subjects and
ability to apply this knowledge to daily life, including new reports, and the
“troubleshooting of common technologies” (National Academy of Engineering and
National Research Council 34). STEM identity refers to the personal relevance of STEM
subjects and careers that may be shown in the success and duration of STEM course
pursuit in high school and higher education (National Academy of Engineering and
National Research Council 69). These two goals set a framework for integrative STEM
education and provide a purpose and overview of what integrative STEM education

hopes to accomplish for students.
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In addition to the goals and outcomes for students through integrative STEM
education, the National Academy of Engineering and National Research Council set
goals and outcomes for educators. The goals