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ABSTRACT
STEM education was a systematic teaching and/or learning process in the STEM fields
and a positive correlation existed between STEM education, and the economic
prosperity and power of a nation in the globalized world. In recent years, rising
concerns have emerged about American STEM education. Many stakeholders
wondered that whether the nation has enough well-qualified STEM students, teachers
and workforce to maintain its current competitive edge. This study sought to answer
those questions, presenting a unique view about the concerns. This study, besides,
summarized selected major legislation which affected STEM Education in the United
States. The results of the study showed that American students in elementary and
secondary schools have relatively mediocre scores compared with their international
peers (especially Asians), although they performed better than earlier American cohorts
in science and mathematics. The quality of STEM teachers also led to concerns. The
lowest certification rate of teachers was found in science and mathematics, and
approximately half of the teachers did not have a degree in the subject that they teach.
Lastly, this study revealed that students should learn the requisite new patterns of
language and expression only through opportunity for and engagement in STEM
disciplinary practices.
Keywords: STEM, American STEM education, science, mathematics, success of
students, stakeholders, diversity, language

INTRODUCTION
Science, technology, engineering and mathematics (STEM) education, and economic prosperity and a nation’s
power are highly correlated in the globalized world (Machi, 2009). The United States is one of the world’s most
outstanding nations, and the nation has maintained its current position through science, technology, engineering
and mathematics (Ozfidan & de Miranda, 2018). However, a concern is growing that the United States does not
currently have good standing in STEM education. This situation could lead the nation to fall behind its international
counterparts including China in an increasingly competitive global market. Therefore, the condition of STEM
education in the United States has become more crucial now than in the past. In this study, we presented a useful
context about American STEM education based on the research question. Then, we summarized selected major
legislation which affected American STEM Education. We also investigated that learning STEM subjects involves
extending students’ meaning-making potential through language. To engage effectively with disciplinary learning,
students expand their repertoires of language skills developed during the early years of schooling and learn to
recognize how language is used to make meaning, discuss ideas, present knowledge, construe value, and create
specialized texts across disciplines.
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Recently, there are a few studies that investigated American STEM education in its national and global
perspective. Hence, this study investigated changes of STEM education achievement in the United States.
This study presented a holistic perspective of American STEM education in increasingly globalized
world. Therefore, the study would contribute to advance teaching and learning of STEM education in the
United States.
Learning STEM subjects involves extending students’ meaning-making potential through language. This
study would contribute the role of language in STEM learning.

We examined a question related to this condition: Does American STEM education create well-qualified and
enough numbers of STEM students, teachers and members of the workforce to maintain a competitive edge in the
globalized world?

WHAT IS STEM AND STEM EDUCATION
Before the introduction of current acronym, “STEM”, the National Science Foundation (NSF) was using an
acronym of “SMET” that referred to four distinct fields; science, mathematics, engineering and technology (Sanders,
2009). In recent years, STEM has been a buzzword among American stakeholders (Breiner, Harkness, Johnson, &
Koehler, 2012). Despite its buzzword status, an ambiguity exists in the definition of STEM (Madden, Beyers, &
O’Brien, 2016). The ambiguity has led to different definitions and occupational applications among stakeholders
across the United States (Ntemngwa & Oliver, 2018), because several programs within various scientific
communities have utilized it (Breiner, et al., 2012). Thus, the definition differs depending on who has employed it
(Sanders, 2009).
As a term, STEM has gained a remarkable ground since 2001 (Breiner, et al., 2012). Today, quite a few
occupations in STEM and non-STEM fields have required more knowledge of STEM (Gonzales & Kuenzi, 2012),
which is significant for individual’s life because STEM skills are used in manufacturing smarter products to grow
the economy (NSTC, 2013). Hence, the National Research Council (NRC) defines STEM as “cultural achievements
that reflect people’s humanity, power of economy and constitute fundamental aspects of our lives as citizens,
workers, consumers, and parents” (NRC, 2011, p. 3).
STEM education has gained attendance and has defended its own sovereign territory for a century (Sanders,
2009), so it is now widely used by institutions or individuals in the STEM fields (Bybee, 2010). Despite the wide
use, “STEM education” is often used interchangeably with the term “STEM” in the literature. However, STEM and
STEM education are two different terms having two different meanings, because STEM education means a lot more
than the four-letter acronym of STEM (Sanders, 2009). Some argue that STEM education explains only science and
mathematics; others believe that STEM education is a variety of activities that include more inquiry and projectbased teaching strategies instead of traditional lecture-based ones (Breiner, et al., 2012). From a broader perspective,
STEM education could be described as a systematic teaching and/or learning process in the STEM fields
(Ntemngwa & Oliver, 2018). Consequently, no certain operational definition exists because it is variously perceived
by the stakeholders; therefore, focusing on the goals of STEM education is needed to best understand the concept.
STEM education aims to improve students’ science and mathematics scores and prepare them for their future
education and careers (Becker & Park, 2011 S1). STEM education, additionally, aims to have more students
graduating from the STEM fields (Breiner, et al., 2012). Therefore, almost all stakeholders agree that STEM
education is about creating more qualified teachers, students and workforce (Breiner, et al., 2012) to maintain or to
gain a competitive edge across the global (Machi, 2009) That is because STEM education would instill a passion for
inquiry, discovery and the application of gained knowledge to new situations (Tananbaum, 2016).
It is not incorrect to state that STEM education merely focuses on how the best practices would be implemented
in the STEM fields (Mills, 2017), and STEM education has begun to be stated in more an integrative context in recent
years (Madden, Beyers, & O’Brien, 2016). Sanders (2009) explained integrated STEM education as the approaches
that “explore teaching and learning between/among any two or more of the STEM subject areas, and/or between
a STEM subject and one or more other school subjects” (p. 21). In other worlds, it is the interdisciplinary approach
that tries to meld two or more STEM subjects into a single project (Ntemngwa & Oliver, 2018). Another definition
is that integrative STEM education is a means to increase a student’s understanding of a course, a unit or a lesson
by integrating two or more STEM fields (Brown et al., 2017). In light of these definitions, the major goal is to enhance
student learning (Tananbaum, 2016) and to acquire several skills like problem solving by increasing motivation via
project-based learning in a more student-centered education (Laboy-Rush, 2011).
Sander’s (2009) definition comprises other non-STEM subjects to integrate them to the STEM fields because any
development in STEM fields cannot be related to the social/behavioral sciences. Therefore, some stakeholders like
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the NSF define STEM fields in a broader perspective that includes the four fields of science, mathematics,
engineering and technology as well as social/behavioral sciences like psychology, economics, sociology and
political science (Green, 2007), although some agencies have a narrower perspective.

AMERICAN STEM EDUCATION
Science, Technology, Engineering and Mathematics (STEM) have been crucial areas in the educational
curriculum for United States to maintain its dominant position since the launch of the Soviet Union’s Sputnik
satellite in 1957 because a strong connection was seen to exist among a nation’s welfare and power and STEM
education (Gonzalez & Kuenzi, 2012). Even if they are interested in non-STEM subjects, workers in the job market
should understand STEM subjects that are basic to their daily live (Mullis & Martin, 2017). Thus, as Gonzalez and
Kuenzi, (2012) noted “today the economic and social benefits of scientific thinking and STEM education are widely
believed to have broad application for workers in both STEM and non-STEM occupations” (p. 1).
In this century, a wide range of collaborative studies of various fields have said that a broad range of innovations
and suggestions to solve world problems are brought to market by the STEM workforce (Mullis & Martin, 2017). A
deficiency in any STEM field has caused irreversible damages affecting all related fields and producing a
detrimental domino effect (Machi, 2009). Hence, governments the world over have allocated more funds from their
budgets to STEM education to improve students’ scores in science and mathematics and to make students ready
for their future educations or careers (Becker & Park, 2011) by increasing student motivation through project-based
learning (Laboy-Rush, 2011). In other words, by giving more appropriations to STEM education, governments
aimed to develop a qualified STEM workforce that is expected to help their countries to gain a competitive edge in
the globalized world.
Many American stakeholders had several concerns about American STEM education. The most recent concern
was whether the nation has enough well-qualified STEM students, teachers and workforce to maintain a
competitive edge (Kuenzi, Matthews, & Mangan, 2006). To determine this, the condition of STEM education in the
United States must be evaluated to have a view on this the concern. American Stem education, hence, evaluated
from different perspectives. Because characterizing of the condition of STEM education in the United States was
difficult through a single fact or statistic (Gonzalez & Kuenzi, 2012).

The Performance of American Students from a Global Perspective
American students were expected to achieve high scores on international achievement tests, because the United
States had one of the highest GDPs per capita in the world, and investment in education (especially STEM
education) was directly proportional to GDP per capita. However, students’ science and mathematics scores in the
United States did not perform well in comparison with some of their peers especially those from Asian countries.
Thus, the performance of American students versus their peers in international assessments was relatively
mediocre despite of the wealth of their nation.
The lower scores of American students created a disadvantageous situation and negatively impacted the ability
of the United States to remain competitive in the world. In 2010, then Secretary of Education, Arne Duncan,
speaking at the annual meeting of the Association of American Publishers, noted the threat to the long-term
economic prosperity of the United States of the low achievement of American students. Calling for reform, he said
“The urgency has never been greater. Our children and our future are at risk, so let us together do the difficult but
necessary things our schools demand. We have a moral and economic imperative that requires us to act” (Duncan,
2010). One of the most critical elements of his concern was whether the nation has enough well-qualified STEM
students to compete in the world.
To determine the current situation, we presented evidence about previous and the most recent assessments of
the performance of American student at international level in the following section. Three international assessments
administered periodically. These were Trends in International Mathematics and Science Study (TIMSS), Program
for International Student Assessment (PISA), and Progress in International Reading Literacy Study (PIRLS).
However, only TIMSS and PISA explored in this study, because PIRLS measured reading achievement.

TIMSS
The most recent TIMSS cycle was administered in 2015 for 4, 8 and 12 grade students in Science and
Mathematics. (NCES, n.d. a). The results of the assessment were published in November 2016.
On the TIMSS mathematics assessment (Appendix A), the average score increased by 21 points 518 to 539 for
the fourth-grade level (despite a 2-point decrease from 2011 to 2015) and by 26 points 492 to 518 for the eighthgrade level since the first year of administration in 1995. In addition, we found a stable increase in high and above
level students for both grades in mathematics over the 20-year period.
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In the last cycle that was in 2015, Singapore, Hong Kong, South Korea, Chinese Taipei and Japan had the top
average scores, which were 54 points higher at the fourth-grade level and 68 points higher at the eighth-grade level
compared to the scores of American students. The average score at fourth-grade level of the United States was
significantly higher than the scores of 26 education systems, while the scores of 9 systems were significantly higher
than US average scores at the .05 level. The average score at the eighth-grade level of the United States was
significantly higher than the scores of 19 education systems, while 6 systems were significantly higher than the US
average scores at the p = .05 level. Additionally, 37% of American students at the eighth-grade level performed at
the high and above levels, and six educational systems had significantly higher percentages at that level. At the
fourth-grade level, 47% of American studies reached the high and above levels on mathematics, and eight
educational systems had significantly higher percentages at that level (Mullis, Martin, Foy, & Hooper, 2016).
In the TIMSS Science assessment (Appendix B), the average score increased by 4 points 542 to 546 for fourthgrade students and by 17 points 513 to 530 for eighth-grade students since 1995. In addition, high and above level
of students slightly decreased for both grades in science over the 20-year period.
In the last cycle, the top performing countries in mathematics including as well as the Russian Federation had
top average scores that were 9 points higher at the fourth-grade level and 14 points higher than at eighth-grade
level when compared with the scores of American scores, which were 546 at grade 4 and 530 at grade 8. The average
score at the eighth-grade level of American students was significantly higher than the scores of 20 educational
systems, while 7 systems were significantly higher than US average scores at the .05 level. The average score of
American students the fourth-grade level was significantly higher than the scores of 30 educational systems, while
7 systems were significantly higher than US average scores at the .05 level. Additionally, 43% of American students
at eighth-grade level performed at the high and above levels; eight educational systems had significantly higher
percentages at that level than the United States, while 51% of American fourth-graders reached the high and above
levels on science; six education systems had significantly higher percentages at that level than the United States
(Martin, Mullis, Foy, & Hooper, 2016).

PISA
The most recent PISA cycle was administered in 2015 for 15-year-old students. More than 500.000 students
participated in this assessment cycle, representing a population of 28 million students in 72 countries and
economies (OECD, n. d. a). Country participation in the PISA across the world increased by about 70% rising from
20.3% to 33.95% since 2000 (Lockheed, 2015). Students were assessed in three core subjects (science, mathematics,
reading) and optional subjects (collaborative problem solving and financial literacy) (OECD, n.d. a), and the
dominant subject was science in 2015 like previous cycle in 2006 (Hopstock & Pelczar, 2011). The test was designed
to take two hours; one hour for science and one hour for other two core subjects (OECD, 2017). The results of the
assessment were published in December 2016 (OECD, n.d. a).
With respect to the United States on the PISA mathematics assessment, the average score decreased by 13 points
from the 2003 to the 2015 administration. The scores significantly decreased by 17 points from 487 to 470 between
2009 and 2015 and by 11 points 481 to 470 between 2012 to 2015 with no other significant differences among the
years. The average score in science increased by 7 points 489 to 496 between 2006 and 2015, but the average score
decreased after 2009. The scores in 2012 and 2015 were respectively 497 and 496, which were lower than they were
in 2009 when the score peaked at 502 (Appendix C).
In the last cycle that was shown in Appendix D, the top performers countries in mathematics (Singapore, HongKong, Macau-China, Chinese Taipei, Japan and B.S.J.C - China) had top average scores at least 61 points higher
than US average score of 470. The students in the countries of Singapore, Japan. Estonia, Chinese Taipei, Finland
and Macau-China scored at least 33 points higher than the average score of their American peers in science, which
was 496 (Appendix E). The OECD average score on mathematics in the last cycle was 490, but for the United States
the score was 470; 20 points lower than average score. Just more than half of the participant countries or economies
(37) had a significantly higher score than United States at the .05 level. The US average score in science was 496,
which was just more than the OECD average score of 493. Nineteen countries including Chinese provinces had
significantly a higher score than United States at the .05 level. Additionally, 20.3% of American students performed
below level 2, while 8.5% of the students achieved at level 5 and above in science literacy. There were 15 countries
that a had a significantly higher percentage of students at level 5 and above at the .05 level. In mathematics literacy,
29.4% American students performed below level 2, while 5.9% of the students had an achievement at level 5 and
above (Kastberg, Chan, & Murray, 2016). There were 38 countries that had a significantly higher percentage of
students at level 5 and above at the .05 level.
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Figure 1. Achievement-level results for fourth-grade students assessed in NAEP science: 2009 and 2015

Figure 2. Achievement-level results for eighth-grade students assessed in NAEP science: 2009 and 2015

The Performance of American Students from a National Perspective
The growing concern about academic achievement trend in science and mathematics for US students should be
analyzed from a distinct perspective rather than as just another part of the concern for the relatively lower
achievement of US students compared to their several counterparts over the world. To do so, evidence about
previous and current American students must be placed in historic context. The National Assessment of Academic
Progress (NAEP) was the most appropriate assessment to track the changing trends in the subjects. The most recent
science assessment was administered in 2015 for the fourth and eighth grades. The assessment had 115,400 students
from 7,650 schools for fourth grade and 110,900 students from 6050 schools for eighth grade. Note that science
assessment in 2011 had only eighth grade students because of linking effort with TIMSS.
Figures 1 and 2 demonstrated the available results for both grades 2009 to 2015. The six years witnessed a 4point increase on average scores; 150 to 154 for both grades. The percentage of both grades at the advanced level
did not change with just 1% and 2% of fourth and eighth grade students respectively over the time. Additionally,
there was a slight decrease for both grades at the below basic level. In the most recent assessment in 2015, more
than one third of fourth and eighth grade students had a score of at or above proficient level; 38% and 34%
respectively. In 2015, 24% and 32% of the sample for fourth and eighth grade students respectively performed
below the basic level.
The most recent long-term NAEP assessment was conducted in 2012. From 1973 to 2012, the average math
scores of students at ages 9 and 13 increased significantly while those at age 17 did not change significantly. Thus,
the average score at age 9 was 25 points higher than in 1973, whereas the average score was 19 points higher for the
students at age 13 (NCES, 2013).
The most recent main mathematics assessment was administered as digitally based between January and March
2017 and reported in April 2018. The assessment had 149,400 students from 7,480 schools for grade four and 144,900
students from 6,500 schools for grade eight. Figures 3 and 4 demonstrated the available results for both grades from
2003 to 2017. In the fourteen years, there was a 5-point increase on the average scores; 235 to 240 for fourth grade
and 278 to 283 for eighth grade. The percentage of fourth and eighth grade students at the advanced level increased
exactly twice with a slight decrease for both grades at the below basic level. In the most recent assessment in 2017,
more than one third of the both grades of students scored at or above proficient level; 40% and 34% respectively.
In 2017, 20% and 30% of the sample for fourth and eighth grades respectively performed below the basic level in
2017.
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Figure 3. Achievement-level results for fourth-grade students assessed in NAEP mathematics: 2003, 2005, 2007, 2009, 2011, 2013,
2015 and 2017

Figure 4. Achievement-level results for eighth-grade students assessed in NAEP mathematics: 2003, 2005, 2007, 2009, 2011, 2013,
2015 and 2017

Teacher Quality in the United States
Many policymakers, educators and other stakeholders had growing concern about how the United States can
keep it current economic dominant position given the mediocre performance of its educational systems compared
with the rest of the world (Killewald & Xie, 2013). As Francis Eberle, who was executive director of the National
Science Teachers Association from 2008 to 2012, explained it; “other countries are investing, and we can see their
progress. Do we want to be average?” (Toppo, 2008). Some stakeholders argued that the US teaching force is a
source of the insufficient performance of students on science and mathematics in the national and international
assessments (Kuenzi, Matthews, & Mangan, 2006).
Indeed, prior research has shown an association between teacher education/certification and student outcomes
(Hill & Stearns, 2015). In other words, whether teachers hold regular or standard professional certification was a
crucial issue for student achievement in American education. Thus, analyzing subject-based teacher certification,
including those in science and mathematics, could provide deeper information. Holding a certificate in the field
that is taught in the classroom has been found to be important, because recent research has highlighted that holding
a major/certificate in the subject taught in class had a positive relationship with student achievement (Allen, 2005).
Thus, this section presented some evidence of subject-based teacher certification to gain a perspective about quality
of teachers in the United States.
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Table 1. Total number of public school teachers and percentage distribution of public school teachers, by type of teaching
certificate, 2015–16
Type of teaching certificate
Total number of teachers 3,827,1000
Regular or standard state certificate /
Probationary
Temporary or
Waiver or emergency
No certification
advanced professional certificate
certificate
provisional certificate
certificate
90.3%
3.1%
4.3%
0.9%
1.4%
Source: U.S. Department of Education, National Center for Education Statistics, National Teacher and Principal (NTPS), Public School Principal Data
File, 2015–16

The School and Staffing Survey (SASS) was a national survey designed to collect data about educational
components such as such as teachers, principals and libraries from public and private schools at elementary and
secondary level (Baldi, Warner-Griffin, & Tadler, 2015). The SASS was being conducted biennially by the NCES
from 1987 to 2011. After which, a new survey, called the National Teacher and Principal Survey (NTPS) (NSB,
2018a), was utilized. The main goal for the NTPS was to provide a more flexible and timely survey that was
integrated with other Department of Education methods (NCES, n.d. b). Although the new survey included the
same core topics as SASS, it also included newer topics like the use of information technologies by teachers in the
classroom (NSB, 2018a). The following paragraphs provided some statistical information about teacher certification
from both surveys.
The most recent data was available from NTPS is 2015-16. From a general perspective, 90.3% of 3.827,100 US
teachers in all fields have regular or standard professional state certification while 1.4% of all teachers work without
the certification (Table 1). So, it could be stated that most US teachers held teaching certificate during the 2015-16
school year.
Additionally, statistical information about subject-based teacher certification in English, science and
mathematics should be examined. The most recent subject-based information based on the SASS was in 2011-12.
The most recent SASS results illustrated that teacher certification rates differ by subjects (Appendixes F & G). In
the public middle schools, the percentage of all teachers holding certificates in English, mathematics and science
were 56.8%, 52.9% and 56.8%. In English, mathematics and science 46.1%, 28.1%, and 44.9% of the teachers
respectively held a major in their main assignment while 53.7%, 71.9% and 55.1% of teachers in these subjects
respectively lacked a major in their main assignment. However, the rate of having certification in public high
schools was higher than the rate in middle grades in the three subjects as 82.1% of English teachers had certification,
80.9% of mathematics teachers had certification and 85.7% of science teachers had certifications. Teachers holding
a major in their main assignment was 79.4% for English, 70.1% in mathematics and 79.7% in science while 20.6%,
29.9% and 20.3% of teachers respectively lacked a major in their main assignment.

Labor Supply in STEM Fields
After the 2007-2008 world economic crisis, economic balances changed fast, and Asian countries with the
leadership of China have been gaining more ground in the global economy. By 2030, Asian economies were
projected to have 40% of the global GDP approximately and half of that was from the Chinese economy (Fensom,
2017). GDP growth slowed significantly in China falling from a 14.2% yearly increase in GDP in 2007 to 6.9% in the
ten years between 2007 to 2017 (Morrison, 2018). In fact, the slowdown is result of the Chinese policy to rebalance
the growth model (Fensom, 2017) to avoid a middle-income trap (Morrison, 2018).
Two ways exist to avoid this trap: technological innovation and industrial upgrading (Hutchinson & Das, 2016).
Thus, innovation has been a top priority in certain sectors in the Chinese economic plan (Morrison, 2018). For
example, China is gaining significant ground in the Internet-based economy and in some manufacturing industries
(Hutchinson & Das, 2016) as well as in electrical engineering and computing (Machi, 2009). The Chinese efforts to
avoid the middle-income trap have led to concerns in the United States that China eventually aims to dominate
global market by decreasing reliance on foreign technology, U.S. Trade Representative Robert Lighthizer has
described this as “a very, very serious challenge, not just to US, but to Europe, Japan and the global trading system”
(Morrison, 2018, p. 48).
In the global world, the STEM workforce provides innovations, which separate developed nations from
developing nations (Machi, 2009); hence, the Chinese economic plan is closely associated with STEM education.
Chinese policies under the plan are a source of rising concern about STEM education in the United States. The
stakeholders related to STEM subjects agree that any deficiency in US STEM education either has either resulted in
or will result in workforce shortages and that this problem has impacted US global economic competitiveness and
national security negatively (Gonzales & Kuenzi, 2012). Therefore, data about US higher education should be
examined to see whether the United States has either a high quality or a sufficient number of members of the STEM
workforce.

7 / 23

Kocabas et al. / American STEM Education

Figure 5. Bachelor`s degree awards in S&E fields, by selected region, country or economy, 2000, 2014. Source: NSB. (2018b)

Although a popular view is that American top students are reluctant to enter upon a scientific career (Benderly,
2010), statistical data about the pursuit of higher education in STEM subjects would serve as an indicator for
condition of the labor supply. This may be examined in terms of degree enrollment and degree awarded statistics.
Enrollment in institutions of higher education in the United States significantly increased from 17.5 million to
20.0 million in the ten years from 2005 to 2015 (Hussar & Bailey, 2017). However, the increase differs between the
undergraduate and graduate levels. There was a 14% an increase in enrollment from 15 million to 17 million for
total baccalaureate enrollment with a peak of 18.3 million in 2010 (Hussar & Bailey, 2017) whereas the enrollment
rate in post-baccalaureate degree experienced 17% growth increasing from 2.5 million to 2.9 million in the same
ten-year period (Snyder, de Brey, & Dillow, 2018).
From the Science and Engineering (S&E) perspective, 45% of freshmen intended to study S&E subjects in which
biological and agricultural sciences and engineering are rising majors (NSB, 2018a). Almost 668,000 graduate
students were enrolled in S&E majors in 2015, and graduate students are becoming more interested in computer
sciences, mathematics and statistics, medical sciences, and engineering with respect to previous years (NSB, 2018a).
The number of undergraduate (bachelor’s) and graduate (master’s and doctorate) degrees in S&E and non-S&E
fields awarded by US higher institutions increased during the period from 2000 to 2015. These increases were 50%
in baccalaureate, 59% in master’s and 48% in doctorate degrees (Hussar & Bailey 2017).
In S&E fields, more than 7.5 million students are globally awarded a bachelor’s degree (NSB, 2018b). The
number of awarded bachelor’s degrees in S&E by US higher institutions increased by almost 50% rising from
483,000 to 742,000, which is almost 10% of all awarded bachelor’s degree at the global level. However, the number
of Chinese awarded degrees more than quadrupled during the same period, growing from 359,000 to more than
1,600,000, which is just less than 25% in S&E fields over the world (See Figure 5). Additionally, the proportion of
S&E fields of all bachelor’s degree in China is 48%, while it is 39% in the United States (NSB, 2018b). Thus, China
would seem to have a competitive edge against the United States.
The number of awarded S&E doctoral degrees in United States had a trend similar to that of bachelor’s degree
during the 2000 to 2014 period, rising from 26,000 to 40,000. China had about same number of graduates awarded
doctorate degrees in S&E fields as the United States in 2014. In 2000, the United States (24,000) had three times more
graduates than China did (8,000) in 2000. Additionally, just less than 40% of doctorate recipients in S&E fields in
the United States were temporary visa holders (Figure 6).
Recipients of post-baccalaureate degrees are seen as bringing advances in research that will lead to innovations
profoundly impacting a nation’s competitive edge in the global world. The dramatic increase of baccalaureate and
post baccalaureate degrees conferred in China has been seen as a critical factor income by rebalancing the country’s
scientific and technological capabilities with the United States. The citizens of China and the United States publish
the most S&E research papers. In 2014, China has 426,000 research articles rising from 87,000 in 2000 while the
United States had 409,000 articles in 2014 rising from 22,000 in 2000 (NSB, 2018b). These results provide a
perspective regarding on how China has gained ground and is gaining a competitive edge against the United States
in the global world.
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Figure 6. Doctoral degree awards in S&E fields, by selected region, country or economy, 2000, 2014. Source: NSB, 2018b

ROLE OF LANGUAGE AND CULTURE IN STEM LEARNING
Language is simultaneously a cognitive ability and a cultural resource that children first learn to draw on in
their homes and communities. As they interact with caregivers in the early years, the language they develop enables
them to participate in the community’s cultural practices and learn its ways of being, as well as to organize and
make sense of their complex worlds (Aydin, & Cinkaya, 2018). For example, children begin to learn about cause
and effect in everyday contexts as they experience and talk about conditions, purposes, and reasons (Ozfidan &
Toprak, 2019). Their understanding of cause and effect develops along with the language through which causal
relationships are expressed. Through many such interactions, they learn both the language and values of their
culture and are introduced to concepts relevant for later STEM learning. For some children, this development occurs
in more than one language.
To learn STEM subjects, students should learn the requisite new patterns of language and expression only
through opportunity for and engagement in STEM disciplinary practices. The developmental pathways available
to individual learners in STEM classrooms are influenced by the opportunities they are offered to participate in the
practices and discourses of STEM fields (Green, 2007). Learning STEM subjects requires support for learning to use
the discourse patterns through which the knowledge in each subject area is presented and engaged with. All
children require such support, including those learning in their mother tongues or first language (Ozfidan &
Burlbaw, 2016). For ELs, success often hinges on engaging in classroom and out-of-school experiences that
encourage them to draw on the languages and multicompetences they already control and to connect new concepts
with the knowledge they bring from their homes and communities (ESSA, 2018). When allowed to interact in varied
ways to build from what they already know and to develop new technical knowledge at school, ELs can learn STEM
content and practices while simultaneously building their proficiency in English beyond STEM.

Science and Language Instructional Shifts with English Learners
Recent years have witnessed parallel shifts toward promoting the social and sense-making nature of both
science learning and second language development. In science education, whereas traditional views focused on
individual learners’ mastery of discrete elements of science content, contemporary views emphasize that students
engage in science and engineering practices (e.g., developing models, arguing from evidence, constructing
explanations) to make sense of the world around them (National Association of School Psychologists, 2018).
Because this approach to science learning involves using and applying knowledge for a particular purpose, it has
been referred to as knowledge-in-use (Ilhan, Ozfidan, & Yilmaz, 2019). In second-language development, whereas
earlier theories saw it as the accumulation of discrete elements of vocabulary (lexicon) and grammar (syntax) to be
internalized by learners, more recent thinking has taken a sociocultural turn, viewing language as a set of dynamic
meaning-making practices learned through participation in social contexts (NCES, 2013). Because this approach to
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language learning involves using language for a particular purpose, it has been referred to as language-inuse (Becker & Park, 2011). Knowledge-in-use in science education and language-in-use in second-language
development complement each other, such that science instructional shifts promote language learning with ELs,
while language instructional shifts promote science learning with ELs. Recognizing science and language
instructional shifts as mutually supportive can lead to better and more coherent instructional approaches that
promote both science and language learning with all students, especially ELs.

SELECTED MAJOR LEGISLATION AFFECTING US STEM EDUCATION
Several laws have been authorized to obtain quality education in the United States. Although several acts have
specifically focused on STEM education, major acts about elementary and secondary education have created an
infrastructure for the development of more specific acts for STEM education. Thus, brief information is provided
below about the acts related to elementary and secondary education.
One of them, the Elementary and Secondary Education Act (ESEA), was signed by President Lyndon B. Johnson
in 1965 (P.L. 89-10). He evaluated the ESEA as a national goal of full educational opportunity (ESSA 2018), and the
president considered the act as a part of his War on Poverty (McLaughlin, 1975). Hence, the act focused on
providing funds for disadvantaged children, library resources, textbooks, and other instructional materials to be
used in elementary and secondary schools. Moreover, the act authorized several grants for higher institutions,
agencies, and individuals to conduct research in education. The act has been updated several times in last five
decades (National Association of School Psychologists, 2018).

The Improving America’s Schools Act (IASA)
The Improving America’s Schools Act (IASA) was signed by President William Jefferson Clinton in 1994 (P.L.
103-382). It reauthorized the Elementary and Secondary Education Act of 1965 (ESEA) to extend its programs for
five years to increase the quality of the teaching- and learning-process for the students as well as beginning a trend
of state assessments (U.S. Department of Education, 1995).
The intention of the act was to provide high-quality education for all students struggling with poverty. Thus,
areas having more low-income families would receive more of funds than those with high-income families.
Furthermore, states wanting to continue to receive grants were required to develop a plan of content and a plan of
assessment. Additionally, states were required to develop and to conduct the assessments in at least mathematics
and reading or language arts within four years. Moreover, the act established several programs to improve the
quality of education.
The Eisenhower National Clearinghouse was, in addition, established in 1992 to maintain a repository of
instructional materials and programs at elementary and secondary schools in science and mathematics and to
coordinate databases including science and mathematics curriculum and instructional materials. The Dwight D.
Eisenhower Professional Development Program of 1994 was geared to improve teaching and learning of students
by providing high-quality professional development activities and funds in the core academic subjects (including
science and mathematics) to educational agencies and to higher institutions (Dwight D. Eisenhower Professional
Development--Federal Activities Program, CFDA No. 84.168).
Another program was the National Teacher Training Project, which was aimed at nonprofit educational
institutions and designed to train selected teachers who set in-service studies for their colleagues. The act,
moreover, provided funds for improving the professional development of educators. Each state was required to
review and reform state requirements for teacher licensure and certification, to develop performance assessments,
and to provide for the improvement of the ability of teachers in the use of technology to understand student
understanding in the core subjects. Science and mathematics were given priority in improving professional
development.
The Improving America’s School Act of 1994 authorized several funds to support the use of technology in the
teaching and learning process at the elementary and secondary schools. According to the act, the secretary of
education, was to develop a national long-range plan in consultation with stakeholders like agencies and higher
institutions. The states receiving the funds were required to develop a statewide educational technology plan
(Education Week, 1994).
Furthermore, the IASA authorized funds to raise the quality of instruction in science and mathematics in the
US elementary schools. One program was the Elementary Mathematics and Science Equipment Program (Ozfidan,
Cavlazoglu, Burlbaw, & Aydin, 2017). Equipment and materials purchases necessary for hands-on instruction were
also funded through the act (Improving America’s School Act of 1994).
Additionally, the Eisenhower Regional Mathematics and Science Education Consortia was established in 1995
to disseminate exemplary mathematics and science education instructional materials and to assist elementary and
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secondary school students, teachers and administrators for implementing of the teaching methods and using of the
materials. The consortia comprised 10 regional centers (U.S. Department of Education, 2005).
Finally, the National Center for Educational Statistics, existing in some form since 1967, was placed under the
umbrella of the United States Department of Education’s Institute of Education Sciences. The Center continues to
support the collection and the reporting of statistics and information to examine the condition and progress of
education in United States and other nations to improve US education (NCES, n.d. c; Snyder, 1993).

The No Child Left Behind Act (NCLB)
The No Child Left Behind Act (NCLB), signed by President George W. Bush in 2002 (P.L.107-110), reauthorized
the Elementary and Secondary Education Act of 1965 (ESEA) and was the main law for K-12 from 2002 to 2015. The
main focus areas were student assessment, accountability systems, and the quality of teachers (Lee, n.d.).
One major goal of the act was to provide all students equally with high-quality education and to have
knowledge, which reached at least at the minimum level, to meet state standards. Each state was to demonstrate
that they had adopted challenging content and assessment standards; therefore, states were to have academic
standards for all students at least in mathematics, reading or language arts, and science. The goal was to have all
students at grade level by 2014. Additionally, each state had to have statewide annual measurable objectives that
were to be set separately for the assessments of mathematics and reading or language arts (Education Policy, n.d.;
Education Post, n.d.).
The act required states, in yearly assessments, to measure student academic achievement in several subjects.
Under the NCLB law, states had to test students in reading and math in grades 3 through 8 and once in high school.
They were required to report the results for the student population as a whole and for specific “subgroups” of
students, including English-learners and students in special education, racial minorities, and children from lowincome families. States were required to bring all students to the “proficient level” on state tests by the 2013-14
school year, although each state got to decide, individually, just what “proficiency” should look like, and which
tests to use.
Under the law, schools were required to assess the achievement of their goals through a “adequate yearly
progress” or AYP report. If a school missed its state’s annual achievement targets for two years or more, either for
all students or for a particular subgroup, it was identified as not “making AYP” and was subjected a series of
increasingly serious sanctions (Klein, 2015).

The Every Student Succeeds Act (ESSA)
The Every Student Succeeds Act (ESSA), signed by President Barack Obama in 2015 (P.L. 114-95). It
reauthorized the Elementary and Secondary Education Act of 1965 (ESEA). The main characteristic is curtailing
federal authority over the states (NASSP, n.d.).
A major goal of the act was to provide high-quality education for disadvantaged and high-need students. Each
state must give an assurance that they have adopted content and achievement standards. States are to have
academic standards in mathematics, reading or language arts, and science as well as in other subjects determined
by the states. The adoption and implementation of the standards is not mandated, directed, coerced or exercised
by the secretary of education (NASSP, n.d.).
ESSA required the states to implement a set of high-quality assessments in mathematics, reading or language
arts, and science. Additionally, the state could implement assessments in any other subjects that the state deemed
was an important measure of student achievement. In addition, states could exempt students in grade 8 from the
mathematics assessment. The states have the right to set alternate assessment and alternate achievement standards
for students with cognitive disabilities. The act required that the states must identify a statewide accountability
system based on academic standards for reading or language arts and mathematics to increase student and school
success (NASSP, n.d.).
ESSA has several programs to improve quality of education. One of them, the STEM Master Teacher Corps,
aims to develop a statewide STEM master teacher corps. The corps seeks to increase the status of the science,
technology, engineering, and mathematics teaching profession by awarding, attracting and recruiting outstanding
science, technology, engineering, and mathematics teachers (American Association of Physics Teacher, n.d.).

America Competes Act Reauthorization of 2010
The America Creating Opportunities to Meaningfully Promote Excellence in Technology, Education, and
Science Reauthorization Act of 2010 (P.L. 111-358), signed into law by President Barack Obama in 2011. The main
characteristics of the act were the authorization of a variety of STEM education program at several federal agencies,
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which administer the programs, and improving the coordination and administration of STEM programs. The act
required the OSTP to establish a committee under the NSTC to coordinate and review the programs to develop a
plan for coordination to ensure that the programs do not duplicate and to report to Congress (America Competes
Reauthorization Act of 2010).

American Innovation and Competitiveness Act of 2017
The American Innovation and Competitiveness Act of 2017 (P.L. 114-329), signed by the President Barack
Obama in 2017. The act includes several programs at several federal agencies to promote STEM education.
Additionally, it especially supported cybersecurity research. The act of 2017 aims to coordinate and administer
STEM education programs. From this perspective, the act required the OMB with the consultation of OSTP to
establish a body for reducing administrative burdens by focusing better on identifying and coordinating
international science and technology cooperation. Moreover, an advisory panel, which evaluates CoSTEM’s
progress in carrying out its responsibilities and advising the coSTEM, was established. The act also aims to increase
the participation of underrepresented populations in STEM education programs. Finally. The act established the
responsibilities of coSTEM (American Innovation and Competitiveness Act of 2017).

DISCUSSION AND CONCLUSION
American cohorts in international assessments have relatively mediocre scores compared with their
international peers, especially with respect to top performing Asian countries. In particular, the scores of American
students are lower than those of Asian countries. The national assessments demonstrate that the American students’
performance in science and mathematics has gained ground over years compared with earlier cohorts. However,
in the globalized world, we are sure that American students should not only compete with their parents. Therefore,
this study illustrated that American STEM education does not create a well-qualified population in various STEM
fields.
Teacher quality has a positive impact on student performance (Allen, 2005; Darling-Hammond, 2000; Hill &
Stearns, 2015). In this study, we investigated that Science and mathematics are the least certified fields among all
others and almost half of science and mathematics teachers do not hold a degree in science and mathematics.
Therefore, this study supports the idea that US teaching force is a source of the insufficient performance of students
on science and mathematics in the national and international assessments (Kuenzi, Matthews, & Mangan, 2006).
In the recent years China has gained an advantage by increasing the number of recipients dramatically. China
now has almost the same graduation rate as the United States in S&E fields, while the United States has still created
the largest number of baccalaureate and post baccalaureate degrees in S&E fields over the world. Post-baccalaureate
recipients are the resource of advanced research, which leads to innovations that impact the competitive edge of a
nation in the globalized world. Therefore, the United States and China have the biggest capacity to have advance
research. However, over 40% of temporary visa holders in the United States has doctorate degrees in S&E fields
from American higher institutions. These results showed that the US will face workforce shortages in S&E fields.
This situation influences US global economic competitiveness and national security negatively (Gonzales & Kuenzi,
2012).
Learning STEM subjects involves extending students’ meaning-making potential through language. To engage
effectively with disciplinary learning, students expand their repertoires of language skills developed during the
early years of schooling and learn to recognize how language is used to make meaning, discuss ideas, present
knowledge, construe value, and create specialized texts across disciplines. STEM subjects are best learned with the
help of teachers who can support ELs in engaging in the disciplinary practices through which both disciplinary
concepts and disciplinary language are developed simultaneously. Supporting language development across STEM
disciplines requires that teachers develop disciplinary concepts and practices, as well as knowledge about language
and registers relevant to the discipline.
Overall, similar to previous findings (Kuenzi, Matthews, & Mangan, 2006), this study demonstrated that
American STEM education does not create well-qualified and sufficient numbers of STEM students, teachers and
members of the workforce to maintain a competitive edge in a globalized world.
We concluded this study some recommendations. Students in some countries, having smaller economies and
lower GDPs per capita than the US, showed higher performance than American students. China has almost same
graduation rate with the US while China has lower GDP per capita. In other words, these countries were more
successful with limited economic sources compared with the United States. Therefore, we argue that American
STEM education investments (sources) are not used effectively. Thus, future researches should focus on the federal
government’s effort in STEM education to explore possible problems in existing situation and provide suggestions
for better coordinating and administering STEM education investments.
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The federal government should focus on foreign graduates of S&E fields (40% in doctorate level) by encouraging
to stay in the United States. We suggested it because of two reasons. If current trend will continue, China will have
more graduates (workforce) in S&E fields than the United States has. Therefore, the United states will need the
foreign graduates so that it can preserve its superpower in the world. On the other hand, the United States can
maintain its superpower even if China has a larger STEM workforce (graduates) than the United States’ workforce.
We argue that, because the diversity with foreign workforce likely brings more innovative ideas and research,
which has made (and will keep) America great.
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APPENDIX A
TIMSS Average Mathematics Scores of grades 8 and 4, by Education System: 1995-2015
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APPENDIX B
TIMSS Average Science Scores of Grades 8 and 4 by Educational System: 1995-2015
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APPENDIX C
Average Scores and Changes in Average Scores of U.S. Students on PISA Science,
Mathematics, and Reading; 2000, 2003, 2006, 2009, 2012, and 2015
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APPENDIX D
PISA Average Scores in Mathematics, by Education System: 2015
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APPENDIX E
PISA Average Scores in Science, by Education System: 2015
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APPENDIX F
Number of Departmentalized Public Middle Grades Teachers who Reported a Particular
Main Assignment and the Percentage of Teachers who Taught Various Percentages of
Classes within that Main Assignment, by Subject of Main Assignment: 2011–12

Source: Baldi, S., Warner-Griffin, C., & Tadler, C. (2015). Education and Certification Qualifications of Public Middle Grades
Teachers of Selected Subjects: Evidence from the 2011-12 Schools and Staffing Survey. NCES 2015-815. National Center for
Education Statistics.
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APPENDIX G
Number of Departmentalized Public High Grades Teachers who Reported a Particular
Main Assignment and the Percentage of Teachers who Taught Various Percentages of
Classes within that Main Assignment, by Subject of Main Assignment: 2011–12

Source: Hill, J., & Stearns, C. (2015). Education and Certification Qualifications of Departmentalized Public High SchoolLevel Teachers of Selected Subjects: Evidence from the 2011-12 Schools and Staffing Survey. NCES 2015-814. National Center
for Education Statistics.
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