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There is a moral and economic underpinning to the STEM imperative. Anything short 

of the cultivation of a culture for STEM is insufficient. Success requires a systemic 

rather than a piecemeal approach to STEM education. All dimensions of schooling 

must be on the table—teacher preparation, scheduling, school–parent relations, profes-

sional development, curriculum, assessment, the disciplines, physical space, administrator 

support, business and community engagement, and of course budgets. STEM is ushering 

an invigorating evolution of education. 

CHAPTER 1

The STEM Imperative

1
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Rise of STEM
STEM is to education what Starbucks is to coffee—a game-changing, future-focused refine-

ment on a basic good thing. Why is STEM taking the world by storm? Some 47 U.S. states 

have recently launched Science-Technology-Engineering-Mathematics initiatives accord-

ing to STEMconnector, as have hundreds of localities, businesses, and government agencies. 

Consider the federal government sectors alone: the Army, the Navy, the Patent and Trade-

mark Office, the NOAA, the Department of Labor, the Department of Transportation, as 

well as the Department of Education and others, each have their own STEM strategy and 

programs. Across the globe STEM has 

become a continental priority, emerging 

as an educational imperative in Bahrain, 

Algeria, Taiwan, Australia, Korea, South 

Africa, and most nations in between. 

Fueling the frenzy is a steady parade 

of blue ribbon commissions and think-

tank reports from organizations includ-

ing the U.S. Chamber of Commerce, 

the National Governors’ Association, 

the Carnegie Corporation, the National 

Research Council, the President’s Coun-

cil of Advisors on Science and Technol-

ogy, and more, each alerting their readers 

to the promise of STEM and the perils of failing to act. STEM is big. The report of the 

President’s Council of Advisors on Science and Technology (PCAST) states, 

The success of the United States in the 21st century—its wealth and welfare—will 

depend on the ideas and skills of its population. These have always been the Nation’s 

most important assets. As the world becomes increasingly technological, the value of these 

national assets will be determined in no small measure by the effectiveness of science, tech-

nology, engineering, and mathematics (STEM) education in the United States (2010).

STEM is doing for mainstream math and science what school buses did for leveling 

educational opportunity in the 1920s—creating access to gateway courses for more stu-

dents, and making such courses matter again. In communities, STEM is a nonpartisan, 

public-private sector unifier because there is something for every stakeholder group to 

like—teachers, business leaders, parents, policy makers, and most of all, students. Teach-

ers are empowered by STEM to integrate concepts across disciplines and to put kids in 

the driver’s seat as active learners. The business community gains access to teachers and 

classrooms as partners helping to shape meaningful lessons applied to the workplace. Par-

ents enjoy dinner time debriefs about what happened at school today when their children 
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link lessons to cool jobs in town. Policy makers embrace broader constituencies for school 

funding when workforce and economic development advocates see education as an essen-

tial contributor. And students see school as a launch pad to life rather than an exercise in 

endurance. 

Underscoring the mounting STEM priority for the nation, the 2015 federal Every Stu-

dent Succeeds Act (ESSA) explicitly mandates attention to and support of STEM teach-

ing professional development and student learning opportunities in Title II and Title IV 

of the Act:

STEM Master Teacher Corps (ESEA, as amended by ESSA, title II, section 2245): 

From funds reserved for title II national activities, grants may be awarded to: (1) SEAs 

to enable them to support the development of a statewide STEM master teacher corps 

or (2) SEAs or nonprofit organizations in partnership with SEAs to support the 

implementation, replication or expansion of effective STEM professional development 

programs in schools across the State through collaboration with school administrators, 

principals, and STEM educators … 

Activities to Support Well-Rounded Educational Opportunities (ESEA, as amended 

by ESSA, title IV, section 4107): Each LEA or consortium of LEAs that receives an 

allocation under section 4105(a) shall use a portion of such funds to develop and imple-

ment programs and activities that support access to a well-rounded education and may 

include programming and activities that improve instruction and student engagement 

in science, technology, engineering, and mathematics, including computer science, such as:

a. Increasing access for students through grade 12 who are members of groups 

underrepresented in STEM fields;

b. Supporting the participation of low-income students in nonprofit competitions 

related to STEM subjects;

c. Providing hands-on learning and exposure to STEM subjects and supporting 

the use of f ield-based or service learning to enhance students’ understanding of 

the STEM subjects;

d. Supporting the creation and enhancement of STEM-focused specialty schools; 

e. Facilitating collaboration among school, after-school program, and informal 

program personnel to improve the integration of programming and instruction 

in STEM subjects; and

f. Integrating other academic subjects including the arts, into STEM subject 

programs to increase participation in STEM subjects, improve attainment of 

skills related to STEM, and promote well-rounded education. … 
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21st Century Community Learning Centers (ESEA, as amended by ESSA, title IV, 

section 4205): Each eligible entity that receives an award under section 4204 may 

use the award to  carry out a broad array of expanded learning program activities 

that advance student academic achievement and support student success, including pro-

grams  that build  skills in STEM, including computer science, and that foster inno-

vation in learning by supporting nontraditional STEM education teaching methods. 

(Every Student Succeeds Act, Pub. L. No. 114-95 § 114 Stat. 1177 [2015–2016])

To date, those STEM provisions of the Every Student Succeeds Act remain in place 

under the succeeding administration, though Congress recently voted to relax or suspend 

some of the rules and regulations associated with monitoring and enforcing the Act (see 

Goldstein 2017). 

STEM as a Stress Response
To be part of America’s STEM movement, perhaps more appropriately an awakening, is to 

dwell in a very rare confluence of three streams of expectancy: 

1. Teaching aligned to best practice

2. A workforce sector mandate for more useful graduates

3. A societal thirst for citizens capable of grappling with the big challenges of our 

times, many with roots in STEM

If these expectancies on the part of stakeholders—parents, employers, policy makers, and 

in fact educators themselves—were being met during the past decade or two, it would be 

difficult for a disruptive educational innovation to make in-roads. But of course STEM is 

making vigorous headway. It is a stress response in the same way that a job change or a new 

hobby or exercise routine answers an internal nagging stressor to change things up in our 

personal lives. The education system at large, which includes not only schools and teach-

ers but also their clients who inherit the graduates, namely higher education, employers, 

and communities, is under stress. Today’s college freshmen too often require remediation, 

according to ACT’s Condition of College and Career Readiness 2015 (ACT 2015). Today’s 

entry-level employees lack basic work skills, according to a report from the Society for 

Human Resource Management, Are They Really Ready to Work? (SHRM 2006). And, the 

millennial generation is said to lack functional civic capacities that would equip them to 

make wise decisions at the voting booth, the jury stand, or the grocery store, according to a 

cover story in Time called “Millennials: The Me Me Me Generation” (Stein 2013). 

As hard as everyone in education is working, the product is believed not to be living up 

to expectations. And in the realm of public sentiment on education, perceptions become 

reality. STEM has arisen as the game-changing response to a rapidly spreading belief that 

schools must step up the production of college and career-ready graduates able and eager 
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to thrive in rapidly evolving times. STEM is that New Year’s Eve resolution that things are 

going to be different, better. And evidence has accumulated to make the case that it deliv-

ers. But unlike so many resolutions, STEM has overcome the fad threshold not only for its 

basis in sound learning theory, but also for a strong foundation on which the movement 

builds, and for the logical underpinning it relies on to infiltrate the curriculum, the school, 

the community, and society. 

STEM Logic
For educators who have practiced the art and craft of teaching for more than a few years, 

it is not much of a challenge to check off a list of reforms that have come and gone. Many 

were good ideas in concept, such as brain-based learning, whole language, and differentiated 

instruction. Others were ill-defined forced fits such as discovery learning, new math, and 

“learning styles.” All had the best of intentions. But for many reasons, sometimes institu-

tional, often budgetary, and frequently lacking for evidence, they end up littering the educa-

tional roadside as crumpled fads. Schools are prone to fads, according to education scholar 

and commentator Larry Cuban in a classic April 2000 interview for Educational Leader-

ship (O’Neil 2000), because of 

all of the constituencies bring-

ing the next big thing—school 

board members, vendors, a cadre 

of parents—rarely supported by 

evidence that one thing is supe-

rior to another. So a demeanor 

of “show me” befitting a Mis-

sourian suits teachers just fine 

as a bulwark against fads. Not 

only does evidence carry the 

day for veteran educators asked 

to adopt novel strategies, but 

most have a keen sense for the 

“eye test” when it comes to cur-

riculum or pedagogy innova-

tion. Popularized by a committee charged with selecting teams for the College Football 

Championships recently, the eye test came to mean something immeasurable by statistics 

but discernable to the sports savant. Team X may be superior in all numeric dimensions but 

an expert’s demotion of its rank was legitimized by witnessing unimpressive play, that is, 

the eye test. STEM passes teachers’ eye test because it is sensible in the classroom and it is 

compelled by societal realities.
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Early on in crafting a STEM agenda for Iowa, members of the Governor’s STEM Advisory 

Council settled on a consensus definition furnished by Tsupros, Kohler, and Hallinen (2009): 

[STEM is] an interdisciplinary approach to learning where rigorous academic concepts 

are coupled with real-world lessons as students apply science, technology, engineering 

and mathematics in contexts that make connections between school, community, work 

and the global enterprise enabling the development of STEM literacy and with it the 

ability to compete in the new economy.

The sensibility of the definition, albeit slightly tautological, appealed first to educators on 

the Council. STEM by this measure passes the skeptical teacher’s eye test—integrating of 

the disciplines, academic rigor, real-world applications, connecting school to work, and func-

tionality in the world that awaits. Who could find fault with an educational innovation that 

holds such promise? But more than that, the logic threshold that filters fads from fixes reaches 

beyond classroom sensibility to community reality. And here, too, STEM passes the eye test. 

Consider what awaits the class of 2020 and beyond. They are the generation that gets 

to define the bioethical boundaries for the revolutionary CRISPR (Clustered Regularly-

Interspaced Short Palindromic Repeats) technology that empowers humans to tinker 

with the recipe for life—genes. Science magazine’s 2015 Breakthrough of the Year CRISPR 

are gene-editing tools used by biotechnologists to customize cells and organisms (Travis 

2015). The potential medical and agricultural impact is dizzyingly profound—including 

the potential to “cure” diseases such as cystic fibrosis and sickle cell anemia (Trafton 2016). 

But ethical questions abound regarding “fixing” genes within reproductive cells and early 

embryos. Harvard University biomedical engineer and Des Moines Roosevelt High School 

alumnus Feng Zhang, a CRISPR researcher and front-runner for the Nobel Prize, observed 

recently that the great promise and peril of germ cell DNA editing calls for careful regu-

lation and “a lot more conversa-

tion” (Eller 2017). While they 

tackle CRISPR technology, our 

graduates will also be asked to 

develop and govern drones, arti-

ficial intelligence, social media 

metadata analytics, self-drive 

cars, and a host of emergent 

STEM controversies difficult 

to imagine now. Already the 

practical realities are out ahead 

of policy on unmanned aircraft 

systems (UAS, or drones). After years of drone proliferation, the U.S. Federal Aviation 

Administration imposed a December 21, 2015, and forward registration requirement, or 

risk committing a felony. The online registration site crashed twice in its first two days 
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under the tsunami of submitters, while policy regarding where and when UASs can be 

flown continues to evolve. Whether or not they find themselves developing these and other 

technologies or their policies, the class of 2020 and beyond will most certainly live better 

lives as consumers at the pharmacy or gas pump, as parents in the kitchen or at the pediatri-

cian, and as citizens in the courtroom or the voting booth, if they enjoyed a K–12 STEM 

education. That is the other half of the eye test that commits teachers to STEM. 

STEM’s Moral Imperative
The STEM awakening, like a craft bazaar or a flea market, has something for everyone. 

Workforce and economic developers value the promise for creative and innovative talent 

for jobs of the future. Humanists value STEM education as a passport to meaningful pro-

fessions accessible, ideally, by all. The business sector is STEM’s most ardent driver at 

the local, regional, statewide, and national level currently, but a higher calling—the moral 

imperative for STEM—is nestled into the unalienable rights of the Declaration of Inde-

pendence: life, liberty, and the pursuit of happiness. 

Every American ought to be able to enjoy high-quality STEM education for the advan-

tage it bestows its possessor regarding health, self-governance, problem solving, critical 

perspective on the news, and other perks of being educated. And if they so choose, every 

American ought to be able to pursue and thrive in a STEM career. Presently, that is not 

the case. 

Currently underserved in STEM are students of minority race or ethnicity, including 

African American, Hispanic and Latino, American Indian, Alaska Native, and Pacific 

Islander. Two other categories of underserved are low income (combined parental income 

of $36,000 or less) and first generation to college. Nearly half of the 2014 ACT test tak-

ers who expressed interest in STEM were from one or more of these underserved groups. 

However, for students who self-identified as underrepresented minority, low income, and 

first generation college, there was a 34% drop in college readiness (ACT 2014). The enroll-

ment trend for women in STEM has shown a steady increase of late, according to scholars 

Mack and McDermott at 46% from 30% in 2008, but the trend belies a persistent and 

troubling gender gap in physics, engineering, and computer science, as well as a precipitous 

drop-off of female enrollment at the graduate and professional levels of study across the 

STEM spectrum (2014). Conversely, the United States misses out on the talents of males 

disproportionately in the STEM disciplines of nursing, accounting, middle school teach-

ing, and veterinary science (Elkins 2015). Also underserved according to their population 

proportion are the nation’s learners who navigate disabilities of a broad spectrum span-

ning vision, speech, hearing, mobility, and learning. According to the National Science 

Foundation, persons with disabilities are underrepresented in the science and engineering 

workforce compared with the population as a whole (2013). Local and regional dispropor-

tionalities regarding access to high-quality STEM education sourced to geography (rural 
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