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Why STEM Learning? 
 
We are moving from an information age to an innovation age.  The complex challenges our 
students face upon graduation must be addressed through an integrated understanding of the 
technical, economic, and social context in which the issues reside. 
 
One of the ways we can prepare our high school 
graduates for the challenges and opportunities ahead 
is to improve and expand the teaching of STEM 
[Science, Technology, Engineering, and Mathematics] 
disciplines. Leaders in business, economics, and 
education have started to focus on the threads that 
these disciplines have in common.  
 
STEM Learning uses the approach of engineering to 
integrate and apply the knowledge of math and science 
to create technologies and solutions for real world 
problems.  In addition, a robust STEM learning program 
includes the Arts as an applied subject to provide 
context (social studies and history), strengthen language arts skills (technical and persuasive 
communication), and aid in the development of design-based thinking1 (appearance, creative 
process, and experience design).2   
 
As students learn the skills that STEM fields offer—skills of problem solving, collaboration, 
examination and application of evidence—they weave together a strong rope of integrated 
skills. No one strand can do the work of the rope - these individual skills are all necessary, and 
each can be strengthened through multiple opportunities to learn and practice. When these 
strands are strong and flexible, they can be woven into different ‘skill ropes’ that can be useful 

                                                      
1 https://gse-it.stanford.edu/research/project/dbl 
2 http://www.edweek.org/tm/articles/2014/11/18/ctq-jolly-stem-vs-steam.html 

Innovation is the process by 
which we change the world.   
Innovation, to put it simply, is 
about making things better. It is 
about making things better in 
significant and hopefully meaning 
ways. It is the practical application 
of ideas and technologies to make 
new and better things. 
      ~ Carl Bass, CEO, Autodesk, Inc. 
                                     TEDxBerkeley 
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in other areas of learning and life. Understood in this way, it becomes clear that STEM 
education has important social and civic benefits, as it can improve the problem solving 
capacities of the next generation.  
 
STEM Learning is more than knowledge acquisition; it is preparing students to be innovation 
ready.  Dr. Tony Wagner, Education Innovation Fellow at Harvard University, describes the 
development of STEM talent as providing an environment to support students as continuous 
learners, active, informed, and ethical citizens—poised to produce better ideas to solve 
different and complex problems. It is not what you know, but what you can do with what you 
know.  Through his research, Wagner has identified seven attributes of STEM talent that go 
beyond knowledge acquisition:3 
 

1. Critical Thinking and Problem-Solving  
2. Collaboration Across Networks and Leading by Influence 
3. Agility and Adaptability 
4. Initiative and Entrepreneurialism 
5. Effective Oral and Written Communication 
6. Accessing and Analyzing Information 
7. Curiosity and Imagination 

 
And from a student perspective, the newly released 
research paper, Students on STEM: More Hands-on, 
Real-World Experiences,4 indicates students want 
more exposure to STEM learning opportunities. 
Eighty-six percent of teens would like more classes 
related to STEM career exploration as opposed to 
the 30% who currently have access. Additionally, 
students indicate hands-on lab experiments as the 
most engaging teaching method.  
 
While the need is clear, U.S. businesses struggle to 
find the STEM talent needed to remain competitive 
in the international marketplace.  The number of 
STEM jobs is growing faster than other jobs, 
earnings are higher than in other fields, and 
unemployment is lower than in other occupations, 
and, yet, few graduates get a post-secondary 
degree in STEM.5 
 

                                                      
3 Wagner, T., & Compton, R. A. (2015). Creating innovators: The making of young people who will change the world. Simon and 
Schuster. 
4 Change the Equation (2016).  Students on STEM:  More hands-on real world experiences. 
5 http://vitalsigns.changetheequation.org/state/united-states/demand 

Source:  Change the Equation (2016) 
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Although gains have been made in strengthening K-12 STEM education, many students in the 
U.S. are still underprepared to access the challenging math and science content needed to 
prepare them for careers in STEM-related fields.  And, in particular, this is true for 
underrepresented populations.  As we look to increasing opportunities for college and career 
readiness, we need to embrace STEM learning as a critical component to supporting youth.  
But, the big question at hand is:   
 
How do we create a STEM learning experience that “sparks and sticks”?  The learning 
environment must ignite a spark for STEM learning and foster a student’s identity as a STEM 
learner to carry that passion forward into postsecondary studies and into the world of work.   
 
Creating a Personalized Learning Environment – and a Spark for STEM learning 
 
For a robust STEM education to succeed, it needs to be embedded in a larger educational 
approach: personalized learning.  Personalized learning approaches in education have 
advanced in recent years and in tandem with the increased use of digital technologies in the 
classroom. While no one exact definition has been agreed upon by policymakers and 
practitioners, the approach tailors and deepens student instruction to attend to the individual 
student’s needs.  According to a 2015 report by the Rand Corporation,6 personalized learning 
involves the following attributes:  1) learner profiles; 2) personal learning paths; 3) competency-
based progression; 4) flexible learning environments; and, 5) emphasis on college and career 
readiness.  The approach also reconsiders the role of teacher by expanding the work from 
content expert and provider to designer and partner in the learning.7  As the approach has 
become more widely implemented, research findings are beginning to show some positive 
effects on student achievement and the growth of cognitive skills.8 
 
Personalized learning, however, attends to a dual focus on students’ development of both 
cognitive skills (knowledge, skills, and abilities) and non-cognitive skills (strengths, interests, and 
values). The purpose of developing this cross section of cognitive and non-cognitive skills is to 
support greater self-awareness and essential skills critical to preparing students for lifelong 
learning and the world of work. 
 
In addition, research indicates that motivation paired with a positive attitude toward the 
learning experience can influence behavior and good performance.9 These experiences 
whether they are positive or negative, can determine how an individual will react towards 
future situations, concepts, people or objects. Along with values and abilities, a combination of 
emotional, cognitive and behavioral attributes shape the outcome of attitude.10  Experts see 

                                                      
6 Rand Corporation (2015).  Continued progress: Promising evidence on personalized learning. 
7 Fullan and Langworthy (2013).  Towards a new end:  New pedagogies for deep learning. 
8 Rand Corporation (2015).  Continued Progress: Promising evidence on personalized learning. 
9 Breckler, S. (1984). Empirical validation of affect, behavior, and cognition as distinct components of attitude. 
Journal of Personality and Social Psychology, Vol 47(6), Dec 1984, 1191-1205 
10 Lent, R., Brown, S. & Hackett, G. (2002).  Social cognitive career theory, R.W. Lent & S.D. Brown (Eds.). Career choice and 
development, San Francisco: Jossey-Bass. 
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optimal learning environments as those that facilitate intrinsic motivation in children by 
establishing contexts where students have the opportunity to engage challenges and work 
towards goals that are interest driven. The learning space is one of encouragement, mentorship 
and self-guided learning rather than a disciplinary space of monitoring.11   
 
Personalized learning also supports the development of key essential skills such as 
communication, critical thinking, creativity, innovation, collaboration and teamwork provide a 
foundation for this work. A 2016 survey reports fewer than three out of ten employers believe 
recent graduates are well prepared in critical thinking and analytic reasoning, written and oral 
communication, complex problem solving, innovation and creativity, and applying knowledge 
and skills to real world settings.12 
 
Personalized learning also attends to the needs of the 
community and workforce by connecting students with 
their intrinsic value of self-worth and ability to 
contribute to society, access to and practice with STEM 
learning opportunities in a variety of environments, and 
exploring careers which reflect these characteristics.  By 
pairing STEM learning opportunities with experiences 
that increase motivation and attitude, students are 
better poised and more inclined to pursue STEM career 
pathways. There is a positive correlation between a 
student’s familiarity with STEM careers and their interest 
in pursuing STEM professions.13    
 
Informal and expanded learning opportunities spark 
learning by letting youth experiment with STEM ideas in 
real world situations. Such opportunities help ignite curiosity and interest, especially for those 
who might not think of themselves as “math and science kids.” Formal STEM education alone 
does not adequately provide students with the knowledge that they need in their roles as 
citizens and the skills that they need to be successful in the workforce.14 Expanding the 
education system to include out of school time environments provides students with more time 
and opportunities to engage in and to understand STEM subjects. 
 
 
 
 

                                                      
11 Lindland, E., Kendall-Taylor, N., Baran, M., O’Neil, M., & Simon, A. (2012). Mapping the gaps on skills and learning: A core 
story of education report. Washington, DC: FrameWorks Institute. 
12 Hart Research Associates (2016). Falling Short? College learning and career success.NACTA Journal, 60(1a). 
13 Clewell, B. & Campbell, P. (2002). Taking Stock: Where we've been, where we are, where we're going. Journal of Women and 
Minorities in Science and Engineering 8: 255-284 
14 National Research Council (2014).  STEM learning is everywhere: Summary of a convocation on building learning systems. 
Washington, DC: The National Academies Press. 

© University of San Diego 
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Designing with the Student in Mind (set) – The Innovation Ready Learner Profile 
 
Whether it designing new learning and teaching activities for the classroom, or the physical 
spaces that support those activities, at the heart of the matter is the learner profile.  What is 
it that the students should know, do, and be when they complete their learning experience?   

An innovation ready student will possess competence and self-efficacy in all academic content 
areas including STEM; strong social-emotional skills including persistence, resiliency, creativity, 
problem-solving and collaboration; and a deep understanding of their current and future 
potential to solve complex problems in their local region and beyond.  Innovation ready 
students will have engaged in a four-year opportunity to  

• Discover and become empowered to express or act on their strengths, interests and 
values that are needed in the world 

• Practice and develop those traits within a creative physical space  
• Explore hands-on STEM experiences that emphasize STEM career pathways through 

inter-disciplinary approaches 
• Strengthen key life and workforce skills  
• Develop a roadmap to explore their place in the world as they travel through education 

to career 
 
 
The Design Challenge and the Adaptive Challenge 
 
The type of learning environment that supports an innovation ready experience requires a 
shift in mindset by all stakeholders.  Moving from a culture of schooling to a culture of 
innovation is an adaptive challenge – an ongoing challenge that requires an organizational shift 
in attitude and the acquisition of new expertise.15 It is a change initiative that requires 
leadership at all levels of the organization to succeed and be sustained.  Wagner offers this look 
at the adaptive challenge of education:16 
 
 Culture of School versus Culture of Innovation 

• Individual Achievement versus Collaboration 
• Specialization versus Multi-disciplinary Learning 
• Risk Avoidance versus Trial and Error 
• Consuming versus Creating 
• Extrinsic versus Intrinsic Motivation 

o Play, Passion, Purpose 
 
 
 
                                                      
15 Heifetz, R. A., Grashow, A., & Linsky, M. (2009). The practice of adaptive leadership: Tools and tactics for changing your 
organization and the world. Harvard Business Press. 
16 Wagner, T., & Compton, R. A. (2015). Creating innovators: The making of young people who will change the world. Simon and 
Schuster. 
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At its core, a culture of innovation attends to the intrinsic motivation of the student as a 
spark-building endeavor.  It connects the learning experience to a student’s basic human desire 
for mastery and for making a difference in the world.  “Learning play” is essential to the 
development of intrinsic motivation and the activation of passion and purpose.  This concept of 
learning play is at the center of the adaptive challenge because it requires breaking old rules 
and creating new ones in service of the greater vision.  This leads to a second big question,  
 
Are the adult stakeholders ready for a shift in mindset?   
For a robust STEM learning experience, the “Monday 
morning” experience for students and teachers must be 
one that empowers the elements of learning play—
exploration, challenge, adventure, teambuilding and risk 
taking.   
 
Tackling this adaptive challenge of a creating a truly 
innovative high school is evidence that the adult 
stakeholders are prepared to walk the talk of 
innovation.  Further, by addressing both the design and 
the adaptive challenge, the investment of district 
resources – personnel and funds – are leveraged to 
ensure a well-designed program and physical space 
becomes an empowered learning environment for 
students and teachers. 
 
We are in great need of students interested in and prepared to make a difference in the 
world and educators who are ready to role model the same.  Our challenge is to build our own 
capacity for innovation, create ecosystems of learning for teachers and students, and design 
spaces to support the journey towards an innovator’s mindset.  But to get there, we need to 
break some rules.  As Carl Bass, the CEO of Autodesk, Inc., encourages us, “There has never 
been a greater need or a better time to innovate.  Go out there and break the rules.” 
 
 
Essential Elements for a Personalized STEM Learning Experience – An Ecosystem Approach 
 
Robust STEM learning goes beyond core subjects to create a deeper learning ecosystem to 
“encourage youth to develop their own visions about what it means to connect and flourish in 
their constantly emerging world, and equip them with the skills to pursue those visions.”17   
 
The following principles provide a foundation for the design of a personalized STEM Learning 
experience: 18 

                                                      
17 http://www.newpedagogies.info/wp-content/uploads/2014/01/New_Pedagogies_for_Deep%20Learning_Whitepaper.pdf 
18 Adapted from www.stemecosystems.org 
 

Now innovation is hard.   
It requires taking chances. It 
requires challenging those things 
we thought we knew with 
certainty. Taking the risk and 
breaking the rules. 
 
There has never been a greater 
need or a better time to innovate. 
Go out there and break the rules. 
 
      ~ Carl Bass, CEO, Autodesk, Inc. 
                                     TEDxBerkeley 
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#1 Historically under-represented students are sought out to participate. 
Young people historically under-represented in STEM – including girls, economically 
disadvantaged young people, linguistic minorities, young people of color, and young people 
with disabilities – are specifically sought out to ensure they access high-quality, diverse and 
inter-connected STEM learning experiences.  

#2 Learning opportunities reflect students’ lives. 
STEM learning opportunities are designed and connected to reflect the reality of young 
people’s lives: learning not just in school but out-of-school, online, home and everywhere. 

#3 Professional development equips educators to lead. 
STEM educators across settings are equipped through professional development and 
supports to lead young people in robust, inquiry-based, collaborative and rigorous learning.  

#4 Students develop scientific skills and understanding across concepts. 
Young people develop scientific practice skills and build understanding of cross-cutting 
concepts in intentionally connected ways over time and across settings. They make and 
learn from mistakes. They experience the joy of learning and the rewards of persistence 
through unhurried opportunities to tinker, experiment, and explore. These learning 
experiences are grounded in the expectations and opportunities of the Next Generation 
Science Standards and other similar state standards for science education and the Common 
Core Standards for Mathematical Practice.  

#5 Multiple settings enable young people to build complex skills. 
Experiences in multiple settings enable young people to build complex skills, including how 
to design and test solutions to real-world problems, work with adults and peers, and test 
out their own leadership capabilities. Educators understand and nurture the reinforcing 
connections among students’ competency to engage in STEM practices and development of 
key social/emotional skills.  

#6 Students develop a “STEM identity.” 
Young people develop a “STEM identity,” or self-perception of competence in STEM, by 
engaging in challenging, relevant problem-solving on issues they care about; being publicly 
recognized for their efforts; and gaining support from their parents and guardians for their 
pursuit of and interest in STEM.  

#7 Parents receive consistent guidance to support student’s STEM success. 
Parents and guardians receive consistent messaging, guidance and resources from multiple 
sources about how to support their children’s STEM success.  

#8 Students demonstrate mastery through competency-based assessment. 
What young people know and are able to do is assessed, shared and respected in diverse 
environments. Assessment methods may include badges, portfolios or other competency-
based proof points demonstrating mastery of skills and knowledge.  

#9 Opportunities are created to build mentoring relationships. 
Young people have opportunities to meet and build mentoring relationships with STEM 
professionals from similar backgrounds who serve as role models. Young people learn, from 
an early age, about a range of STEM career possibilities. 
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