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CONTEXT AND
TRENDS

For K–12 science, technology, engineering, and mathematics (STEM) teaching to be an
attractive career choice for STEM college graduates, the job needs to have some of the
same sort of working conditions that draw the best and brightest to places like Google,
Cisco, Intel, and high-tech startups. That’s a tall order on a limited budget. The challenge is
that K–12 STEM college graduates who choose K–12 teaching carry the same student debt,
but do not make the same salaries, garner the same prestige, or live their work lives in the
same ultra-cool working environments we hear about in the 10 Best Places to Work lists.
(Of course, teachers do change the lives of the next generation every day, but teachers
should not have to trade off everything else for their noble calling.) One aspect of the
working environment that high-achieving STEM college graduates desire and may not cost
that much to create in schools is an atmosphere of collaboration.
STEM industry professionals desire collaboration, as it is widely understood to fuel good
thinking and innovation and provides community and support in the midst of challenging
work (Lafargue, 2016). Studies show that when employees work in teams and have the
trust and cooperation of their team members, they outperform individuals and teams which
lack good relationships. Great leaders are team-builders; they create an environment that
fosters trust and collaboration (Marshall, 1995).
Unfortunately, K–12 teaching is not the first place most people would look for a collaborative work environment. Traditionally, each teacher has spent most of the day in a single
room, separated from other teachers, and has rarely been provided the time to plan lessons,
share instructional practices, assess students, or design curriculums together with other
teachers. Researchers have noted cultural norms of isolation and privacy and a lack of
teacher collaboration for decades (Lortie, 1975; Little, 1982; Rosenholtz, 1989; Sarason,
1996). U.S. teachers report little professional collaboration in designing curriculums and
sharing practices, and the collaboration that occurs often tends to be weak and not focused
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on strengthening teaching and learning. This need not be the case. Teachers in many countries with high-achieving students, like Japan, Netherlands, Sweden, and Singapore, experience many more opportunities for collaboration (Organisation for Economic Cooperation
and Development [OECD], 2007; Barber & Mourshed, 2007).
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DISCUSSION

Collaboration is simply the action of working with others to produce or create something.
In STEM education, collaboration takes many forms, ranging from co-teaching to common
planning among teachers, and has many purposes, ranging from curriculum development to
shared problem-solving. In terms of practice, collaboration to enhance STEM teaching and
learning can involve STEM teachers working with each other, a mentor/coach, special education professionals, or English learner specialists. It can take place among teachers of
a single STEM subject, teachers of STEM
disciplines, or teachers of both STEM and
non-STEM areas. It also can involve STEM
teachers working with external STEM
industry or higher education experts or
professionals in the field, including parents
or other community members who are in
STEM occupations.

“
Effective collaboration
exposes teachers to
improved practices and
builds social capital to
support professional
learning, which leads to
stronger pedagogy and
greater student learning.”

Collaboration is one of several positive
working conditions that are associated with
higher levels of teacher satisfaction and retention (Ingersoll & Kralik, 2004; Smith & Ingersoll, 2004). Effective collaboration exposes
teachers to improved practices and builds social capital to support professional learning,
which leads to stronger pedagogy and greater student learning. Research has linked higher
levels of teacher collaboration with higher levels of student achievement (Goddard, Goddard,
& Tschannen-Moran, 2007; Ronfeldt et
al., 2015). But keep in mind that teacher
autonomy also matters for teacher satisfaction and retention (Ingersoll, 2006), and
there are indications that teacher autonomy has been declining during the past
decade (Sparks, Malkus, & Ralph, 2015).
As we increase collaboration, we also need
to ensure that teachers retain autonomy or
control over what happens in their classrooms (Johnson, 2003). Furthermore, all
collaboration is not effective collaboration.
Collaborations focused closely around
student learning and assessment of that
learning appear most effective, while vague,
general, or unsustained collaborations were not associated with positive student outcomes
(Ronfeldt et al., 2015).

“
Collaborations focused
closely around student
learning and assessment of
that learning appear most
effective, while vague,
general, or unsustained
collaborations were not
associated with positive
student outcomes.”

Despite research showing its benefits, schools are not always designed or led with collaboration at the center. Many teachers believe that principals do not prioritize time for
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teacher-to-teacher learning and collaboration, and that principals are often unsure of how
to foster a collaborative learning environment for teachers. Many teachers also believe that
districts do not hold school leaders accountable for creating positive working conditions like
an atmosphere of collaboration (Leithwood, 2006). These issues and the problematic working conditions they engender are especially salient in high-poverty schools (Johnson, Kraft,
& Papay, 2012). Research suggests that principals may be in the best position to influence
school working conditions (Burkhauser, 2016).
Despite the challenges faced in this area for many years, some teacher surveys have indicated that teacher collaboration is on the rise (Markow & Pieters, 2010), but the intensity and
quality of teachers’ opportunities for sustained collaboration are not clear (Darling-Hammond, Wei, & Adamson, 2010). There also is a growing recognition in the field that teachers
need common planning time, and there appear to be increases in coaching, mentoring,
induction, and professional learning communities in recent years. It is critical that these experiences are high-quality collaborations. There are several resources that provide guidance
on ways to make the most out of common planning time, organize professional learning
communities, and facilitate other opportunities for teacher collaboration (College & Career
Academy Support Network, 2016).
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BRIGHT SPOTS

Several bright spots demonstrate the recent trend of STEM teaching becoming a more collaborative enterprise. As previously discussed, common planning time is becoming more prevalent,
and in some schools, principals are stepping up to create better working conditions for their
teachers. An example of the critical role a principal plays can be seen in a case study of Wildwood IB World Magnet School, a K–8 school in Chicago, where teacher collaboration fosters a
collaborative culture that puts the students’ learning first, lessens teacher conflict, and turns one
teacher’s best practice into a schoolwide norm. Additionally, project-based learning (PBL) and
interdisciplinary instruction are becoming less rare, and technology and internet connectivity
allow peer-to-peer networks to be much more robust venues for teacher collaboration.
PBL and interdisciplinary instruction are obvious vehicles for collaboration. In PBL, teachers and
students typically integrate concepts and skills from one or more disciplines while investigating
a problem and codeveloping potential solutions. The interdisciplinary nature of the instruction
requires teachers to connect with each other in order to develop their curricula, share resources
and best practices, and learn how to best support each other in this work (Jones, Rasmussen, &
Moffitt, 1997). But also, importantly, instruction that connects students to potential careers and
postsecondary experiences builds critical relationships for sustainable career-themed teaching,
where teachers are afforded the opportunity to collaborate with local STEM industry, institutes
of higher learning, and professional subject matter experts. For example, see case studies of two
innovative programs, in Milwaukee, Wisconsin, and Appalachian Ohio, supported by the NEA
Foundation and the AT&T Foundation.
Although it remains a challenge to get STEM teachers to take full advantage of technology and
participation in social networks and research has found that teachers do not appear to naturally
build advice networks that would cultivate the highest levels of practitioner-based social capital
(Baker-Doyle & Yoon, 2011), there are several promising efforts to build the infrastructure for
such online social networks where STEM teachers can collaborate.
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States, districts and nonprofits, as well as other nations, are developing thriving online networks
of STEM teachers, which can provide educators access to the kind of intensive, peer-to-peer
professional development that allows individuals to collaborate, to feel connected and empowered, to continue to learn and be challenged, and to sustain their interest and job satisfaction
over a long career. Examples of such networks include:
• American Federation of Teachers’ ShareMyLesson website, an online network with over 1
million educator members, which provides access to thousands of mathematics and science
lesson plans sorted by grade level and topic.
• The Facebook group NGSS Biology Teachers, whose members are encouraged to share any
advice, lesson planning tips, and constructive input that can improve the methods other
teachers use to approach biology according to the Next Generation Science Standards.
• The Knowles Science Teaching Foundation’s online network, made up of hundreds of STEM
teacher leaders across 39 states.
04

CONCLUSION

Teaching in STEM disciplines is challenging work. Ensuring that STEM teachers feel part
of a collaborative enterprise is a key pathway toward recruiting and retaining excellent
STEM teachers ready to take on this challenge. There is a major opportunity to make STEM
teaching attractive with the trends toward districts and schools providing teachers with
more time locally to collaborate, and advancements in technology that provide greater ease
of collaboration via digitally enabled peer-to-peer social networks. If administrators do not
ensure that STEM teachers experience a high-quality collaborative workplace, however, this
important opportunity may be missed.
• If you are a STEM teacher, reach out to serve as a teacher leader. Serving in this type
of role as a facilitator of common planning time, mentor, or coach, you can act as a
vital collaborator for one or more of your peers. Consider expanding your instruction
into projects and activities that allow you to draw in collaborators from STEM postsecondary institutions and industry. If your local situation does not offer what you need,
expand your professional network using technology and social networks to work with
STEM educators and leaders around the country and world.
• If you are a principal or district administrator, take action to create an environment
of workable schedules, consistent shared priorities, access to external resources, and
peer-to-peer professional learning that allow STEM teachers to take on the challenge
of providing excellent STEM instruction together.
• If you are a researcher, you might examine teachers’ social networks more closely or
evaluate whether any of the recent efforts designed to promote teacher collaboration
are in fact changing the nature of teaching into a more collaborative enterprise.
• If you are a champion of STEM, spread the word that STEM teaching appears to be
more collaborative than ever before. Look into the programs and strategies like those
highlighted in this paper, or other promising programs that are on the leading edge of
creating peer-to-peer networks that offer STEM teachers the sort of collaborative
environment that supports their efforts to engage in ambitious STEM instruction.
You can join the movement to provide America’s classrooms with 100,000 excellent
STEM teachers by working with a 100Kin10 partner.
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ABOUT THE
GRAND
CHALLENGES
WHITE PAPERS

In 2017, 100Kin10 released an unprecedented representation of the big, systemic challenges to preparing and supporting STEM teachers following over two years of extensive research alongside more than 1,500 STEM teachers and hundreds of other education experts.
As a part of this work, 100Kin10 commissioned a series of short white papers from wellversed thinkers and practice-oriented researchers to synthesize the most relevant research
around the specific challenge areas. Together, they compose a thoughtful and well-rounded
examination of the systemic challenges currently facing STEM teaching.

REFERENCES
Baker-Doyle, K. J., & Yoon, S. A. (2011). In search
of practitioner-based social capital: A social network
analysis tool for understanding and facilitating teacher
collaboration in a U.S.-based STEM professional
development program. Professional Development in
Education, 37(1), 75–93.
Barber, M., & Mourshed, M. (2007). How the world’s
best-performing school systems come out on top. London: McKinsey and Company. Retrieved from http://
mckinseyonsociety.com/downloads/reports/Education/Worlds_School_Systems_Final.pdf
Burkhauser, S. (2016, September). How Much Do
School Principals Matter When It Comes to Teacher
Working Conditions? Educational Evaluation and Policy
Analysis, 1–20. Retrieved from http://blogs.edweek.
org/edweek/teacherbeat/Study.pdf
College & Career Academy Support Network.
(2016). Finding time for common planning and/
or teacher collaboration (Pathway Communities of
Practice). Berkeley, CA: College & Career Academy
Support Network. Retrieved from http://casn.
berkeley.edu/resource_files/ S1_Finding_TIme_Common_Planning_Teacher_Collaboration.pdf
Darling-Hammond, L., Wei, R. C., & Adamson, F.
(2010). Professional development in the United States:
Trends and challenges phase II of a three-phase study.
Dallas, TX: National Staff Development Council.
Retrieved from https://learningforward.org/docs/pdf/
nsdcstudy2010.pdf
Goddard, Y. L., Goddard, R. D., & Tschannen-Moran,
M. (2007). A theoretical and empirical investigation
of teacher collaboration for school improvement and
student achievement in public elementary schools.
Teachers College Record, 109(4), 877–896.
Ingersoll, R. (2006). Who controls teachers’ work?
Power and accountability in America’s schools. Cambridge, MA: Harvard University Press.
Ingersoll, R., & Kralik, J. M. (2004). The impact of
mentoring on teacher retention: What the research says.
Denver, CO: Education Commission of the States.
100Kin10 Grand Challenges White Papers

Johnson, B. (2003). Teacher collaboration: good for
some, not so good for others. Educational Studies,
29(4). Retrieved from http://www.tandfonline.com/
doi/abs/10.1080/0305569032000159651
Johnson, S. M., Kraft, M. A., & Papay, J. P. (2012).
How context matters in high-need schools: The
effects of teachers’ working conditions on their professional satisfaction and their students’ achievement.
Teachers College Record, 114(10), 1–39.
Jones, B. F., Rasmussen, C. M., Moffitt, M. C. (1997).
Real-life problem solving: A collaborative approach to
interdisciplinary learning. Psychology in the classroom:
A series on applied educational psychology. Washington,
DC: American Psychological Association.
Lafargue, V. (2016). Working better together: A study
of collaboration and innovation in the workplace. G Suite
by Google Cloud. https://gsuite.google.com/learnmore/working-better-together.html
Leithwood, K. (2006). Teacher working conditions
that matter: Evidence for change. Toronto, Ontario:
Elementary Teachers’ Federation of Ontario.
Little, J. (1982). Norms of Collegiality and Experimentation: Workplace Conditions of School
Success. American Educational Research Journal, 19(3),
325–340.
Lortie, D. (1975). Schoolteacher: A Sociological
Study. Chicago, IL: University of Chicago Press.
Markow, D., & Pieters, A. (2010). Collaborating for
Student Success. The MetLife Survey of the American Teacher. Retrieved from http://files.eric.ed.gov/
fulltext/ED509650.pdf

NEA Foundation. (2012). Harnessing the Potential
of Innovative STEM Education Programs: Stories
of Collaboration, Connectedness and Empowerment Case Studies of STEM Education Projects in
Milwaukee and Rural Ohio Washington, DC: NEA
Foundation. https://www.neafoundation.org/content/
assets/2012/08/nea_stemreport_final-5.pdf
Organisation for Economic Cooperation and Development (OECD). (2007). Education at a glance
2007: OECD Indicators. Paris: OECD.
Ronfeldt, M., Farmer, S. O., McQueen, K., & Grissom, J. A. (2015). Teacher Collaboration in Instructional Teams and Student Achievement. American
Education Research Journal, 52(3), 475–514. http://
aer.sagepub.com/content/52/3/475.short
Rosenholtz, S. J. (1989). Teachers’ Workplace: The
Social Organization of Schools. New York: Longman.
Sarason, S. (1996). Revisiting the culture of school
and the problem of change. New York: Teachers
College Press.
Sparks, D., Malkus, N., & Ralph, J. (2015). Public
School Teacher Autonomy in the Classroom Across
School Years 2003–04, 2007–08, and 2011–12.
Washington, DC: National Center for Education
Statistics. http://nces.ed.gov/pubs2015/2015089.pdf
Smith, T., & Ingersoll, R. (2004). What Are the
Effects of Induction and Mentoring on Beginning
Teacher Turnover? American Educational Research
Journal, 41(3), 681–714.

Marshall, E. M. (1995). “The collaborative workplace.”
Management Review, June 1995, 84(6), 13-18.
Miskel, C., & Ogawa, R. (1988). Work Motivation,
Job Satisfaction and Climate, in Handbook of Research on Educational Administration, edited by N.
Boyan, 279–304. New York: Longman.

5

