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REIMAGINING THE ROLE OF SCHOOL LIBRARIES IN STEM
EDUCATION: CREATING HYBRID SPACES FOR EXPLORATION
Mega M. Subramaniam,1 June Ahn,2 Kenneth R. Fleischmann,3
and Allison Druin4
In recent years, many technological interventions have surfaced, such as virtual
worlds, games, and digital labs, that aspire to link young people’s interest in media
technology and social networks to learning about science, technology, engineering,
and math (STEM) areas. Despite the tremendous interest surrounding young people and STEM education, the role of school libraries in these initiatives is rarely
examined. In this article, we outline a sociocultural approach to explore how school
library programs can play a critical role in STEM education and articulate the need
for research that examines the contributions of school libraries as potential hybrid
spaces for STEM learning. We propose that school library programs become active
participants in STEM learning through the specific roles that school librarians
currently play in schools, such as information specialist, instructional partner, and
technology ally. We also highlight how these roles can be tailored toward helping
young people develop STEM identities.

Increasing the engagement of underrepresented minorities and females
in science, technology, engineering, and math (STEM) fields is currently
a critical issue facing education. Recent analysis finds that young women
and young people from lower socioeconomic backgrounds are less likely
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to pursue studies in STEM fields [1]. A deep engagement in STEM requires
much more than memorizing isolated facts or information. Pursuing STEM
interests also requires scientific literacies that are embedded in talking,
reading, viewing, and doing science. A vital question to answer is how to
engage underrepresented young people in STEM and help them persist
in these fields as they progress through their education and professional
trajectories. The problem is complex and requires the coordination of
many sociocultural factors that affect young people’s progress through the
STEM pipeline, such as socioeconomic status, gender, cultural norms and
values, ethnicity, access to information, and others.
At the national level, there are scalable initiatives that have begun taking
shape in addressing the above-mentioned issue. The National Science
Foundation (NSF) has been instrumental in spurring innovation of tools
and capabilities that provide and maintain cyberinfrastructure to enhance
STEM educators’ capabilities and productivity [2]. In its Strategic Plan for
Fiscal Years 2011–2016, NSF has clearly indicated its intention to invest in
innovative learning tools that utilize emerging technologies developed
from partnerships among scientists, educators, and engineers [2]. As a
result, NSF has articulated many funding programs, such as Cyberlearning:
Transforming Education, Discovery Research K–12, Transforming STEM
Learning, Informal Science Education, and others.
The Obama administration also has paid significant attention to the
troubling signs of American students’ performance in mathematics and
science, especially in response to the Programme for International Student
Assessment (PISA), whereby American students ranked significantly lower
in science and math literacy compared to their counterpart students in
other developed countries. The most recent PISA results showed that American students ranked seventeenth out of thirty-three in science literacy and
ranked twenty-fifth out of thirty-three in math literacy among students in
developed countries [3]. President Obama launched the Educate to Innovate campaign, which detailed some tangible initiatives to increase STEM
literacy overall and expand STEM education to underrepresented groups
[4]. For example, Educate to Innovate promoted initiatives to create video
games for science learning, community involvement in science teaching,
and media campaigns to motivate students to pursue science.
At a micro level—for example, in schools, libraries, classrooms, and
homes—research suggests that young people can engage in STEM via numerous pathways. Technology and media play a large role in the ways that
young people can connect to STEM learning. For example, researchers
are creating virtual worlds and games that leverage young people’s interest
to learn science concepts [5–7]. Foundations are creating digital labs in
public libraries to teach young people media literacy skills [8, 9]. Re-
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searchers are also beginning to find that young people engage with scientific practices via their participation in everyday digital media. For example,
Constance Steinkuhler and Sean Duncan (2009) observe that World of
Warcraft players exhibit numerous scientific practices, such as systems
thinking, model-based reasoning, and social knowledge construction, as
they collaboratively solve problems in the online game [10]. These initiatives and research programs combine to suggest that media, technology,
and social networks may help connect young people’s everyday interests
to meaningful STEM learning.
Despite the tremendous interest and energy surrounding young people
and STEM education, the role of school libraries in these initiatives is
rarely examined. In this article, we outline how school library programs
can play a critical role in STEM education and articulate the crucial need
to examine the contributions of school libraries. If one takes seriously the
need to link young people’s out-of-school interests to their STEM learning,
school libraries emerge as an ideal hybrid space to bridge the formal
classroom with the broader world. However, much work needs to be done
to define the most effective hybrid spaces, research how they could be
implemented in school library settings, and evaluate their effects on students’ STEM learning.
The major goal of this article is to illustrate the potential of school library
media programs to serve as effective hybrid spaces to encourage STEM
identity development and STEM learning and to call for more research
that substantiates this assertion from a sociocultural perspective. We first
introduce the issues surrounding STEM education and the calls for more
effective STEM education. Second, we describe the concept of STEM identity development and its importance in increasing the engagement of underrepresented minorities and females in STEM fields [11–13]. The article
outlines sociocultural theories of learning and how the framework can
contribute toward STEM identity development [12, 14–16]. A sociocultural
understanding of young people’s interest in learning highlights the need
to integrate their everyday interests with their formal STEM education.
For example, media forms such as young adult fiction, nonfiction, popular
science, popular movies, and television are all opportunities to connect
young people’s interests to science. Young people’s interests in media,
technology, and social networks also provide critical avenues through which
students can engage in STEM [17–20]. Finally, we highlight the ways in
which the school library program is the ideal place to connect young
people, media, and technology to engage students in STEM. We provide
concrete examples on how the expertise of school librarians can be leveraged to engage young people in STEM identity development and learning.
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The Engagement of Underrepresented Minorities and Females in STEM
Decades of educational initiatives have had little measurable effect on
increasing the participation of minorities in STEM education and employment. While the need for students to excel in STEM fields grows as
the country seeks to maintain its competitive edge in scientific and technological research and industry, studies both within the United States and
internationally paint a troubling picture of students’ STEM achievements.
In addition to the PISA findings presented earlier, recent reports from the
National Assessment of Education Progress [21] find that fewer than 35
percent of fourth graders and one-third of eighth graders perform at or
above proficient levels in science. While these statistics reflect a slight
overall improvement over the past two decades, racial achievement gaps
have remained static [21]. At grades four and eight, white students had
higher average scores than other racial/ethnic groups, and Asian/Pacific
Islander students scored higher than black, Hispanic, and American Indian/Alaska Native students.
Recent national analysis finds that gender, socioeconomic status, and
race continue to define gaps in STEM participation. Young women and
those from lower socioeconomic backgrounds are less likely to pursue
STEM majors in college. Furthermore, white young people are more likely
to complete STEM degrees than their black or Hispanic peers [22]. An
example of a STEM profession that is often highlighted in the literature
as lacking the participation of women and minorities is computer science
or information technology (IT). In 2008, women comprised 57 percent of
the professional workforce of the United States but only 24 percent of the
professional workforce in IT. The more startling news is that in 2008 only
3 percent of computer scientists were female and African American, 3
percent were female and Asian, and only 1 percent were female and Hispanic (inclusive of Latinas) [23]. Latino representation in the information
technology workforce is strongest at the entry level (5 percent) and declines
to less than 1 percent at the top level. These are alarming statistics [13],
given that the Latino population is projected to increase to 30 percent of
the total US population by 2015 as compared with 15 percent in 2007 [24,
25].
STEM careers are highly skewed by race, gender, and income, favoring
wealthier communities in comparison to less privileged populations [26].
While the issues of STEM careers are often discussed in relation to underrepresented populations as an issue of race and ethnicity, underrepresentation of these communities in STEM must also include those who
are underserved and disadvantaged. Having limited access to resources
and technology also serves as a social and learning disadvantage to many
young people who come from families that are in poverty or restricted to
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access due to geographic locations [27–29]. According to a recent Pew
Report [30], technology and Internet access is becoming widespread across
all demographic groups; however, gaps in use continue to persist. For
example, recent statistics demonstrate that even with the growth in access
to the Internet through cell phones by Latinos and African Americans,
usage is more “entertainment than empowerment” [30]. Minority groups
and those from lower socioeconomic backgrounds might utilize mobile
devices and the Internet for entertainment but less for activities such as
learning a specific skill, finding information, and other “empowermentlike” activities.
These patterns of use may be due to the nature of mobile devices that
currently do not facilitate particular types of engagement, such as classroom-based learning, productivity applications (word processing, data analysis, etc.), or activities such as applying for a job [30]. Rather, current
mobile access to the Internet appears to encourage more entertainmentbased uses, and individuals from lower socioeconomic backgrounds appear
to use mobile devices as their primary access points. To fulfill both broadband access and empowering goals, such as the need to obtain information
or survival type of tasks, many young people turn to school and public
libraries to obtain access to the Internet [8, 31]. It is critical to understand
how to engage underrepresented young people in learning activities related to STEM in community information centers such as public and school
libraries. This article emphasizes the potential of school libraries to help
underrepresented young people persist in STEM fields as they progress
through their education and professional trajectories.

The Importance of STEM Identity Development
As researchers examine the unique issues related to the STEM engagement
of underrepresented young people, the concept of identity emerges often
in the literature. A sociocultural theory of learning suggests that one’s
cultural history and personal experiences greatly influences how one (a)
engages with STEM learning and (b) integrates STEM into future aspirations. How one talks about science, does science, learns about science,
and aspires to pursue science is influenced by prior life experiences, social
circumstances, and home life, which are inextricably related to factors such
as race, gender, and socioeconomic status [12, 14–16]. Sociocultural theories of learning have highlighted how identity is a key factor in the STEM
success of poor, minority, or female young people. For example, researchers have observed how African American young people bring their own
life experiences and social identities to science programs. Some young
people bring personal identities that conflict with their participation in
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science, while others develop identities that include science as a possible
future [12]. Studies of young women find that they develop different identities as scientists that are influenced by their relationships in and outside
of school [14, 32].
Defining identity as it relates to STEM learning is complex. Young people
bring knowledge or past experiences to new learning environments such
as a science classroom. Nancy Brickhouse and Jennifer Potter’s [14] study
of two young women, Ruby and Crystal, as they progressed from middle
school through high school, highlights how these young women’s life experiences affected their success in a vocational computer program. Ruby
began in seventh grade as a low achiever in science but through the years
succeeded in the demanding computer track. Crystal began the study as
a high academic achiever but ultimately failed in the computer program.
The researchers observed that Crystal’s isolating experience of being the
only African American student in her honors science classes and her lack
of computer experience at home contributed to her developing an identity
as not enjoying computer science.
Conversely, Ruby did not particularly like science or computers. However, the pervasive presence of a computer in her home, and her father’s
own interest and work with computer hardware, influenced her acceptance
of computing as an academic and career path. Similarly, Kathleen Burnett,
Mega Subramaniam, and Amelia Gibson [33] found that Latinas who held
senior positions in STEM careers described critical experiences during
their youth in which they received positive support from peers, family, or
other members of their social network that solidified their determination
to continue their pursuit of a technical career despite a more general
perception of negative gender and social typing. Numerous ethnographic
and qualitative studies have highlighted similar experiences of underrepresented young people [12].
The emerging picture is that young people bring their own wealth of
experiences to new science learning environments. Learning environments, such as a science classroom, require different sets of content knowledge, social norms, and cultural expectations. Thus, young people’s own
identities merge, and sometimes conflict with, formal science settings to
create hybrid spaces [34]. Prior research suggests that successful hybrid
spaces help students link formal STEM learning with their existing experiences. For example, teaching young people in their everyday language,
then linking these discussions to formal scientific vocabulary, has been
related to better learning performance [35, 36]. Another strategy suggested
by researchers has been to include socioscientific issues (SSI) into science
curricula [37]. For example, students might discuss the moral and ethical
dilemmas of cloning and in doing so need to learn and utilize knowledge
about genetics into their arguments. This merging of values, identity, and
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scientific argumentation may serve as a way to deeply engage young people
in STEM. An SSI approach also links to the idea of hybrid spaces, as they
provide ways to connect a student’s prior knowledge, values, and experiences to the formal practice of scientific thinking.
Finally, young people’s participation in reading and in media and technology also create hybrid spaces that may help them engage with science.
The process of reading and creating narratives around science can potentially be a major component in the development of STEM identities [38,
39]. For example, reading or writing science fiction (also known as speculative fiction) via other media may significantly impact how young people
think about and view their world [40]. Engaging in both science fiction
and popular science may influence young people’s understanding of and
attitudes toward science [41, 42]. Science fiction has been shown to have
significant potential for structuring and changing individuals’ lives [43,
44], including potentially encouraging young people to pursue STEM careers [45–47].
Today’s young people not only consume media such as science fiction
books, television, or film but also participate as creators of media. With
recent developments in social technologies such as blogs, social network
sites, and virtual worlds, young people are able to create rich content that
they share with the world. Studies of young people’s interest in learning
with media find that they use technologies such as social network sites to
write extensively, explore their interests, create videos, develop virtual characters, and collaborate with others [17, 48, 49]. When young people participate in online communities, multiplayer games such as World of Warcraft, or social network sites, they participate in different modes of learning.
Researchers have found that young people develop their personal identities, share knowledge or information with peers, and collaboratively solve
problems with their networks [10, 50, 51]. These literacy practices are not
only salient in social contexts but also are vital practices of science communities. Thus, new media tools such as online communities and networks
might be leveraged to create ideal hybrid spaces where students can connect their personal interests and identities to STEM learning activities.

School Libraries as the Ideal Hybrid Space for STEM Learning
Numerous initiatives are currently underway to design technologies and
learning programs for STEM learning. Digital hubs in public libraries,
virtual worlds and video games, and after-school programs are just some
of the ways that educators and researchers attempt to reach young people.
Since the 1960s, the affects of school library media programs on student
learning have been the subject of discussion. The body of literature on
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school library programs has found a consistently positive and significant
correlation between school library resources and student achievement in
the United States [52–55]. The majority of these studies showed a correlation between the school library media programs that are offered and the
improvement of reading and language arts scores in student but has never
attempted to demonstrate a relationship to mathematics or science learning. However, with the recent introduction of the Common Core State
Standards Initiative for mathematics, which provides a consistent and clear
understanding of what students are expected to learn in mathematics
across the nation [56], we anticipate that school library media and education researchers will soon map the contribution of school library media
programs to mathematics learning.
We argue that school library programs are, in fact, an ideal setting to
create a successful hybrid space for young people to engage in STEM and
provide promising bridging or scaffolding spaces for STEM learning.
School libraries often serve as the hubs of different media forms: books,
periodicals, videos, computers, and the Internet. Library settings are places
for student exploration and discovery, and are usually not tied to the
negative stereotypes students may have of the formal classroom. Students
might not enjoy math or science class, but they may still utilize the library
to read books, watch videos, or log in to their computer networks.
The learning environment that can be created in a school library may
also represent a starkly different context compared to the formal classrooms present in the same school. For example, education researchers
consistently find numerous constraints that hinder new innovations in
teaching and learning within the formal classroom [57, 58]. For example,
K–12 teachers face obstacles such as heightened pressures to adhere to
curricular standards and high-stakes testing requirements that may hinder
their inclination to experiment with new methods and techniques. In addition, the lack of teacher knowledge about technology-enhanced learning
and how to engage students with different media contributes to the lack
of technological and pedagogical innovation seen in K–12 classrooms [59].
Finally, there is consistent concern that K–12 schools that serve the most
underrepresented students, such as those from lower socioeconomic status
groups, may promote the most impoverished forms of learning with technology. Underserved students might use technology for mundane and typical tasks such as drill-and-kill activities or teacher lectures, while their more
privileged peers attend schools that experiment with new forms of media
and technology [60].
While there are numerous obstacles to implementing new teaching techniques, learning technologies, and strategies to promote STEM engagement in formal classrooms, school library settings offer a uniquely different
space that might foster new innovations. School library media centers are
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often the hub of technology and information resources for students. In
addition, these spaces are often less tied to the pressures faced in formal
classrooms, such as the need to adhere to standardized tests or requirements. Finally, school librarians may also be the key change agents to
develop and implement media-enhanced education because they are (a)
often leaders of media programs in schools, (b) best equipped to spread
an educational program through their existing collaboration with teachers
across an entire school, and (c) able to connect young people to resources
that bridge in and out of school contexts.
Despite these unique characteristics of school libraries and librarians,
there has been little discussion about utilizing these resources to promote
STEM learning and innovation. There is a tremendous opportunity to both
communicate the potential ways that school libraries can promote innovation in STEM education and develop research that collects evidence of
these innovations. School librarians have only recently begun voicing their
potential roles in enhancing STEM learning [61–66]. Most research in
school librarianship and STEM learning has been centered on building
digital resources for STEM learning [64, 65, 67–69] and site-based sharing
of STEM programs in school libraries by school librarians themselves [65,
70]. This early work has not focused on the effects of school library media
programs on science, math, and/or computer science learning.
We envision several opportunities to implement and research STEM
learning in school library settings. First, young people can work with librarians in their schools to consider the science embedded in print and
nonprint sources such as books, magazines, news sources, television, movies, their classrooms, and other sources. Science is embedded in almost
every aspect of the world. For example, science fiction novels may incorporate ideas about future technologies. Popular films such as The Matrix
are built from concepts of artificial intelligence and computer science.
Documentaries about the environment may spur connections to biology
and the ecosystem. The study of art and color might connect to learning
about light waves.
In formal STEM classrooms, much emphasis is placed on facts and information. However, a deeper consideration of what it means to engage
with STEM reveals that the disciplines are fundamentally a way of viewing
the world [71]. Young people need guidance to link what already interests
them about their world to science or to see what is around them through
the lens of science. There are tremendous opportunities for school library
programs to promote these types of connections. Similarly, systematic research is needed on the broader impacts of science-infused media on young
adults’ emerging views of science, socioscientific issues, and STEM concepts.
Second, school libraries have the unique ability to infuse technology and
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new media into the STEM learning process. Students experience constraints or are discouraged by technology policy in schools that defers or
blocks such media-based participation [20, 72, 73]. In addition, recent
national data reveal that there is a significant digital disconnect between
young people’s aspirations about the use of technology-enhanced learning
and the values and aspirations of their less technology-comfortable teachers
and administrators [20, 74]. Outside of school, the majority of high school
(72 percent) and middle school (65 percent) young people communicate
with others via instant messaging (IM), e-mail, or text messaging. Of special
significance, outside of school, 51 percent of middle school young people
and 59 percent of high school young people report their primary vehicle
for communicating with their friends online is through social network sites
(SNS) such as Facebook and MySpace [20].
While formal science classrooms may be constrained in their use of
technology, school libraries can promote youth participation in technology
and online communities that may enhance their STEM learning. The
Speak Up 2009 data suggest that school librarians are typically the most
digitally literate staff members in a school. In addition, they are more likely
than teachers to communicate and collaborate via SNS or digital media
tools [20]. For young people, the incorporation of books, media, and
technology are merely a natural extension of the way they are currently
living and learning outside of schools. These students also perceive that
school librarians share the same motivations and values toward technologies. Thus, there exists opportunities to leverage school librarians’ expertise in technology, literacy, information resources, and the school’s curriculum to help students connect their formal learning to their everyday
interests. Such initiatives may increase the relevancy of a student’s learning
experience and begin to close the persistent digital disconnect by using
school library media programs as effective hybrid spaces for STEM learning.

The Model School Library Media Program That Encourages STEM
Identity Development
Very few studies to date have examined the evolving roles of school librarians and library programs for STEM learning [20]. However, there is
increasing interest from school librarians in playing a more integral role
in students’ STEM education [63, 65, 74–76]. In this section, we describe
the roles that school librarians currently play in schools and how these
roles can be tailored toward helping young people develop STEM identities
by leveraging two existing interests of young people that remain isolated
from science learning: (1) interests in reading science-infused books and
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watching science programs and (2) interests in media, technology, and
social networks.
The School Librarian as Information Specialist
With the introduction of Information Power standards for effective school
library programs in 1998 [77], school librarians have shifted their focus
from the traditional roles that are often associated with librarians (such
as the teacher of library skills and maintainer of collections) to playing a
substantial role as the information specialist, teacher, program administrator, and instructional partner to teachers in schools [78, 79]. As an
information specialist, the school librarian provides leadership in selection,
acquisition, evaluation, and organization of information resources and
technologies in all formats and has expertise in the ethical use of information [80, 81]. School librarians have a great understanding of their
collection and often purchase books based on the needs of the curriculum,
the students, and the staff of the school. As one of the few personnel in
school who are responsible for all students, school librarians often manage
the ecosystem of media resources available to young people, including
books and periodicals in various formats, media, and technology tools.
Students who describe themselves as hating science when they were in
school actually do have inclinations toward science. However, this interest
does not come in the form of dreaded exams, dull classes, or heavy textbooks [82]. Young people might grow up to become people who enjoy a
good medical story, follow the space program, visit zoos, build their own
computers, or seek a rare herb through their own investigations [82, 83].
In traditional classroom settings, these explorations are often not considered “science.” Rick Roche observes that “without cognition of the discipline [science], they [actually] surround themselves with science” [82, p.
143]. School librarians may be best positioned to direct young people with
such interests in science to materials that may spur their engagement. Most
important, school librarians are already trained to provide reader advisory
information and select appropriate materials based on the reading level,
literacy, special needs, and interest level of these young people.
School libraries normally carry collections of popular science, and school
librarians can provide reader advisory information for young people who
have varied interest in science and levels of interest in science. These
resources can be in the form of print books (such as A Short History of
Nearly Everything by Bill Bryson and You Call This the Future? The Greatest
Inventions Sci-Fi Imagined and Science Promised by Nick Sagan, Mary Frary,
and Andy Walker), magazines (such as National Geographic and Scientific
American), television programs and movies (such as PBS’s Nature or NOVA
and the History Channel’s Engineering an Empire), graphic novels (such as
T-Minus: The Race to the Moon and Bone Sharps, Cowboys, and Thunder Lizards
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by Jim Ottaviani), and podcasts (such as TED Talks and NPR’s Climate
Connections podcast) [82]. This list is not comprehensive, as there are popular science materials for nearly every taste and aspects of science.
Young people can also “connect” to certain characters portrayed in popular sciences, such as the characters of contemporary scientists as recounted in Einstein: His Life and Universe by Walter Isaacson and The Remarkable Life of William Beebe: Explorer and Naturalist by Carol Gould, or
characters of science pioneers such as The Curies: A Biography of the Most
Controversial Family in Science by Denis Brian and Google Boys by A&E cable
TV network, or controversial figures in science such as Freud: Inventor of
the Modern Mind by Peter Kramer and Tesla, Master of Lightning by PBS [82].
Such “connection” with these scientists and the science involving them
could motivate young people to begin developing their STEM identities.
Science fiction is considered to be the genre of the future, driven by
the “what if . . .,” “if only . . .,” “if this goes on . . .?” questions, and thrives
on new and provocative ideas relating to STEM [84]. Science fiction already
has a strong presence in various media, from movies to television, to traditional books and graphic novels, to computer and video games, and
young people may be just as likely to watch science fiction as read or
interact with it. Jessica Moyer, Christy Donaldson, and Casie Wagner [85]
theorize that many science fiction collections assume that readers have
background knowledge in math and science, which requires the librarian
to be conscious in selecting and recommending appropriate materials for
young people.
These science fiction resources can be in the form of print books (such
as Ender’s Game, Neuromancer, and Dawn), graphic novels and manga (such
as Ghost in the Shell), movies (such as Avatar and Star Wars), television shows
(such as Battlestar Galactica, Firefly, and Star Trek), and computer and video
games (such as Halo, which inspired a series of Halo books), all of which
are becoming increasingly interconnected [85]. Young people can also
“connect” to certain characters portrayed in science fictions, such as the
characters of leaders in Admiral Adama in Battlestar Galactica, Mal in Firefly,
and female heroines who can certainly increase the interest of girls in
science, such as Princess Leia in Star Wars and Major Motoko Kusanagi in
Ghost in the Shell [85]. In addition, school librarians can also connect students to female heroines from underrepresented groups, such as Nyota
Uhura in Star Trek and Lilith Iyapo in Dawn. Such “connection” with these
characters can boost girls’ confidence in pursuing STEM identities and
help them to visualize and comprehend their potential futures in sciencebased careers.
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The School Librarian as the Instructional Partner across the Curriculum
The most important role of a school librarian (and unfortunately the least
known role) is the role of instructional partner [78, 80, 81]. A school
librarian’s role as an instructional partner has further morphed to include
teaching and integrating multiple literacies across the curriculum [78, 86–
88], such as information, digital, technology, media, and visual literacies,
to students with the introduction of Standards for the 21st-Century Learner
in 2007 [80, 81]. The new standards broaden the concept of literacy by
“incorporating the skills necessary for a more constructivist view of learning, in which students are empowered to ask meaningful questions and
follow a path of discovery to construct their own understandings, draw
conclusions, create new knowledge, and share their knowledge with others”
[89, p. 50].
In this role as an instructional partner, the school librarian collaborates
or partners with classroom and STEM subject teachers to teach and integrate different literacy practices into the curriculum. School librarians
also build connections between student information/research needs, curriculum content, learning outcomes, and information resources as they
support the overall educational community in the school [55, 80, 81].
School librarians are also tasked to infuse the standards, skills, dispositions,
and responsibilities detailed in the Standards for the 21st-Century Learner
across all subjects and curricula. Gail Bush [90] characterizes the school
library as a learning laboratory, where “the hard lines between and among
disciplines and subjects within disciplines soften as all knowledge has a
place in this physical, virtual, and intellectual space” [90, p. 24].
School librarians are able to tap into resources across the entire curriculum and connect the interrelationships between subjects in schools.
Through these strategies, they are able to ensure that students are able to
make these linkages as well. School librarians are expected to be aware of
curriculum offerings of every subject in schools. If needed, they can map
the relationships of other subject content areas to STEM learning in discussions with STEM teachers and can initiate collaborative projects among
multiple subject areas using resources and services available in the school
library.
In recent studies, school librarians are demonstrating these evolving
roles as curricular partners who connect resources to formal STEM learning. For example, in an ongoing study at the University of Maryland [91],
researchers are examining the science content in popular science fiction
and aligning it with the Maryland Voluntary State Curriculum. The study
participants highlighted science concepts in young adult literature such
as Life as We Knew It by Susan Beth Pfeffer. This best-selling, young adult
novel tells the story of Miranda and her family as they face a climate crisis
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after the moon’s orbit is altered by an asteroid. The fast-paced story is
interwoven with explanations of how the tilt of the Earth’s axis affects
climate, the role of gravity in tides, and the global affects of volcanic
eruptions—all items under Standard 2.0 Earth/Space Science on the Maryland State Science Curriculum for Grade 8.
Similarly, Scott Westerfeld’s highly popular Leviathan series (which was
ranked thirty-eighth on Amazon for its graphic novel incarnation at the time
this article was written) postulates an alternate history of World War I in
which the Darwinists (the English) use their knowledge of genetics to
develop specialized animals for use in flight, weapons, transport, and communications. The Klankers (the Germans) use their knowledge of engineering to develop similar technologies using metal. In the process, students are exposed to ideas around the Standard 3.0 Life Science for Grades
6–8, including the concepts of selective breeding and adaptation, and the
Standard 5.0 Physics for Grade 8, with multiple scenes hinging on the
properties of force and motion. These examples are ways that librarians
can connect popular interests to the science curriculum and motivate high
levels of collaboration among STEM teachers, other subject matter teachers, and school librarians that will result in young people seeing connections of science to other disciplines. The school library can connect young
people to science through print, media, and online communities in a way
that is freed from the formal identities and stigmas attached to the academic classroom.
Teachers are often reluctant to collaborate with school librarians due to
many factors, including the pressure of high-stakes and standardized testing, the culture of K–12 schools, and a misconception of collaboration
practices being time consuming [86, 92]. In the past, school librarians
often struggled to gain recognition from teachers about the importance
of process or literacy skills for learning any content [89]. Despite these
challenges, school librarians have shared many successful examples of coplanning, coteaching, and coassessing with language arts and other social
science–related curricula [66, 87, 92–94]. In STEM curriculum areas, collaborations are less frequently attempted due to the same misconception
of collaboration mentioned above, and there are calls for more collaboration between STEM teachers and school librarians [63, 65, 66, 95]. We
propose that STEM teachers leverage school librarians’ capabilities in tapping into other curricula and providing resources and technology tools
for science discoveries.
School Librarians as Technology Allies
A final role that is underexplored in the literature is the potential for
school librarians to be technology allies in their institutions. As mentioned
earlier, numerous constraints hinder the ability of K–12 schools to deeply
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integrate new media tools into the curriculum [58, 96]. Daily scheduling,
lack of planning time, teacher knowledge, and professional development
are all limitations that contribute to the lack of technology use by teachers
in classrooms [58, 59]. In contrast, school librarians are utilizing emerging
technologies in many of the same ways as young people. As mentioned
before, the Speak Up 2009 data suggest school librarians are more likely
than teachers to communicate and collaborate via SNS or digital media
tools [20]. With these experiences come unique opportunities for school
librarians to become active change agents in their school communities. A
few areas that offer potential avenues for innovation include having a voice
in education policy, teacher training, and curricular integration for students.
School policies may hinder student access to potential learning technologies, but school librarians with technological experience can have an
influence in changing these policies. For example, June Ahn, Lauren Bivona, and Jeff DiScala (2011) find that many US school districts have illformed policies on students’ social media access due to a lack of experience
and understanding of the learning potential of these tools [73]. School
librarians can play a vital role in educating administrators and fellow teachers on the potential positive uses of social technologies, online communities, and virtual worlds to enhance STEM learning. In addition, school
librarians have a unique opportunity to help shape and develop education
policies to broaden student access to new media tools.
Another area in which school librarians can provide a voice is through
training and modeling innovative technology-enhanced practices to their
fellow teachers. Lack of teacher knowledge about how to effectively integrate new media tools into the curriculum is a major factor for the lack
of innovation in classrooms [59]. School librarians, through their work as
instructional partners with teachers, have a ripe opportunity to model new
teaching strategies, integrate educational technology, and advocate for exciting change in their schools. Prior education research suggests that teachers adopt technology more effectively from observing and talking with their
peers [97, 98]. School librarians may be the best suited to act as these
peer mentors to diffuse new innovations throughout their school organizations.
Finally, school librarians can be effective allies in helping young people
connect their engagement with technology and the Internet with their
learning in school. School libraries can be structured to be an ideal hybrid
space for them to translate their interest in media and technology to STEM
learning. The presence of online communities and powerful tools, such
as social network sites, virtual worlds, and video games, now afford the
opportunity to explore how such a hybrid space can be designed to help
young people safely bridge the boundaries between their personal and
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science-learner identities. School library professionals have the unique opportunity to experiment and champion the use of new media tools to
deeply engage students in STEM areas. Such future work will require the
careful balance of multiple factors including knowledge of the curriculum,
new trends in technology, and how those trends might come into conflict
with existing school policies or classroom practices.

Conclusion and Recommendations
In this article, we consider the critical issue of STEM participation by
underrepresented student groups. We also used a sociocultural perspective
to show that learning science is deeply embedded in a variety of life experiences that extend beyond the classroom. A STEM identity is developed
by active participation in the environment. Libraries are ideal places to
promote such identities because they are uniquely situated as a hub between the outside world and the classroom, between multiple media forms
and technologies, and between personal and formal learning. It is imperative to explore how young people may develop higher levels of participation in science and a sense of their capability to pursue science as products of their participation in the model school library media program
described above.
We have proposed the conceptual idea of leveraging young people’ interests in reading science-infused books and watching science programs
aalong with their interests in media, technology, and social networks to
encourage the development of STEM identities. We propose the active
participation of the school library media program toward the development
of STEM identities among young people by having school librarians (1)
provide advisory information on the science-infused books and programs
that young people can read—the school librarian as the information specialist; (2) collaborate with STEM teachers and provide intellectual and
physical access that further enrichs the STEM learning—the school librarian as the instructional partner; and (3) act as technology allies to
help educators and students experiment with new media tools and online
communities.
Future research is needed to understand how best to connect young
people to library resources around STEM content areas. The relevant questions around implementation include understanding how librarians can
collaborate with STEM teachers, connect with students on a personal level
to recommend the most effective means to engage them in science, and
create learning programs in the library that explicitly connect the creative
activities of the library to formal STEM concepts. There is a growing need
for school library professionals to define their roles in promoting STEM
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education. Such distinct involvement of school librarians with high-stake
areas such as STEM may potentially educate administrators and education
experts on the value of having school librarians in their school districts
and halt the widespread layoffs currently faced by school librarians. Simultaneously, researchers in library and information sciences, education,
and STEM learning have a unique opportunity to evaluate such efforts on
students’ success and report the impacts of school library media programs
on STEM learning.
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