

















Equity and Dimensions of Student Experience

The path to equity in STEM education has always been challenging, and the pandemic
has further exacerbated opportunity and achievement gaps between underserved
students and their peers. This is the case not only for minoritized communities, but
rural populations as well. Low-income, transient students often move across
administrative boundaries to access services, and traditional data and data
infrastructures do a poor job in tracking them. Boundaries across school districts,
across states, and between K-12 and postsecondary education all serve to hamper
understanding and entrench inequity. Opportunities exist to create and expand data
infrastructure to better understand students through social media and mobile phone
data. These data sources are less affected by administrative silos that impede research
using traditional data infrastructure. Privacy and access are critical concerns when
using these alternative types of data, and careful thought must be put into any
Infrastructure that utilizes these sources.

Data infrastructure should reflect the expansive nature of student learning
experiences while engaging learners from different communities. Digital toolkits may
allow students from different schools, districts, or even states or countries to work
together on projects across time and space, either synchronously or asynchronously.
Multi-dimensional infrastructure would give researchers the opportunity to unify
qualitative and quantitative teaching, administrative, and intervention data, identifying
the multitude of influences on student choice and career pathways in STEM. It could
also track important informal learning experiences that occur outside of the
classroom. New assessment infrastructure is needed, as traditional metrics contain
biases and do not reflect different forms of knowledge and ways in which students
demonstrate knowledge.

Critical race spaces in education have acted as incubators for non-traditional research
frameworks connecting lived experience, expertise, and traditional education for many
years. Researchers should amplify the voices and expertise of scholars of color as
they create infrastructure that captures the varied nature of student learning
experiences. Education research centers and collaborative groups are a type of social
and human infrastructure that could focus on innovative ways to break down barriers
and increase equity while working to capture the multifaceted experiences of diverse
students and learners.



Connecting Disparate Data

Silos are a major issue for STEM education research and data. Data not only come in a
variety of unstandardized formats, but they are stored in distributed databases that are
not widely accessible. Poor replicability and the small-scale nature of most education
research has always been an issue in the field. In addition, the United States has
numerous federal statistical agencies that each have their own rules and regulations,
as well as myriad state agencies, school districts, and commercial vendors—all of
which can be territorial about their data. Another important boundary exists between
K-12 and higher education research. These silos and barriers are a pressing issue that
could have an infrastructure solution.

Technologies, algorithms, and data repositories could be useful for tackling the big
guestions in education and allowing researchers to work across silos and expand
collaboration. Methods, tools, and models need standardization as well as flexibility. An
NSF-run data repository could be a first step in this direction. Other types of data
repositories, platforms, and artificial intelligence applications could help with data-in-
tensive areas of study, such as speech, psychometrics, and administrative data.

Forging better connections between researchers and private sector developers could
take advantage of innovative ideas and funding while addressing the deluge of untested
tools in the marketplace. Infrastructure should take advantage of public-private part-
nerships, building bridges between sometimes conflicting groups. Researchers in
education should look to private firms and national laboratories as models for how to
develop a more robust system to collect multimodal data.

Scaling and Implementation

Current studies of STEM education are hampered by the complexity of the questions
being studied and the barriers to collaboration and data gathering. Funding
opportunities for research studies rarely account for the time that it takes to build
relationships between researchers, educational agencies and institutions, and
teachers. Teachers who are interested in taking part in education research are already
overwhelmed with their own work requirements and cannot take on the additional
burden of classroom-based data gathering. Even with teachers gathering information
in their classrooms, it is difficult to obtain the granularity needed. Existing
infrastructure does not encourage relationships between scholarly experts and
researchers in the wider education community that may be mutually beneficial,
particularly with respect to the sharing of data and research methods. These
management and communication hurdles likely contribute to the extensive time frame
for implementing research ideas.



These deficiencies in the existing infrastructure point to the need for a better approach
to implementation research and scaling of evidence-based practices. The ability to
capture motion and affective states in an instructional environment could reduce the
burden on faculty in collecting data. For example, researchers from Carnegie Mellon
use cameras in the classroom to monitor student and teacher movements and even
eye motion. Such tools would allow researchers to efficiently capture the human
impact of pedagogical strategies and learning activities. Implementation research can
also benefit from large-scale networks or organizations that collect, clean, and
manage data on STEM education. Such infrastructure can also highlight and scale up
ideas shown to work in both the K-12 and postsecondary education spaces.

Implications for Infrastructure

Major education research infrastructure should support communication, collaboration,
and understanding across silos. With improved data systems and instrumentation,
technological advances can afford enriched educational opportunities in STEM while
also addressing current challenges of education research. Methods, tools, and models
need standardization as well as flexibility. There is a pressing need for integrated,
multimodal data infrastructure. Overcoming technical, policy, and competitive barriers
to data sharing is important to realize these benefits, including being able to track
students and teachers longitudinally and across boundaries. It is also important to
consider and address ways in which assessment and data systems reflect and
reinforce systemic inequities. Finally, participants emphasized the need for inclusive
organizational and social infrastructure to support implementation and scaling of
evidence-based practices.
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