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The Quantitative Undergraduate Biology Education and Synthesis (QUBES) platform was
conceived as a “science education gateway” and designed to accelerate innovation in
undergraduate science, technology, engineering, and mathematics (STEM) education.

The technical infrastructure was purpose built to provide more equitable access to
professional resources, support learning that reflects authentic science, and promote open
educational practices. Four platform services (Open Educational Resource library access;
professional learning; partner support; and customizable workspaces) support overlapping

faculty user communities, provide multiple points of entry, and enable manifold use-case
scenarios. The integrated nature of the platform makes it possible to collect, curate, and
disseminate a diverse array of reform resources in a scalable and sustainable manner. We
believe that the cyberinfrastructure provided by the QUBES platform has the capacity to
broaden participation in scholarship around teaching and learning and, furthermore, that
it can help to lower faculty barriers to the adoption of reform practices. Thus, we call for
further exploration of the roles of cyberinfrastructure in undergraduate STEM education.

The impacts of science gateways on research
outputs across diverse fields are well docu-
mented." A gateway infrastructure can support
new practices that combine interdisciplinarity, collabo-
ration, openness, and computation in science. How-
ever, the adoption of a science gateway as a research
platform can require significant adjustments to exist-
ing workflows and challenge one’s assumptions about
how to manage a research program. Gateways need to
engage users to build trust and adoption, and thus sup-
port a research community and promote scientific
impacts. Gateways that do not engage their user
communities to build trust and support adoption are
less likely to establish a robust research community
and therefore limit their potential scientific impacts.?
Like the diffusion of any innovation, acceptance and
use of science gateways hinges on their perceived
usefulness. Developing gateways collaboratively, with
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input from users may accelerate the adoption of
new practices afforded by the gateway platform. Cen-
tralized resources and online collaboration are becom-
ing more widely adopted in many contexts where we
believe the “gateway model” provides a context for
addressing hard problems and broadening access to
key resources.

In this article, we describe an effort to build a sci-
ence education gateway to accelerate undergraduate
science, technology, engineering, and mathematics
(STEM) education reform. We define reform very broadly
to embrace the diverse and dynamic landscape across
which change happens. To be impactful, STEM educa-
tion reform must support effective teaching across a
wide range of institutional settings, student populations,
and delivery modalities. Further complicating reform
efforts, there is broad recognition that teaching and
learning strategies should evolve to emphasize the
adoption of evidence-based teaching methods, student
engagement with authentic scientific practices, and
broaden participation among traditionally underrepre-
sented communities. These challenges are further com-
plicated by the need to continuously integrate new
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topics and skills to connect classrooms to contempo-
rary scientific practices and help prepare students to
participate in the technical workforce. Even when inno-
vations are developed, it is a nontrivial undertaking to
support the broad implementation of those strategies
so that the potential benefits reach as many learners as
possible. Considered at scale, STEM education reform is
a wicked problem that will require diverse overlapping
strategies that can be applied flexibly across the land-
scape. Furthermore, given the certainty that scientific
practices and computational resources will continue to
evolve, STEM education reform should adopt a continu-
ous quality improvement process in order to treat
reform as ongoing and context specific.

In 2014, the National Science Foundation (NSF)
funded the project “Supporting Faculty in Quantitative
Undergraduate Biology Education and Synthesis
(QUBES),” which was designed to “address the Nation’s
growing need to better prepare undergraduate biolo-
gists with the quantitative and computational skills
needed to be successful in the workplace or in gradu-
ate school.”® Given the long history of quantitative biol-
ogy education reform efforts, the project aimed to
increase the visibility of ongoing but isolated reform
communities and coordinate faculty access to a diverse
collection of existing teaching and learning resources.
We adopted the HubZero platform and worked with the
Science Gateways Community Institute (SGCI) to
design and deploy a gateway to support quantitative
biology education innovation and classroom implemen-
tation.*® Over time, our mission has evolved to serve
the STEM education reform community more broadly.
At the conclusion of the initial NSF funding the manage-
ment of the QUBES platform was moved into the
BioQUEST Curriculum Consortium, a well-established
501(c)(3) nonprofit, where it is sustained as an open
resource for the STEM education reform community.

In this article, we describe the conceptualization
and implementation of the QUBES platform as a sci-
ence education gateway (SEG). After an overview of
the technical infrastructure (tools) we describe the
ways that faculty use of the gateway is facilitated using
social infrastructure (practices). We end with a call to
action for the undergraduate STEM education reform
community to explore the potential use of science edu-
cation gateways as a means to accelerate the reform
of teaching and learning.

Gateways refer to community-developed online envi-
ronments that integrate access to shared resources
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including software, data, collaboration tools, and high-
performance computing. As a science education gate-
way, QUBES is designed to lower barriers to faculty
participation in STEM education reform by making it
easier to engage in scholarship around teaching and
learning. From finding new teaching materials, to col-
laborating on projects, to accessing interdisciplinary
expertise, the QUBES platform provides both technical
and social support to engage faculty. Our target audi-
ences include faculty whose scholarship centers on
teaching and learning, with the platform designed to
facilitate, document, and disseminate faculty work
as they participate in diverse professional activities.
Following a high-level overview of the technical infra-
structure, we describe a set of platform services
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FIGURE 1. The QUBES Science Education Gateway and its
Four Platform Services. The central element, labeled QUBES
Science Education Gateway, represents the underlying tech-
nical infrastructure that supports an integrated, customizable
online platform. The four platform services (professional learn-
ing; open educational resource (OER) library access; project
support; and customizable workspaces) support overlapping
faculty user communities, provide multiple points of entry,
and enable manifold use-case scenarios. Broadly, the gateway
can be described as both a platform for hosting diverse pro-
fessional activities and as a highly curated repository of teach-
ing and learning resources. This dual functionality supports a
virtuous cycle where faculty engagement with STEM educa-
tion reform helps them generate new products which are
then captured and curated within the gateway, making those

resources accessible to the broader community.



that provide opportunities for faculty to engage with
reform resources and pursue professional opportuni-
ties (Figure 1).

Technical Infrastructure

The QUBES platform is a shared online space that can
be used to publish and disseminate open educational
resources (OER), host distributed meeting and work-
shop activities, participate in professional learning, and
support education reform projects. QUBES is an instan-
tiation of the open source content management sys-
tem HubZero, which initially was a branch of the
Joomla! content management system (CMS) but is
now an independently developed platform for scientific
gateways.* The development of HubZero was initially
funded by the NSF. The platform's combination of com-
munity building tools and scientific software hosting
led to its adoption by many science gateways.

The underlying technical infrastructure provides
community building tools, including communication,
productivity, and collaboration functionality, through
membership controlled group spaces. These group
spaces can be public or private, with differing levels of
openness to new members (e.g., completely open,
curated admission, invitation only). There can be multi-
ple administrators assigned to a group who have
additional abilities, such as changing group settings,
controlling membership, and creating or modifying
group web pages. Each group space has optional com-
munity tools, such as discussion forums with email
digest capabilities, announcements, calendars, file shar-
ing, blogs, Pinterest-style file and image sharing (Collec-
tions), collaborative project spaces, a dedicated OER
library, and traditional usage and website metrics. Group
spaces can be fully customized to have their own web
templates allowing for a customized look-and-feel.

The HubZero CMS also supports the publication and
hosting of software tools. QUBES has a dedicated exe-
cution host for providing cloud-based access to any
software that can be run on a Linux machine using the
OpenVZ middleware. Tools available on QUBES include
data science environments (e.g., RStudio Server, Jupyter
Notebooks, Shiny apps), modeling tools (e.g., NetLogo,
Avida-Ed) and analysis tools (e.g., ImageJ, Mesquite).
HubZero is currently working to replace OpenVZ with
Docker containers, which would provide additional
functionality and better scalability. The QUBES platform
currently has the capacity to run 200 concurrent
tool sessions which presents significant scaling chal-
lenges when making software resources available to a
national audience of STEM educators and students.

The QUBES platform has an open, self-publishing
functionality (QUBES OER Library) that uses a git-like
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version control system for tracking versions, adapta-
tions, attribution, and use metrics. For searchability,
publications are categorized using a variety of descrip-
tors used in teaching contexts with teaching materials
(e.g., via multiple standard OER library ontologies, such
as topic area, activity length, and audience level). Addi-
tional optional ontologies are available to align resour-
ces with evidence-based pedagogical frameworks,
such as inclusive pedagogy, universal design for learn-
ing, and open science and education practices.®”89
Publications receive a digital object identifier (DOI),
and several use metrics are automatically tracked.
Importantly, publications can be associated with not
just authors, but projects, organizations, or other QUBES
hosted groups. This makes it easy to extract and display
subsets of the library within a project group context,
contributing to partner customization and autonomy.
While QUBES is utilizing the open source HubZero
CMS, we have pushed for the development of additional
functionality and user-experience improvements, both
independently and through the support of the SGCI
Developer Program. For example, in collaboration with
HubZero developers we implemented an email digests
option for group discussion forums. Similarly, in
collaboration with the SGCI Developer Program we
implemented a forking/adaptation system for open
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FIGURE 2. The full open educational resource (OER) lifecycle.
Open licensing is designed to lower barriers to the modifica-
tion and use of OER. The complete OER lifecycle also includes
sharing those modifications back to the community for poten-
tial use and continued modification. Many OER repositories
do not support the publication, attribution tracking, and link-
ages between adaptations of materials.
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educational resources that made it possible to support
the full OER lifecycle (Figure 2). Independently devel-
oped items include supporting instructor-only access
to particular files within a published resource, an OER
commenting system, and group webpage usage met-
rics. To support autonomy of hosted projects on the
QUBES platform, we increased group customization on
the platform by allowing overrides of components, plu-
gins and modules, including fully autonomous OER
libraries (e.g., a dedicated search-and-browse for their
community resources, and a customized resource
record view). Finally, we have developed the ability for
OER to have multiple aligned ontologies that can be
easily used in a search-and-browse interface with an
Apache Solr search engine, a popular open source
enterprise-search platform.

In order to raise faculty awareness and encourage
adoption of the QUBES platform we have developed a
set of four platform services (Figure 1) tied to common
uses of the underlying technical infrastructure (tools).
These platform services promote a set of use scenar-
ios, or practices, which help to contextualize the ways
that the gateway technology can be leveraged to meet
faculty needs. Platform services use a social infrastruc-
ture that provides training, templates, activity struc-
tures, and support documents to lower barriers to
participation and promote successful engagement with
the gateway. Developing and sharing strategies for
effectively using a gateway can address both technical
challenges associated with manipulating the gateway
tools and introduce new professional practices that
incorporate things like open licensing, distributed col-
laborations, and online community building.

Open Educational Resources
Library Access
Too often innovative educational approaches devel-
oped by STEM faculty are not widely shared, licensed
to support reuse, or documented as professional
scholarship. Our limited ability to capture, curate, and
disseminate the collective teaching and learning
knowledge of undergraduate STEM faculty severely
limits the development and implementation of reform
practices. Collections of education resources are often
distributed across multiple web sites making them dif-
ficult to find and manage, in addition to being more
difficult to sustain over time.

The QUBES OER Library currently hosts over 2100
resources that range from conference posters to
classroom activities. This centralized, well-described
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collection of teaching resources increases findability
and can help faculty explore new teaching and learning
strategies. By hosting diverse resources across many
projects, the QUBES OER Library promotes search
both within and across projects. Rich contextualization
of the product reflecting authorship, project associa-
tion, group affiliation and other metadata makes it pos-
sible for users to naturally follow threads connecting
seemingly disparate materials to support the discovery
of related content. This also makes it easy to extract
and display subsets of the library within a project group
context, contributing to partner customization and
autonomy.

Access to the QUBES OER Library makes it easy for
faculty to share their own work. Because the library
uses open licensing, and the infrastructure contains a
“git-like” version management system it is possible for
faculty to engage in the full OER lifecycle (Figure 2).
That is, in addition to supporting the discovery and
use of openly licensed teaching resources, the QUBES
platform manages the sharing of modified materials
through the library. Adaptations of existing resources
automatically contain attribution information that link
the resources, making it easy for users to navigate
between them. Use metrics address a range of data
(e.g. views, downloads, comments, versions, and adap-
tations) that help authors assess the impacts of their
products within the community.

The introduction of social infrastructure (practices)
around open licensing has been important to address
community concerns about OER. Hosted projects on
QUBES are often very interested in publishing their
work as part of their dissemination and sustainability.
We also encourage projects to share nontraditional
products such as annual reports, conference presenta-
tions, protocols and manuals to document outcomes
and make them accessible to the broader community.
To support faculty use of the QUBES OER Library we
structure professional activities (e.g., project collabora-
tions, professional learning, workshops) around exist-
ing published materials, or as a mechanism to collect
newly generated resources. This immediately helps to
establish an authentic context for participating in pro-
fessional learning opportunities—run by BioQUEST or
hosted partner organizations—and generate products
that are appropriate for publication. We have adopted
the language of a preprint server to help faculty under-
stand the benefits of sharing works in progress and
recognize the utility of self-publishing in the educa-
tional space.

The BioSkills Guide is an example of a resource that
was shared early during its development and then ver-
sioned as it was refined. To date, it is in its fifth version



and in total it has been accessed more than 7500 times
and downloaded more than 2500 times.”® When the
manuscript describing the development of the guide
was published in a peer-reviewed journal, the guide on
QUBES was referenced, with the journal citation added
to the description of the guide on QUBES, thereby
pushing discoverability and traffic in both directions.

Project Support

Externally funded education reform projects play an
important role in fostering innovation and exploring
effective teaching practices. However, funded projects
often face logistical challenges like coordinating pro-
ject activities, documenting project impacts and sus-
taining their work beyond the funding period. It is
essential to the ongoing reform of STEM education
that funded projects are as successful as possible
and that their findings are carefully documented and
shared to increase their impact over time. Effectively
engaging user communities early in a project's devel-
opment cycle can play an important role in guiding the
work to be broadly useful and seed the effective dis-
semination of products.

HOSTING PROJECTS ON THE QUBES
PLATFORM HELPS TO AVOID THE
INEFFICIENT AND UNSUSTAINABLE
PRACTICES OF HOSTING WORK ON A
SEPARATE SERVER.

The QUBES platform currently hosts over 80 part-
ner projects. These projects share a set of structural
and technical needs that can burden the project team
and undermine the time available to pursue the innova-
tive project agendas. Hosting projects on the QUBES
platform helps to avoid the inefficient and unsustain-
able practices of hosting work on a separate server.
We have developed a project support system that
makes it easy to establish communication, collabora-
tion, and dissemination mechanisms both within the
project team and the broader STEM education reform
community. We provide a turnkey group space that
can be customized to address specific project needs.
Our support services are designed to address three
common challenges groups face when hosting their
project on QUBES: understanding the operation of
the platform; maintaining a sense of ownership and
branding; and adopting new collaboration and commu-
nication strategies to pursue their project. We also
introduce planning resources that help the project
leadership coordinate phases of their projects with the
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functionality they will require in their QUBES group
space. These resources are available within a partner
support group on QUBES for onboarding of new proj-
ects, which includes demonstrations of the effective
use of the platform to support the creation, mainte-
nance, and sustainability of project workspaces.

The CCBiolnsites project is an example of an NSF
funded project that hosted their activities on QUBES.
The grant focused on helping community college fac-
ulty participate in discipline based education research
and improving their teaching practices. The project
recruited a distributed cohort of faculty and used their
(QUBES) site to coordinate their activities."

Similarly, the QB@CC project focused on teachers
at two-year schools who have limited access to pro-
fessional learning opportunities. They have brought
together both mathematics and biology faculty to col-
laboratively adapt existing teaching modules so that
they reflect effective mathematics, biology content,
and pedagogy. These products will persist and invite
further customization in the QUBES OER Library, dis-
seminating and sustaining their efforts well beyond
their active grant funding.

Professional Learning: Faculty
Mentoring Networks

Professional learning refers to an intentionally designed
collaborative environment where teachers work with
one another to learn, develop, and practice new meth-
ods for educating students. In contrast to some pro-
fessional development models, professional learning
promotes learning through engagement in reform prac-
tices, deemphasizing the role of telling faculty what to
do. Providing effective and efficient professional learn-
ing experiences is essential to faculty participation in
education reform. Equitable access to scholarly learn-
ing opportunities requires that those opportunities are
not exclusively tied to events like conferences which
can limit participation to those with available money
and time. In STEM specifically, both the disciplinary
knowledge base and the scientific tools are evolving
rapidly, necessitating ongoing professional investment
in teaching and learning. Access to professional learn-
ing is a major contributor to the implementation of
evidence-based teaching practices discovered through
discipline-based education research.

Our primary professional learning model is called a
faculty mentoring network (FMN). These involve geo-
graphically distributed groups of 10-15 faculty working
together with a facilitator over the course of a semes-
ter. They use a QUBES platform group space to share
resources, communicate asynchronously, and publish
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their products. The schedule and activities are struc-
tured to lead them through multiple stages: 1) a process
of learning about a new teaching resource, 2) customizing
that resource for use in their teaching setting and with
their student audience, 3) implementing the module in
their classroom, then 4) refining and publishing their
adaptation to the OER Library. We have templated the
processes necessary to run an FMN and provide train-
ing for FMN facilitators. Additionally, we have devel-
oped modules addressing common faculty interests
such as inclusive teaching strategies, universal design
for learning, and overcoming math anxiety which can
be integrated across diverse FMNs.

The basic FMN model has been implemented in
over 90 professional learning opportunities addressing
diverse agendas. Groups have adapted our FMN
model to address different outcomes including learn-
ing how to use new computational tools, designing
new curricular activities, and conducting collaborative
research.

One example of how an FMN has been used to
engage faculty in a scholarly approach to teaching and
learning involves the extension and adaptation of a
valuable teaching module. “Investigating the footprint
of climate change on phenology and ecological interac-
tions in north-central North America” was originally
published as part of an NSF funded project coordi-
nated by the Ecological Society of America.'” An FMN
was hosted on QUBES where faculty were mentored
through customizing the original activity and teaching
this data-intensive lesson as part of their professional
learning experience. This FMN led to 15 published
adaptations of the original activity where faculty pro-
duced customizations to incorporate different regional
flora, use different analysis tools, and fit within differ-
ent course contexts.?

Customizable Workspaces

There are a wide range of professional communities
(both formal and informal) that can play an important
role in STEM education reform. In addition to the
grant-funded projects described above, communities
involving professional societies, education nonprofits,
research collaborations, and special interest groups can
help engage faculty with professional opportunities. Pro-
grams such as conferences, webinars, and workshops
can also help expose faculty to new ideas and potential
collaborators. In order to be impactful these communi-
ties need to establish and sustain faculty engagement.
Everything from cross-institutional course-based under-
graduate research experiences (CUREs), to citizen science

#https://qubeshub.org/publications/267/forks/1
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projects, to journal clubs and special interest groups
can play a role in helping faculty pursue scholarship
around teaching and learning.

The QUBES platform currently hosts over 450 online
group workspaces containing 1200 project areas. We
have a set of strategies for establishing, managing, and
disseminating resources from distributed communities
of faculty as they pursue new ideas for teaching and
learning STEM. These involve integrating synchronous
and asynchronous interactions and using active facilita-
tion techniques to work toward a shared community
goal. Through the creation of customizable workspaces,
the QUBES platform can be used to extend engagement
with traditional face-to-face conferences as well as sup-
port hybrid and online-only professional meetings. While
participants can meet synchronously during meetings
and workshops, the infrastructure also supports asyn-
chronous engagement with material and other partici-
pants before and well after the synchronous portion of
the meeting has ended.

WE HAVE A SET OF STRATEGIES FOR
ESTABLISHING, MANAGING, AND
DISSEMINATING RESOURCES FROM
DISTRIBUTED COMMUNITIES OF
FACULTY AS THEY PURSUE NEW
IDEAS FOR TEACHING AND
LEARNING STEM.

As an example, BioQUEST runs an annual online
meeting called the BIOME Institute which offers a
unique opportunity to engage with a community of
peers to address an educational challenge with the
ultimate goal of improving student outcomes. A dedi-
cated website and community space is created prior to
each BIOME Institute. Participants are invited to this
space ahead of the meeting to introduce themselves,
bring attention to any educational reform projects
they are involved in, and to engage with introductory
prompts addressing the meeting focus and objective.
During the meeting, talks and poster presentations are
given throughout, working groups are brainstormed
and formed, with all the material published as OER on
the platform. Plans are made near the end of the syn-
chronous portion of the meeting to create online sub-
communities for working groups so that participants
can continue their work asynchronously over the fall
semester. Products from these asynchronous working
groups are then published as OER on the platform.
Some of these working groups develop into grant



collaborations. You can see a list of the recent working
groups spun off from the BIOME meeting online.

In addition to the four platform services introduced
above, we continue to integrate new functionality and
use scenarios to support STEM education reform.
Since the inception of the QUBES platform in 2014, we
have emphasized working closely with the user com-
munity to develop a shared vision for the ways that a
gateway can support faculty scholarship around teach-
ing and learning reflected in this quote:

“If you want to build a ship, don’t drum up peo-
ple to collect wood and don't assign them tasks
and work, but rather teach them to long for the
endless immensity of the sea.”

—Antoine de Saint Exupéry

Our ongoing and future development plans for the
platform stem directly from needs identified by hosted
projects and users. Here, we briefly introduce four
high-priority areas including: scalable and robust host-
ing of software tools, including tight integration of
these tools with OER; design of teacher portfolios, akin
to a LinkedIn or ResearchGate for educators; a custom
publishing platform that supports peer-reviewed edu-
cation journal tools, beyond the self-publishing of OER
already supported on the platform; and support for
discipline-based education research (DBER), which is
constantly expanding our knowledge on evidence-
based teaching strategies (see Figure 3).

Software Tools

One of the key elements of a scientific gateway is sim-
plified access to computational tools for research and
teaching. The QUBES platform utilizes the open source
content management system HubZero in large part
because of its built-in support for hosting computa-
tional tools, in addition to its collaboration and com-
munication functionality. Addressing the scalability
of access to these tools for use in the classroom has
been challenging. Education user communities are
much larger than research communities and require dif-
ferent types of server support. This issue was exempli-
fied most recently by the COVID-19 pandemic. During
lockdown and social distancing, many biologists moved
their research and teaching out of the in vitro/in vivo
and into the in silico, leading to an increased demand
for simulations and software.

Phttps://qubeshub.org/community/groups/summer2021
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FIGURE 3. Example ongoing and future QUBES platform
development projects. Each of the four panels represents
ongoing or future development to extend the functionality of
the QUBES platform to further support faculty engagement in
scholarship around teaching and learning. (A) Software tools
involve implementing scalable and robust hosting of cloud-
based modeling and analysis tools in a way that is tightly inte-
grated with OER published in the library. (B) Teacher portfolios
refer to the design of an integrated system for collecting, shar-
ing, and contextualizing faculty teaching scholarship as a
means to document activities for consideration in hiring, pro-
motion, and tenure. (C) Custom publishing involves streamlin-
ing the deployment of manuscript management workflows,
and specialized publication collections. (D) Discipline-based
education research support describes a suite of tools that
would facilitate collaboration around classroom research and
studies of reform practices.

Data science has seen an explosion of demand
and utility in the biological sciences, with a specific
increase in students and faculty learning and using R
and Python in their courses and research. There are
many organizations working to train faculty in modern
data science skills and techniques, such as The Car-
pentries, as well as offering professional development
opportunities on how to incorporate these skills into
the classroom. There are many challenges, however, in
bringing these tools into the classroom. Posit Cloud,
for example, has free access for students to RStudio
without the need to install R and RStudio on their com-
puters, but students can quickly run out of compute
time, especially as they are learning how to code.
CyVerse offers many services around accessing bioin-
formatics and computational tools in the cloud, but
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they mainly service the research community. We are
actively exploring ways to increase accessibility to
computational tools in classrooms, and fully integrate
cloud-based computing within the context of OER pub-
lished in the library.

Teaching Portfolios

As faculty participate in reform projects, publish OER
materials, engage with professional learning, and access
materials from the OER library, they are building a
record of their activity on the QUBES platform. Teaching
scholarship is often difficult to document because there
are few publishing outlets for teaching resources, with
those that do get published tending to be cited less fre-
quently as their use happens in the informal context of
the classroom. Our OER publishing platform already pro-
vides DOls, full citations, and some data about uptake
by the community. Furthermore, each version and adap-
tation of a publication is tracked, showing iterative
refinement, adoption, and use, with attribution automat-
ically assigned on adaptation. Our goal is to supplement
these impact metrics with additional ways for faculty to
document their teaching scholarship. We plan to recon-
figure the existing dashboards available to QUBES users
to more effectively capture and share information about
OER that has been published, groups joined, and FMNs
completed. We will also extend user profiles to capture
more information related to faculty activities and
backgrounds.

We typically acknowledge successful completion of
professional learning opportunities through FMNs and
workshop/meeting experiences with certificates and
letters of participation. In the future, we will establish a
badge system to document a wide range of activities
that faculty complete. These badges can be linked not
just to learning opportunities completed, but also to
products produced via those opportunities. Essentially,
our vision for teaching portfolios involves providing
more flexible opportunities to organize, present, and
annotate one's contributions. We are already seeing
many faculty, particularly those in non-R1 settings,
using information from their profiles and dashboards
to capture their scholarship in annual activity reports.

Custom Publishing

The vast majority of QUBES OER are submitted as
a "QUBES Resource.” This resource type contains a
broad set of metadata for describing the resources,
their intended audience, and other features like their
use of inclusive learning practices, universal design
principles followed, and racial equity strategies employed.
QUBES currently provides custom publishing types for
a small group of projects including Math Modeling
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Hub,® NIBLSE,® CourseSource,® and SIMIODE.f These
custom resource types have their own metadata
schema and can be set to employ a review process
before public release. For example, the NIBLSE project
developed and published a set of core competencies
related to describing beneficial outcomes of integrat-
ing bioinformatics techniques throughout the biology
curriculum. These competencies are represented in
their metadata schema, thereby raising awareness and
improving findability across their collection of publica-
tions. CourceSource, a peer-reviewed journal of biology
and physics teaching resources, transferred their OER
library into QUBES, where we developed a custom
metadata schema including alignment with learning out-
comes and teaching frameworks. In collaboration with
CourseSource, we are currently building a custom sub-
mission and editorial management pipeline that will
allow authors, editors, and reviewers to utilize QUBES
throughout the submission, review, and publication
process.

ESSENTIALLY, OUR VISION FOR
TEACHING PORTFOLIOS INVOLVES
PROVIDING MORE FLEXIBLE
OPPORTUNITIES TO ORGANIZE,
PRESENT, AND ANNOTATE ONE’S
CONTRIBUTIONS.

The goal is to make the OER manuscript manage-
ment process customizable for easier and cost-effective
utilization by other communities. We see implications
for ingesting existing education libraries looking for a
sustainable home, and support for distributed communi-
ties, such as CUREs and citizen science projects. Cus-
tom designed metadata schemas and curation pipelines
will support individualized, autonomous search-and-
browse portals within their communities, with their
resources also available across the entire QUBES OER
Library for broad dissemination and discoverability.

Discipline-Based Education

Research Support

There is growing awareness of, and focus on, discipline
based education research (DBER) as an important
component of faculty scholarship.”® DBER generally
involves faculty research on the impacts of various

°https://mmhub.qubeshub.org
dhttps://niblse.qubeshub.org
®https://coursesource.qubeshub.org
fhttps://simiode.qubeshub.org



teaching strategies with an emphasis on addressing
discipline-specific science content. We imagine QUBES
as a platform where curriculum specialists, education
researchers, and teaching faculty could collaborate to
scale up data collection and explore the impacts of
interventions in diverse teaching contexts and across
student audiences. This would likely involve some tools
to facilitate data collection and management (e.g., sur-
veys and other online forms, activity tracking, and use
logging). We would also need to institute student
account types that would appropriately handle data
de-identification to mitigate any personal risks. QUBES
has already been used to coordinate distributed
research projects using faculty mentoring networks
to connect researchers with motivated teachers. We
believe that the gateway environment can play an
important role facilitating research on faculty change,
professional learning, project management, as well as
documenting emerging practices as communities
adopt gateway infrastructures to evolve their profes-
sional practices.

The QUBES platform has been designed and imple-
mented to help faculty pursue scholarship around
teaching and learning. Both the technical infrastruc-
ture (tools) and social infrastructure (practices) were
purpose built to advance innovation in STEM educa-
tion by supporting communities of practice, fore-
grounding equity, diversity and inclusion, and engaging
faculty in the culture of open education. Our four plat-
form services (OER library access, professional learn-
ing, partner support, and customizable workspaces)
provide multiple points for faculty engagement and
address key aspects of accelerating reform practices.
Hosting diverse activities on a single platform creates
a synergistic effect and has proven to be important to
our success, allowing us to capture faculty work and
make it accessible to the broader community. We cur-
rently host a community of over 20,000 registered
users, and we are beginning to see the impact of both
leveraging the platform to get work done and the ways
that feeds forward into the collection, curation, and
documentation of those professional activities. The
integration and interoperability of the various gateway
tools supports and contextualizes a broad network of
projects, organizations, and faculty.

We believe that the broad use of the QUBES
platform by multiple stakeholders demonstrates a sig-
nificant need for a centralized infrastructure to support
reform practices. The National Science Foundation has

SCIENCE GATEWAYS: ACCELERATING RESEARCH AND EDUCATION

identified QUBES, along with other emerging science
education gateways, as important resources for increas-
ing sustainability and broadening the impact of funded
education projects.” We encourage further exploration
of the ways that science education gateways might prove
to be fruitful across STEM education, helping to develop
other purpose-built communities and platforms to accel-
erate innovation in teaching and learning science.

This material is based upon work supported by the
National Science Foundation under Grant 1346584,
Grant 1446258, Grant 1446269, Grant 1602989, and
Grant 1446284. The authors would like to thank Hub-
Zero and the Science Gateways Community Institute
for their support.
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