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ABSTRACT
We describe the first Research Computing and Data Capabilities
Model Community Dataset, aggregating the assessments of 41
Higher Education Institutions. These assessments were completed
using the 1.0 version of the Research Computing and Data Capa-
bilities Model (RCD CM), over a period of several months in the
Spring and Summer of 2020. The RCD CM allows organizations to
self-evaluate across a range of RCD services and capabilities for sup-
porting research, leveraging a shared vocabulary to describe RCD
support. The Model supports a range of stakeholders and provides
structured input to guide strategic planning and enable benchmark-
ing relative to peer institutions. This Community Dataset provides
insight into the current state of support for RCD across the commu-
nity and in a number of key sub-communities. The dataset shows
stark differences between Public and Private institutions, between
institutions with a larger and smaller share of national funding, etc.
In many cases, the patterns in the data confirm common percep-
tions about support across the community, but the dataset provides
a quantitative baseline for understanding current RCD support, as
well as granular insights to groups of institutions that are seeking
to collaborate on shared solutions and strategies to advance RCD
support. Over time, longitudinal data will provide additional in-
sight into trends, and a means of evaluating the impact of programs
designed to increase RCD support.

CCS CONCEPTS
• Social and professional topics → System management; •
General and reference→Evaluation;Computing standards, RFCs
and guidelines.
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1 INTRODUCTION
Research is increasingly dependent upon Cyberinfrastructure (CI),
from instruments and sensors to Research Computing and Data
(RCD) infrastructure and services. RCD is being used in new do-
mains and is expanding beyond High Performance Computing
(HPC) into secure computing; big data management; AI/machine
learning; and into heterogeneous compute models, edge computing,
and cloud-based computing. The rapid evolution and diversifica-
tion of RCD poses significant challenges to academic institutions as
they try to effectively assess and plan for the necessary resources
required to keep pace with the growing needs of researchers. These
challenges are especially acute for smaller and emerging RCD sup-
port organizations, which often lack experience supporting RCD
and have limited resources to develop an analysis framework for
strategic planning. Many institutions would like to assess their
capabilities in comparison to peers, and have traditionally lacked a
framework (much less the data) to do so. The Research Computing
and Data Capabilities Model (RCD CM) [7] allows organizations
to self-evaluate across a range of RCD services and capabilities for
supporting research, leveraging a shared vocabulary to describe
RCD support. The Model supports a range of stakeholders and
provides structured input to guide strategic planning and enable
benchmarking relative to peer institutions.

Forty-one institutions completed assessments using the RCD
CM and contributed these to the 2020 Community Dataset. These
institutions represent 28 states, a mix of public and private, R1,
R2, and other Carnegie Classifications, and also include a number
of key institutional demographic sub-communities. The resulting
dataset provides important insights into the state of support for
RCD, at both a summary as well as a granular level. The Dataset
also clearly shows the different levels of RCD support among cer-
tain sub-communities. In many cases, the patterns in the data con-
firm common perceptions about support across the community
and particularly about relative levels of support (and gaps) among
sub-segments of the community. While these conclusions may be
unsurprising to some, it is important to provide quantitative data
so that we have a baseline for understanding RCD support broadly
and in these sub-communities. In several cases the data made clear
that differences among certain groups are even more profound than
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many may have expected and this allows RCD leadership and oth-
ers to refine their understanding of which areas of RCD support
may merit attention.

In the next sections we provide some background on the Capabili-
ties Model; a description of the structure of the Community Dataset;
visualization and analysis of significant patterns and themes for
capabilities coverage; and a description of the priorities identified
by institutions. We close with conclusions and future work.

2 THE RESEARCH COMPUTING AND DATA
CAPABILITIES MODEL

The initial version of the RCD Capabilities Model was developed as
a collaboration among the Campus Research Computing Consor-
tium (CaRCC) [1], Internet2 [5], and EDUCAUSE [2], with support
from the National Science Foundation (NSF OAC-1620695) and from
many volunteers who provided input and review from a diverse set
of universities (large and small, public and private) and related orga-
nizations. The 1.0 version became publicly available in January 2020,
and has been downloaded by over 125 institutions across 44 states
and 2 Canadian Provinces, including both public and private institu-
tions, a range of Carnegie classifications (including over half of all
R1 institutions), and many EPSCoR-eligible1 and minority-serving
institutions. The RCD CM Assessment Tool presents roughly 150
capabilities (in the form of questions) structured around the five
facings that are increasingly used as a means of characterizing the
roles of people who support RCD: Researcher Facing, Data Facing,
Software Facing, System Facing, and Strategy and Policy Facing.

Figure 1: Excerpt from the Researcher Facing sheet

The initial version of the Assessment Tool is implemented as
a spreadsheet workbook, with one sheet per facing. On each of
these sheets there is a list of questions that represent key aspects or
factors associated with supporting Research Computing and Data;
1An EPSCoR-eligible jurisdiction is defined as a state, U.S. territory or U.S. com-
monwealth that receives less than or equal to 0.75 percent of NSF research fund-
ing. The program mission states: “EPSCoR enhances research competitiveness of
targeted jurisdictions. . . by strengthening STEM capacity and capability.” See, e.g.,
https://www.nsf.gov/od/oia/programs/epscor/

the questions are grouped into themes both for general usability
of the tool, and as well to provide a more granular summary of
capabilities (an excerpt is presented in Figure 1). For each row, an
assessment team will answer the question from three perspectives
or lenses, and the answers are combined to produce a numerical
coverage value for that aspect in the model:

(1) How widely is support deployed at the institution (from No
support to Deployment institution-wide)

(2) What is the level of multi-institutional collaboration (e.g.,
Exploring collaboration, Leading a collaboration, etc.)

(3) What is the Service Operating Level (E.g., No service, Lights-
On Only, etc.)

The calculated coverage values are combined to produce a sum-
mary coverage value for thematic groupings within each facing,
and are then aggregated into a coverage value for each facing. In
addition to the facings sheets, the Assessment Tool also presents
a summary sheet that rolls up the assessment results into a single
page for use in presentation to leadership. As an assessment team
works through the tool, they may also identify specific aspects as
an area of priority in their institutional planning and mark these as
either Medium Priority or High Priority (these do not contribute to
the coverage values and are just for local strategic planning work).
For details see [7] and [4].

3 THE 2020 RCD CM COMMUNITY DATASET
The Community Dataset2 structure mimics that of the RCD Ca-
pabilities Model in order to facilitate benchmarking analyses by
institutions that completed the RCD CM Assessment Tool. This
includes the primary structure around the five facings, as well as
the grouping of questions into topics under each facing. The Com-
munity Dataset aggregates coverage values for all the contributing
institutions from the question level up through the summary values
for the facing.

Figure 2: Contributing Institutions by U.S. State

As institutions request a copy of the RCD CM Assessment Tool,
they provide some basic institutional demographic information;
this allows us to understand how representative the data is, and
2For additional details on the analysis, etc. see [6]
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Figure 3: Screenshot of Benchmarking report tool (edited for simplicity)

also to filter the data according to broad subgroups including public
and private institutions, Carnegie classifications, EPSCoR eligibility
and minority-serving status, etc.

• 28 states are represented in the data (see Figure 2); these
states include roughly 80% of the R1 and R2 Universities in
the US (as reported by Carnegie[3]), and so should be fairly
representative.

• Roughly ¾ of the contributing institutions are public, and
¼ are private. Carnegie reports that about 70% (185 of 266)
of R1 and R2 institutions are public, and 30% (80 of 266) are
private, so the proportions in our data are comparable to the
broader US mix.

• Just under 20% of our reporting institutions are designated as
minority serving. This is slightly higher than the proportion
of R1 and R2 institutions that Carnegie lists as minority
serving (42 of 266, or about 16%). However, we note that
our Dataset includes no Historically or Predominantly Black
Colleges and Universities (HBCU/PBIs) or American Indian-
serving (Tribal Colleges and Universities/TCU) institutions
(a gap that we hope to remedy in future years).

• Somewhat over 24% of our reporting institutions are in
EPSCoR eligible states. This is slightly higher than the 22%
(58 out of 266) of R1 and R2 institutions Carnegie reports
in these states, although only 9 of the 25 EPSCoR states are
represented.

Since the release of the 2020 report a few months ago, it has been
viewed or downloaded by 200 unique individuals. We do not have
data on the readers’ associated institutions, but we note that there
are only about 260 R1 and R2 institutions in the U.S. and so this
seems to reflect a high level of interest. Among the contributing

institutions, 75% reported that access to the detailed report made
them more likely to complete and contribute an assessment in the
future, with the remainder being just as likely to do so.

3.1 Supporting Institutional Benchmarking
Many of the institutions indicated a strong interest in being able to
benchmark their assessments relative to the community and also to
demographic slices. In part due to resource constraints, and in an
effort to make the benchmarking reports follow the same presen-
tation model as the assessment tool, we created a benchmarking
report that has the same structure and layout as the assessment
spreadsheet. The tool queries content from the set of completed
assessments and averages values for each row. Filtering on institu-
tional demographic information produces the averages for commu-
nity subsets, such as Public institutions, R1s, R2s, etc. The report
for a given institution shows their capabilities coverage in the first
column, and then has columns for the entire community and for
the community subsets.

The Capabilities Model presents coverage as a percentage of pos-
sible capability on a scale that is intended to be highly aspirational,
and most institutions will likely be in a mid range of coverage
percentage for many areas. However, some institutions reported a
degree of consternation at the coverage value percentages and the
possible comparison to grades in a course. This, despite the fact that
in contrast to the aspirational scale for capabilities coverage, course
grades are intended to measure against a reasonable expectation
of full comprehension and are not at all comparable. After several
iterations and feedback from the community, we settled on a model
that indicates in which of four tiers an institution’s coverage sits,
allowing them to see their comparative capabilities coverage. The
Tiers are just four equal divisions of the institutions (computed for
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each demographic slice). We considered amodel in which Tier 1 was
lowest, in part to allow for upward adjustment of the scale upwards
(e.g., adding a new top Tier 5) as institutions develop broader cover-
age over time. However, this would alter the definition of the tiers
and undermine benchmarking evaluation over time (e.g., to track
the progress of one’s institution in response to strategic investment
in priority areas). We settled on a model in which the Tiers are
labelled from I to IV (highest to lowest) and are color-coded from
blue (Tier I) to red (Tier IV). Figure 3 illustrates the summary page
of the resulting tool (edited to highlight the indication of an insti-
tution’s RCD coverage Tier relative to several sub-communities).
A full institutional report provides benchmarking comparisons for
each topic across the five facings in the model.

Among the contributing institutions, over 80% reported that
access to their individualized benchmarking report made them
more likely to complete and contribute an assessment in the future,
with the remainder being just as likely to do so. Just over half
reported that access to the raw data would make them more likely
to complete and contribute an assessment in the future; while there
is clear interest in the underlying data, the reports and analysis
seem to provide value to more institutions. When asked how they
plan to use their individualized benchmarking report:

• 100% plan to use it as input to strategic planning
• Nearly 80% plan to use it to help justify funding of their
campus RCD program

• Over a third (36%) will use it to support a grant proposal
Others reported plans to develop roadmaps, to help in analyzing
a broad survey of researchers at their institution, and to support
explorations of potential collaborative efforts.

3.2 Aggregating Institutional Priorities
We developed two tools to aggregate the areas marked as priorities
by institutions. One follows the structure of the Assessment Tool
itself, however the relative sparsity of the data (institutions did
not consistently mark items for priority), and the lack of a good
mathematical model to summarize such sparse, inconsistent data by
area limits the utility of this as a method of understanding patterns.
A second tool simply filters the data to select the top ten individual
areas of priority across the entire RCD Capabilities Model (with
filters for different demographic slices).While the first tool does give
some broad indication of where institutions planned to prioritize
attention and resources, the second tool does a better job of pulling
out specifics. Results of our analysis are summarized in Section 5.

4 SIGNIFICANT THEMES FOR CAPABILITIES
COVERAGE

One of the most striking aspects of the Community Dataset is the
significant variation in the data. For the data as a whole and for
many of the subsets in the data (selecting a facing, a theme, etc. and
by different demographic slice), the standard deviation is often a
very large proportion of the mean value. In a few cases, we had to
cap the minimum values in visualizations graphs to 0 because error
bars (at one standard deviation) extended below the associated axis.

The scatter graph in Figure 4 illustrates the range and variation
of assessed RCD capabilities coverage for the institutions repre-
sented in the 2020 Dataset. Each vertical stripe represents a given

Figure 4: Scatter graph of capabilities coverage by facing
for all 41 institutions

institution (in no particular order) with 5 colored dots indicating
the summary coverage for the 5 facings. Several features are worth
noting in the scatter graph visualization:

(1) The coverage values are literally all over the map, from very
low to very high.

(2) Only a few institutions have coverage values that are con-
sistent across facings. Most have fairly different levels of
coverage in each facing or at least one facing for which
coverage is quite different.

(3) There is little commonality to the relative ranking of facing
coverage across institutions. I.e., different institutions have
strengths and weaknesses in different areas.

The last point may be of interest for sub-communities, regional
groups, and other potential collaborators, as it points to potential
opportunities for collaboration where partners are likely to have
complementary areas of strength, with the potential to share leading
practices in different areas.

Figure 5: Total RCD coverage by key demographics

Figure 5 presents the summary capabilities coverage for differ-
ent demographic slices. Note the significant difference between
public and private institutions and between institutions in EPSCoR-
eligible states vs. those in other states. While each of these might
well conform to expectations, the data clearly shows that popular
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Figure 6: Median Capabilities coverage across facings by
Carnegie Classification

conceptions are borne out in experience and that these differences
are often fairly substantial (although because of the relatively large
variance in the data only the EPSCoR distinction is statistically
significant). Looking deeper into the facings, certain areas show
wide gaps between public and private institutions:

• In the Data Facing themes for Data Analysis and Data Vi-
sualization, private institutions average 25% to 30% higher
coverage than public institutions, and 20% higher coverage
for Data Security/Sensitive Data Support.

• Private institutions average 20% to 25% higher coverage of
capabilities in the Strategy and Policy Facing themes of
Institutional Culture for Research Support; Funding;
and Partnerships / Engagement with External Commu-
nities. The median values for private institutions in these
same themes are from 25% to 44% higher than for public
institutions.

In Figure 6 we can see significant variation in certain facing
areas when we filter the data by the Carnegie Classification of the
institutions. Institutions are actually fairly comparable in the Sys-
tem Facing and Software capabilities, perhaps reflecting the longer
traditions and understanding of requirements and good practices
for systems definition, administration, and maintenance, and of
software management. However, there is considerable variation in
capabilities coverage in Researcher Facing, Data Facing, and Strat-
egy and Policy Facing areas, where roles and good practices have
more recently emerged and/or are rapidly evolving.

A similar pattern emerges for the EPSCoR vs. non-EPSCoR in-
stitutions (Figure 7), but with even starker differences. There is
again somewhat closer parity in System Facing capabilities, but
the EPSCoR-eligible institutions experience wide gaps across Re-
searcher Facing, Data Facing, and Strategy and Policy Facing areas.
The data also show gaps in the areas of RCD Staffing and RCD Out-
reach, in all areas of Data Facing capability, and especially in Data
Security/Sensitive Data Support where EPSCoR-eligible institu-
tions have a median value roughly one-fourth that of other institu-
tions (Figure 9). EPSCoR-eligible institutions also show much lower
assessed coverage values in the areas of Institutional Culture
for Research Support and Diversity, Equity, and Inclusion.

Figure 7: Median Capabilities coverage across facings by
EPSCoR eligibility

Minority-serving institutions (Figure 8) show a similar stark pat-
tern of gaps relative to institutions that are not minority-serving.
These gaps exist across the spectrum of facings, with significant
differences in some of the same areas described for the other demo-
graphic comparisons, above. Notably, the median values for themes
in the System Facing and Software Facing areas are much closer to
parity than the averages are, indicating that some Minority serving
institutions are facing even greater gaps than many of their peers
(this is echoed by the standard deviations for these Facings, which
are a significant proportion of the average values).

Figure 8: Median Capabilities coverage across facings by
Minority Serving status

5 SIGNIFICANT THEMES FOR PRIORITIES
The full Community Data report [6] includes visualizations of ag-
gregated priorities data, but we note several themes here: for the
community as a whole, many of the priorities are in the Researcher
Facing and Data Facing areas, and a fair number are in the Strategy
and Policy Facing area, with very strong emphasis in:

• Research Computing and Data Staffing
• Research Computing Management of the Research Lifecycle
• Data Creation
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Table 1: Capability areas indicated as priorities for the entire community

1 Do researchers have access to introductory user support and training related to the use of research computing and data
resources available at local, regional, and national level?

2 Are Research Computing and Data services funded in a sustainable manner?

3 Do researchers have access to consulting and expertise to help them identify appropriate data repositories?

4 Are researchers supported across the full research lifecycle?

5 Does your Research Computing and Data (RCD) team/group have a strategic plan?

6 To what extent is there a clear vision, effective guidance, and strategy for the allocation and prioritization of support
resources/personnel?

7 Do researchers have access to advice on research compute and data compliance, security, management, and governance?

8 Do researchers have access to tools/software that supports data backup, storage, and integrity checking?

9 Does your institution have research data governance processes in place to establish data policies for research data?

10 Do researcher-facing staff have the skills and capacity to broadly support researchers across levels (graduate students to
PIs) and across domains with information about the use and effectiveness of new technologies?

11 Do researchers have access to consulting and expertise on data wrangling/manipulation and data analysis?

...and relatively strong emphasis in these areas as well:

• Data Analysis
• Research Data Curation, Storage, Backup, and Transfer
• Research Data Policy Compliance
• Software Portability, Containers, and Cloud Computing
• Best security practices for open environments
• Institutional Alignment

Across the full community, the most highly prioritized capabili-
ties (i.e., most commonly marked as a priority) are listed in Table
1. The list includes an interesting mix of consulting and engage-
ment support for researchers, funding and strategic planning, and
several data governance and compliance items. When we filter for
particular sub-communities, there are many overlaps but also some
interesting differences:

Private Institutions: Only 5 of the top priorities for private
institutions are shared with those for the broader community (num-
bers 1, 2, 6, 9, and 10); the 5 additional priorities (all of which are at
the same level) include:

• Compute and data environments for sensitive/secure data
• Support for Software compilation, software good practices
• Institutional support for cloud services for research
• Staff skills for containers, orchestration
• Support for interactive computing (VDI, Jupyter, etc.)

R2 Institutions: The top priorities among R2 institutions vary
widely from those of the community as a whole, sharing only num-
bers 2, 4, 5 and 7 (and even these are ranked somewhat differently).
Of the additional priorities, two are common with the top priorities
for private institutions:

• Institutional support for cloud services for research
• Support for interactive computing (VDI, Jupyter, etc.)

Another 5 priorities are distinctive to the R2 institutions, and are
listed here in priority order. It is notable that HPC is ranked so high,
and that several are associated with research data management:

• Do researchers have access to a place to store final research
data...?

• Do researchers have access to high performance (batch) com-
puting (HPC)?

• Do researchers have access to policies and technologies that
facilitate management and wide access to data?

• Is your Research Computing and Data (RCD) strategic plan
aligned to campus plans?

• Do research funding activities actively integrate the Research
Computing and Data (RCD) services group?

EPSCoR-eligible andMinority-Serving Institutions had as top
priorities a focus on strategy and funding:

(1) Does your Research Computing and Data (RCD) team/group
have a strategic plan?

(2) Are Research Computing and Data services funded in a sus-
tainable manner?

(3) To what extent is there a clear vision, effective guidance, and
strategy for the allocation and prioritization of support re-
sources/personnel?

6 CONCLUSIONS AND LOOKING AHEAD
We have presented an analysis of the first Community Dataset
that aggregates 41 institutional assessments using the Research
Computing and Data Capabilities Model. The 2020 Community
Dataset represents a diverse set of institutions and provides sig-
nificant insights into the state of support programs for RCD. The
Dataset provides an important complement to the model itself, al-
lowing institutions to understand their relationship to the broader
community, and providing various entities (including, e.g., funders)
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Figure 9: Median Data Facing Capabilities coverage by EPSCoR eligibility

with the data to characterize RCD at a fine-grained level, and over
time, to follow trends and track the impact of programs designed
to advance RCD support. While the data often confirm expected
patterns, they also make clear that differences between certain
groups within the community are even more profound than many
may have expected. The variation of institutional strengths (and
weaknesses) across different areas of capability may present oppor-
tunities for collaboration, and as the RCD CM model itself provides
a structured vocabulary that allows institutions to more clearly
communicate about RCD support, the Community Dataset now
provides granular insights to groups of institutions that are seeking
to collaborate on shared solutions and strategies to advance RCD
support. In discussion of these early results with some community
members, institutional leaders confirmed that the RCD CM will
make it easier to compare programs and practices, to understand
where collaborations can be of benefit, and to identify opportunities
for joint projects, funding proposals, etc. In a survey of participants,
100% planned to use the results for strategic planning, over 80%
planned to use the report and their benchmarking results to justify
campus funding for their program, and over a third planned to use
the reports to support a grant proposal.

The 2020 Community Dataset provides an initial snapshot of
RCD support, and we will repeat this annually. Over time, longitu-
dinal data will provide additional insight into trends, and a means
of evaluating the impact of programs designed to increase RCD
support for institutions, for collaborations and sub-communities,
and for the community as a whole. At a community level we are
seeing interest in understanding the broad state of RCD support and
in working collaboratively to advance such support (e.g., a Decadal

Survey currently in planning at CaRCC; https://carcc.org/decadal-
survey/). A shared repository of longitudinal assessment data will
provide essential baseline data for such an effort, as well as a frame-
work for describing the broad scope of RCD support (and a means
of evaluating the impact of the decadal survey itself).

6.1 Refining the Assessment Tool and the Data
Analysis Platform

The process of completing our analysis of the 2020 RCDCommunity
Dataset has underscored the need for a more robust data analysis
platform. The RCD CMWorking Group has documented plans to
re-implement the RCD CM Assessment Tool on a more robust and
functional survey platform. Some of the additional functionality
that is under discussion for data portal functionality includes:

• Support for interactive exploration of the data with filtering
by broad demographic categories.

• Support to tag institutions with consortia and regional com-
munities and then to filter on these tags.

• Support for geographic filters by regions, states, etc.
• Support to visualize data for a given year and over multiple
years (to explore trends and evolution).

We believe that this new functionality will provide additional value
to institutions and to the community, and will further motivate
contributions of institutional assessment data.
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