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ECAR Research Study

Higher Education IT and 
Cyberinfrastructure: 

Integrating Technologies for Scholarship

• Released June 11, 2008 (PDF)

• Available to entire community from outset

• Print version mailed to ECAR members 
~June 26

msheehan
Note
The full study report is available to the public at: http://www.educause.edu/ir/library/pdf/ers0803/rs/ERS0803w.pdf
Roadmap (four-page summary) is available to the public at: http://www.educause.edu/ir/library/pdf/ecm/ecm0803.pdf
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Objectives

• Determine “state of the practice” regarding 
cyberinfrastructure technologies
– Usage 
– Sourcing/Funding
– Importance
– Knowledge about them
– Collaborative practices
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Objectives

• Explore state of integration of CI resources 
and services
– Central/Distributed
– “Cottage Industry” vs. Enterprise

• Identify practices associated with effective 
integration
– Caveats:

• Evaluations are self-assessed
• Causality is difficult to establish
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Respondent Demographics
• 1,688 invitations mailed
• 369 qualified respondents
• 22% response rate
• 27% doctorals
• 77% senior-most IT leaders (CIOs)

msheehan
Note
This study was based in part on a quantitative survey distributed to all EDUCAUSE-member educational institutions.
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Cyberinfrastructure Technologies

• High-performance computing
• Cyberinfrastructure applications and tools
• Data storage and management
• Advanced network infrastructure
• Resources for collaboration within virtual 

communities

msheehan
Note
Our survey asked about five cyberinfrastructure technologies, sometimes described as “the five pillars” of cyberinfrastructure. 
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Cyberinfrastructure Technologies
High-Performance Computing
• Supercomputers 

• Clusters of computers with supercomputer-like 
performance

msheehan
Note
Full descriptions of the five CI technologies were provided in the survey instrument, which is available at http://www.educause.edu/ir/library/pdf/SI/ESI07K.pdf.
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CI Applications and Tools
• Software for:

– Simulation 

– Parallelization

– Visualization

– Job scheduling

– Data mining

– Statistical analysis, etc.

• But not for:

– Gene sequencing

– Chemical analysis

– Other disciplinary   
applications

Cyberinfrastructure Technologies
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Cyberinfrastructure Technologies
Data Storage and Management
• Large-scale research data storage systems

– Real-time use

– Archival purposes

• Facilities, software, and procedures for periodic backup 
of research data sets
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Cyberinfrastructure Technologies
Advanced Network Infrastructure
• High-performance networks on campus

• Connections to off-campus high-performance networks 
that support such capabilities as 

– Massive data transfers to and from clusters

– Real-time visualization

– Use of remote instrumentation

– Regional or university consortial networks

– Internet2 and National LambdaRail
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Cyberinfrastructure Technologies
Resources for Collaboration within Virtual 

Communities
• Facilities and support for: 

– Teleconferencing

– Hosting collaborations with off-campus researchers

– Operation of remotely located research 
instrumentation and related devices

• Support for identity management and associated 
middleware in collaborative research activities
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Research vs. Teaching Mission
• Research and teaching are the primary 

missions, but research is what really drives 
faculty and institutional success. (CLAC=0)

• Research and teaching are both primary 
missions, and they are equally important for 
faculty and institutional success. (CLAC=8)

• Teaching is the primary mission, but faculty 
research is rewarded. (CLAC=8)

• Teaching is the primary mission, and faculty 
research does not factor heavily in faculty and 
institutional success. (CLAC=2)

msheehan
Note
These are the institutional mission descriptions from which respondents to the survey were asked to select for their institutions. To separate research institutions from teaching institutions, we divided the list in half. We considered institutions selecting one of the first two bulleted items to be “research” institutions and considered those selecting the third or fourth to be “teaching” institutions. Responses from CLAC members totaled 18. In the following analyses, very few of the findings for CLAC institutions differed from the general population in a statistically significant way. Readers should bear this in mind in interpreting the CLAC data.
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Research vs. Teaching Mission
RESEARCH (CLAC=8)
• Research and teaching are the primary missions, but 

research is what really drives faculty and institutional 
success.

• Research and teaching are both primary missions, and 
they are equally important for faculty and institutional 
success.

TEACHING (CLAC=10)
• Teaching is the primary mission, but faculty research is 

rewarded.
• Teaching is the primary mission, and faculty research 

does not factor heavily in faculty and institutional 
success.

msheehan
Note
We compressed the four mission categories into two groups, one for the more research-intensive categories and another for those that were more teaching intensive.
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Principal Outcome Variable: Central IT’s
Effectiveness at Integrating CI Resources

Survey Question
Rate your central IT organization’s effectiveness at 
integrating the resources we have explored in this 
survey to provide seamless support for research. 

Annotation
“Integrating” means bringing together into a seamless 
whole a wide variety of human, software, and 
hardware systems to form a platform for enabling 
activities in research and in teaching and learning. It 
involves coordination, synthesis, and teamwork. 

— After Fran Berman, 2004

msheehan
Note
Throughout this analysis, when we refer to success, we’re referring to the self-reported effectiveness of responding institutions at integrating CI resources to support research.
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Effectiveness at Integrating CI 
Resources

13.6%

26.9%

44.1%

13.0%

2.5%

0%

5%

10%

15%

20%

25%

30%

35%

40%

45%

50%

 Not effective  Slightly
effective

 Moderately
effective

 Very effective  Extremely
effective

Pe
rce

nta
ge

 of
 In

sti
tut

ion
s

msheehan
Note
No significant association with std. demographics or with mission.
There are 57 (out of 379) institutions in the Very effective and Extremely effective categories.
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DISCLAIMER
Several of the following slides deal with 

responses from CLAC member 
institutions. In virtually all cases, the data 
presented lack statistical significance. In 
the few cases where the findings are 
statistically significant, the significance is 
not robust because of the very low 
numbers of CLAC-member respondents to 
the survey. ECAR does not consider such 
findings “reportable.” Be advised…. 
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Effectiveness at Integrating CI 
Resources
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msheehan
Note
The differences between CLAC member and non-member institution are not statistically significant, though they are suggestive of somewhat more generally moderate performance among CLAC member institutions.
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Usage
• Used occasionally by a few personnel
• Used occasionally by many personnel
• Used often by a few personnel
• Used often by many personnel

msheehan
Note
These are the four categories with which we asked each respondent to rate its level of use of each of the five CI technologies.
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High-Performance Computing 
Resources

9.3%

18.6%

0.0%

48.6%

23.6%

76.8%

17.1%

0.4%
5.3%

0.4%
0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

Not used Used
occasionally by
a few personnel

Used
occasionally by
many personnel

Used often by a
few personnel

Used often by
many personnel

Pe
rce

nta
ge

 of
 In

sti
tut

ion
s

Research mission (N=140) Teaching mission (N=228)

msheehan
Note
At 70% of research institutions, HPC is used often. So used at less than 6% of non-research institutions.
Used occasionally at roughly equal numbers (19% and 17% resp.). Cyberinfrastructure apps. & tools and data storage & management resources show similar patterns.
These three technologies seem to be “the stuff of research.”
Usage level of high-performance computing resources is not associated with success at integrating CI technologies in support of research.
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High-Performance Computing 
Resources (CLAC)
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msheehan
Note
Differences are not statistically significant.
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CI Applications and Tools
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msheehan
Note
Usage level of CI applications and tools is not associated with success at integrating CI technologies in support of research.
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CI Applications and Tools (CLAC)
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msheehan
Note
Differences are not statistically significant.
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Data Storage & Management
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msheehan
Note
Usage level of data storage and management resources is not associated with success at integrating CI technologies in support of research.





24

Data Storage & Management 
(CLAC)
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msheehan
Note
Differences are not statistically significant.
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Advanced Network Infrastructure
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msheehan
Note
At 56% of research institutions ANI is used often. So used by 5% of non-research institutions.
Nearly a third of research institutions use ANI occasionally. 11% of non-research institutions do.

Usage level of advanced network infrastructure resources is not associated with success at integrating CI technologies in support of research.
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Advanced Network Infrastructure 
(CLAC)
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Note
Differences are not statistically significant.
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Resources for Collaboration Within 
Virtual Communities

msheehan
Note
At only 30% of research institutions are CVC resources used often. So used at 4% of non-research institutions.
Used occasionally at 62% of research institutions and 40% of non-research.
Mean effectiveness is about 2.3 for non-users and 3.6 for heaviest users.
Where resources for collaboration within virtual communities is rated as “often,’  whether for a few personnel or many, success at integrating CI resources in support of research is significantly greater.
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Resources for Collaboration Within 
Virtual Communities (CLAC)
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Differences are not statistically significant.
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Number of Technologies Used
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msheehan
Note
These differences are all highly significant, statistically. The biggest difference between teaching and research institutions is in the number of CI tools they use. The two types of institution are much more similar in terms of the challenges they face in making good use of each of the technologies.
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Number of Technologies Used 
(CLAC)
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Differences are not statistically significant.
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msheehan
Note
Researcher/lab resources are most important source of HPC, CAT, and DSM, with central IT running second. Central IT by far the most important for ANI; slightly more important for CVC. Other campus resources, other higher-education resources, and government/private resources are generally small sources. 
Significantly associated with effectiveness of integrating CI resources only for central IT as provider for HPC, CAT, and DSM.  
Yellow arrows indicate sources that are significantly positively associated with success at integrating CI resources in support of research. The greater the funding from these three sources, the greater the reported success.
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msheehan
Note
CLAC institutions differ statistically significantly from non-member institutions in terms of the extent to which “other higher education sources” (e.g., collaborations with other institutions) is a source for access to high performance computing resources. While the difference is statistically significant (ANOVA), ECAR would not ordinarily report it because the number of CLAC institutions using HPC is so low. (We normally do not report results where N is less than 30.)
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CI Applications and Tools Source

Scale: 1=none, 2=small extent, 3=moderate extent, 4=large extent, 5=very large extent
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Note
Differences are not statistically significant.
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Data Storage and Management 
Source

Scale: 1=none, 2=small extent, 3=moderate extent, 4=large extent, 5=very large extent
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Differences are not statistically significant.
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Advanced Network Infrastructure 
Source
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Differences are not statistically significant.
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msheehan
Note
The extent to which the researcher’s or the lab’s resources are a source for campus researchers’ access to tools for collaboration within virtual communities is significantly less for CLAC schools than for others. Again, ECAR would not ordinarily consider this a reportable finding, owing to the small N for CLAC members.
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msheehan
Note
Researcher/lab are by far the most important source of HPC, CAT, and DSM resources. Central IT funds are most important for ANI and CVC, with researcher/lab funds important for CVC as well. Other sources are small, though central IT is usually second.
Significantly associated with effectiveness of integrating CI resources only for central IT as funding source for HPC, CAT, and DSM. 
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High-Performance Computing 
Funding (CLAC)
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Note
Differences are not statistically significant.
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CI Applications and Tools Funding 
(CLAC)

Scale: 1=none, 2=small extent, 3=moderate extent, 4=large extent, 5=very large extent

3.25

2.44
2.09 2.11 2.19

2.67 2.43
1.90 1.75

2.56

1

2

3

4

5

Award to
Researcher or

Lab

Campus central
IT funds

Award to
Institution

Other campus
funding

Funds from
higher-ed

collaboration

Non-member (N=227) CLAC Member (N=14)

msheehan
Note
Differences are not statistically significant.
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Data Storage & Management 
Funding (CLAC)
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Differences are not statistically significant.
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Advanced Network Infrastructure 
Funding (CLAC)
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Note
Differences are not statistically significant.
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Collaboration Tools Funding 
(CLAC)
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msheehan
Note
As with our finding for access to collaboration tools, the extent to which awards to the researcher or the lab are a funding source source for researchers’ access to tools for collaboration within virtual communities is significantly less for CLAC schools than for others. Again, the small N for CLAC members would prevent ECAR from reporting this finding publicly.



43

Campus Executives’ Knowledge
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msheehan
Note
The CIO's mean knowledge of HPC, CAT, and DSM lags that of S&E deans; exceeds that of those deans for ANI and CVC. Other deans are always least knowledgeable, CAO’s knowledge is always greater than “other deans.” CAO’s knowledge is close to CIO's for HPC and CAT; substantially less than for SMITL for other technologies.
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CIO’s Knowledge (CLAC)

Scale: 1=poor, 2=fair, 3=good, 4=very good, 5=excellent
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msheehan
Note
Differences are not statistically significant.
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Knowledge and Integration of CI Resources

CI 
Technology

Chief 
Information 

Officer

Chief 
Academic 

Officer

Chief 
Research 

Officer

Science and 
Engineering 

Deans
Other Deans

High-Performance Computing

Cyberinfrastructure Applications and Tools

Data Storage and Management

Advanced Network Infrastructure

Collaboration within Virtual Communities

msheehan
Note
Check marks indicate significant positive associations between the level of knowledge of the officer about the technology and effectiveness at integrating CI technologies in support of research.  Knowledge levels of the CAO and CRO were also strongly associated with collaborative practices (slide 58).
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Details of CIO’s Knowledge

Who provides these resources
What resources are available to researchers Who is using these resources

Who funds these resources
What these resources are used for
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Scale: 1=poor, 2=fair, 3=good, 4=very good, 5=excellent

msheehan
Note
SMITL is most knowledgeable about the three provision aspects of ANI, followed by HPC and DSM; is least knowledgeable of those aspects of CVC and (least) CAT. For each technology, the SMITL is least knowledgeable about what resources are used for, and knows only a little more about who is using them. 
All but first three items under ANI are significantly associated with effectiveness of integration of CI resources.
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Accountability, Authority, and 
Resources
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Accountability, Authority, and 
Resources

• Providing support services for research IT 
systems, such as system administration, identity 
management, and help desk

• Providing security for research systems
• Providing ongoing maintenance and support for 

IT resources obtained with one-time research 
funds

• Enforcing the research community’s compliance 
with national regulations regarding privacy of 
data, such as HIPAA and FERPA in the U.S.

Research-related Service Activities
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Accountability, Authority, and 
Resources

• Providing sufficient network bandwidth for 
research 

• Providing sufficient network bandwidth for 
teaching and learning

• Providing sufficient storage for research data
• Providing space and environmental support for 

research IT resources owned by campus 
entities other than central IT

Research-related Infrastructure Activities
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Research-Related Services

3.95 3.78
3.37 3.183.12 3.11
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resources obtained with
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regulatory compliance

(N=295)
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Scale: 1=strongly disagree, 2=disagree, 3=neutral, 4=agree, 5=strongly agree

msheehan
Note
All items are significantly associated with effectiveness of integration of CI resources.
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Research-Related Infrastructure
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Providing  bandwidth for
research (N=317)

Providing bandwidth for
teaching and learning

(N=356)

Providing research data
storage (N=311)

Providing space, etc. for
research systems

(N=280)
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t

Sufficient authority Sufficient resources

Scale: 1=strongly disagree, 2=disagree, 3=neutral, 4=agree, 5=strongly agree

msheehan
Note
All items are significantly associated with effectiveness of integration of CI resources.
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Authority, and Resources (CLAC)
• Authority

– No significant differences
– Still…

• CLAC CIOs appear to have a little more authority for 
research data storage and ongoing maintenance of non-
central research systems

• Resources
– No significant differences
– Still…

• CLAC CIOs appear to agree more strongly that they have 
sufficient resources for research data storage, space and 
environmental support for research systems, ongoing 
maintenance of non-central research systems, and research 
bandwidth

msheehan
Note
Again, there are no statistically significant differences between CLAC members and non-members.
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Aids to Support for Research

1. Increased funding for infrastructure
2. Increased funding for services
3. Increased communication with researchers
4. Increased involvement in grant writing
5. Increased share of IDCs
6. Greater inclusion of researchers in governance
7. Increased authority for resource acquisition
8. Increased authority for resource management

Eight Items (all but #6 pertain to central IT):

For each technology, respondents were asked to 
select the three that would be most helpful.
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Top-Tier Items

CI Applications and Tools
High-Performance Computing Advanced Network Infrastructure

Data Storage and Management
Collaboration Within Virtual Communities
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msheehan
Note
Note these items were selected by between about 50 and about 70%.
Yellow arrows indicate significant positive associations with effectiveness at integrating CI resources in support of research. In other words, those who said it would help to have increased funding for central IT services for the first four technologies, from left to right, reported, on average, greater effectiveness at integrating CI technologies in support of research. The pink arrow indicates a statistically significant negative association. In that case, those who said more communication/outreach in the context of data storage and management would be helpful reported, on average, less effectiveness at integrating CI technologies in support of research
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Middle-Tier Items

CI Applications and Tools
High-Performance Computing Advanced Network Infrastructure

Data Storage and Management
Collaboration Within Virtual Communities
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msheehan
Note
Note that these items were selected by between 20 and 40%.
No significant associations with effectiveness at integrating CI resources in support of research.
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12.2% 11.7%
10.6%

12.7% 12.3%
11.5%12.0%

16.5%

11.6%10.9%

6.0%
7.7%
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Lowest-Tier Items

CI Applications and Tools
High-Performance Computing Advanced Network Infrastructure

Data Storage and Management
Collaboration Within Virtual Communities

msheehan
Note
Note that these items were selected by between 6 and about 16%.
No significant associations with effectiveness at integrating CI resources in support of research.
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Where CLAC Differs
(albeit not with statistical significance)

• Comparatively low interest in a share of  IDCs for high-
performance computing and data storage and 
management. 

• Comparatively high interest in communication and 
outreach between central IT and researchers in the 
contexts of data storage and management, advanced 
networking, and collaboration tools.

• Where others were very interested in increased 
infrastructure funding in the data storage and 
management context, CLAC institutions were evenly 
split.
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Agreement About Collaborative 
Practices (Overall/CLAC)

Statement N
Mean 

Agreement
Std. 

Deviation

Researchers generally collaborate in the 
use of CI resources 304

3.03
(3.25) 0.947

Institution realizes economies of scale in 
the use of CI resources 306

2.78
(2.81) 0.978

Incentives exist for researchers to share 
CI resources with other campus 
researchers 310

2.69
(3.18) 1.011

Incentives exist for researchers to 
partner with central IT for economies of 
scale 326

2.93
(3.24) 1.092

Scale: 1=strongly disagree, 2=disagree, 3=neutral, 4=agree, 5=strongly agree

msheehan
Note
Note low means, with only one barely exceeding neutral. Overall, the community is not reporting strong collaborative practices.
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Effectiveness of Integration of CI Technologies, by 
Agreement About Collaborative Practices
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Scale: 1=not effective, 2=slightly effective, 3=moderately effective, 
4=very effective, 5=extremely effective

msheehan
Note
Nevertheless, where collaborative practices are good, effectiveness at integrating CI resources in support of research is rated substantially higher. The positive statistical associations here are particularly strong relative to most others in the dataset.
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CLAC and Others
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msheehan
Note
No statistically significant difference between CLAC members and non-members (“Others”).
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Recommendations

msheehan
Note
ECAR’s Roadmap for this study offers three recommendations.
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• Engage university research leaders and 
community
– Science & engineering deans and CRO are 

most knowledgeable
– CAO may be most influential
– Direct CIO engagement 

• Knowledge: the more detailed, the better

Recommendations
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Recommendations
• Encourage open sharing of information 

about CI technologies
– Build CIO’s knowledge
– Build other executives’ knowledge
– Build partnerships between central IT and 

researchers
– Encourage collaboration among researchers
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Recommendations
• Increase central IT involvement in 

research grants and contracts budgeting
– Gain buy-in of CIO 
– Ensure sufficient fund base for support 

activities
– Expand CIO’s detailed knowledge of CI 

technology use
– Optimize equipment selection to facilitate 

sharing and economies of scale
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Mark Sheehan
msheehan@educause.edu
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Panel presentation
These slides were presented during the 

panel discussion about cyberinfrastructure 
that followed the keynote address.
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EDUCAUSE Review

Cyberinfrastructure: Changing a Cottage 
Industry

Mark C. Sheehan
Drawn from a recent ECAR research study, this 

article addresses the importance of five CI 
technologies to various academic areas in 
research and in teaching and learning at 
present and how survey respondents think the 
importance of these technologies might 
change in the near future. 

July/August 2008—Cyberinfrastructure issue
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Importance to research in other disciplines
Importance to science. & eng. research Importance to creative activities (e.g., art, music)

Importance to teaching and learning

Scale: 1=no importance, 2=minor imp., 3=moderate imp., 4=high imp., 5=very high imp.

Importance of CI Technologies
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msheehan
Note
Importance of all technologies is greatest for science and engineering research, then for other discipline research; it is least important for creative activities. Importance for teaching and learning is near that for research in non S&E disciplines.
There is a significant positive association between importance and effective integration of CI technologies in support of research for only HPC in T&L and DSM in non-S&E disciplines and T&L. (See yellow arrows).
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CLAC’s View
• CLAC respondents saw comparatively 

less importance for HPC in:
– Science & Engineering Research
– Research in Other Disciplines
– Creative Activity

msheehan
Note
No statistically significant results.
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Importance of CI Technologies
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msheehan
Note
Importance of all technologies is greater for institutions with a research mission than for those with a teaching mission. Importance of all technologies was greatest in the academic area of science and engineering research, was less for research in other disciplines, and still less for creative activity. There was no significant difference between teaching and research organizations with regard to the use of CI technologies in the academic area of teaching and learning.




71Table 1. Respondents Anticipating Moderate or Great Increase in Importance
of Cyberinfrastructure Technologies  (N=364)

Research Institutions Teaching Institutions
Percentage of 

Institutions
Percentage of 

Institutions

Data Storage and 
Management 92.8%

Data Storage and 
Management 35.5%

Advanced Network 
Infrastructure 88.4%

Collaboration within Virtual 
Communities 25.8%

Cyberinfrastructure 
Applications and Tools 87.0%

Advanced Network 
Infrastructure 23.9%

Collaboration within Virtual 
Communities 85.0%

Cyberinfrastructure 
Applications and Tools 18.4%

High-Performance Computing 82.6% High-Performance Computing 16.9%

Percentage of 
Institutions

Percentage of 
Institutions

Data Storage and 
Management 80.6%

Data Storage and 
Management 51.8%

Collaboration within Virtual 
Communities 75.7%

Collaboration within Virtual 
Communities 45.5%

Advanced Network 
Infrastructure 71.3% High-Performance Computing 31.5%

Cyberinfrastructure 
Applications and Tools 59.0%

Cyberinfrastructure 
Applications and Tools 31.5%

High-Performance Computing 48.1%
Advanced Network 
Infrastructure 31.1%

Importance to 
Teaching

Importance to 
Research

msheehan
Note
This slide shows how current importance to research and to teaching and learning (far left column) affects respondents’ perceptions of the future importance of the five CI technologies. For all institutions, regardless of mission, data storage and management looks to be the most important CI technology in the next three years. Collaboration tools take second place in future importance for all but research applications at research institutions, where networking and CI applications and tools eclipse the future importance of collaboration tools. High-performance computing seems to hold the least future importance of the five technologies for research institutions and for research applications at teaching institutions.
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