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Cross-cutting Investments 
Instrumentation Development 
Strategic investment in instrument development is needed to enable the novel measurements at the 
frontier of discovery across STEM fields. 

The history of science reveals that many great discoveries have been enabled by innovative instruments. 
The development of new tools and measurement techniques continues to be an essential component of 
the scientific process, allowing researchers to push the boundaries of observation and open entirely new 
avenues for investigation.  From the earliest refracting telescopes to today’s mass spectrometers and 
atomic force microscopes, new instruments that enable us to observe and measure novel phenomena for 
the first time are among the most powerful drivers of scientific progress. The 2017 Nobel Prizes for both 
Physics and Chemistry, awarded for the detection of gravity waves and the determination of high-
resolution structures for biomacromolecules using cryo-electron microscopy, respectively, stand as 
powerful reminders that instruments remain essential in answering the most enduring and important 
questions in science. 

Over the past century, Yale researchers have been at the forefront of efforts to develop groundbreaking 
scientific instrumentation and new measurement devices.  These efforts span both the geographic 
footprint of the University and its full spectrum of intellectual interests and academic departments. These 
vital research instruments have led to remarkable advances in science and medicine, but today’s most 
pressing scientific questions require us to look further – in and around the furthest galaxies, at the smallest 
microscopic scales beyond the diffraction limit of light, or deep within our cells –using new and improved 
instrumentation. 

Given the importance of instrumentation to discovery, the institutions that lead the way in the 
development of new instruments are able to attract an outsized share of grant funding for research and 
lead in the national and international research communities. This has recently been emphasized by the 
National Science Foundation, which listed mid-scale instrumentation and research infrastructure as one of 
the 10 “big ideas” for future NSF investments. Thus, a renewed focus on the design and development of 
new and cutting-edge instrumentation and measurement tools at Yale represents both a critical need and 
an outstanding strategic opportunity. 

Yale is well-positioned to address this need. It has a manageable size, enjoys a close proximity to 
Brookhaven National Laboratory and other institutions on the East Coast, and includes a variety of faculty 
with an interest in developing new scientific instruments, devices, and tools.  As a result, the USSC 
concluded that greater investment in instrumentation and measurement would pay significant dividends. 
In our laboratories of physical chemistry, for example, state-of-the-art, one-of-a-kind instruments 
simultaneously perform optical spectroscopy on gas phase molecular ions to reveal previously unseen 
molecular structures.  The newly renovated Wright Laboratory, which not only houses new research 
laboratories, but also our highly-coveted machine shops for the development of unique devices, is a 
bustling hub of instrumentation development.  Even at the undergraduate level, our Center for 
Engineering Innovation and Design is a hotbed of both focused fabrication of novel tools for measurement 
and observation, as well as a center for tinkering and incubation of next generation prototypes. 

The development of new instrumentation at Yale has typically been driven by the scientific needs of 
specific projects, funded by individual grants, and “siloed” (i.e., carried out with access to, or knowledge of, 
the full array of resources available on campus). Long-term instrumentation projects are traditionally 
driven by research scientists, postdoctoral scientists, and, to a lesser degree, students, who graduate and 
move on to their own initiatives and careers. Naturally, students and postdoctoral scientists do not 
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provide long-term continuity, and in our present culture, individual research scientists do not form a 
broader community or environment outside their immediate research group.  Where necessary expertise 
exceeds that available at Yale, the design of specific individual components is often outsourced to 
freelance contract-based employees. Freelance employees are costly, unpredictable, and lack 
accountability for the broader and longer-term goals of the project (i.e., the design of an entire instrument, 
instead of just a single circuit). 

The USSC views this ad hoc approach to instrumentation development as insufficiently strategic.  
Instrumentation is a key structural area in which the University should make a thoughtful investment to 
strengthen science and engineering at Yale across all scales.  To maximize the collaborative and 
synergistic impact that is possible through instrumentation innovation, we envision a series of changes to 
strengthen the design, development, and optimization of cutting-edge measurement technologies and 
emerging scientific devices on Yale’s campus. This includes institutional recommendations to build a 
culture of innovative thinking at the intersection of science and engineering, as well as direct investments 
in the search for new and innovative scientific tools. These facilities should build community while offering 
proximity and instrumentation support, with a professional staff and specialized resources. They should 
offer a range of machining and prototyping equipment, computing resources, design and interaction 
space, and a flexible, expanded, supervised “tinkering space,” where people could bring ideas and 
challenges in instrumentation.  A commitment to instrumentation research will help inspire the founding 
of spin-off companies and will make Yale a more attractive home for research.  An increase in first-in-class 
devices developed at Yale would lead to increased grant revenue, and in some cases, a decreased reliance 
on commercialized “off the shelf” technology - driving innovative science more broadly at Yale.  Royalties 
from particularly successful technologies are also a possibility.  The design of new instrumentation will 
unquestionably play a central role in the training of undergraduates, graduate students, and postdoctoral 
researchers at Yale. 

The USSC makes the following recommendations to support the development of novel instrumentation 
at Yale University: 

• Build or expand one or two high-capacity centralized instrumentation and engineering facilities (in 
the form of core or shared research support facilities) to serve as intellectual “hubs” for 
instrumentation development at Yale.  The instrumentation hub(s) must support projects beyond a 
single department or school.  They must truly be University centers for instrumentation 
development. 

• Establish a single point of contact for all campus instrumentation-development resources and 
improved coordination of core instrumentation facilities and capabilities across campus (see Core 
Facilities recommendation below). 

• Initiate a review of on-campus resources and professional expertise in fields relating to 
instrumentation, such as computer programming, computer-aided design (CAD), computer 
engineering, computer modeling, electrical engineering, electronics systems design, mechanical 
engineering, machining, fabrication, and optics. 

• Assess the need for long-term support personnel in these areas. 

• Increase the staffing of its instrumentation facilities, filling gaps identified by the review of available 
on-campus professional expertise, adding full-time, non-tenure track slots for professional staff 
scientists, engineers, and machinists with a clear oversight structure and management plan 
consistent with a University-wide resource. 
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• Establish, promote, and sustain a campus culture of innovation in instrumentation. 

o Initiate seed funding programs at the faculty and student/postdoc levels for proof-of-
concept and pre-commercialization instrumentation development. This includes seed 
funding for instrumentation-related work, “pitch contests” for instrumentation, and RFP-
driven grants to individual researchers working on novel measurement devices and 
approaches. 

o Establish seminars, conferences, workshops, and “brown bag” lunches for faculty, 
postdoctoral fellows, and research scientists whose interests include the development of 
new instrumentation. 

o Create a University-wide “Instrumentation Day” to raise awareness of the high-profile 
instrumentation research on campus and to spark new collaborations. 

• Integrate the instrumentation development process into education at Yale for undergraduate and 
graduate students. 

o Students and junior scientists should be given maximal exposure to the instrumentation 
design and development process. 

o Development of cross-disciplinary courses and workshops on instrumentation and technical 
topics that go beyond the expertise of a single department or unit. 

  


