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DOCUMENTING MULTI-INSTITUTIONAL COLLABORATIONS

INTRODUCTION

Thisisthe last publication of the decale-long AIP Study of Multi-Institutiona Coll aborations'
and we introduceit with a brief review of the circumstances surrounding the study’sinitiation and
the range of itsadions.

The misgon of the Center for History of Physics of the American Institute of Physics (AIP) isto
preserve and makeknown thehistory of physcsand alliedfields. The physcists whoinitiated the
history program four decales ago envisioned achieving this misson through a documentation
strategy. Put smply, the AlP Center would maintain close contads with the physcscommunity
S0 that—as the community and its research structuresevolved—the documentation strategy aso
would evolve. Through this process the Center would continue to be in a position to provide
guidanceto those responsible for records: it would help to identify which records should be
saved and it would work cooperatively with archiviststo placevaluable records in appropriate
repositories. To make known historica source materials, it would bring colledions of papers and
recrdsto the attention of historians and other users through what would be ramed the Interna-
tional Catalog of Sources for History of Physics and Allied Sciences. The documentation process
worked smoothly—except when challenged by periods of dramatic changein the research
community.

During the 198Gs, the AIP Center becamne concerned about the many complexities and unknowns
surrounding the documentation of multi-institutional collaborations (i.e., projedsinvolving three
or more institutions). SinceWorld War 11, such call aborationshaweincreasingly been the
organizational framework for scientific reseach. Theimpad was most visible in the field of
particle physics. In thisdiscipline, members of a single coll aboration may currently number in the
hundreds, come from a score of ingtitutions based in severa countries, take a decad to prepare
and conduct an experiment at a unique acceeérator fadli ty, and then disband. Theexperimental
results may significantly advance fundamental science or be of sufficient interest to excite the
popular pressand inspire the award of aNobe Prize, soit was quite dea to usthat future
historians and other scholars would want to study the work. Equaly sgnificant muti-institutiona
reseach was conducted by teamsin other fields of physics, in other fields of science, in major
engineaing projeds, andin agrowing rumber of other aeas of modern society. In dhort, this
type of work was a multi-billi on dollar adivity with tremendous impaad on the development of
science of technology, and ultimately of society asawhole. There could be no doubt of the high
importance of understanding how such work is, in fad, carried out. Y et the processof large-scale

1Thereisacompanion publi cation to this volume entitl ed Highlights and Projead Recommrendaions. Final
Report of the AIP Study of Multi-Institutional Collaborations. College Park: American Institute of Physics, 2001
Previous publicationsare: AIP Sudy of Multi-Institutiond Collabarations. Phase I: High-Energy Physics. New
York: American Ingtitute of Physics, 1992 AlP Sudy of Multi-Ingtitutiond Collabarations. Phase Il: Space
Science and Geophysics. Coll ege Park: American Ingtitute of Physics, 1995 and AlP Study of Multi-Ingtitutiond
Collabarations. Phase lll: GroundBased Astronamy, Materials Science, Heavy-lon and Niclear Physics, Medical
Physics, and Computer-Mediated Collabarations. College Park: American Institute of Physics, 2000 These
reports are all avail able from the AIP Center for History of Physics; summary reportsfor each phase are also
avail able on the Center’ s Web page (www.aip.org/history/).
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collaborative research was (and is) not well understood by historians, sociologists, and other
scholars. Although there had been scatered studies of individual collaborations, there were no
systematic studies of this centrally important adivity available to scientists, research administra-
tors, and the public. At the time, the conclusive gece @ evidence wasthat meaningful records of
such transitory “mini-ingtitutions’ had not yet been seaured for the use of scholars and others
studying the research process Even adecale later, records of only threecall aborationshad been
included in the AIP Center’s International Catalog of Sources for History of Physics and Alli ed
Sciences.

By the ealy 199Gs, warnings were beingisaued to the achival community thatthe world was
operating more and morein the mode of large, temporary, multi-institutiona projeds—often
referred to as “adhocrades.” Archivist of the United States Don W. Wilson said “Archivists used
to relying on organizational structure for the retrieval of information or for historicd understand-
ing will have to find other ways of ensuring that the dHiberations and dedsionsof an adhocracy
like this are recorded and preservedin a way that future users can urderstand them.” 2 Tora
Bikson, Rand Corporation sociologist, spoke to archivists of the increasing dominarce of
collaborative work—much of it carried out by adhocrades—in modern organizaions, she
concluded that the real challenge to documentation eff orts is organizationa sociology in red
time.®> Tom Mdone, Director of the MIT Center for Coordination Science,dso described new
structures for the organization of work as adhocrades, virtual organizaions, and “overnight
companies.”*

Organizational change, along with technologicd change, presents enormous challengesto
archivists and others who must learn how to document the rew phenomera. Past experierce
provides archivists with little guidance for coping with the compexitiesin modern sciencesuch as
new technologies for generation and use of resarch data, increagd involvement of severd
sedorsin reseach projeds, and growth of internationdism in scientific research eff orts. Tomee
the challenge, the AIP Center has deve opeda rew kind of reseach aimedat resolving archiva
problems; we cdl it “documentation strategy reseach’—i.e., reearch to expand the Center’s
understanding of the physics community and, thereby, to extend its documentation strategy. It
was first used in the AIP Study of DOE (Department of Energy) Nationa Laboratories which
enabled the AIP Center to extend its documentation strategy to cover postwar nonacalemic
ingtitutions. 1n the mid-198Gs, the AIP designed a new documentation strategy research projed
to lean how to document multi-institutional collaborations.

’As quoted in the awlumn, “From the Archivist of the United States,” Scaciety of American Archivist
Newsletter, July 1997, p. 6.

% The 2020Vision sesgons were published in a spedal issue of The American Archivist; seevolume 57,
no.1 (Winter 19949).

* | nventi ng the Organizaions of the 21% Century,” a paer given on 3 November 1995at the Symposium
in Celebration of the Thirtieth Anniversary, 1965-1995 Coll ege of Library and Information Services, University of
Maryland at Coll ege Park.
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In order to addressthe problems of documenting these transient institutions, we knew we hed first
to understand the processof collaborative research and how collaboration members generate and
usereards. We dedded to make abroad survey, thefirst of itskind, into the organizationa
structures and functions of reseach collaborations involving threeor more ingtitutions. To do
justiceto possble variations among scientific communities where call aborationsthrive, we
thought the study should examinea number of areasof physicsardalli edfields. Duringthe
decale-long study, the AIP Study of Multi-Institutiond Coll aborati ons examined patterns of
collaborative reseach in the fields of geophysics (including oceanography), ground-based
astronomy, materials science, medica physcs, particle physics, and gpace sienceaswell asan
areawe called computer-mediated coll aborations. To asskt in the design of our reseach
methodology and critique our findings for ead of the major phases of the AIP Study, we
assembled working groups of distinguished scientists/science administrators, archivists, historians,
and sociologists. A final AIP Study of Multi-Institutiona Coll aborations Working Group
critiqued thisfinal report on the long-term study.®

An AIP documentation strategy research projed involves threeimportant stages. first, systematic
planning and field reseach; second, analytic studiesto develop documentation ads; and third, a
final period devoted to policy and programmatic issies. In a smilarfashion, this final report of
the AIP Study of Multi-Institutiona Coll aborations consists of three @rts. In Part A, we decribe
our methodology and our historicd and archival findings. Part B focuses on records appraisal in
threeways: (1) an analysis of comparative organizaional structures of the coll aborations studied,
(2) an analysis of particular functions of collaborations in terms of the records they generate, and
(3) formal appraisal guidelinesindicating the most valuable records of collaborationsin the
disciplines we studied. Part C concludes the report with abroad survey of existing archival
pradices followed by the projed’s recommendations for adions needed to document multi-
ingtitutional collaborations.

The AIP Study of Multi-Institutiona Coll aborationshas been supported by the American Institute
of Physics and through grants from the Andrew W. Mellon Foundation, the National Science
Foundation, the National Historicd Publicaions and Records Commisson, and the Department of
Energy (DOE). Joan Warnow-Blewett and Spencer R. Weat served as projed diredor and
asociate projed diredor throughout the AIP Study. The gaff position of projed historianwas
held by Frederick Nebeker during Phase | and Joel Genuth throughout Phases 1l and Il . Inthe
position of projed archivist: Lynn Maoney served during Phase |, Janet Linde overlapped with
Maloney on Phase | and with Anthony Capitos on Phase |1, and Capitos continued as projed
archivist during Phase Il until April 1997, after which time Genuth asssted Warnow-Blewett
with these responsibilities. Major consultantsto the AIP Study indluded historians: Peter

SMembers of the Worki ng Groupsfor Phasesl|, II, and Il arein Appendix D; the Working Groupfor the
Final Report ison the inside back cower.
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Galison, John Krige, Frederick Nebeker, Naomi Oreskes, and Robert Smith; archivists. Deborah
Cozort Day and Roxanne Nilan; and sociologists Wedley Shrum, Ivan Chompalov, and, for
Phases| and Il, Lynne Zucker. We dso want to adknowledge the support of reseach asgstant
MarthaKeyes. R. Joseph Anderson, now asgstant direcor of the AIP Center, helped out with
the work and—most importantly—provided an objedive perspedive on our draft documents.
Martha Keyes and Kiera Robinson (Phase Il), and Holly Russo (Phase Il and Final Report) were
responsible for publication layout and production of reports, ead was a&ssted by Rachd Carter.
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HISTORICAL-SOCIOLOGICAL FINDINGS OF FIELDS SUDIED BY AlIP

. INTRODUCTION

The stories of collaborations in the contemporary physica sciencesconstitute afascinating
tapestry of patterned diversty. Within ea scientific specidty covered by the AIP Study, the
reseachers quest for effedive, feasible, and soul-satisfying organizational frameworks for
guerying nature has produced variations on classc themes. A full and definitive acounting of
such frameworks was beyond the scope of the AIP Study, whose primary objedive hesbee to
generate empirically informed recommendationsfor how to document multi-institutiona
collaborations. However, for our program of interviews with participants in seleded
collaborations—we interviewed over 450 participantsin nealy 60 coll aborations to createthe
empiricd foundation for our recommendations—weliberdly interpreted our mandatein order to
provide the materials for afirst comparative assesnent of the rarratives of coll aborations.
Within ead of the areas of physica resarch, we dtempted to cover arange d charaderisticsin
the coll aborations we lected for investigation. We designed theinterviews to obtain insights
into processesthat must be understood to begin imagining a documentation strategy and framing
ahistoricd investigation:

. How did the coll aboration form and who madeit form;

. Who provided the call aboration with funding and what obli gations did the callaboration
oweto its patron(s);

. How was the cdlaboration organzed and managed andwho took responsbility for the
collaboration’s administrative needs,

. How did the coll aboration structure communication among itsindividual andingtitutional
members;

. How did the coll aboration divide labor and what was the role of the participating
ingtitutions in the coll aboration;

. Who determined the timing, placement, and content of dissemination of scientific results
stemming from the coll aboration’ s adivities,

. What were the opportunities, challenges, and obstadesto international participationin a
collaboration; and

. What significancedid the coll aboration hawefor the course of scientific research andthe
caeasof itsindividual participants?

Theinterviewsthus provided at least skeletal information on the origins, organization, and legacy
of ead collaboration. The historicd and sociologicd analyses of thisinformation not only serves
the cause of identifying those calaborators who were mogt likdy to have recordsthat document
significant developments, but also can help archivists, administrators, and policy ardyststo asses
how coll aborations generate and use records, why callaborations organze temlvesin the ways
they do, and why they seem more or lesssuccessul in the eyesof their participants.

Thereis, of course, no best way to run amulti-institutional collaboration; there is not even a best
way to run a coll aboration in most of theindividual areascoveredin the AIP Study. However,
there are styles of coll aborating that are appraopriate to particular conditions or purposes that
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reaur throughout the aeas andtheindividual cases. The moreintimately inter-dependent
participantsin a coll aboration are, themore participatory and denocratic acoll aboration tendsto
be; particle physics collaborations, in which instrumentation components made by individual teans
must all work well together to creae meaningful data, most frequently pradicethis style. At the
other extreme, collaborations creae fewer and lessintense inter-dependencies among scientists
when their purpose isto develop and maintain research fadli ties that members of participating
institutions compete to use. Such collaborations sharply distinguish “engineaing” from “scierce;
strive to make their fadlities engineering serviceale to many scientific interests, and employ
elaborate organizational structuresto insure their divisions of labor are suitable and thatal the
claimants on the fadlitiesrecave a far heaing. The geophyscscoll aborations that “import
techniques’ and the ground-based astronomy call aborations that build observatories often
pradicethisstyle. In-between these extremes are various shades of gray. The variations in how
collaborations are managed, in the roles of participating institutions, and in the dependencies of
the participating scientists underpin the archival arelysis that follows this sedion.

I GEOPHYSCS

A. Introduction
For geophysics, AlP interviewed 106 participantsin eight multi-ingtitutional projedsthatbegan
operations between the late 1960 and the late 1983. In our choice of collaborations, the AIP
staff and consultants conscioudly tried to cover arange of feaures:. internationally and nationally
organized collaborations, seismologicd, climatologicd, and oceanographic coll aborations, smaller
and larger collaborations, and coll aborations supported by single and severa funding sources. In
our choice of interviewees, the AlP staff sought to coverdl types of people involved with the
collaborations, from administrators at funding agencies to graduate students at university
departments.

In contrast to both particle physcsand gpace sierce, though in ways that paralle ground-based
astronomy, the geophysics coll aborations we studied clustered around two types, which we cadl
“technique-importing” and “technique-aggregating” projeds. Threeof theeight calaborations
sought toimport and adgpt for acae@mic geophysics establi shed but expensive techniques that had
proven their mettle in industrial research or other scientific fields. The other five sought to
aggregate evolving geophysical techniques tostudy asite that off ered a strategc window into
poorly understood processs or aglobd phenomenaon that outstripped the resources of any
individual institution to cgpture. The organization of geophysics collaborations and their
documentation problems are different for ead kind of projed.

B. Projed Formation

. Geophysicistsdid not have any ingtitutionalized means of forming multi-institutional
collaborationsand relied on personal or intra-institutional contactsfor the expertise
neaded to develop plansthat collaborations carr ied out.

. Tedhnique-importing projedsweretoo expensive to be funded without high-level
review from the funding agency; to have a chanceof seauring funding, ther
instigators had to unite behind a single proposal that balanced the need for unifie
projed administration with multi-institutional project governance.
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. Tedhnique-agg egating projeds contained too many intereststo optimize data
acquisition for all their individual members; to seaure funding, their participants had
to unite behind colledive godsthat justified compromising on individual interests.

Geophysicists do not enjoy the services of ingtitutions where scientists and enginee's routinely
unite to define field studies for the broader comnunity to carry out; nor do geophysicists enjoy
institutions that build geophysicsfadlitiesfor outsiders to use. Theenduring scientific
significance of micro-level experimentation iswell satisfied by geophysicd research institutes,
which combine the scientific and technica personnd needel to promote thefield research of their
own staffs. For large-scde innovationsin research instrumentation, geophysicists have relied on
the ongoing willi ngnessof corporations and government agercies to deve op highly expensive
geophysics fadlities, which acalemic geophysicists have parasiticadly used. Multi-institutional
collaborations have been necessary in geophysics when scientific interest in field observations
have outstripped the capabilities of individud institutesand whenacagmic geophysicists have
wanted to control fadlitiesthat were too expensive for an individual institute to develop.

Geophysicists have relied more on personal contads than institutionalized relations to obtain the
expertise they needed to plan large-scde field research or to develop highly expensive fadlities.
All the coll aborati ons we stud ed indudedamong ther instigators scientists who had previoudy
worked for industry, worked closely with engineasin research institutes, or had aaquired
logisticd experiencein previous reseach. Geophysicists have aso had tofind their own ways to
frameworks within which they could propose and work on a multi-ingitutional projed. Neither
funding agencies nor national advisory bodies have provided organizational help.

The technique-importing projeds among our casas—that is, the calaborationsthat formed to
import for academic geophysics expensive techniques that industry or government had
developed—were dl funded by NSF; as projeds whose purpose wes to increa® the caabili ties of
university-affili ated reseachers, they were of interest only to NSF among funding agencies. The
proposals for technique-importing projeds werealways out of scde for the normsof the
particular NSF program handling them. Program managers thus had to obtain approvasfrom
higher administrative authorities to fund these proposdss, and preferred to have an endorsement
from the National Academy of Sciencesfor the projed. These requirements behooved the
proponents of importing the technique to unite behind a single proposal lest they give the
impresgon that there existed conflicting views on the value of the projed or the strategy for
pursuing it. A plausible, universaly baded proposa required that instigatorsfind an
organizational framework that placed sufficient authority in one institution to simplify
collaboration administration without excluding the other institutions from coll aboration
governance In all cases, the instigators creaed a consortium. Sometimesadministrative
headquarters were made part of one of the participating ingtitutions, and sometimes the
consortium was incorporated to vest administration in a freestanding organization. But in all
cases, substantive policy-making powers were vested in committees whose menbers were
seleded with no spedal regard for the headquertersingtitution.
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For would-be instigators of technique-aggregating projeds—that is, coll aborations that
aggregated independent scientists with acommon interest to conduct research from the same
vantage point—the challenge wes to demonstratethat thewhole would be geaer than the sum of
the aggregated parts. Including many techniques and scientific interestswithin a wllaboration
was necessary to justify exceptionally expensive field work, but inclusivenessguaranteed that no
single spedalty would be pursued to best advantage. Workshops were the usual forum in which
scientists explored and debated the trade-off s that were reedel to define a project that balanced
colledive cohererce againg the pursuit of individual gedalties. Ideally, a workshop produced
agreement on an outline, on justification for a projed, and on who would be responsible for
coordinating proposa writing and for projectadministration. Often, the range or expense of
technique-aggregating proposas macde them dfficult for funding agercies to accept. Proposas to
aggregate awide range of tedhniques receéved pee reviews thatjudged individual experimerts as
contributions to the proposer’ s specidty rather than to the other experiments. Proposas that
were expensve relative to afunding-agency marager’s usid budget creaed presaure to develop
new programmatic contexts. Instigators of projeds that were both too broadand expensivefor
their usual patrons had to develop an interagency or international framework.

C. Organzationand Management

. Tedhnique-importing projedsorganized as consortia to overcome inter-institutional
rivalriesamong their members, technique-agg egating projects used ScienceWorking
Groups (SWG) tolimit the centrifugal forces generated by their independent,
competing principal investigators (PIs).

. Funding agency program managerswererarely involved diredly in projed
management.

. Standing committ ees of technique-importing consortia addres®d the projects’ vital
scientific isaues.

. SWGsof technique-agg egating projedas minimized their involvement in scientific
isalesin deferenceto the Pls and their teams.

Participants in technique-importing projeas commonly spoke of “consortia” that were esponsble
for appointing standing committees. These committeesadvised or directed coll aboration
exeautives, who made the arrangements that endoled researchers to exploit the imported
technique. Thisstructure helped the projeds overcome theinter-institutiond rivariesamong their
members by enabling all institutionsto have anequd say in where, when, and by whom the
imported technique would be deployed. Participantsin technique-aggregating projeds often
identified Science Working Groups (SWGSs), which were comprised of the collaboration’s
principal investigators, as responsible for setting the projed’s scientific strategy and balancing any
conflicting interests among the Pls. Science Management Offices (SMOs), which one of the Pls
direaed, were funded to coordinate logistics for all the Pls. This structure, by insuring that the
projed’s colledive reseach strategy was subjed to cadllective control, helped technque
aggregating projeds overcome thecentrifugd forcesgenerated by their competing Pls. Neither
type of projea wanted funding agencies involved in their management. The agercies were
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passve towards technique-importing projeds unlessthey failed to resolve maor organizationd
issues or until they asked for additional money. Agency program managers also usually left
technique-aggregating projeds to govern themsdves’

In technique-importing projeds, the standing committeesaddres®d the most scientificaly
important isaues. They usually debated the general designs and spedfications for the projeds
major pieces of instrumentation and dedded whether and when to apply the iechnique to a
particular target. The importance of collaboration exeautives and consortium-wide governing
committees depended on how adivist the standing committees were and how successul they
were at reading consensus. Activist ganding committeesmade call aboration exeautivestheir
agents by asauming responsibili ty for producing detailed plans for atednique’ s use and for setting
spedfications for the instrumentation that the exeautives would aajuire. Passve ganding
committees all owed collaboration exeautives to shape discusgon of instrumentation design and
use. Governing committees of technique-importing projeds dwaysmade the maor
administrative dedsions—such as the rights and obligations of membership, €ligibility of
individualsto participate, and when to recapitalizethe projed or go out of busness—but
governing committees did not addressscientific or technicd issues whena specialized standing
committeereadied consensus on the course of reseach and development.

In technique-aggregating projeds, the SienceWorking Groupsdetermined the boundary
between colledive coll aboration busnessand businessthat the wllaboration enabled individud
participants or teamsto pursue on their own. Some aspeds of the<e projeds obvioudy had to be
handled colledively—e.g., scientists taking samples from ice cores had to agree on who took how
much icefrom which part of the core. But usudly, SWGs tried to leave as much of scientific
importance as possble in the hads of individua participants and teans. Even in coll aborationsin
which some of the teans depended on ead other to addressimportant scientific questions, the
SWG was never called on to adjudcak sientific disputesamong participants, never regulated he
content of scientific papers, and never succes<ully produced a scientific paper with collaboration-
wide authorship.

The SWG also determined how much of what was deemed coll edive should be handled by the
Science Management Office (SMO). Projed logistics have usualy absorbed SMO staff. The
immense planning that geophysics field research required was only deamed intellecually
significant in oceanographic projeds, because planning where reseach vessels would go, how
long they would stay there, and who could dangle how much apparatusin the water determined
the parameters of the data setsthat the Pls could hope to creat. SMO personnd haweaso
frequently creaed collaboration-wide databases. In amost al instances, however, participants did
not independently work with data coll ecied by someoneelse, and SMO staff have not adively
brokered relationships among scientists.

°An exception to this statement wasacoll aboration that stimulated the development of collective
instrumentation that could prove useful after the allaboration disbanded. In thiscase, anagercy program
manager involved himsdf to represent the interests of future potential usersof the @llective instrumentation.
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D. Activitiesof Teams

. “Experiment,” “team,” and Pl are clea termsin the context of technique-agg egating
projeds, but ambiguousin technique-importing projeds, for the latter, we label the
groupsthat deployed the imported technique as “teams,” their activities s
“experiments,” and their leaders as”PIs.”

. Teamsin technique-importing projeds conformed to requirementsthat the consortia
set for properly using the techniques, including provisonsfor sharing and managing
data.

. Teamsin technique-agg egating projedswerethe product of varied efforts of their
Pls to develop instrumentation, and their contrasting characteristicsand neals were
the sourceof most of the conflictsin these projects.

Theterm “experiment,” in the context of technique-aggregating projeds, consistently refers to the
adivitiesthat a Pl overseesin order to obtain dataand producefindings. Usualy aPl’steam has
consisted of people from the PI’s own ingtitution, and usudly a Pl hasether taken the
institution’s own data-aaquiring equipment into the field or brought badk samples from the field
for laboratory analysisin the PI’s home institution.

In technique-importing projeds, data ae olleded by reseach parties, which the consortium
seledsto cary out spedfic deployments of itstechnique. Unlike teams in technique-aggregating
projeds, whose members are usually students, postdocs, or enginee's seleced by the PI, research
parties are often comprised of independent scientists who individually competed to be part of the
reseach party. Nevertheless we view research party members as analogous to tean membersin
atednique-aggregating projectand a resarch party’s desgnated leacer asard ogaus to the PI.
Equating the research party leaders with the Pls and the party members with tean members
refleasthe level of initiative and intellecud investment among participantsin the two types of
collaborations. The independent scientists who joined research parties that used an imported
technique adated to the rolesand tods provided by the consortium.

In technique-importing projeds, theformation of experiment teans wasdetermined by the
adivism of the consortium’s standing committees. A consortium whose ganding committees
initiated and structured discussons of possble resarch stesempowered coll aboration exeautives
to seled team menbersfrom formd proposas submitted by scientists. Consortiawhose ganding
committees evaluated ideas raised by non-committeemembers either relied on externd scientists
to form their own teamsto use the coll aoration’ sinstruments, or relied on coll aboration
exeautivesto appoint team eaders who would incdlude theextemal scientistsin the work. Either
way, only team leaders could hope to influence strategy for data acquisition, and team menbers
lived with the dedsions of the leaders and standing committees. Teansin all consortia have
required membersto share their data streams within the team. All of them published overviews of
their initial primary acemplishments with atean-wide author list, and archived their datathrough
the consortium. Further use of the data hes been unreguated by ether the teans or the
consortium.
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In technique-aggregating projeds, eat teamcontrolled a @rticular scientific instrument. Would-
be PIs have facel threeinter-related technicd difficulties (beyond the generic difficulties they
share with strictly laboratory scientists): (1) achieving efficiency and user-friendlinessin data
aquisition in order to be lessburdensome on a coll aboration’s communa resourcesand thus
more welcome to participate; (2) adieving efficiency in data processng to increase their potential
responsivenessto other Pls; and (3) making their equipment operate reliably in the.field

Geophysicists have emp oyed combinations of four strategies to read Pl status. Some relied on
adapting for geophysics the data taken from field instruments that others developed for other
purposes. Some cultivated sophistication in operating standardized or communa instrumentation
that geophysicsingtitutes routinely supgied. Those with ataste for design reseached and
developed new instrumentation for measuring geophysica parameters. Findly, some purchased
commercia analytic apparatusfor determining concentrations of particular substancesand
customized the apparatus to accept sampesaauired through geophyscd field work. All the
participantsin the call aborati ons we studed had strongly specialized in particular types of
measurements, but those who used standardized techniquesappea to have tad themost
opportunity to “poad” on other spedalists’ turf.

Eadh strategy hasits virtues and drawbadks. Plswho adgted others data did not hawe toface
the immediate technicd problems of making the instrumentation work in the field, but at the cost
of working with lessthan-optimal data. Plswho used standard instrumentation in sophisticated
ways also did not facetechnicd problems, but they were caught between conflicting demands of
their collaborators, who did not want to bother with more sophisticetion then they needel for
their purposes, and their fellow spedalists, who judged their work on whether it advanced the
state-of-the-art in their shared spedalty. Plswho developed their own instrumentation could
claim the ahili ty to measure geophyscd parameters of generic importarce, but dways excited
doubts over whether their instrumentation would prove kelky or ineffedive. Plswho used
commercia analytic instrumentation were tightly limited in what substances they could measure,
but they were alle 1o adapt ther instrumentation to handle sanples from a variety of natural
media; they served as a poal from which projed instigators have sought rearuits and as a source
of demand for innovation or expansion of sample aacquisitions.

Most of the social conflicts asciated with technique-aggregating projeds stemmed from the
different time scales on which the participating goecidi sts obtained meaningful data. Some
experimenters obtained raw datain digital form suitable for immediate processng while others
had to take raw datain the form of samples and then perform additional analytic work in a
laboratory. Collaborations have strugded to find uniform rules that rewarded the teans
investments of effort in obtaining particular data streans while encouraging teams (and outsiders)
to attempt innovative measurements that combined data streans. Experimentershave fad the
easiest time with ead other in coll aborations where everyone' s data weredigital at the time of
aquisition. Participantsin these coll aborations, howewver, havefound that outsde users were
inclined to reprocessthe datato extrad information that the data-takers were uncertain their
instrumentation had reliably recorded. Collaborations that mixed digital and sampled raw data
were, predictably, the most difficult. They have worked well only when digital data-takers have
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been willi ng to share their datain advance of sample-takers' ability to redprocae while sample-
takers have both redprocaed and welcomed “poacdhing” by digital data-takers.

E. Disemination

. Disemination was controlled by teamsin both kinds of collaborations, though
technique-importing projedsimposed more requirementson data management and
archiving.

In technique-importing projeds, consortium committeesand exeautives have neer bean involved
in the disseemination of scientific findings aaquired by deploying the techniques. The leaders of
experiment teams, as soon after dataaayuisition as rea®nable, have wsually been requrred (or at
least felt obliged) to producea gererd overview of results, with other team menbers asauthors,
for publicaion in arelatively lessspecialized journa. Subseqguent publi shingin scientific journas
and ddlivering papers at conferences las otherwise been an unreguated affair left to individud
initiative. Interpretive disputes over the same data have not been regulated within consortia or
teams.

In technique-aggregating projeds, theindividua Pls dominated dissemination of scientific
findings. Beyond occasionally organizing spedal sessons at conferences or spedal isaues of
journals, the coll aborations asa whole almost never played a role in disseminating results. Inall
of the cases we studied, papers were written on the tasis of a subset of a calaboration’s data
streams, and author lists included only the people consdered gpropriate by the Plsin charge of
the data streams.

F. Fundng

. The NSF was most prominent agency for multi-institutional geophysic
collaborations, but was more esential for technique-importing than technique-
aggegating projeds.

. Tedhnique-importing projedswere funded by “block grants’ with theresult that they
felt pressured to expand their memberships

. Tedhnique-agg egating projedswere funded by individual grants to Pls plusa grant
for a ScienceM anagement Officeto deal with project logistics.

The National Science Foundation figured most prominently as the funding agency in the
geophysics collaborations we studied. That does not necessarily mean that NSF has been most
prominent in geophysics generaly. Rather, multi-institutional geophysics collaborations have
been so oriented to the concansof university scientiststhat usuadly NSF seaned the appropriate
agency. For technique-importing projeds, NSF has bean the sole source of American funding.
Tedhnique-aggregating projeds, becaise of ther morelimited objedivesand diverse techncd
ranges, often obtained some of their funding—even all of their funding in two of our cass—from
agencies other than NSF.
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All the technique-importing projeds we stud ed began with “block grants,” which creaed
consolidated administration of the aaguisition and deployment of instrumentation. This structure
stimulated jedousies among non-participating institutions, which lobbied consortiaor NSF for
changes. Collaboration administrators have often conceded the appropriatenessof increagd
participation in collaboration governance and either expanded thenumber of participating
institutions or abandoned block funding in favor of having NSF judge proposals for how best to
deploy the consortium’ sinstrumentation. Whena callaboration’s administrators resi sted
outsiders' interests, NSF has presaured the coll aboration, in response to requestsfor ongoing
funding, to put lessstresson proposng wide-ranging explorations of the stesits standing
committees deem worthy, and more stresson proposing site-spedfic studies in cooperation with
the geophysicists of non-participating institutions.

For technique-aggregating projeds, regardlessof the agenciesinvolved, funding was structured as
acolledion of individud grants to severd Pls, with anaddtiond grant to one PI to saff and
operate an SMO. Becaise the ®verd funding agercies that supported technque-aggregating
projeds had diff erent traditions, the scope of the SMO’s authority and jurisdiction have varied
significantly. The coll aborations we stud ed indluded instancesin which (a) thefunding agency

left the SMO with next-to-nathing to manage, (b) the funding agency made the SMO’s Pl a
(benevolent) despot for the call aboration, and (c) thefunding agency made the SMO anadive
filter between participants and the agercy.

G. Internationdism
. Palitical necessty encouraged internationalism in geophysics collaborations.

. Tedhnique-importing projeds started nationally, but tended to become inter national
in proportion to their novelty and theamount of labor r equired to processtheir data.

. International technique-agg egating projedswere international from the start
becuse of the organizational infrastructure provided by inter national agencies.

The most important forces encouraging internationalism in geophysics coll aborations has been a
sentiment that nationsshould cogeratein the hvegtigation of global processes andthe politicd
necessty of including nationsthat control territory or resources thatare esential to the
investigation of a site or process Other fadors favoring internationalism were the desire to
spread collaboration costs aaossgovernments and to broaden the expertise available o a
collaboration. These forces combined most potently in technique-aggregating projeds that
investigated globa processesnd were least present in technique-aggreggating projedsthat were
ste-spedfic.

Tedhnique-importing projedsdl originated domegtically and becane moreor less
internationalized depending on how powerful theforcesfor internationalization werevisa vis the
desire of collaboration administratorsto kegp management in familiar hands. When the United
States alone was making atechnique available to acagmic geophysicists or when post-aaquisition
data ardlysis wasexceptiondly |abor-intensve, technique-importing projeds intemationali zed.
When other nations were not making atechnique available to their geophyscists, that raised the
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value to other nations of joining in an what the Ameiicans had started and made it easer for
Americansto negotiate termsthat preserved what they consdered proper management for the
collaboration. The more labor-intensive the post-aquisition analysis of data, the harder it was for
American scientists to kegp pacewith the rate of data callection, andthe eaier it was for them to
share data coll eding privil egeswith ahernaions scientists. Forma intemationalization, through
the addtion of other nations’ scientific institutions to aconsortium’s membership, came a the
cost of imposing additional rulesto insure equity.

International organizations provide an infra-structurefor defining technque-aggregating projeds
that are international from the outset. Workshops sponsored by the Internationad Council of
Scientific Unions (1CSU) and the World Meteorologicd Organization (WMO) have effedively
spawned collaborations to study global processes. (Scientists in technique-aggregating projeds
that focused on a site rather than a global phenomenon were ether indiff erent to intemationalism
or found internationalism a contentious burden.) The leaders d successul workshops becane the
nuclel of future scienceworking groups. 1CSU and WMO hawe together creatd offices, staffed
by “seconded” scientists from participating nations, to overseean intemational SMO. However,
WMO and ICSU only have funds for meeings and collaboration administration; the scientistsin
the proto-working group hawe to petition their nationa governmentsfor resources to aquire and
analyzedata. Collaborations have been handicapped by national governments that were unwilli ng
to contribute the resources that theinternational coll aboration needel.

H. Communication Patterns

. All collaborations had a hub-and-spoke structure; lateral communication among their
several partswas unimportant until participantswere ready to develop advanced
findings.

. Tedhnique-importing projeds had information-absorbing hubsto consolidate
sophistication in the design and maintenanceof their complex, costly instrumentation.

. Tedhnique-agg egating projeds had information-absorbing spokeswith hubslimited
to theinformation needel for logistical coordination.

All the geophysics coll aborations we studied establi shed communication hubsto collea
information and passit out to participating scientists a multiple ingitutions. However, in some
collaborations, the hub hes existed for the sake of the spokes while in others the opposite was

true. Intheformer case, scientists at the spokes were prone tolimit concentration of power at the
hub and preferred to contribute only information that seened necesary to thehub. In the latter
case, scientists at thehub had to realize theimportance of providing enough information to endle
scientists at spoke institutions to satisfy their research interests. The principd fador that has
determined the direcion of information flows has been the expense and complexity of the
communal collaboration resources entrusted to hubs.

Collaborations with expensive, esoteric communa resources had informati on-absorbing hubs.
Tedhnique-importing projeds typicdly establi shed informati on-absorbing hibs to consoli datethe
aqjuisition, maintenance, and use of the equipment. Outside scientists contributed well-heeded



PART A-ONE: HISTORICAL-SOCIOLOGICAL FINDINGS 15

advice, but did not have responsibili ties that required them to become large consumers of project
information.

Collaborations with mundane communa resources had informati on-disseminating hibs.
Tedhnique-aggregating projeds typicdly had information-absorbing gpokes that used hubs to
diseeminate the information needed for knowledgeable discussons of ead other’ slogistica
needs. Administrators at thehubs were esponsblefor spotting possble problems, wringing the
most from collaboration resources, and leading discussons of contentious issues, but they did not
become thoroughly versed in the intricades of the spoke scientists methodologies.

After datawere aaquired, presaures to produce the hkest possble sience usudly impelled gpoke
scientists to alow the hub to collead and disseminatethe collaboration’ssevera data dreams.
However, lateral communication and data-sharing among poke sientists with complementary
scientific interests were common, effedive, and often recesary for the proper handling of data
streams. In no case we studied were hub scientists succesgul at organizing coll aboration-wide
authorship of a scientific paper. Publicaionsinvolving scientists from multiple spokes were
alwaysthe product of lateral communication.

I. Scacial and Scientific Signrificance
. Resear ch scientistsin university-managed institutes often relied on “soft money” for
their salariesand spedalized strongly to maintain their competitivenessfor funding.

. Tedhnique-importing projedscreated postdoctoral positionsthat helped launch
scientific careers.

. Failed start-up companies provided geophysicistsand their projeaswith a poad of
experienced engineasinterested in working for salaries.

The geophysics collaborations we studied were based on individuals pursuing threetypes of
caeas. Firgt, obviously, geophysics collaborations neaded research scientists who desired
reseach opportunities that only a multi-institutional collaboration could support. Second,
collaborations used geophyscistsin administrative postions to form and marage cal aborations.
Third, collaborations needed enginees or industrial scientists who were willi ng to work for a
collaboration-supporting institution rather than afor-profit business

Of the 61 American geophysicists we interviewed because of their participation as reseachersin
our collaborations, roughly half either held non-teading university appointments or performed
their reearch at resarch institutes that were university-maraged but not part of auniversity
department. In general, these scientists often rely on grants for part or all of their salaries. The
presaure to raise money probably acounts for the tendency of geophysiciststo spedalizein a
particular kind of measurement, because through spedalizaion a geophysicist can maintain
competitivenessfor the use of atednique-importing projed’ sinstrumentation or for adotin a
technique-aggregating projed. For geophyscists who staked their carees on deve oping a type
of measurement, inclusion in technique-aggregating projeds hasbeen a berished 9gn thatthey
and their technique had “arrived” as part of the panoply of accetedgeophysicd measurements.
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Longer collaborations have been a mixed blessng for geophysicists. Long technique-aggregating
projeds provided participants welcome relief from fund raising kut did not gereratethe steady
stream of data sets neaded for supporting disertation writers or avoiding gapsin apublication
recrd. Tedhnique-importing projeds, which haealways endured if successul, often needed
staff reseach scientiststo help with the use of projed instrumentation. Our information is sparse,
but such positions have at |east sometimes been viewed as goad places tostart sciencecareds.

Carea resach administratorsloom largein our sampe of casa. All the technique-importing
projeds and six of the eight technique-aggiegating projedsoriginated under the aegs of acaree
program manager at afederal agency. Of the two collaborations that had administrative problems
that affeaed scientific work, one originated under anagency program narager who was not a
caea resach administrator, and the other originated not under a caee program manager but in
an agency that was overwhelmingly dedicated to in-house projeds. Though any solid conclusion
would require at least a comparison of successul with fail ed calaborations, it seens“no
acddent” that our case studies were largely shepherded through by program managers who left
reseach permanently for administration in agencies with strong extramural research programs.

The high-risk, high-gain charader of the oil businesshas made technicd expertise available to
geophysics collaborations. Veterans of failed start-up companies—or even veterans of successul
companies who have tired of hustling for business—have been happy to leave entreprenreurship to
work for asalary. Start-up companiesthat are not yet well established have been happy to work
with collaborations as a way to demonstrate their services and products. Only a callaboration that
reprocessed data origindly coll ecied for other pumposes did not hireengneasto assstin
collaboration administration.

lll. GROUND-BASED ASTRONOMY: OBSERVATORY BUILDERS

A. Introduction
Only universities were charter members of dl of thefour coll aborations weinvestigated, and al of
these call aborationshawe all owed only universities to be full i ngitutional menbers. I1n only one of
our cases did the call aboration invent a lessthan-full-member category in order to acommodate
other scientific ingtitutions. In all cases, the bulk of the funding for the coll aboration carmrefrom
university endowments and private sources. Government funding wasan important supdement to
the private funding in all but one cas, but seauring government funding was not a rereguisite to
formalizing a call aboration and initiating work. All the projeds were ongoing at the ime of
interviewing; AlP interviewed atotal of 15 participants.

Our sample did not include any coll aborations that involved nationd opticd or radio observatories
or that was managed by the Asciation of Universities for Research in Astronomy (AURA),
which manages many of the national observatories. Our findings would likely have been different
had such collaborations been included.

B. Projed Formation
. Universitiesneeded each other for the capital to develop dbservatoriesthat matched
some of the capabilities of national observatories.
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. Partnersweredifficult to find because univer sities with capital wer e usually hatching
their independent plans.

. Formalization was essential becausaeh ingtitution was putting up substantial funds
. Partnerswere entitled to observing time mmmensurateto their contributions.

Aging, university-owned fadli ties and frustrations with the quantity and flexibili ty of the time to
be won by competing for the use of national observatories have stimulated astronomers and
engineasin university astronomy departments to consider the creaion of new or re-cepitali zed
observatories. Would-be instigators with promising ideas for a new observatory performed
preliminary design studies (sometimes with “seed” funding and sometimes on departmental time)
and convinced their departmental colleaguesto be supportive. Collaborations becane necessary
when the department lost confidencein its ability to raise, on its own, sufficient fundsto
implement theinstigators ideas. The purpose of collaborating, in all case, was to find enough
monetary contributionsto build the observatory.

Observatory-instigators used the scientific capabilities of nationd observatories & the context in
which to argue for their plans. The coll aborations we studed haddl succeeddin identifying an
appeding combination of feauresthat partialy distinguished them from national observatories
and partially emuated nationa observatories. Lower construction cost estimations were the most
common and obvious way for collaborationsto distinguish themselvesin an appeding way from
national observatories, but lower costs were neither necessary nor sufficient to forming an
observatory-building collaboration. In one cas, a cdlaboration raised funds comparalde to the
construction costs of a national observatory on the promise of building an observatory that
outperformed national observatories employing the same basic techniques. In the threecasain
which the coll aborations raised sgnificantly lessmoney than reedel for a retiona observatory,
they did not smply build lesser versions of national observatories but focused resources so as to
match or outperform some of the caphilities of the rationa observatories. One collaboration
acceted having lesser aaossthe-board observing power, but devel oped remote-user capabilities
that enabled astronomersto carry out awide range of schedules.” Another accepted having less
angular observing range than has been typicd, but sought at least to match the observing power
of the world' s best telescopes within its observing range. Another built a smaller-than-nationd
observatory that covered a frequency range for which there was no dedicated national
observatory.

Finding partners wasan awkward exercisefor theinstigators. ldedly, they wantedastronomy
departments whose members were frustrated with the quality of their avail able observing options
and who were confident about their ability to raisecapta, but who had not yet developedtheir
own plans for cgpital improvements. Departments with the last two characeristics, we
hypothesize, were rare; a department that had or believed it could raise capitd funds was probably

"For example, one astronomer, to goad effed, observed the same quasar for twenty minutes every other
night for monthson end. The astronomer could not have arried out such a program at a national observatory and
discharged his other responsibiliti es.
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adepartment performing research into developing its own observatory. These coll aborations
formed because the instigating department had links to a dertment that was ignorantabolt its
university resources, disappointed in its reseach and devd opment eff orts, or internaly split over
the best type of observatory to develop. One callaboraion becane credible when auniversity’s
dean shocked its astronomy department by suggesting the university could partially finarce
development of an observatory, and a new faaulty member familiar with the plans of the would-be
instigators seized themoment and connected his new department with theinstigators department.
In another case, deans and department charmen who werefrustrated with alocd history of
argument and uncertainty over how to recaitalize astronomy threw their weight behind
collaborating with other universitiesthat had well articulated plansfor a rew observatory. Finaly,
departmentsthat lost scientific or technicd confidencein the viability of home-grown plans for re-
cgpitalizing their observatories were ripe for collaborating with instigators from other
departments.

In al the cases we studed, once two universties hadan informal agreenent to provide haf or
more of the estimated money for the observatory, universties with lessmoney were welcomed
into the coll aboration, and astronomy departments that had not beenadively considering
recaitalization became willi ng to invest modest funds to becme minor partnersin amajor
projed. The call aborations wereformalized through sgned, legal agreenents among the
institutional members. (Intwo cases, the ingtitutional members creaed a new corporation to build
the observatory.) The ageanents were usudly difficult to negotiate, but no intervieweein any of
the projedsindicaed that the difficultiesinvolved matters of scientific or technologica substarce.
The basic principle behind al the agreements was that coll aboration members receved observing
time in proportion to their contributions. (When government agencies contributed, they issued
requests for proposalsto use the observing time they had aayuired; scientists at collaborating
institutions were €eligible to appy for time within both the ayency-sponsored competitionsand
whatever system their home institution set up for alocaing time.)

C. Organzationand Management
. Formalization created consortia gover ned by Boards of Diredors.

. Collaborations strugged with how much authority to unify under project
management and how much authority to disper se among the participating
institutions.

. Advisory committees of scientists from member institutions usually over saw design of
scientific instrumentsto be used with the observatory and deliberated on trade-offs
between scientific capabilities and engineeing burdens.

Historicdly, astronomy has long been a“big science” in the sense of needing expensive fadlities
and engineaing services, but its faali ty-buil ders have worked on a single-institution besis, and
fadlity-users, even when they have cooperated aaossinstitutiond lines, have fadlittle reed to
formalizetheir organizaion. Recenitly, however, the fadlities that have seemed worth building
cost more than any single ingtitution could raise. Thus, university astronomers have strugded
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with the trade-off between centralizing projed management and mantaning ther individua
institutions' prerogatives and traditions.

On abroad level, al the observatory-building collaborations adopted similar organizational
structures. All four vested ultimateintra-coll aboration authority in aBoard of Diredors
comprised of representatives from the member ingtitutions. 1n one cage, eady manber hada
representative; in the rest, representation refleded the relative sizes of the members
contributions. The Boards met (faceto-faceor by conferencecadl) at least twicea yea and &
often asSx timesa yeda.

In al four projeds, oneindividual was most responsible for the physicd construction of the
observatories. Intwo cases, the individual was an engineer and formally designated the “projea
manager.” In one cae, theindividual was an astronomer and formaly designated the
“observatory diredor.” In the last cas, the leading scientist geographicaly dosest to the
observatory site was most responsible for construction, and he held the title “projed diredor.” In
threeof the casa, the callaboration organzed advisory committees d scientists from the member
institutions to deliberate on trade-off s between enlarging scientific capabilitiesand assuming
engineaing and financial burdensin the development of the observatory, to dedde on broad
spedfications for additional scientific instruments for collaboration-wide use, and to plan a series
of commissoning measurementsto test the observatory’ s capbilitiesand shakedown its
component parts. In the fourth case, medings of the Board of Diredors came to include more
individual participants and effedively served as aforum for general discusson of the
collaboration’s plans and prospeds. Findly, in three,case the Board of Directors occasiondly
commissoned external panelsto perform design reviews of major observatory components.

Within this common structure of Board of Diredors, principal administrator, intra-collaboration
advisory committees, and external design-review panels, these coll aborationsvaried mostly by the
degreeto which they chose to profesgonalize the development and construction of their
observatories. Two of the calaborations were strongly professonal, meaningthe wllaboration
empowered atrained projed marmager to get the observatory built by contrading out for services
to private corporations. One of the callaborations preferred saf-management, meaning the
participating scientists managed collaboration resources and relied more on university staffs and
students than external contradorsto design and build the observatory. Finally, one of the
collaborations fell between these two extremes.

The profesgonally managed collaborations empowered their formally designated projec maragers
to build an autonomous organization to carry out the devel opment, construction, and integration
of the major observatory components. The projed managers operated mostly by contrading out
for services. The adivities of scientists at the member ingitutions were restricted to development
and construction of scientific instruments that were peripheral to the observatory’s systems
engineaing, to advising the projed manager on the spedficaions for the contrads, and (when
relevant) to building technologicdly novel components. Conflicts between scientists and projed
management were common over the degreeof tedchnical and finarcid risk to assumein theinterest
of achieving the highest posshble scientific performance  Such conflicts were noticedly more
intense in the memories of participantsin a projed where scientists were building a
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technologicaly novel component that was organic to the observatory’s g/sterms engineeing.
While both scientists and projed mamagement had equivalent administrative accessto the Board
of Diredorsfor settlement of disputes, the burden of proof, asarule, lay with the scientists. The
Boards for these projeds considered building observatories that embodied the scientists' original
insights to be a sufficient challengefor projed management, and they protected managersfrom
presairesto continue pushing the state-of-the-art.

The moderately professonalized observatory-building collaboration, like the highly
professonalized ones, operated mostly by contrading out for services, with an individual
designated to keep the contractors centraly coordinated. Howewer, in thisinstarce, the Board
seleded a scientist from one of the member institutions to be the observatory diredor and the
coordinator of the contractors without giving the direcor or his member institution the authority
to hire the contracors. Instead, the contrading was spread acrossall the membe institutions.
When the call aboration sucaumbed to the emptation of accepting sSzable technicd risk (though at
no additional cost) to achieve gredaer scientific capabilities than originaly planred, and the
contrador developing the technicdly risky component ran into difficulties, the coll aboration asa
whole suffered. Asword of the problems of one contracor spread through the callaboration, the
observatory diredor, given hisladk of hiring and firing authority over the contractors, did not
have the clout to keep the rest of thecontradors from letting their schedules slip. The
collaboration came to view this organizaion as inadequate, and in pursuing a second major
projed, it has added a projed manager, who reportsto the observatory diredor, to tradk and
evaluate the progressof contradors.

The self-managed collaboration went beyond the moderately professonalized collaboration by not
only letting the member institutions be the administrators of observatory devel opment and
construction but also by doing much of the work in-house. The division of institutional labor was
part of the formal agreement that formed the callaboration. Initidly, this callaboration was going
to have an enginee serve as project manager, but the individual resigned ealy in the
collaboration’slife, and the Board of Diredors dedded not to hire aredacement. Nosingle
entity fill ed the vaauum in inter-institutional coordination. The Board itself used its medingsto
identify collaboration-wide tasks and to assgn sub-groupsto cary out the reede work. An
Exeautive Committeg consisting of one scientist from ead institution, held conference cdls every
two weeksto asessdevelopment. The scientist whose institution was responsible for the bulk of
the hardware development was designated “projed diredor” and hisinstitution oversaw adivity
at the observatory dte. With money tight (andin theabsnceof professonal project management
to negotiate the best value for the neaded design and construction services) the calaboration
came to operate on a cash-conserving, build-it-yoursdf basis.® Graduate students and postdocs
were heavily relied on to perform labor that could have been done by construction workers.

8There are multi ple posshle reasons for this coll aboration’s relatively paltry use of external services. The
projed diredor’singtitution had a tradition of building in-house, and the instrumentation did not represent such a
technical challenge asto require anploying professonal services.
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None of the coll aborations we stud ed centralized project management to the point that its Board
of Diredors, comprised of representatives of ead member ingtitution, becane afigurehead body.
In all our cases, the Board of Diredors was a vibrant, dedsion-making body.°

D. Activitiesof Teans
. Scientistsat member institutions autonomoudy built instrumentsfor the more
professonally managed collaborations.

. Participating institutions controlled observing time.

. Observersare expected independently to processand amalyze the data they take,
using technical documentation that the collabor ation cdleded from instrument
builders.

In ahighly or moderately professonalized collaboration, the scientists from member ingtitutions
participating in the call aboration’s Sciernce Steeing/Advisory Committee were esponsblefor
development and construction of scientific instrumentsto be used at the observatory. Oncethe
Committeesettled on the number and charader of the instruments, and who from among the
member universities scientists would be in charge of designing and building ead instrument, the
instrument builders were able to proceealin nea total autonomy, using the laboratories, macine
shops, and contrading services of their employing institutions. The costs of theinstruments
compared to therest of the observatory were too small to make them fiscaly prominent within the
collaboration,* their engineaing interfaces with ead other were trivial or nonexistent, and no
intervieweereported any social, technicd, or scientific isaues surrounding ther interfaces with the
observatory. The instrument-builders sought to improveon the date-of-the-art for thetype of
instrument ead was building, but nobody tried to develop a new technology or instrument design
within the framework of these coll aborations.

The self-managed collaboration relied on member institutions to build the observatory, and one
component of another observatory built by a professonalized collaboration wastoo technicdly
challenging to be developed outside the setting of aresearch laboratory. Inthese case, a sientist
at theinstitution responsblefor the component took charge of the regaich and development.
Though some of the construction of these novel components wascontracted out, dl the design
work was performed within the research laboratory.

%In seledi ng case studies, we ansidered AURA-managed national observatoriesto be singleingtitutions
and thus outside the scope of our study, and we focused on coll aborations among universities & the most
significant challenge for documentation research. Our finding would certainly have been different had our sample
included coll aborations that involved AURA-managed observatorieswith other observatories. AURA appoints a
“projed diredor” with the power to make dedsionswhen the engineeaing and scientific leaders of a projed clash.
Boards of diredors, when they exist, serve to set broad goals and to hold the projed diredor acoountable but not as
vehicles by which the ingtitutions contributing financiall y resolve intra-projed disputes.

which isnot to say that the g of instrumentsistrivial. According to our Working Group members,
the st of instrumentsisincreasing rapidly.
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In all four of these observatory-building collaborations, the principal power retained by the
member institutions wasto determine how the observatory would be used. Each hed rightsto a
share of observing time in proportion to the size of its contribution. 1n the highly and moderately
professonalized collaborations, ead ingtitution hasits own “Time Allocation Committee” to
consider proposals from its own scientists. These committees worked indegendently without
worrying about the possbility of dugdicat observations. Only the sdf-maragedcoll aboration
centralized consideration of observing proposas. Scientists proposing similar observations were
encouraged to consider jointly re-proposing, and when the reviewers recommendations did not
coincide with the dl ocation formua, the Exeautive Committee made marginal adjustments to
preserve the formula.

In all cases, the call aborationshaveexpeded indvidual observatory use'sto processandanalyze
dataon their own. Instrument builders have provided the technicd documentation that users
need, and users dsoincrea® their sophistication by taking about their experienceswith aher
users and observatory operators. Inthreeof our four cases, users have had no choicebut to
processand analyzetheir datathemselves. These threecall aborationshavenot beenarchiving
their data, and in only one of these threedid interviewees report theexistence d any sentiment for
standardizing data processng aufficiently to make achiving meaningful. In the fourth case, the
collaboration did providecdi bration and some processng software, and doesarchive the data.
Nevertheless the coll aboration designed the observatory’ s data aajuisition system to
acommodate other software padages that observers might prefer to use on their data.

E. Dissmination
. All dissmination of scientific resultswas left to the discretion of individual observers.

None of the interviewees interpreted questions about dissemination as referring to articles
produced in the course of telescope research and development.

None of these coll aborations wereinvolved in the dissemination of results slemming from the uses
of the observatory. All dedsions about publicaion and alocation of credit have been in the hands
of observers.

F. Fundng
. The member institutions provided primary funding from their endowmentsor by
finding philanthropistsor private foundations.

All four collaborations were principally funded by their member ingtitutions, which tapped their
endowments, philanthropists, or private foundations for money. Support from afederal agency
was secondary. When anagercy contributed to oneof these allaborations, it was entitled b a
commensurate share of observing time, and it organized its own system of alocaing that time.
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G. Internationdism
. Collaborations sought foreign members only as a way to raise additional funds.

All of these coll aboration formed out of a coreof Ametlican ingitutions. Threeof the four
included international participants as away to raise more funds for construction and future
improvements. Administrative arrangements were straightforward and involved no problems of
logistics, policy, or culture for German and Taiwanese institutions. However, differencesin
politicd culture caused tens ons within a callaboration that raised fundsby adding a Japanese
scientific consortium with funding from the Jparese government. The Americanshad budgeted
optimisticaly and wished to spend slowly to save money for an unexpeded deve opment; but the
Japanese had budgeted pessimsticaly, expecied themoney to be spent promptly, and were
prohibited from applying to the Japanese government for additional funding until their
contribution to the coll aboration had bean spent.

H. Communication Patterns

. Information on observatory design and construction funneled into the projed
manager, who kept the Governing Board and collaboration member s appri zed of
developments.

. Information on observatory use remained within the member institutions.

All of these coll aborations strongly centralized communication cacening observatory design and
construction in the office of the projea manager (or his equvalentin the lessprofesgonaly
managed collaborations). Information from SWGs, instrument builders, and contracors flowed
to the projed manager, who kept the Governing Board and scientists at member institutions
apprized of progressand devel opments. When coll aboration members disputed aprojed
manager’ s dedsions, they direaly communicaed their concernsto members of the Governing
Board.

Communicaion concerning observatory use for scientific research was strongly decentralized.
Time dl ocation committees of member institutions usidly did not inform ead other of the
proposals they recaved, and scientists who could benefit from coordinating their observations had
to lean about ead other and make arrangements on their own. The slf-maragedcoll aboration
came dosest to centralizing somecommunication concerning observatory use. Its Governing
Board has considered trying to coordinate the eff orts of severd scientistsin order toimplement
large observing projeds that noindividud scientist could readily cary out.

I. Sacial and Scientific Signficance
. Thefinancial contributions of member ingtitutions were so significant that no
institution ever dropped out of any of the coll abor ations we studied.

. L essprofessonally-managed collaborationsfailed to finish observatorieson time and
budget.
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. The quantity of time and character of effort needed to participatein design and
development of observatories excluded junior faculty, postdocs, and studentsfrom
meaningful roles.

All of the member institutions of these coll aborati onsinvested sgnificant amounts of their own
money into building the observatories. Thusit is hardly surprising that no ingtitution has dropped
out of these call aborations. The callaborations have occasionally added ingitutions, egpeddly
foreign ingtitutions, to supdement their finarcesin exchage for modest dilution of the origina
members’ share of observing time.

Only one of these coll aborationsfinished building its observatory on timeand an budget, and it
was one that had professonalizeddevelopmentand construction. The otherseither suff ered from
amateurism in their cost estimates, or outright considered a lower paceof construction lessevil
than creaing a powerful organization that could build an observatory punctually by spending
money quickly and efficiently. All of the coll aborations succeealed (or apparently will) in building
their observatories, though the onesthat overran construction schedules have had problems
operating well, because too many of the principal individualsin the development of individual
components had beame too busy with new work (taken an during the construction delays) to
participate in observatory integration and shake-down. The observatoriesal have been or will be
used for awide variety of studies. The common contribution of the observatories to astronomy
of threehas been to show that part of a national observatory’s cgpabilities can be built on a
several-university budget; the fourth stands for the abili ty of severd universties to build a gererd-
purpose observatory around atechnologicdly novel and challenging component when private
philanthropists are willi ng to donate $100milli on.

Observatory-building projeds, in the opinion of nealy dl interviewees, arefor tenured professas
who are uninterested in moving, becaise these projeds absorbed scientists' time without
generating scientific accompli shments needel for building a caee in astronomy. Scientistsin the
more professonali zed coll aborations were prone to complain about the power and personality of
the projea manager, while scientistsin the more self-managed coll aborations were prone to
complain about the quantity and paceof the work. However, such confli cts were not projed-
threaening, and none of the interviewees mentioned the possbility of empowering an individual
to balance scientific and engineaing interests. Theintervieweesimplicitly understood that both
professona management and self-management have their virtues, both come ata price,and there
can be no fundamental mid-stream change in an organizational approacdh to managing observatory
development.

V. GROUND-BASED ASTRONOMY: USERS OF OBSERVATORIES

A. Introduction
The threecall aborati ons weinvestigated were mostly comprised of radio-astronomy observatories
with their parent institutions, plus an occasional university or observatory without its own radio
telescope. Almost all the resources these coll aborationsneede& were paid for within the budgets
of the observatories the coll aborations wsed. The dominarce of institutions with radio-astronomy
observatoriesin our sample may be anartifac of our seledion of technicaly-aggressve
collaborations that performed Very Long Baseline Interferometry (VLBI) at novel wavelengths,
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and collaborations that formalized relationships among observatories for VLBI observations at
conventional wavelengths. None of the coll aborations we studied performed sky surveys or
interferometry with opticd telescopes; our interviews provide no basis for describing the social
charaderistics of collaborations conducting sky surveys or opticd interferometry.**

AIP interviewed nine participants in threecoll aborations. onefrom the 197Gs, onefrom the
19805, and one from the 199Gs.

B. Projed Formation
. Tednically agg essve astronomer s used informal collaborationsto explore
interferometry at novel wavelengths.

. Observatoriesformed consortia to schedule interferometry observations at
conventional wavelengths.

. A dedicated national facility for interferometry, the Very Long Basdine Arr ay
(VLBA), obviated the neal for collaborationsto make observations at wavelengthsthe
facility covered.

Exploiting the properties of radio waves has long been a fruitful pursuit for scientists and
engineas, and interferometry involving multiple radio observatoriescould not possbly be pursued
except through a cdlaborative framework. Circa197Q informal collaborationsof groupsof
technologicadly sophisticated astronomers and scientificdly inclined eledricd enginee's working
at different radio observatories succealed in obtaining interference fringesby “ correlating” their
independently recorded data tipes. Successspawned imitation and competition. By the mid-
197Gs, the system of using informal collaborations to make observations that stayed within the
state-of-the-art was evoking widespread discontent that was fueling desres for change
Competitive astronomers did not want to continue relying on one another to overseethe
technicdities of making their observatories operate well enough to support interferometry;
observatory diredors, sengtive to the observing time lost while configuring an doservatory for
interferometry and reconfiguring it for independent observing, did not want to continue worrying
how interferometry affeded their observatories productivity. To resolve these difficulties,
astronomers resorted to forming two types of collaborations and a non-collaborative projed. One
form of collaboration involved formal arrangements among the radio observatoriesfor scheduing
and supporting interferometry; the seacond involved the continued use of informal collaborations
for observations that attempted to expand the wavelength regime in which interferometry was
possble. The former type of collaboration required the drafting and signing of a formal
agreement and designated itsef a consortium; the latter just required thatthe astronomers
interested in participating propose the observation to their regedive observatories. The non-
collaborative projed wasthe National Radio Astronomy Observatory’ s development of the Very
Long Baseline Array, a user fadlity that freed astronomers from needing to ded with independent
observatoriesin order to perform interferometry at centimeter wavelengths.

UTheAl P sprior experienceand input from the Working Group dd provide limited guidance for archival
analysis.
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C. Organzationand Management

. Consortium had a chairperson to deal with observatory diredorsand a seaetary to
schedule observations, but no need for further structure because it was nio
responsiblefor performing theresearch it made possble.

. Informal collaborations had a scientific leader who saw to the collaboration’s few
administrative requirements, but needed o additional structure because all
participantswell understood their rolesand responsibilities.

Neither type of VLBI collaboration required much organizational structure, though the reasons
for their small organizational neals were quite different.

The consortium had little organization becaiseit did not gererate new work that astronomers and
engineaswould have to perform and that its officers would have to manage. Its purpose wasto
re-channel in more productive ways the work that astronomers and enginea's were adready
undertaking. A chairman lobbied observatory diredors for observing time and resourcesfor
VLBI observations. A seaetary centralized the colledion and review of proposasfor VLBI
observations and then the scheduling of the highly rated proposas within a time period thatal
member observatories agreed to set aside for VLBI observations. A treasurer with a modest
budget centralized aqquisition of data tapes and other incidentals of VLBI reseacch. An annud
meding, in conjunction with the American Astronomicd Society meding, sufficed for the
community of VLBI resachers to eled officers and provide them with a ollecive sense of the
most significant obstades.

Theinformal collaborations had little organization becaise their members enjoyed a mutual
understanding of what was needed to perform a successul VLBI observation. Among the
participants for ead particular attempt to observe a particul ar objectat an unusua wavdength,
one individual was adknowledged as having the deepest personal investment in seang the
observation performed. That individual moderated collaboration-wide e-mall discussons that
produced an observing plan, dedt with the observatory direcors toinsure that the allaboration
had the correa blocks of observing time & ead observatory it wished to link, and made sure that
ead observatory had the equipment it needel to produce observations that met the (mutualy
understood) standards for post-observation correlation with the other observations. No further
organization of tasks was required, and because the coll aboration did not raise any ded cated
fundsfor its use, no acmunting of its adivitieswas required. Individual members proceeded to
take responsibility for preparing and operating the observatory ead knew best. Oncethe data
were taken and correlated, the most invested individual took on further data processng and
analysis.

D. Activitiesof Teams
. Teamsfor both the consortium and informal collaborations consisted of the people
who took data at each observatory.

. Teamsoperated in near total autonomy, aseach knew its observatory best.
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. All work on instrumentation used in VL BI research was done outside theantext of
collaborative observing.

For both kinds of collaborations, teams were best defined as the people who took data @ ead
participating observatory. Setting up an doservatory for VLBI observations and returning it to its
standard configuration involved significant quantities of skill ed labor that, in al cases, involved
members of the observatory staff or astronomersintimately familiar with the observatory.

The consortium negotiated informa understandings between what outsde observers could
reasonably demand of particular observatories and what ead observatory could be expecid to
provide given its telescope’ s age, itsfunding level, its staff sze,anditsin-house research
program. In exchange for relief from theburdens of cultivating supporters within eat
observatory, observers were obliged to work with the support that theobservatory direcors
agreed to provide. Observatory diredors gave up a measure of autonomy over the management
of their observatories, but in exchange, seaured the support of VLBI usersin intra-community
discusgons of funding prioritiesfor astronomicd fadlities.

Teamswithin the informal collaborations operated in nea total autonomy. These coll aborations
were composed toincude astronomers and exgineeswho were sufficiently adept with
instrumentation and sufficiently intimate with a participating observatory to believe in their
chances of aquiring data @an uncanventional wavelength. There was nathing for the
collaboration as awhole to do, except toletead tean doitsbest to prepare its doservatory prior
to the designated observing time.

Neither the consortium nor theinformal coll aborations designed or buil t theinstrumertetion it
used. The collaborations reliedentirely on the availability of instrumertation developed under
other auspices. Theradio observatories themsevesconducted reseach and development into the
eledronics nealed to recave and amplify sgnas at assorted wavelengths. Support for the
development of the increasingly acarate cocks, tape recorders, and the “correlators’ for playing
badk and combining the signals of two data tapes came (and continues to come) mostly from
NASA to support geodetic measurements of continental drift. NASA-supported instrumentation
was (and is) readily loaned for astronomical measurements, and astronomersinterestedin being
part of informal collaborations to observe at uncanventional wavelengthsknew whom to cdl to
borrow what they needed.

E. Disemination

. VLBI wasuniquein that participants cannot tell whether they were obtaining
worthwhile data while they weretaking them; the data streams had to be processd
succesgully through a “corr elator” t o be of scientific value.

. The consortium played no rolein observers corr elation, analysis, and dissemination
of thedata.

. Informal collaborations made corr elation a collaboration activity; participants who
subsequently analyzed the corr elated datawereobliged to have their manuscripts
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reviewed by members of the other teams and to include those members asauthorson
any resulting publication.

VLBI observations differed from most other types of reseach we studied in that data acquisition
and data andysis were entirely separate functions Once aquired, theindividual data setsfrom
the participating observatories were of no value to the observers unlessthey could be successully
correlated. (Correlation generates the interference patterns that would have been produced had
the observatories been hard-wired together to form aliteral interferometer.) Taking datawithout
having any way of knowing whether the data can ke procesed hasmade VLBI work stresgul.

Because data acguisition involved consderable work and the data were considered without value
unlessthe tapes could be correlated, correlation was thecentral dramaof VLBI observetions.
Participants gathered at the Site of the correlator for days or weeks d seaching for a
synchronized playbadk that would yield interferencefringesabove the leve of badkgroundnoise.
When data streans were successully correlated, the resulting data st wasarchived following
NASA regulations. (All the tapes containing datafrom theindividua observatories were ecycled
whether or not they played badk well enough to be correlated.)

The data set of correlated datastill requiredconsderable processngbeforeit could be the tasis
for ascientific interpretation. Within the coll aboration, only the participants most interested in the
objeds being observed attempted to processthe set of correlated data. This processng involved
correding for instrumental and environmental effeds (using the logbooks kept at ead
observatory), cdibrating the observations of the interesting objeds against observations of
reference objeds, performing Fourier analysisto transform interference patternsinto images, and
processng the images to bring out the <ientifically interesting properties of theobserved objeds.
Participants who were more concerned with data aqquisition and carrelation than with theobjeds
being observed did not consder the post-correlation processng to be worth their time. Outsde
scientists were consdered too unfamiliar with the observing conditions and instrumentation to
processcorrelated data.

The consortium andits officers played no rolein the observers use of the data, though the
consortium did keep the quantity of VLBI observationsin line with the cgadty of the aorrelators
to processthe data. All dedsions on disseminating scientific findings were in the hands of
individual observers.

In the informal collaborations, the individuals who had done post-correlation processng and
analysis drafted papers and circulated them for comment within the calaboration on the
asumption that all scientists and enginea's (but not technicians) involved in data aqyuisition
would want to belistedasauthors after the pagr-drafter. In gererd, the other participantsfelt
limited in their power to alter drafts because they were no longer intimate enough with the datato
engage the paper-drafters in sophisticated discusson. Disputes, when they arose, were largdy
over the level of confidence with which the findings should beinterpreted. Draftershad thefind
say on what was submitted to journas, and participants were entitled to requed their nanes be
removed from the author list.



PART A-ONE: HISTORICAL-SOCIOLOGICAL FINDINGS 29

All participating scientists and enginee's were entitled to be authors on thefirst publication
stemming from a particular set of observations. However, in subsequent papers, observing teams
whose data had not correlated with the others' were not necessarily included.

F. Fundng
Both types of collaboration required little or no dedicated funding. The expenses they entailed
were covered by thebudggets of theindividud observatories.

G. Internationdism
. I nternationalism improved the quality of observations by extending the baseline of the
interferometer.

. Coordination problemswere minimal in international collaborations because teams
operated autonomously and money was not transferr ed.

Internationalism has been common in VLBI becaise the longer the baseline, the greaer the
angular resolution. Whatever the difficultiesin international cooperation, “Y ou never have
enough angular resolution and you newer haveenough signal-to-noise ratio,” asone interviewee
emphaticdly made clea.

Swedish and German observatories were involved in the coll aborations we stud ed, though anly
the Swedes participated in the informal collaborationsthat stretched the VLBI wavelength
regime. The American government also allowed consortium observatories to collaborate
occasionally with Soviet observatories on condition that Soviet scientists not be dl owed to
insped American instrumentation.

Because teans were so autonomousin VLBI observations, international collaboration was only
marginally more onerous on alogisticd level than trans-continental collaboration within the
United States. And because no dedicated funds were involved, international collaboration posed
few extra administrative burdens. All that mattered was that the observatories agreed to a
common reseach protocol: to observe the same thing at the same time & the same wavelength.

H. Communication Patterns
. The consortium secretary was thefocusfor routine communication, and the
consortium annual meding wasthe focusfor policy issues.

. The scientific leader of informal coll abor ations was the hub for communication
concerning the collaboration’s observing strategy, and issues that arose during the
actual observing time.

The consortium centralizedcommunication concerning routinebusinessin the office of the
seaetary. Scientists sent proposds to the fcretary, who commissoned pee reviews and
scheduled the highly rated proposdsfor observing time atthe patticipating observatories.
Communicaion concerning consortium policy and the relationships between users and
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observatoriestook placeprincipdly at theconsortium’s annual meding and in subsequent
discusgons between the consortium charman and the observatory direcors.

The informal collaborations used their scientific leader asa communicationshub. The leacer led
the coll aboration’ s discussons of observing strategiesleading up to the adua observing time, and
the leader made red-time dedsions during the observing time if the coll aboration’s strategy
proved infeasible.

I. Sacial and Scientific Signficance
. Both formal and informal collaborationsimposed only incremental burdenson
permanent ingtitutions and required minimal additional resour ces.

. Astronomers have evolved an informal system whereby informal collaborations of the
technically agg essve explore prospeds for observing at newwavelengths, formal
consortia facilitate the use of extant observatoriesby the technically literate who wish
to duplicate the successes of thetedhnically agg essve, and national facilities enable
all astronomersto perform interferometry without forming collaborations.

Both the formal consortium and informal coll aborations produced science by temporarily
modifying the operations of extant, independent institutions. The incremental costsinvolved in
their adivitieswere so small that theinformal coll aborations did not even reed ed caed funding
and the consortium receved little crutiny from itsfunding agercy.

These two types of collaborations, plusthe Very Long Baseline Array (VLBA) fadlity, refled a
commitment to mantaining theability of individual astronomers toclaim credit for observations
of astronomicd objeds. Ongoing, informal collaboration was the province only of the technicdly
ambitious few, who hoped to expand the wavelength regime in which VLBI could be
advantageoudly used. Their common interest in establishing the viability of VLBI at new
wavelengths has enabled them to collaborate in making particular observations that only a few of
them were interested in making. Subsets of these astronomers and engineas will li kely continue
to collaborate as they identify objeds they wish to observe at unconventional wavdengths.
However, once significant numbers of astronomers became convinced of the feasbili ty and
fertility of performing VLBI at a particular wavelength, the reason for collaborating shifted.
Instead of enabling astronomers to make particular observations, the purpose of forming a
collaboration becane to formalizerelations among the observatoriesin the interest of freeng
individual astronomers from the need to cooperate with competitors. And such formalized
relations among observatories only remained necessary in the absernce of a rationa user fadli ty
dedicated to making VLBI observations at wavelengths of widely accepted value. With the
VLBA adive at centimeter wavelengths, theinformal coll aborationshave moved into millim eter
wavelengths, and the formal consortium withered, though it could be revived should the
technicdly ambitious whet the astronomers appetites for VLBI observations at wavelengthsthat
the VLBA fadlity cannot read.
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V. MATERALSSCIENCE

A. Introduction
We originally distinguished materials scientists who coll aborated to use accéerators from
materials scientists who coll aborated for other reasans, on the assumption that acceérator-usng
materials scientists would best be compared to scientistsin ather accéerator-using disciplines.
That assumption was not borne out. Accderator-using materials science collaborations are
distinct in their organizaion from particle physics collaborations, which have historicdly been the
chief users of accderators. Consequently, we are here discussng dl the materials science
collaborations we reseached. The coll aborations that usedacceeérators and those that did not
can bethought of as distinct types of materials science llaborations.

The eight coll aborationsin this category dl indudedinstitutionsfrom two of the following four
sedors. universities, corporations, government laboratories, and federally funded research and
development centers. In six cases, threeof four sedors were represented, although in no case
were dl four represented. Universitiesparticipated in all the allaborations, but in one casetheir
role was minor. Corporations participated in seven of these coll aborations, and were magor
participantsin al but one of these seven. In threeof these coll aborations, competing corporations
jointly participated. Corporationswould have loomed even more important had we been able to
follow through on our plansto investigate another coll aboration that wascorporati on-dominated.
However, we had to drop the coll aboration from the study because prospediveinterviewees were
not willi ng to obtain dl the deaancesthey would need to cogperate. In total, weinterviewed 28
participants.

Materials scierce, outsdeits recent use of accekrators, has traditionaly been “little sierce”
Usually individual institutions petitioned funding agencies for support of their laboratories, and
projedsthat mee our criteriafor amulti-institutional collaboration are uncommon. However,
outread), espedally to industry, isan esentia adivity for materials science Bboratoriesin
acalemic and governmentingitutions. Thus much materialsscierce regach may be de facto
multi-ingtitutional even when de jure performed within a single institution.

B. Projed Formation
. Collaborationsthat did not use accelerators formed in response to new fundin
initiatives.

. These collaborations justified their formation by arguing the importance of
researching particular classes of materialsand by arguing that their collaboration
included scientistsfrom theright combination of disciplinesand ingtitutionsfrom the
right combination of sedorsfor performing theresearch.

. Toinclude researchersfrom several seaors, these collaborations needeal to negatiate
an intellecual property agreenent that divided what corporate participants coub
keep proprietary and what they needal to sharewith other participants.

. Collaborationsthat used accelerators usually formed in response to thertstruction
of a new accderator.



32 DOCUMENTING MULTI-INSTITUTIONAL COLLABORATIONS

. These collaborations justified their formation by arguing the importance of their
scientific interestsand their ability to build a beamline that would servethe diversity
of theseinterests.

. Accderator-using collaborations had fewer formalization difficulties than the non-
accderator collaborations.

All the coll aborations that did not use accéerators owed their existencepartly to fement in the
politics of funding agencies. Our sample does not include any case of a cdlaboraion forming to
producean unsolicited proposal. Thisis not to say that the government has foisted coll aborations
on an unwilli ng community, but rather that the political culture hes simulated the funding
agenciesto develop initiatives that favor multi-institutional collaborationsin materials scierce. A
new NSF program (Scienceand Techrology Centers), changewithin NSF' s MaterialsScience
program, and new authority for the Defense Advanced Reseach Projea Administration
(DARPA) have dl stimulated materials scientists to calaborate aaossinstitutions. Although
materials scientists would not have formed coll aborationsin theabsnceof such agency
initiatives, they have seized on the opportunitiesin order to support increased production of
esoteric materials that they wished to resarch.

Every collaboration in the non-acceerator group named itself by identifying a classof materialsit
was investigating—not by identifying a theoreticd perspedive to elaborate, an experimental
technique or research tod to develop, or ahypothesis to test. Thisform of naming was
appropriate to the multi-disciplinary and multi-secoral charader of these coll aborations. In ewery
instance, the major institutions and individuals were drealy pursuing reseaxch into these
materials, and their research within the cdlaboration was adired outgrowth of their pre-
collaboration reseach. In every case, the justification for forming a coll aboration was to creat a
common administration over arange of perspedives, talents, and fadlities that were needed to
investigate a dassof materias. These mllaborations formed becaise the significance of sudying
particular materials and the prospeds for aaquiring significant government funds were together so
aluring that the participating institutions agreed to bend their customary operations to
acommodate eat other.

Accderator-using collaborations in materials sciencemostly formed in response to the
opportunity to develop customized, novel beams and complementary detedors for examining
classes of materials. Two of thefour coll aborations we studied were dired responses to funding-
agency initiativesto build new accéerators that would provide abean with unprecederted
charaderistics. A third collaboration formed to use an etant fadli ty to producea novel bean and
an appropriate suite of detedors. Only one formed to conduct studies using extant accéerators
and beanlines to examine a particular material.

Like the materials science cal aboraionsthat did not use acceérators, these coll aborations were
all comprised of scientists employed by ingtitutions in more than one sedor. However, they were
not always multi-disciplinary, and their naming strategies refleded their compositions and
purposes. A collaboration that formed to use establi shed beamlinesata retional laboratory canme
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closest to reembling anon-accekrator-usng coll aboration; it establisheda common
administrative framework over multi-disciplinary and multi-sedoral resourcesin order to pursue
comprehensive studies of particular materials, for which it named itself. A collaboration that
formed to develop a better beamline ata rational laboratory thancould be made atthe members
home institution came dosest to resembling a particle physics experiment; it united intra-
disciplinary competitors for the development of aframework for experimentation and used the
central element in itsframework for its name. In between these two were coll aborations that
formed to develop customized beamlines at new accderators. They were both multi-disciplinary
and multi-institutional, but one was more oriented towards serving theinterests of future
beamline-users employed by its member ingtitutions and the other was more oriented towards
serving the interests of the scientists who built the keamline.

Geographic proximity was a significant fador in the formation of the non-acceerator
collaborations. In every case, would-be instigators found prospedive call aborators from other
sedors by knowing reseachers or administrators at close-by institutions. Personal relationships
among scientists from different seaors were esntial to the regiond origins of these
collaborations. Intwo cases, neighboring universty and industrial scientistsformed the nucleus of
acollaboration; in ane cae neighboring universty and FFRDC (Federally Funded Research and
Development Center) scientists formed the nucleus; and in one cag reighboring industrial and
government scientists formed the nucleus. Regional collaboration had the obvious virtue of
enabling participants to makeuse of eat others laboratories without burdensome or expensve
travel. However, in threeof the four cases, the coll aboration expanded beyondits origind region
asaresult of changesin employment of important researchers or out of a need for more kinds of
expertise than the instigators' regions provided. Regional relationships thus appea to have been
necessary to conceiving a coll aboration, but neither necesary nor sufficient for formalizng or
operating a coll aboration.

Getting from anucleus to a proto-coll aboration with a plausible charce of winning funding
involved usng some combination of threetedniques for these wllakborations. First, the
instigators networked at conferences and elsewhere to fed out other institutions with relevant
resources about the prospeds of working together. Second, they held semi-public workshops to
gauge the level of interest among locd ingtitutions in working together on studies of classes of
materials. Third, they submitted a proposal jointly with an inadequate number of collaborators
and then followed the advice of agercy program nmanagers when the marnagers suggeged they join
forces with other independent proposers. Intwo of the caes agency-asssted brokering,
conference networking, or shifting employment of essential individuals made the final
collaborations look more national than locd.

Geographic proximity was far lessimportant to theformation of accegrator-using
collaborations—except insofar as having a participating ingtitution close to the accekrator
laboratory was obviously convenient. However, prior working relationships among prominent
individuals were still often important toinstigating a collaboration. Former calleagues consulting
relationships, and prior coll aboration at another acceérator laboratory werefoundationsfor initial
discusgons of prospeds for developing aproposal. When instigators were unable to interest
enough of their professonal friendsto develop a plausible proposal, they did not sponsor
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workshopsin the hopes of engaging other institutions in the acceérator’ s region. Instead they
took one of the more national approacdesto finding additional collaborators—they either made
their interest in aaquiring more coll aborators widdly known and interviewed thoseinstitutions that
expresed interest; aternatively, they submitted a proposal with fewer collaborators than seemed
desirable and let the acceérator laboraory’ s managemert match them with compementary
proposals.

Defining a“complete” or “excdlent” proposal was more amhiguousfor non-acceérator
collaborations than either acceerator-using collaborations or collaborationsin the other fields we
studied. Few, if any, of the spedfic tasks the non-accéerator collaborations proposed to do were
intrinsicdly necessary to do within a coll aborative framework. Thus, these calaborationsall
needed away to counter the argument thatthey were old wine in new bottlesor administrative
fictions creaed to obtain funding that their menbers could nat have individualy obtained in the
framework of national competition. They pursued one of two basic strategies to demonstrate their
coherence and necessty. Some were“device-oriented’ (in the words of oneinterviewee),
meaning they sought to investigate novel materialsin the context of making adevice thet could
serve a technologica purpose. Collaboration wasjustified by the reed for abroad range of
intellecual talents and ingtitutional functionsto develop the device s prototype. Others stresed
the organizational obstades mobili zing the quantity and quality of resources that research into the
novel materials merited. Collaboration was justified by the need for a multi-institutional
combination of personnel and fadlitiesto investigate the materials.

Both forms of justificaion led to difficulties in formalizing the coll aborations. The two device-
oriented collaborations, which were DARPA-funded, included corporate laboratories with
competitive economic interests, and onealso included a government laboratory with anewly
instituted incentive program that made coll aboration with other institutions problematic. In these
cases, dfter their proposals had been accepted but before work could begin, long and diff icult
negotiations were needed to read a signed agreaement about protedion of proprietary information
and the appropriate sope of the calaboration’saffairs. Thetwo calaborationsthat stressed the
organizational obstadesto scientific progresswere both NSF-funded. They had to negotiate
terms among the coll aborators and with NSF on the use of NSF funds to support adivitiesat the
non-university laboratories that were members of the collaboration. They dso, in the process of
writing their proposals, had to winnow their prospedive participants (and thus the number of
approadches to the study of the materials on which they were concentrating) to what could be well -
supported within the fiscd limits that NSF had set for this type of award.

Formalization was never an issue for the accekrator-usng coll aborations. Even whencompetitive
corporations were involved in a coll aboration, the callaborators had no difficulty in egablishing
conditions for taking proprietary data or usng proprietary instrumertation in conjunction with the
collaboration’ sinstrumentation.*?

2\hil e the taki ng of proprietary datadid not strain relations within the @ll aboration, proprietary data
were a source of tension between the @ll aboration’s corporate members and the government agency that financed
the accderator.
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C. Organzationand Management

Non-accderator collaborations:

. usually vested ultimate authority in a Board of Diredors, programmatic authority in
a committeeof leading researchersfrom each institution, and daily managerial
authority in one of the leading resear chers, who usually held thettitle “diredor.”

. usually set up itsown proposal-review system to judge the quality and
appropriatenessof particular lines of research to the topic the collaboration was
addressng.

Accderator-using collaborations:

. usually had no structure beyond designating a*“ spdkesperson” t o deal with high-level
laboratory administrators and a technically adept participant at or near the
laboratory to beresponsble for kegping the instrumentation working.

. used their members shared sense of what they wanted from their colledive
instrumentation as a source of managerial discipline.

Ultimate authority for three of thefour non-acceérator coll aborations was vested in an inter-
institutional board, which was usually cdled the Board of Diredors. (Inthe fourth case, the
collaboration was small enough not to need a formdly delineaed structure.) Thistop-level board
included the research administrators responsible for ead institution’s participation in the
collaboration (usually titled the co-direcors) and usudly other representatives from the
participating ingtitutions. Oncethisboard set thebroadest fiscal and personnel policieswithin
which the coll aboration was to operate, its principd purpose was Smply toexist for the
contingency that the callaboration fail ed to se substantive policy for itsdf. By contrast, only one
of the acceérator-using coll aborationsvested aithority in aBoard of Direcors. To theextent
that the other acceérator-using coll aborationshadan authority structure, an individua scientist
was designated to spe&k for the call aboration and usudly held thetitle “ spokegperson.”

However, the greaer social homogeneity of the accekrator-usng coll aborations and their
internally well-understood god of creaing aworkable system for gererating data made them less
neadful of some kind of board that could threaen to make dedsions for the collaborationif the
dired participants had trouble making dedsions themsdves.

Major policiesfor the non-accéerator collaborations research were set by acommittee kel ow the
Board of Diredors. Thiscommitteg whose name varied from collaboration to collaboration
(e.g., Program Committeg Exeautive Committeg Technicad Representative Committee), again
included the co-direcors and, usudly, the participating scientists with responabili ty for parts of
the coll aboration’ sintellecud sub-structure. 1t embodied the calaboration’sintemal division of
labor, and by reforming itself could change the division of labor. And it determined the
collaboration’ sinternal al ocation of resources.

Accderator-using collaborations usually did not need such acommittee In gererd, they desgned
their colledive instrumentation in such away that teams could use it independently for their own
scientific interests, and in general ead tean had its own funding sources. Thusthere were few
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occasionsin which these coll aborationsneedel to reconsder their internal working relati onships
and their internal allocation of resources, and correspondingly little need for aformal committee
to ded with such matters.

Daily management of affairsin al the non-acceerator collaborations were vested in an individual,
who usualy held thetitle “diredor,” and who dsoservedas hisinstitution’s co-diredor. The
diredor’singtitution was fiscaly responsible to the funding agency and distributed the funding
through contrads with the other participating institutions. The diredor’s office was responsible
for asseembling the progressreports and colleding the administrative data recesary for deding
with the funding agency and other interested outsiders. Often he had an asgstant diredor to help
with the paper work. This arrangement refleded nothing more than administrative convenierce
and compliance with funding-agency acountabili ty regulations. Within the coll aboration, the
direaor would chair medings of the committee esponsblefor research policy, but participating
scientists generally viewed him no differently from the other co-diredors, and the diredor’s
institution neither sought nor been granted any privileges.

In the acceerator-using coll aborations, a gientist at or nea the accéerator laboratory had
responsibility for routine daly affairs. Most of the time, theindividud’ s qualif ications were that
he was technicaly adept with the instrumentation and socially adept at deding with the
accderator laboratory’s administration. However, in one of the four cases we studied, a scientist
at the laboratory and a sientist from an institution nea the accéerator laboratory were bath
considered leaders of the collaboration. Thisform of organization led to extreme diff iculties, and
the coll aboration eventudly reorganized itsdf to reseembe the other accekrator-usng
collaborations.

Determining (and in some case redetermining) an internd structure and allocaing resources
aaossthe divisionsit creaed were the central colledive tasksfor thenon-acceérator
collaborations. The two NSF-funded collaborations approached this matter in similar fashion.
They both creaed, in the processof writing their proposals, multi-institutional teams for eat
reseach theme or topic they wished to address All of the tean leaders plus the ingtitutional co-
diredors becane the nucleus of the committeediredly concerned with budget and research
policy. (Thiscommitteewas variously named the Program or Exeautive Committee) Drawing
up acoll aboration budget involved potentidly tricky confli cts between supporting the most
promising-looking research and maintaining the traditional balance of funds going to ead
participating ingtitution. In these succesgul collaborations, the balance on this committee
between scientists representing research spedalties and scientists representing their institutions
yielded consensual dedsion-making that left the Boards of Diredorswith little to do. Annua or
semi-annual coll aboration-wide workshops were the primary formal occasionsin which everyone
could hea of eadt other’s progressand discussthe wisdom and efficag/ of the callaboration’s
internal arrangementsin light of the latest results. NSF site visits and applications for ongoing
funding forced the coll aborations to assesther progressand the prospedsfor their severd lines
of reseach. Both collaborations also had external advisory committees whose meeings
stimulated ferment. The advisory committeesincluded scientists and administratorsfrom
institutions and sedors not represented in the coll aboration; they were probably most useful for
encouraging the coll aborations to pursue researh lines that compemented or supported what was
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going on outside the coll aboration’s ealier purview. Atthe ime AIP interviewed patrticipants,
one of these call aborationshad undergone asubgartial rearganization, and the dher expeded to
do the same in preparation for an upcoming site visit.

The two DARPA-funded coll aborations—compared with the NSF-funded
collaborations—organized themselves so that caegories of resarch adivities were more
identified with particular participating institutions or with groups of institutions that had
previousy worked together informally. Both of the DARPA-funded collaborations included
corporate competitors, and dividing labor along ingitutional linesmade it easer for the corporate
scientiststo participate without releasing information their corporations wished to keep
proprietary. However, the principles on which the two collaborations divided their tasks diff ered.
Onetook a pipeline approac to the devel opment of a device. It divided the work into materials
development, miniaturization, design, and integration. The competing corporationsled separate
stages, and the governing committeg which met weekly by conferencecdl, found it could disauss
and ded with the technicd problems at theinterfacesbetween the dageswithout intrudinginto
the techniques and pradices that eachcorporation wished to keep secret. The other divided the
reseach and devel opment by using prior spedalization in experimenting with a sub-classof the
meaterials the coll aboration wasinvestigating. Eachcorporation worked with the sub-class of
materials it knew best, and the main purpose of collaboration medings was for everyone to
evaluate their accomplishments and prospedsin light of the others' results. Howewver, the
participants felt that this sysem did not optimizefree dscusson, perhaps lecaise in comparing
the properties and performarce of related materials, the corporate participants could nat help but
be interested in ead other’ s processes as influences on the quality of the materials ead made.

Aswith the NSF-funded coll aborations, the DARPA-funded coll aborations operated by making
one ingtitution acauntable to DARPA and having this acomuntable institution subcontrad to the
other participants. Aswith the NSF-funded collaborations, dedsions were generally made by
consensus within the committeesand boards set up to govern the wllaborations And, as with the
NSF-funded collaborations, the higher-level boards and their members becane lessadive in
collaboration affairs as the lower-level committees proved cgpable of reading consensus on the
conduct of collaboration affairs. DARPA program managers annually reviewed the
collaborations, but these callaborations had noextemal advisory committees. The DARPA
reviews did force participants to look criticdly at their arrangements, but the difficultiesin
negotiating theinitial intelledual property agreement inhibited any effortsto reform the
collaboration’sinterna structure, even in the coll aoration that was dissatisfied with the leve of
open discusgon within the coll aborati on.

The central call aborative tasks of most of the accéerator-using coll aborations were to develop
and maintain the combination of beanlineand detedion instrumentation that would serve the
needs of the members. Intwo of our four cases, corporations assumed respongbili ty for the
hedth and progressof the cadlaboration, andthe corporations insisted on the option of usng the
beamline for proprietary research or for other independent purposes that would not be subjed to
oversight by the other institutions in the coll aboration. Howewver, these two coll aborations
adopted distinctive approades to allocaing responsbility for building the beamlne and to
creaing autonomy for experimenters using the beamline.
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In one cag, the cdlaboration’s ingitutional members centrali zed their financial contributions to
the coll aboration and creatda Board to mamage thefunds and to overseea professonal staff
charged with designing and building a beamline to mee the reeads of interested scientists at the
member ingtitutions.®* The staff director was responsblefor deding with the accéerator
laboratory administration and for reating an urderstanding about what the beamlneshould do
with the interested scientists at the menber institutions. Annua Board medings were the
principal form of oversight for assessng staff progress for setting any new diredions necesstated
by the need to comply with laboratory regulations, and for addressng any conflicts that staff and
member-institution scientists had not been able to resolve on their own.

In another case, the coll aboration’ sinstitutional manbers did not formdly centralize their
financing of the beamline and dd not creae an authority to overseethe use of funds. Ingea it
relied on ad hoc self-management for beamline development and construction. The scientists
interested in using the beamline preferred to build the beamline themselves and had the experiernce
to do so. The coll aboration designatedas “spokesperson” the leading scientist from the
institution that took respongbili ty for providing themost challenging beamline component. The
enginea reauited by the spokesperson to design and procure this component took charge of
overall beamline construction. The spokesperson represented the callaboration to the acceérator
laboratory’ s administration, but wielded little authority within the coll aboration—in part becaugs
there were so few coll aboration-wide issues once the beamline was operational. ** Eacd team buil t
itsown “end station” for its own experiments with its own instrumentation. An annual
collaboration meding in conjunction with the acceerator’s Users Committee meding was
sufficient to keep the cdlaboration coordinated. (A laboratory-employed scientist served as
“beamline manager” and handleddaily scheduling and routine repairs.)

One acceekrator-usng coll aboration pursued integrated studies of materials Llang extant beamlines
and detedion instrumentation. It needel no sgnificant marnagement. Thenumber of participants
was small enough, ther roles so self-evidently clear, and the reeded facilities soeadly tapped that
nobody even had to organize ameging of all the participants.*> A postdoc, who wascarying out
the brunt of the physicd studies, and his supervisor were alle to hold the cllaboration together
by communicating (by visits and e-mail) with the concentration of chemists who had syntheszed
the materials, and by meding individually with the relevant beamline experts at the national
accderator laboratory. The chemists and beanline experts never had to mee or coordinatein
order for their effortsto contribute to the development of a satisfying model for the structure of
the synthesized materials.

BThese arrangements most resembl e those of professonali zed tel escope-buil ding coll aborations as
described in the essay on ground-based astronomy. Effedively, the @llaboratively built beamline became a sub-
facility which individuals working for a member organization could propose to use.

“Theterm* spokesperson” isalso common in particle physics, where it has very diff erent meanings and
connotations. Seesedion VII, Particle and Nuclear Physics, below.

Bin many respeds, this coll aboration resembles astronomy coll aborations performing Very Long Basdline
Interferometry observations.
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D. Activitiesof Teams
. In the non-accderator collaborations, teamswere groups of spedalists, usually from
morethan one participating institution, concentrating on a substantive problem.

. Teamstook all data in non-accekrator collaborations, mostly using the extant
instrumentation in their homeinstitutions; acquisition of new instrumentation wasa
semndary priority.

. The degreeof autonomy with which teamsworked in these collaborations varied too
widely to frame any generalizations.

. Teamsin accderator-using collaborations most often referr ed to the efforts of each
participating ingtitution to build and take data with itsown end-station
instrumentation, but there were instancesin which “teams” had different or multiple
meanings.

. Oncethe beamline was operating, teams usually took data autonomoudly.

“Teams’ in the non-acceerator materials scierce callaborations referred to a multi-ingitutional
group of researchers concentrating on a substantive problem. All datain these coll aborations
were taken as part of tean adivities. None of these coll aborations coll edivey buil t
instrumentation with which to take data streams for the use of everyone in the coll aboration.
None of the teams and individual scientists in these coll aborationshave fad to build uptheir
instrumentation from scratch, because their collaboration reseaches have involved usng the
techniques they employed in their pre-collaboration reseaches. Data were mostly taken within
the home laboratories of the participating scientists with instrumentation the laboratories had
aready aqquired.

Though development of instrumentation was not a principal adivity of any of the non-accéerator
materials science calaborations, threeof the four did diredly support theaoquisition of new
instrumentation by member ingtitutions. (In the fourth, a corporati on-dominated call aboration,
the corporations counted their purchase of coll aborati on-relevant instrumentation towards their
cost-sharing obligations.) The rew instrumentation wasinvariably purchased—sometimes by
contrad in which the purchasing ingtitution spedfied novel feaures for the maker to incorporate.
(We head of no instances in which materials scientists devel oped instrumentati on within their
reseach laboratories while working within a coll aborative framework.) 1n the NSF-supported
collaborations, most instrumentation aaquired with collaboration support was avail able for the use
of everyone in the collaboration. The same was not true of the DARPA-supported call aborations,
but it isunclea whether instrumentation was not shared as a point of policy or whether
instrumentation was not shared because the roles of the participating institutions were so sharply
divided that they had noneed for ead other’ sinstrumentation.

Theteams operated at diverse levels of autonomy in these coll aborations and the diversity did not
coincide with their funding agency. Inthe DARPA-supported collaboration that organized itself
in pipeline fashion, the teams required frequent communication to keep abreast of ead other’s
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developments and to discussthe significance of ead other’ s developments for projed
administration. Because the devicethe coll aboration hoped to devel op was based on anove
material, the coll aboration dedded not to se spedficationsin adzance for what eachteamneeded
to acaomplish in order to make afunctioning device, instead the teams had to keep adjusting their
goals asthey leaned more about the material and its behavior under various conditions. By
contrast, in the DARPA-supported collaboration that organized itself along its institutional
members’ prior spedalization the teamsworked in rnea total autonomy between the medings at
which they shared findings and plotted further research strateges.

Teamsin the NSF-supported collaborations operated with more intermediate autonomy. The
participants were dl building on their individud prior research, which as arule they had pusued
autonomously, but the participants dso knew that coll aboration administrators and NSF officials
would judge the coll aboration an the kasis of whether it stimulated research that might not have
been done had the coll aboration ot existed. Themost overtindicaor of an individud scientist’'s
adherenceto collaborative values were data jointly taken with coll aboration members, and
collaboration administrators espedally esteaned joint data-taking among members of different
teans as an indication of the call aboration’s efficag in stimulating research that independent
proposal-writing would not have generated. Both collaborations balanced participants desires to
build on their prior individual research programs against the reed for more callaborative
approaches by operating their own internal funding system; members of the participating
institutions interested in being part of the callaboration proposedreseach to calaboration
administrators, who considered the likelihood that the reseach would leal to thejoint taking of
data within the coll aboration as well as the edncd soundhessof the resarch.

In acceerator-using collaborations, “teans’ had several meanings. For the self-managed
beamline-building collaboration, “team” referred to the institutional member(s) responsblefor a
particular end station, which the team equipped for a particular style of experiment. For the
formally managed beamline-building collaboration, team had two meanings: (1) the member
institutions that set up their own in-house system for determining how their beam-time was to be
used; and (2) the multi-institutional groups of similarly spedalized scientists that worked with the
collaboration staff to determine what beamline and detector parameters kest metthe needs of ead
gpedalty. “Team” initially had no meaning for the beamline-building collaboration that initially
organized itself like amuti-component detedor coll aboration, and thencane to hawe the same
meaning as for the self-managed beamline-buil ding collaboration after the coll aboration
reorganized itself. Inthe collaboration that pursued integrated studes of materials, intellecua
spedalization and ingtitutional boundaries coincided so predsely that there wasnoneed for the
collaboration to make aformd designation of teams.

Teamsin self-managed beamline-building coll aborations focused on developing and using their
independent end-stations. They were autonomousfrom ead otherin dl operations save
alocating the beam among the end stations, though pairs of teanshave bee prone to pursuejoint
experiments when their interests overlapped. Some teams have used their autonomy to develop
unprecalented end-station instrumentation in their home-ingtitutions' laboratories and workshops,
onetean hastreded its end station like a vacaion home—using theend station occasionally and
often renting it out to othersin excharge for time an afadlity better suited to its current interests.
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Such autonomy has not consistently been a prescription for tranquil relationships. 1n one of our
cases, the presence of an end-station tenant, who competed with the research programs of other
end-station teams without contributing to the construction and ongoing development of the
beamline, caused hard fedings.

We coll ecied little informati on ébout teams (@seither multi-ingtitutional groups d similarly trained
spedalists or as sngle-institution organizationsfor dl ocatingbeam tme) in theformdly maraged
beamline-building collaboration. The multi-institutional groups of spedalists were not powerful
because of their relative ladk of experiencein acceérator-based research ascompared to the
beamline builders. Because the beamline had not been completed at the time we did the
interviews, the participating institutions had not yet set up systemsfor dedding on how to allocae
their beam time.

E. Disemination
. In non-accekrator collaborations, the only collaboration-wide review of manuscripts
wasto ensure adherenceto a collaboration’sintelledual property agreanent.

. Only the accderator-using collaboration that colleded data on alr eady-existing
beamlines succeedd in making dissemination a collaboration-wide function.

Almost none of these coall aborations mantained ongoing coll aboration-wide policiesfor the
reliabili ty of results, when or where to present results at conferences or publish them, or how to
alocate credit to individuals working within the @llaboration. Dissemination was usudly in the
control of the teamsor individual data-takers, who on an ad hoc basis could dedde to take dhta
jointly and publish together. In call aborations that includedcorporate competitors, manuscripts
were internaly reviewed for compliance with the coll aboration’ sintellectud property agreenent;
nobody reported ever experiencing a problem with the reviews. Most accéerator-using
collaborations did not publish papers with a coll aborati on-wide author li st (except for papers
reporting on beamline design and performarce).

F. Fundng
. Corporations always either funded themselvesor cost-shared with a government

agency.

. NSF and DARPA both funded non-accekrator collaborations; they differed in their
requirementsand willingness to influence a collaboration’s composition

. DOE fundsthe accderator laboratories at which collaborationstake data, but not the
collaborationsthemselves.

Funding arrangements varied significantly aaossmaterials science calaborations. Government
agencieswere adired source of fundsfor al but one of the cadlaboraions but the legd
arrangements they employed varied. Some coll aborations werefunded by contradt, some by
grant, and some by “cooperative agreemnent,” which provides thefunding agency with more
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oversight authority than agrant but lessthan a contrad. Corporations, in gererd, shared costs
with the funding agency; in one instance, a corporation was the principa source of dired funding.

G. Internationdism
. International participation was unimportant to all these collabor ations.

None of the materials science calaborations we studied initidly included ingtitutions from outside
the United States. The DARPA-funded coll aborations were required to involve only American
institutions. In one cas, the purchase of a corporate participant by a Japanese holding company
nealy derailed the coll aboration until the corporation’s managemert convinced DARPA program
managers that the holding company had none of its emp oyees on sSte andthattheoriginally
American-owned firm effedively had awall proteding the technology within the company.

The NSF-supported non-acceerator collaborations and the acceerator-usng coll aborations did
not operate under such strict requirements. However, none formed with institutional international
participation.’® One of thenon-acceérator coll aborations devel opedan informal arrangement
with a German research institution, but both collaborations consisted initially of geographicdly
proximate institutions, and neither has shown enthusiasm for becoming more far-flung. In two of
the accekrator-using coll aborations, foreign institutionsbecang prominent participants only as
the original institutions encountered diff icultiesin raising fundsfor the keamline or in dedicating
personnel to useit. It isnot clea whether these call aborationshavenot pursued internationa
collaborators out of a sense of nationalism or out of a preferencefor locdism (including the
possbility of using ead other’s laboratories) that preduded intense involvement with distant
American institutions as well.

H. Comnunication Patterns

. For scientifically significant information, materials science coll abor ations stress
lateral, point-to-point communication among teams over hub-and-spoke
communications between headquartersand the teams.

Neither kind of materials science callaboration setup a powerful communications headquarters to
collea and distribute ientificaly important information. In nan-acceerator coll aborations,
lateral communicaion among teanswas a raison d’ etre for the coll aboration, and aduty of
collaboration-wide administrators was to make sure the callaboration was organized so that such
communicaion took place Accekrator-usng coll aborations centralizedcommunication
concerning the desirable charactristics of beamline components and the schedueof beamlne wse,
but the teans were soscientificaly autonomous and soself-sufficient in the operation of the
beamline that there was noneal for acentral channel for callaboration-wide communication.

%0ne did involve a scientist worki ng for aforeign institution asan individual participant; the sientist
eventually took a position in the United States.
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I. Scacial and Scientific Signrficance

. These collaborations have be& most significant as experimentsin the organization of
materials science research; no singleresult of any of these collabor ations hasgreatly
affeded scientific knowledge.

. All of these collaborations have had very stable member shipswith few institutions
being added and even fewer leaving.

. Non-accderator collaborations have tended to reorganize themselvesin responseto
evolving opportunitiesfor r esarch and the interests of their members (except when
reorganization would have necesstated renegatiation of an intellecual property
agreament); accderator-using collaborations have only reorganized themselves when
they encountered major problemsor conflicts.

The non-accéderator materials scierce calaborations we studied have been granted funding
commitments for as short as twoyeasand aslong as 11. Ther funding levesfor reseach are
difficult to compare kecaisesome calaborations cariied dgnificant burdens for educaional
outread), and because some coll aborationsleveraged their funding through cost-sharing with
participating corporate or government laboratories. The acceérator-using coll aborations were
open-ended in time; they existed (or will exist) for aslong astheir participants successully
pursued funding. The coll aboration that used extant beamlines wasfar shorter than the others.
Obvioudly, the more eff ort coll aborators put into aaquiring instrumentation, themore time they
will want for using the instrumentation.

Onceformed, all materials-science coll aborationshave lad stable institutional memberships. Only
one coll aboration droppedan institutional manber, and that was because of the retirement of the
institution’sleading scientist. Only two have addel organizations, one kecausea founding
administrator took anew job at a different institution, and one becaise it needed more funds and
labor than its current members were capable of gererating. However, the accéerator-using
collaborations have been far more likely to be organizationally stable for long periods of time than
the non-acceerator collaborations, which tended to be organizationally dynamic when they lasted
for longer than two yeas.

Successfor the acceerator-using coll aborations meant creaing conditions that endled its
members to take data and publish papers—preferably whil e remaining within the originaly
proposed schedule and budget. (An exception to this gereralization is the calaboration that used
extant beamlinesto pursue integrated studies of materials; it only lasted 18 months and only
produced one publicaion.) These cdlaboraions participants were resumed to know what their
scientific interests were and to be cgpald e of independently satisfyingthem once he allaboration
provided the necessary instrumentation. Thus these coll aborations’ internd organizations revolved
around obtaining and maintaining the instrumentation. Until a coll aboration sought funding for
recaitalizing a beamline, there was no need for organizaional reform.

The premise anong thenon-acceekrator coll aborations, by contrast, was that their participants
could not independently satisfy their scientific interests and perhaps were constrained by their
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individual institutional arrangements from even redizing what their best interests were. The
DARPA-funded coll aborations presumed that competing corporations had to work together in
order to redize scientific objedives. These coll aborations wereinternaly stable, becaise even
when participants felt dissatisfadion, the difficulty of reopening negotiations over the intellecual
property agreement seemed prohibitive. One went out of businessat the end of itsinitial funding,
rather than try to recat itsintellecual property agreement to takeinto acounttheshiftsin
interests among its members; the other did not need to continue asa callaborations becawse d a
merger among its major corporate members. The NSF-funded collaborations presumed that the
extant framework for research would not advance theinvestigation of particular materials with
broad scientific or technologicd significance. These coll aborations were designed to beinterndly
mall eable because part of their original purpose has been to experiment with research caegories
and ingtitutional relations; even when these coll aborationshawe operated to the stisfadion of the
participants, the prosped of amajor NSF site visit or arequirement to re-proposefor more
funding has prompted self-examination and reform. They needed longer lives than the DARPA-
funded collaborationsin order to have a dhance to demonstrate thatthey could generate enduring
lines of reseach.

Asagroup, these coll aborationshave bee most ggnificant asattempts to find satisfying working
relationships among ingtitutions from different sedors. The accekrator-usng coll aborations
functioned smoothly because they left the participating institutions with the latitude to dedde
what to examineandwho to invdve in itsexamination. The non-acceerator collaborations
attempted a more organic integration of university, industrial, and government science. When
competing corporations were involved, aswas the cagin the DARPA-fundedcoll aborations,
scientists from at least one sedor had complaints. University participants felt their role was too
circumscribed in a coll aboration that the corporationsdominated; in another, universty
participants felt that the corporate ientists were too circumscribed out of fea of releasing
proprietary information. Corporate scientists were usually dismayed at theamount of in-house
arguing neaded to obtain permisson to coll aborate; and government scientists were dismayed
when a coll aboration they brokered fell apart because a corporate merger of the participating
firmsled to the dimination of one of the participating research groups.

Interviewees have all expres®d satisfadion with theintellecdud qudity of ther participation. At
minimum, these call aborati ons endled participants to define and acqure themeansto pursuea
post-collaboration research diredion individually. Most have been the source of enduring work
relations at least among individual participants. All are credited with wisdly bringing together
experts with different perspedives but common interests in a classof materials, and aso with
degoening reseachers appredation of the difficulties in mastering the relations among the
structure, properties, synthesis, and use of new materials.

VI. MEDICAL PHYSICS

A. Introduction
Thethreecallaborationsin this category wereall ongoing at thetimeof interviewing. They
included as institutional members medica schools and their affili ated hospitals'’ (with researchers

we will use the phrase “medical center” to refer to medical schod's and ffili ated hospitals.
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drawn from radiology, biophysics, and statistics groups), university physics groups, national
|laboratories, corporate laboratories, and medicd professonal societies. Radiologists participated
in al the callaborations, but no coll aboration consistedentirdy of radiologists. Who dse was
essential to the radiologists depended on the degreeto which the purpose of the coll aboration was
to develop new procedures versus testing state-of-the-art procedures. Developing procedures
required more coll aboration with physcd scientists and enginees, testing proceduesrequired
more coll aboration with statisticians and professonal societies.

The AIP Center had lessexperience documenting medicd physics than al the other spedalties
covered in the long-term study. Asaresult, we had the least successeliciting the cooperation of
participantsin medicd physics collaborations, and we do not have a robust emprrica foundation
for making gereral clams. Radiologists were lesswdl representedamong our interviewees than
desirable because many of the radiologists with whom we sought interviews were unwilli ng to
grant them, and those that did grant interviewsoften declined to mee for more tan 45 mnutes'®
AIP conducted atotal of 12 interviews. Two of the calaborations were orierted towards
diagnosis of cancers; both were funded principaly by the Nationa Cancer Ingtitutewith modest
cost-sharing from corporate participants. The third was cardiology-oriented and had support
from a philanthropic foundation, DOE, and the National Institutes of Hedth (NIH).

B. Projed Formation
. The collaborationsin our sample were all oriented towar ds diagnosis, not treatment.

. Our sampledid not show a pattern for how these projects were conceived and how
their instigatorsreauited participants.

. All the collaborations had difficultiesin formalizing their arr angements; it appears
that medical physicists singtitutions have not formed multi-institutional
collaborations frequently enough to have smooth proceduresfor doing .

All of the collaborationsin this group were oriented towards diagnosis rather than treament of
medicd conditions. Though threecaseseens a paltry sample on which to make broad
generdlizaions, this stresson diagnosis seens consistent with the recent widespread concean in
the United States with controlli ng costs of medicd care by identifying diseasegalier, when they
areeaer to tred.

Theinstigation of these coll aborationsvaried widdly. At oneextreme was a @llaboration that
originated as an effort of university and national laboratory physiciststo use new reseach tools
for bio-medicd purposes. At the other was one that originated becaise policy makers were
uncomfortable with the paucity of information for assessng diagnostic modadities. In between
was one in which afunding agency’ s desire to satisfy an interest group dovetailed with research
effortsthat were dready underway in bio-physcal drcles.

18Radiol ogists paid on afeefor-service basis considered our requestsfor two-hour interviews an excessve
imposition on their time.
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Word-of-mouth and geographic proximity were essentid for calaborators tofindead aher
when university physicists sought to pursue medcdly relevant adapationsof physical reseach
instrumentation. The instigators assumed that intellecual intimacy would be necessary among the
various specidi sts who had no previous history of working together. Coll aborating with locds
made it easier for participantsto get to know oneanather and to adjust when an individud proved
incompatible. Nealy the opposite was the caefor the callaboration that originated with policy-
makers discomfort at the available information for assessng diagnostic madalities. Word-of -
mouth did play amodest rolein stimulating radiol ogists at prominent medical centers to draft
proposals to participate in studies comparing modalities, but thefunding agency made thefina
seledion of the participants for eat study and seleaed which participant would be the scientific
leader of ead study. Instead of aiming for intellecual intimacy in order to develop anew
diagnostic toal, this collaboration aimed for an impersonal consensus on the effediveness of
various diagnostic tools. The collaborators ladk of choicein whom they worked with
contributed to the plausibility of their studies. The coll aboration that originated in theintersedion
of interest-group presauresand research devel opments agan occupied an intermediate postion.
While location was unimportant to the participants, their familiarity with and resped for eah
other’swork led them to seek funding colledively, even though ead understood that his proposal
would have to passindividual scrutiny by the funding agency.

No matter the intellectual origin of these coll aborations, ther instigatorsfaced sgnificant
problems in formalizing arrangements. The university physicists and medicd-center physicians
interested in investigating the bio-medicd prospeds of atool of physicd research did not fit well
into an established funding program within the federd government, and the participants were
always seeking (sometimesconflicting) strategiesfor funding their adivities. The policy makers
interested in asessng diagnostic modadities kept neading to find sets of smilarly equipped
medicd centers willi ng to dedicate their instrumentation and personnd to assesng extant
instrumentation rather than to developing diagnostic novelties. Thefunding agerncy that wished to
stimulate reseach in response to interest-group presaure sponsored a workshop that succeeddin
establishing the credibility of anareaof research aslikdy toyield sgnificantimprovementsin
diagnosis; but thefunding agency wasacastomed to funding individud-investigator proposas
and did not adjust its procedures to review these proposasin a unified fashion. The fad that
these call borations al had formalization hurdles to clea may be more significant than the faat
that they managel to clea them. Our sampe indicaies that theingitutionsthat support medcd
physics do not welcome the formation of multi-institutional collaborations and do not encourage
their formation often enough to have smooth procedures for handling coll aborative proposals
when they are generated.

C. Organzationand Management
. Our sampledid not show a pattern for how the<e coll abor ations were or ganized.

. Medical physicists sometimes needeal arigidly organized collaborationto insureits
membersadhereto collaboration standards, sometimes needed a minimally organized
collaboration to insureits membersfully exploretheir preferr ed lines of research, and
sometimes organized themselves strongly enough to insure the integration of
instrumentation and perspedives of their multi-disciplinary members.
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. In spite of the different traditions of physicians and physicists, managerial difficulties
wererarely based on disciplinary identities.

The organizaion of these threecoll aborations ran thefull rangefrom rigidly organizedin
response to external presaures, to self-organized in response to perceved nedds, to barely
organized in response to perceved lad of neal. Such diversity seansindicative of alad of
traditions for collaborative reseach in medicd physics.

Therigidly organized collaboration was the one formed by the funding agency to compare the
effedivenessof different diagnostic modalities. Itsintelledual leaders were the head of the
statistics group, which defined what constituted a meaningful test of the modalities, and the
radiologist that the funding agency appointed* coordinator” (by virtue of bangthe principd
investigator (Pl) for what the agercy consideredthe strongest proposal). The coll aboration’s
administrative functions were vested in amedicd professonal society staffed by technicd
personnel with no scientific interest in the designs and outcomes of the studies. The centrd
collaborative challenge accurred before data callection began—when the participating
radiologists, the other medicd spedalists eadt radiologist reauited from his’her medicd center,
and the statisticians held a workshop to devise a research protocol that would yield statisticaly
significant results within the boundaries set by technicd feasbili ty and medical ethics. Once the
protocol was established, the medica centers began colleding dataand sendingthem to the
professonal society, which was responsible for daily management of collaboration affairs. The
medicd profesgonal society performed some preliminary data processng; and the society, using
its control of the funds to reimburse the medicd centersfor their expensesin colleding datafor
the coll aboration, hed ead medical center to the standardsfor data st by the protocol. In the
event of adispute, the coordinator had aithority to judge whether a medical center wasmeding
the standard.

At the opposite extreme was the @llaboration that originated at the intersedion of scientists
reseach interests and an interest group’ s lobhying efforts. The coll aboration creaedaminima
managerial structure, because the call aborators hada ready-madedivision of labor based on a
combination of working relationships they had established prior to the callaboration andinterests
they had made known at theinitiating workshop. Ead participant had been working on
developing a capabili ty relevant to a new and potertially more powerful system for diagnosing a
disease. Being in a coll aboration, with the discipline of semi-annual meeings to discusstheir
work, made the participants responsible for comparing their results and addressng theinterfaces
among their emergent capabilities. The scientist who had rearuited the participants to propose
jointly as a collaboration held the title“ projea director,” but once the proposas were

in and an agreament readed on how to divide the coll aboration’ s budget anong the participants,
he did little beyond organizing the medings. All interviewees, including himself, viewed him asa
coordinator with no more authority than ay of the other senior mambers of the callaboration and
viewed the coll aboration as operating well without a call aboration-wide intell ecual lealer.

The self-organized collaboration was smilar to theminimaly organized onein that it too had a
ready-made division of labor based on the previoudy aayuired skill s of the major participants.
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However, it had to make sure that instrumentation produced in different laboratories would
interfaceproperly; read a colledive assssnent on how best to colled data; schedule beamtime
on asynchrotron radiation fadlity at a national laboratory, and guaranteethe rational laboratory
that it operated within the regulations that the accéerator laboratorieshave had to enforce for the
exposure of people to radiation for medicad purposes. It made one of itsintellecual leadersthe
administrative leader, and he used the data runs and the initial geographic proximity of the
participants as opportunities for collaboration medings. The meeings (which were minuted)
were the principal means by which the coll aboration coordinated itsef. When medings becane
logisticdly more difficult and lessfrequent (because of turnover in personnel and achangein
operations gte to a rew, superior fadli ty in a diff erent location) a cal aboration-threaening
misunderstanding devel oped. Participants were alle to resolve this crisisand becane more
caeful about keeping ead other informed about their plans.

The very name “medicd physics’ evokescrossdisciplinary exchangesand the corresponding
possbility of conflict based on different scientific orientations aswell as different financial
expedations, cultural expedations, and ingtitutional affili ations. However, in none of these
collaborations were scientific orientations an isaue. Financial expedations were only an issuein
the coll aboration that used rembursements & the meansfor holding participants to cal aboration-
wide standards. Contrasting cultural expedations—centered around the degreeof difficulty of
gpedalists’ tasks, the amount of time required to completethem, and theamount of explanation
owed the praditioners of other spedalties—troubled participantsin the sif-maraged
collaboration but did not threaen the callaboration’ sexistence. Only theingitutional affiliation
problem was an issue in more than one coll aboration, and only in the sf-managedcall aboration
did it become a serious issue. This callaboration did not hawe asecue niche nafunding agency’s
program, and the addtion of new institutionsled to uncoordinated and potentially conflicting
effortsto raise funds. (The minimally managed collaboration and its funding agency had to
addresshow much a corporate participant should sharein the costsof itsinvolvement.)

D. Activitiesof Teams

. Teamsin medical physicscollaborations could befunctionally differentiated to cower
all facets of developing a diagnostic tool or functionally equivalent to sandardize
proceduresused on patients.

. Differentiated teams performed research and development that wasconstrained by
the god of producing an integrated system. They shared datato facilitate
compar ative asessnents of each other’s performance

. Equivalent teams did not perform research and development but wer e autonomous
and sdf-sufficient in colleding data through standardized procedures. They did not
share data with each other but sent data to the statistics teams to insure dat
acquisition remained unbiased.

Sets of teams in medicd physics coll aborations were of two types. One type was comprised of
functionally differentiated teamsin order to cover the range of skill s and spedalties needed to
creae an effedive diagnostic system. The other typeused functiondly eguivalent teansin order
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to standardize diagnostic procedures over a statisticdly significant portion of the population and
thereby assessthe efficagy of the procedures.

The functionally differentiated teans fill ed niches within the diagnostic system that the
collaboration hoped to develop. Eacdh was responsible for the research and deve opment of the
instrumentation, algorithms, or clinicd evaluations required for itstask. (Academic physicists,
physicists at national laboratories, and physcistsin industry built instrumentation in-house;
physicists working for medicd centers built prototypes and contraded out for final design and
construction of instrumentation worthy of full-scde clinicd testing.) The wllakborations we
studied included an instance where the teams worked in nea total autonomy and another where
they worked in close coordination. In theformer cas, the physcists worked for medical centers
or for corporations with a history of suppying medicd instrumentation, and ead team developed
its own form of adiagnostic technique. The teans shareddata asthey saw fit; in pradice,that
meant the teans shared data li berally because the diagnostic technques were technicdly diff erent
enough that none of the participants saw any advantage to keeping ther information proprietary.
In the latter case, the physicists worked in university departments and national |aboratories. The
teans shareddl data, which sometimesled to confli cts because praditioners of one specidty
occasionally resented having their work questioned by praditioners of another specidty. We
hypothesize that when medica possbili ties are perceived in the work of physicists employed by
medicd centers, the physicists will have designed the work to fit within medicd niches and that a
collaboration trying to develop a diagnostic system will not need high levels of coordination to
bring about a meshing of clinica and laboratory pradices. By contrast, physicists employed
outside hio-medicd organizations probably did not initially consider medicd possbili ties and had
no presauresto incorporate medica possbilitiesinto the designs of their work. Consequently, in
the latter case, a call aboration incorporating physics apparatusinto a diagnogtic system will lik ey
need to integrate their teams’ adivitiesin order to bring about an adjustment of laboratory and
clinicd redities.

The functionally equivalent teans were desgned to standardize diagnostic services to patients
willi ng to participate in the coll aboration’s research. Tinkering with instrumentation or
procedures was expresdy forbidden by the research protocol the coll aboration establishedat its
initial medings. The coll aboration determined what datato take; eat tean was then sdf-
sufficient in gathering its share of the data. Both teams and individuas were kept deliberatdy
ignorant of what otherswere finding. All datawent to the admini stretive unit for processng and
then to the statistics group for analysis. The teamns never had accessto all the data streams until
the statistics group was confident that further data acqquisition would nat be hiased by the teams
sedng the extant data. When the statistics group' sfindings were wantingin timelinessor qudity
inthe eyes of the teans, team menbers were prone to question theviability of the research
design.

E. Disemination
. Themorerigidly managed a collaboration, the greater the controls on publication and
themoreinclusivethe author list for published articles.
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The barely managed coll aboration indeed barely managed the coll aboration’ s dissemination
adivities. The teams published independently, just citing the coll aboration’s support; on the few
occasions that have called for public presentations representing theentire wllaboration, the
projed direcdor has drafted the paper and circulated it for approval within the coll aboration.

Both of the more heavily managed coll aborations managed dissemination an a call aboration-wide
basis. In the self-managed coll aboration, the unwritten but well understood rules were that a
physicist oversaw the writing of papers aimed at physics audiences, and a physician oversaw the
writing of papersthat were aimedat medical audences. Manuscripts werecirculated amongthe
participants, who all understood their roles well enough that there wasnever adispute over the
author list. 1n the coll aboration with externdly imposed maragement, paper writing had to await
the completion of the statisticians' ardlysis, which hed to await the @lledion o thefull dataset.
The written rule was that the “coordinator” drafted thefirstimportant paper presenting the
substantive results, circulated it among the Pls, and was listed asfirst author. The rights of team
members below the level of Pl to be authors on these pagrs was disputed, snce the task of team
members was only to follow the coll aboration’ sinstructions on the aajuisition and submisson of
data.

F. Fundng
. Bio-medical funding agencies were oriented towards individual investigatorsand did
not adapt well to reviewing or supporting multi-institutional proposals.

. Physics-friendly funding agencies were uncertain when to initiate support o
medically oriented physics resear ch and when to withdraw support tolet theresearch
bejudged entirely on itsmedical potential.

Administrative procedures at the Nationa Carcer Ingitute and the dher NIH institutesthat
support bio-physicd reseach are designed to elicit and review proposals from individual
investigators. Two of the threecadlaborationsexisted, in the eyes of their funding agency, as
aggregations of individual grants (even though, in one of these case, the callaborators had found
ead other and produceda %t of crossreferenced proposds). In our one case of a collaboration
between physicians and physicists with university or nationd-laboratory &fili ations, the
participants strugded to mantain funding. The agenciesthattraditionaly supported physicists
and the agercies that traditiondly supported physcians had nomeans to coardinate their suppat
and to dedde when the coll aboration’s adivities were appragpriately judged as contributions to the
development of physica instrumentation and when as contributions to medicd diagnostics.

G. Internationdism
. I nternationalism was unimportant, which isto be expected given the importance of
national standardsfor medical practice

Given the importance of national standards for medicd pradice, it isnot surprising that
internationalism was not prevalent in medicd physics collaborations. Only one of the
collaborations included a non-American institution—a Canadian institution that was aworld
leader in developing a particular line of diagnostic instrumentation. And that coll aboration was
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organized to transfer the competed instrumentation to an American medical center for clinica
testing.

H. Comnunication Patterns
. Each collaboration’scommunication system wasidiosyncratic.

Our sample was too small and the coll aborationsin our sampe toovaried to infer whether any
pattern to communicaion exists for medica physics collaborations.

I. Scacial and Scientific Signficance
. Collaborationsresearching and developing new diagnosti c tods had more stable
membership than those investigating the efficacgy of diagnostic tods.

. All collaborationsstrugged to balancestandar dizing practicesin the interest of
testing them clinically and tinkering with practicesin the interest of discovering
superior methods.

The costs of medica physcscoll aborations are difficult to assessbecatse of their occasiondly
digointed funding, cost-sharing with corporate participants, and the participation of physicists
without dedicated funding. However, the costs of performing dinicd trials to assestheefficacy
of diagnostic systems dwarfed the cost of deveoping the systems.

The coll aborati ons deve oping diagnogtic systems have been more galde than the mllaboration
asessng the efficagy of diagnostic techniques. As the latter has switched its focus from organ to
organ, it has made dose to wholesale chargesin ingitutional participants, with only the
professonal society and the statistics group participatingin each ad every study. The
collaborations developing diagnostic systems hawe either not changed menbership at all or added
institutions to take advantage of new and better fadlitiesfor supporting their reseach.

These coll aborationshaweall had stableintemal organzations. However, one of the system-
developing collaborations has been planning to make organizational changesin anticipation of
changing from development to clinicd testing of ther systems.

The small number of cases examined, AIP sladk of familiarity with the field, and the diversity in
formation and management among these coll aborations all makeit difficult to draw general policy
lesons. Also, new policiesat NIH to attrad expertsin computation to bio-medicd research hes
the potential to make NIH more receptive to funding multi-institutional collaborationsin medicd
physics. However, one problematic condition these calaborations had in common was a struggle
with the trade-off between standardizing pradicesin theinterest of testing pracicesclinically and
tinkering with the components of diagnostic systemsin theinterest of discovering obvioudy
superior pradices. Conflicts were most significant in the coll aboration that froze pradices. When
the data-gathering teams could not acaue patients quickly enough to enable the statisticiansto
read robust results before equipment manufacurers produced their next gereration of systems
for aaquiring data, the data-gathering teans consdered the callaboration’s results olsol ete upan
publicaion. Some interviewees expressed an unwilli ngnessto participate again in such resaich.
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VIl. PARTICLE AND NUCLEARPHYSICS

A. Introduction
In the first phase of the long-term study, AlP interviewed approximately 150 participantsin 19
high-energy physics experiments that were approved between 1973and 1984 In thethird phase
we interviewed five participants in two heavy-ion experiments, which included both high-energy
and nuclea physicists and were funded by the nuclea physics programsat DOE and NSF. The
heavy-ion collaborationsfit readily into the patterns we found in high-energy physics.
Furthermore, nuclea physicists on our Working Group informed us that our findingsfor high-
energy physics conform to pradicesin nuclea physics. We therefore have merged high-energy,
heavy-ion, and nuclea physics under the designation “particle and ruclea physics.”

In seleding experiments for investigation, we conscioudy includeda variety of types: larger and
smaller experiments, fixed-target and colli ding-beam experiments, experiments using proton,
eledron, and heavy-ion beams, and experiments from the four most important acceerator
laboratoriesin the United States (Brookhaven National Laboratory, Fermi National Accderator
Laboratory, Stanford Linea Accderator Center, and Cornell’s Newman Laboratory) plusa
parallel study of the European laboratory, CERN. In most cases, interviews were conducted by
projed staff in the intervieweé s office using question sets stardardized for ead interviewee
caegory: physicists, graduate students, and enginee's and technicians. Additionally, projed staff
and consultants conducted more in-depth investigations of one experiment at FNAL, one at
SLAC, one at Cornell, and one & amajor manufadurer of instrumentation for high-energy
physics. These investigations involved amost 100 additional interviews.

B. Projed Formation
. Design and construction of accderatorsoccurr ed outside the framework of our
collaborations’ tasksof detedor design and construction.

. Accderators set thetechnical environment in which collaborationsform, and
construction of a new accderator hasbeen the primary stimulusto form new
collaborations.

. Accderator laboratory administrators have bee& the most important gatekeepers
between a would-be collaboration and beamtime.

. Collaboration instigators sought just enough American groupsto be aedible with
laboratory administrators.

. However, they have also made a point of reauiting accekr ator -laboratory research
groupsand foreign groupswith spedal expertise.

Sincethe 193, physicists have conducted experiments on the dementary congtituents of matter
a “accderator laboratories’—large fadli ties where scientists, engineas, technicians, and
construction workers have asgmbed theenormous apparatus needed to acceerate charged
particlesto the high energies needed to overcome theforces that hold subatomic particles
together. Accderatorsvary by the particlesthey accderate and, snce the ealy 197Gs, they have
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also varied by the kind of experimental layout they support. Some acckerators send particles
down “beamlines’ where they crash into stationary targets, causing the release of particles that
physicists deted with apparatuslaid out linealy behind the target; other acceerators collide two
beams of particlestraveling in opposite diredions, causing the release of particlesthat physicists
deted with apparatus concentricaly nested around the callision point. For fixed target
experimentation, physicists have come to prefer eledronic goparatus, which producedigital
signalsthat can be immediately manipulated with computers; only eledronic apparatus has been
used in colli ding-beam experiments.

Collaborations of particle physicists have formed to perform experiments by building
“detedors’—more or lesselaborate combinations of instrumentation, computers, and software
that together endle physciststo deted subatomic perticles releagd whenacceerated beans
either collide or smash into fixed targets. Accderators have been designed prior to and
independently of the design of individual experiments. Would-be coll aborationshawe fetitioned
national laboratories for accessto their accaerators and the laboratories’ administrations have
appointed advisory committees whose recommendations are critica for dedding who gets
“beamtime” and gaceatthelaboratories. Collaboration members also have petitioned funding
agencies, usually through their home institutions, for the money they needed to participate. The
general sentiment among interviewees wasthat if the laboratory granted beamtime, the agercies
would providefunding. However, in themore recent coll aborationsin our sampe, the menber
institutions only paid for the salaries and travel of their individual employees; the cost of materials
and construction were funded through a central coll aboration acount thatthefunding agency set
up at the accéerator laboratory. In this arrangement, the relative importanceof the physics
advisory committeeand thefunding agercy in determining whether an experiment gets performed
has tilted towards the funding agency.

The construction of a nrew acceérator has proven to be a sure way to simulate ashake-up in the
pattern of working relations among particle physcists. Our sampe encompassed or was
proximate to the opening of Fermilab and the subsequent development of itstevatron, the
development of the SFEAR and PEP colliding-bean accéerators at SLAC, the development of
the Cornell Eledron Storage Ring, the use of the SPSsynchrotron at CERN to colli de proton and
anti-proton beams, the use of the Alternate Gradient Synchrotron at Brookhaven to accderate
heavy ions, and the beginning of construction of the Relativistic Heary-lon Colli der at
Brookhaven. Most of the coll aborationsin our sampeformed to takeadvartage o a new
accderator. Asan oversimplified first approximation, collaboration formation in particle physics
has been “ new-accderator-driven.”

Theingtigators of an experiment at an American laboratory understood that they needel to attract
enough physiciststo convince laboratory administrators that theexperiment, if approved, could be
built and run as proposed. That condition drove physicists to form collaborations to match the
scde of their experiments rather than the norms of the past. Instigators amost always had to find
collaborators from outside their circle of physicsfriends. Except when a non-American institution
possesxed unique techrical capabilities, experiment instigators tended to worry about getting the
right number of collaborators for an experiment rather than putting together a complementary
blend of skillsand sub-spedalties. American physicists assumed that they wereall familiar with, if
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not expert in, al phases of an experiment, and that a university’ s particle physics group
encompassd all the skill s neaded for an experiment. Throughout our sample, physicists wrote
their experiments computer programs and built instrumentation in their home institutions
laboratories and shops. The lone strategic elerent in fleshing out a callaboration hasbeen that
instigators have usually wanted to include physicists on the staff of the acceérator laboratory in
their collaborations. Relations with alaboratory’s staff were fadli tated by having in-house
physicists in the coll aboration, and in-house physicists providedan aveue by which the
collaboration could tap other laboratory resources, such as computers for data acquisition.

No central authority has mandated roles to be fill ed and titles to be used in collaborations of
particle physicists, but participants have come to adhere to a few norms. A coll aboration has bean
represented by its“ spokesperson” when it hasto ded with the management of an acceerator
laboratory or other external powers. The lealing physcist from ead of theinstitutions
participating in a coll aboration hasbea the“groupleader.” The otherfaailty, post-doctoral
scientists, and graduate students brought into acalaboration by a group leader from auniversity
have been known asa“team.”

C. Organzationand Management
. Particle physics collaborations maximized participation in scientific discussons and
minimized the powersthat collaboration administrators exercised over the members.

. Tovarying degress, all collaborations used the accekrator laboratory asa
headquarters, divided labor along institutional lines, and created a collaboration-wide
information pod.

. Collaborationsblended these organizational strategiesprincipally in responseto
technical nedds, though ingtitutional, historical, and logistical factorsalso influenced
structure.

. A spokesperson’srole depended on whether the collaboration built a multi-purpose
detedor with elaborate and challenging systems engineeing or a mor e spedalized
detedor with few systems challenges.

Particle physics coll aborations sought to maxmize participation in disaussonsard ded sions
concerning the basic strategies for designing, running, and producing resultsfrom ther
experiments. Instigators kept their coll aborations assmall as possble without saaificing
credibility in order to minimizethe need for formal administration. They used data runs at the
accderator laboratory as opportunities for collaboration-wide medings, and even the ones that
creaed relatively elaborate administrations used coll aboration-wide meeings a theforum for
scientific discussons. The number of ingtitutions, more than the number of physicists, creaed the
greder organizational challengesto collaborations. Because aca@gmic particle physcistsin the
U.S. were funded as university groups, whose sizeand budgets werelimited by both universty
and governmenta dynamics, and because accéerator-laboratory groups were fewer in number,
collaborations could beame larger only by including more domestic acagmicinstitutions or
foreign groups. The addtion of institutionsbrought coll aborationsboth extra resourcesand
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organizational complexity. Thisfundamental trade-off was probably the greaest source of daily
friction within coll aborations.

Collaborations could not readily ded with their organizational complexities through the credion
of an intra-collaboration authority because coll aborationshad no clams to the powers that could
significantly reward or discipline their faaulty-level members. Promotions, pay raises, hiring
privileges, the administration of resarch grants, and accessto a macine shop or research and
development laboratory rested with the ingtitutions that employed the coll aborators. When
collaborations suff ered aaite confli cts, the conflicts usually resulted from the coll aboration being
unable to aayuire the power to ded with its organizational complexity.

Collaborations neverthelessmanaged to conduct daily businessbecause of widespread acceptance
of how experiments could be performed and how participants should build carees within ther
home institutions. Every collaboration made the acceérator laboratory something of an
organizational headguarters because that was where detedor components were asgmbed and
datataken. Every collaboration divided and dugicated labor dong thelines of the participating
institutions to avoid overloading a spokesperson with supervisory burdens and to enable group
leadersto demonstrate their importanceto a coll aboration within their homeinstitutions. And
every collaboration set up information pools to enable membersto work with hardware and
software that others had developed. How coll aborations combined or compromisedamong these
organizational principles varied with their technicd, ingtitutional, historicd, and geographic
circumstances.

Every experiment has a*“spokesperson,” who has, narrowly spegking, been an administrative
convenience—an individual designated to spe&k for the coll aboration to the laboratory and to
inform collaborators of laboratory requirements. However, the role of spokesperson has also
caried connotations of scientific initiative and leadership. The rature of the spokesperson’s
leadership and the relationship between leadership and administration hes varied with the
organizational structure the coll aboration adopted; technica facors havefigured most
prominently in how collaborators have chosen to organize hemelves.

When construction and integration of an experiment’s detedor did not involve severe systems
engineaing challenges, a spokesperson rarely relinquished the role, even though several
commented on the burden of becoming and staying cognizant of all aspeds of the experiment.
Thiswas typicdly the cagin fixed-target experiments performedas onein a“string” of
experiments. Strings consisted of a core of physcistswho continued to obtain keamtimewith
new proposalsthat cdled for using some or al of the apparatus they had previoudy used, or for
building new apparatus that recaitulated and embelli shed on the design of their previous
detedor. The spokesperson for a given experiment was typicadly the coll aboration member who
convinced enough fellow-members that he had the best ideas for new measurementsto be made
with incremental changes in their components or the components' configuration. Spokespersons
were thus possessve of their positions as evidence of their leadership and scientific judgement and
obliged by their positionsto maintain the documentation needed for future experimentsin the
string.
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When adetedor posed severe systems-engineaing challenges, spokespersons were more likely to
change and the cdlaboration more likdy to creaeaddtional administrative postionsto hardle
collaboration business espedally the designation of atedchnicdly minded physcist or enginee to
tradk the development of the components and ded with systens engneging andintegation
isaues. Such hes been the cagin colliding-beamexperiments, where physicists surround the point
of collision with concentricaly nested sets of detedor components. Lealership in these
collaborations has been based on the ahili ty toimagine adetedion strategy that will garner
meaningful information acossmuch of the acceérator’s erergy range andthat can be usd to
investigate several distinct physicstopics. Oncea colliding-beamdetecor was built, its ingigator
becane just one of several participating research physicistswho eat had persond preferencesfor
physicstopicsto address Shifting spokespersons may reduce social tensionsin these internally
divided collaborations by keeping resentments towards any individual from acaumulating. A
byproduct has been that the“ office” of the spokesperson has bean moreimportant for the
collaboration’ s records than any one spokesperson’srecords.

D. Activitiesof Teams
. Teamswere responsible for individual components, including read-out circuitry and
processng software.

. Teamswere usually self-sufficient in designing whatever could not be purchased “off
the shelf.”

. Teamsasaumed responsibility for components principally on the basis of past
experience

. Responsibility for a component influenced only theinitial members choiceof analysis
topics, because all data streams and processng ftware were communal.

Teamswere principaly responsible for design, construction, and maintenance of individual
detedor components. Thisusually included the circuitry to read out thecomponent’s data and
the software to processthe data. Physicists with prior successin building a particular component
tended to recaitulate their ealier successin their later experiments. Rarely did an interviewee
spedk of wanting to build a particular component becaise of the component’ s connedion to the
particular physics topics the intervieweewished to address becaise dl datafrom all components
were the communa property of the calaboration. (Collaborationstypicdly merged their data
streamsin the credion of datasummary tapes.)

Sub-contrading with industry has not played a significant role in the development of new
detedion technologiesin the United States. (The same was not truefor Europe, partly because
the CERN policy to spend its fundsin the various member states fostered subcontradsto
industry.) However, there have baeAmerican firms, such as Leaoy Eledronics, that have
concentrated on developing gererd-purpose gparatus o sell to particle physicists. Its kusiness
strategy fit well with American experimentalists penchant for keeping collaborations as small as
possble and requiring participants to buil d the detecorsthemslves.
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A largetask for most teams was the reconstruction of its component’ ssignalsinto categoriesand
eventsthat physicists could use to make caculations or measurements. The quantity of work that
went into writing these one-of-a-kind software programs usually induced collaborationsto trea
them as communal property that all collaboration members should use as the starting point for all
their data ardyses. Howewver, on occas on coll aborations produced mutiple reconstruction
programs for processng raw data. Such collaborations strugded with confli cts over thevirtues
of the several recnstruction programs and over the commensurabili ty of results reaclked by usng
different programs.

Initially, the physics topics addressed by collaboration members usually followed from their
detedor respongbilities. Individudsintimatey involvedin the development of a component
wanted to seetheir effortsin instrumentation “pay off,” and they hada comparative alvantage
over the rest of the coll aboration in addressng topics that made heay use of their component’s
datastream. However, such a“tean-centered” approac to data adysis did not endure asthe
“first generation” of students and postdocsleft the allaboration. New members close topics
without comparable commitments to the devel opment of a particular component.

E. Disemination

. Both conferencetalksand journal articleswereregulated by the collaboration asa
whole with collaboration membersentitled to dispute the validity or importance of
findingsand the proper attribution of credit for findings.

Collaborationsin particle physics usually regulated the dissemination of their experimental results.
Conferencetalks, though not always arare commodity, were caefully distributed within
collaborations to confer credit and grant exposure to the calaboration’s lesser-known members.
Drafts of journal articles were dmost dways subjectto a coll aboration-wide review with all
members entitled to suggest changes; thus the extraordinary length of the author i sts for papers
produced by large coll aborations. Any disputes over the reliabili ty and interpretaion of results
were resolved in the intra-coll aboration review and were not reported in public forums. Inafew
instances, collaborators have removed their names from author lists becaise they thought the
particular topic was not worth investigating. 1n none of the experiments we studed dd any
interviewees report thatany participants asked to be removed from author lists out of distrust of a
paper’ s results, though some interviewees had head of or been involved in experiments where
that happened.

At leat five of the 21 collaborations we studied tried to highlight an individual’ s contributions to
aparticular analysis by pladng the person at the read of the author li & for the paper that
presented those results. Ambiguity over who belonged in that position invariably provoked
aaimonious discussons, espedally when two students were vying for the prize

F. Fundng
. Funding for collaborationswas funneled through physics departments of member
institutions, which were held accountable for use of funds
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. Morerecent experimentson colliding-beam accderatorsfunneled funding through the
accderator laboratory to strengthen the laboratory’s role in insuring that systems
engineaing problemswereidentified and solved.

Inthe U.S., unitsin university physics departments, continuing atradition that goes bad to
World War 11, hold contrads with either DOE or NSF for the support of ther particle physcists.
There are atleast two powerful reasons for usngthis framework: collaborationshavebeen
transitory while universities are stable fixtures in the institutional landscgpe; and university units
may want to reguatethe adivitiesof individual faaulty in theinterestsof maintainingamix of
adivitiesthat best servesthe university and its students.

The experiments done on the PEP acceérator at SLAC and colli der experiments that are larger
and more recent than those covered in our sample have not conformed to this tradition. Instead,
the government has provided the acceérator laboratory with fundsfor detedor deve opment, and
the laboratory has distributed the money to collaborations with approved experiments. This
laboratory-centered approacdh to funding experiments appeasto be part of atrend to make the
laboratories responsible for disciplining the coll aborations that perform large, expensve
experiments with intricate systems-engineeing challengesin the design and integration of their
detedors.

G. Internationdism
. International collaborationswererarely desired but oftennecessary.

International collaborations were children of necessty. None of theinternational coll aborationsin
our sample becane international asaresult of prior personal or professona contads, though they
often led to lasting friendships. From the perspedive of U.S. experimentalists (which isthe
perspedive of most of our interviewees) any of four fadors behooved experimentaliststo seek
foreign collaborators:

(1) A foreign group had devel opedan eperimenta technique that U.S. physcists wished to
use andlean;

(2) An experiment required more manpower and money than could be realily raised
domesticdly;

(3) A laboratory diredor spotted common interests in proposals from domestic and foreign
collaborations and brokered a merger of the two; and,

(4) In one cae, U.S. experimenters broughtin foreign coll aborators aspart of an
arrangement to move a working detedor from anAmericanto a foreign acceerator whenthe
U.S. accderator would no longer provide the bean time the experimenters wanted.

H. Communication Patterns
. A collaboration’scommunication pattern depended on how it drew on basc
organizational strategies.

. Collaborations haveincreasingly used eledronic communication, but the
collaboration meeing hasremained the medium in which fundamental scientific
isslesarededded.
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Basic ingtitutional and intellectual conditions of particle physics experiments required that all
collaborations draw on threeorganizationa strategies, ead with acharaceristic pattern of
communicaion. (1) All collaborationstreaed the acceerator laboratory asan organizationa
headquarters; (2) al divided and dudicated labor toincrea efficiency and to have afoundation
for chedking the reproducibility of puzzing or controversial findings; and (3) al collaborations
needed an information pooal that enabled membersto take advantage of what others had
developed.

In collaborations with strong headquarters—as was typicdly the cae when the cetedor’s
components were difficult tointegrateinto a readily operated system—detailed information
flowed from the outlying institutions to the laboratory, where a callaboration administrator tried
to spot and defuse any problemsin how the work done in outlying institutions would fit together.
In collaborations that stressed the division and dudi cation of labor—as was typicaly the cae
when individual components were more of a challenge than overdl detedor integration—the
teans did not want to ded with the details of ead other’s components, and the callaboration only
colleded what information was nealed for ead tean to understand what the other had done. In
collaborations that stressed the creaion of an information pod—as was typicdly the cae when
conventional detedor components were used with an innovative beanline or target—teams
wanted the detail s of ead other’s components and relied on frequent inter-institutional
communicaion (through medings, phone cdls, faxes, telexes, or eemals) to keep up to speed on
the technicd developments of all parts of the experiment. Eachcoll aboration idiosyncraticaly
blended complementary organizational strategies and compromised among conflicting strategiesin
order to have the best chance of handling itstoughest difficulties.

Viewed over time, our sample brings out one major trend and two major continuities. The
creaion of intra-collaboration information was increasingly formal (e.g., collaboration-wide
maili ngs and memoranda) and increasingly eledronic in the larger, more receit experiments.
However, collaborations continued to divide labor, and the coll aboration meeding remaned the
forum for discussonsthat led to dedsions concerning the tadics and results of experiments.

|. Scacial Sgnificance
. Particle physics distinctive political culture enabled collaborationsto extract much
work while exercising little power .

. Thetime scale of experimentswas a main sourceof difficultiesfor careesin particle
physics.

Particle physics coll aborations have been remarkable in that they extrad largeamounts of work
from their members but possessfew powers. Their peauliar blend of centralized institutional
politics, egalitarian instincts, and competitive presaires acount for this paradox. Collaborators
have been obliged to agreeon an organizaional structure at the ime of the wllaboration’s
formation because of their need to convince central authorities (i.e.,anacceerator laboratory’s
administration) that they were properly organized to producewhat they promised. With reped
for internal structure thus seaured in advarnce, coll aboration administrators havenot required
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powersto maintain order and have granted broad rights of participation to all members of the
collaboration, from graduate studentsto senior faaulty. Such Athenian-style democracy has
produced publi cations rather thancamphony because competition for discoveriesand for caea-
advancing recognition limit the callective tolerance for intra-collaboration disaussons.

The principal stresson particle physics coll aborations has been coming from divergencein an
experiment’ s time scde from the norms of acalemic carees. The construction times for large
experiments have made it nealy impossble for students to build hardware for and analyze data
from the same experiment and difficult for junior faalty to demonstrate they deservedtenure to
faaulty members outside particle physics.

VIIl. SPACE SCIENCE

A. Introduction
For spacescience AlP interviewed approximately 100 participantsin Sx multi-institutiona
projedsthat were all launched between 1975and 1985 (In the terminology of the field,
“projed” refersto the eff ort to launch, operate, andanalyze data from spacecaft; wewill use
“projed” in the spacescientists sensein thissedion.) Thesefiguresinclude the projectsand
interviews undertaken in our study of NASA and our parallel study of the European Space
Agency (ESA). AIP saff and consultants conscioudly tried to cover arange of feauresin the
seledion of projedsto investigate: projeds managed by different spaceflight centers, projeds
whose participating scientists came from a variety of ingtitutions, international and nationally
organized projeds, astrophysical and planetary science projeds, and small er and large projeds.
In our choiceof interviewees, the AIP staff sought to coverdl the types of people who might be
vital to the documentation of scientific work, from administrators at funding agenciesto graduate
students at university departments. However, the perspedive of flight-center scientists and
engineasis strongest, becaise they turned out to be he best sourcesof documentation of space
science projeds during the period we studied.

B. Projed Formation

. Design and construction of scientific instrumentswere donein conjunction with
design and construction of the spacea aft, which was the most expensive part i
gpacescienceprojed.

. Spaceflight centerswerethe principal, but not the only, ingtitutionsthat combined
expertisein both spacea aft and instrument design and construction.

. Collaboration instigators neaded a sponsor at funding-agency headquartersto
champion the cause of acquiring funds.

. Thefunding agency has had the authority to dedde on the participantsin the project.

In the first decales of government-sponsored spacescience, an enduring framework devel oped
for dividing responsibili ties for facds of spacescienceprojeds. Rocketry, spacecaft structure,
thermal balance, power supdies, spacecaft operations, and telemetry all came under the control
of engineas. Problems of instrumentation and data anaysis came under thecontrol of scientists.
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To participate in the design of a spaceprojed, scientists have needed enginea'sfor their up-to-
date familiarity with the capabilities of spacecsft.

The NASA spaceflight centers and the European SpaceResearch and Tedhnology Center
(ESTEC), the lone ESA spaceflight center, have made it thelr businessto house theexpertise
needed to design spacescienceprojeds. They have placed a modicum of bureaucratic formality
on the formation of projeds. In“Phase A,” studies have been commissoned to ascertain the
technicd feasbility of a projed that hasattraced interest through informal study. Desiralle
results have led to “Phase B,” in which spacecaft designs are refined and construction costs
estimated, with the goal of recaving an authorization to build and launch a spacecaft equipped
with scientific instruments.

While flight centers have been the most significant incubators of spacescience projeds, afew
other laboratories have dso combined spacecsft-construction capabilities with scientific expertise
in the design of research instruments to be flown on spacecaft.’® Scientistsin university
departments, however, ladked the resources to play arolein the creaion of our selecied
projeds.?® Our evidencesuggeststhat individud universities have specializedin the design and
use of reseach instruments. Conversely, agospacefirms have spedalized in spacecaft
congtruction.

Projed instigators working at aflight center had routine organizaional channels through which to
bring their plansto the attention of headquarters. When outsde ientistsinstigated projedswith
little or no help from aflight center, their principal difficulty wasto find aroute into the politics of
the agency’ sbudget.?! Theexistenceof the projeds we have studied attests to the wisdom,
flexibility, or luck of their instigators in deding with the representatives of engineeing, scientific,
and ingtitutional interestsin the politics of funding.

To flesh out ideas to the point of obtaining Phase A authorizaions, scientists within the flight
centers have informally lobhbied center administrators and pitched ther ideas to center engineesin
order to reauit enough talent to aaguire aedibility. When flight certers have warted to push
their enginee’s’ ideas for science projeds, they have needed external indicaionsthat a scientific
community supported their plans. ESA officials have acquired such assurarncesfrom specialized

BN Europe, national governments have enabled such research ingtitutes as Rutherford-Appleton
Laboratory and the Max Planck Ingtitute for Extra-terrestrial Physicsto design space science projeds, including the
spacecaaft. In the United States, the Defense Department has enabled such laboratories as the Johns Hopkins
Applied Physics Laboratory and American Scienceand Engineeing to do the same.

2Thisresult may be anartifact of our seledionof casestudies; one obvious counter-example is the role
Lyman Spitzer of Princeton played in creating the Hubble Space Telescope. SeeRobert W. Smith, The Space
Telescope: A Sudy of NASA, Science, Techndogy, and Palitics. New York: Cambridge University Press 1989

2IFurthermore, it appears that flight centers have become lessimportant for initiating projeds. Officials at
bath NASA Headquarters and Goddard Space Flight Center cite theimportance of “discipline scientists” at NASA
Headquarters and their “Working Groups,” committees of fli ght-center and external scientists, asthe initial
proposers of desirable projeds.
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working groups that report to ESA’s SpaceScience Advisory Committee NASA officials have
turned to the National Academy of Science s SpaceStudies Board or to one of the advisory
boards of externa scientists created by NASA’s Office of SpaceScience #

Whether a projed originated with spaceflight scientists having ideas for making better
measurements or spaceflight enginea's having ideas for making better spacecaft, projea
instigators have cultivatedan agercy headguarters scientist to promote the projed within the
agency’ s budget deliberations. Healquarters scientists, whose nse of acamplishment has
depended on succesgully promoting projeds, have ber receptive but discriminating consumers
of suggestions. They have consistently used “working groups'?® to judge or refine the outlines of
projeds. For projedsthat were small enough to be funded from an established line-item in the
agency budget, working group deliberations have been the principal hurdle to initiating projea
construction. For projedsthat were large enough to require explicit authorization, obtaining
working group support hasbean one maor step on alonger path to approva.

Thereward to the headquarters scientist who succeeddin agerncy budget palitics has been to
participate in drafting an Announcement of Opportunity (AO) to €elicit proposals for instruments
to be flown on the projed and then to leal in the seledion of proposed experiments. This
seledion was influenced by the comments of peerreviewers, engneaing assessnents of the
proposals, and the sensibili ties of the headquarters scientist’s administrative superiors. In some
projeds, working groupsdrew up“straw-man payloads’ to guide the competition for slotson the
spacecaft.

Two projedswere ingtigated with minimal flight center support; their principal hurdle to
formation wasthe lac of a straightforward route into the agerncy’ s ddiberations. Both sets of
instigators used the tadic of persuading leadersin relevant experimental techniquesto sign onto
integrated proposas under a sf-invented title other than principd investigator, which was
reserved for the instigators themselves. The point, ac@rding to one of the recuits, “was to
present to NASA something that was too godal to turn down... [viz.] the participation of [dl] the
major players... so that there wouldn’'t beany serious competition from outside.” T he result was a
partial subversion of a headquerters scientist’snorma prerogatives. In principle, the ayency could
have broken up the self-made coll aboration and reconstituted the projed with muitiple principa
investigators (Pls), but chose not to.

C. Organzationand Management
. Spaceagencies have created a standar d structure to balancethe demands of scientists
and enginees.

%2The name and predse responsibiliti esfor thisoffice have changed over time, but it has always been
responsible for NASA'’s scierce projeds.

B4Working Group’ isaloosely and frequently used term in space sierce. In thissedion, it refersto
standing or ad hoc advisory committees of scientists. In the next sedion, which analyzes the organizaion of fully
formed projeds, “Sciernce Working Group” refers to the sientistswho design and build aprojed’s experiments
plus others the scientists choase to include in their coll edive medings.
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. Scientistsdiscussd their colledive concansin a Science Working Group chaired by
the projed scientist; the breadth of what they deemed cdledivevaries but never has
included considering the content of scientific papers.

. Projed managershave been in charge of budget, schedule, and integration of
gpacea aft, which included the payload of scientific instruments; managers srelations
with scientists were best when SWG’s concer nswere narr ow.

. Headquartersofficialstracked expensive projedsclosaly, but did not influencethe
substanceof the projed except when project participantscould not resolve a onflict.

NASA hasimposed aformal structure on spacescience projeds. Program managers at NASA
Healqguarters, enginee's by training, have overseen projed managers, also engineas by training,
a NASA spaceflight centers. Projed managers have overseen the design, construction and
integration of spacecaft, including their payloads of scientific instruments. The PIs, scientists by
training, have designed and built scientific instruments. A projed scientist, typicdly an employee
of the spaceflight center, has advised the projed manager on spacecaft engineeing options that
could affed the projed’s scientific cgpabili ties and has kept the other Plsinformed of spacecaft
engineaing deve opments. To discussand resolve cadlective scientific concerns the projea
scientist has led medings of a*“ Science Working Group” (SWG) of Plsand seled members of
their teams. The projed scientist has also reported to a program scientist at NASA Healquerters,
who has been able to bring scientists concerns to the program manager at Healquarters or their
mutual superiors.

These arrangements hawe atempted to managean intrinsic tengon in the concept of spacescience
projeds: which isthe more difficult and significant challenge—sending and operating equipment
in space or satisfying criteria of scientific value? All spaceprojeds have had common problems
of design and operations, and projed maragers are expert in building apparatusthat will function
in space However, science projeds, whether pursued in space the natural eath environment, or
the laboratory, have been valuable only if they yielded new or improved data. By providing
scientists with their own line of communicaion to higher authorities, NASA has reminded projec
managers that they must serve aswell as manage the Pls. Projeds vary in how they copewith
thistension.

1. The Scope of the Science Working Groups
Science Working Groupsin our sample varied in how much businessthey handled. Scientists
appea to have been torn between limiting the scope of the SWG, and thus maximizing their
autonomy from ead other, and expanding the scope of the SWG, and thus maximizing their unity
in deding with projed enginee's and outside scientists. The policy of scientistsin any particular
projed depended on the projed’s origins and the way in which the projed’ s participants joined.
Projedsthat originated within the spaceflight centers and that were staffed with Pl's chosen
through a competition organized by NASA Headquarters had relatively circumscribed SWGsin
comparison to projedsthat originated in outside laboratories and that were staffed with scientists
reauited by the projeds’ scientific instigators.
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In an extreme caw, the SWGin ane of our ca® projeds wasinitially ceremonial and never
becane an important body for determining the design of the projed or the gierceit made
possble. Most commonly, the SWG restricted itself to deding with colledive issuesthat were
engineaed into the projed’sinitial design, such as problems of interference between scientific
instruments or the protocol for coordinating the operations of the instruments. At the other
extreme, the SWGs for the two projedsthat originated outside flight centersfelt the reed to
expand their scope in order to seaure or maximizethe projed’s scientific vaues. These two
projeds suff ered through more confli ctsthan the others we studied, becaise the SWGs warted
responsibilities that the projed or program nmarager considered their province.

Even the projedswith expanded SWGs kept significant areas of science adivity in the control of
their projeds experiment teans and outsde the SWGS' jurisdictions. Experiment (i.e.,
instrument) builders amost always cared principaly about the gacecaft’ s capabili tiesandtheir
individual interfacesto it rather than the capabilitiesand designsof other experiments. Individud
teans dedded when, where, and what to publish. When scientists within a projed reacled
different conclusions about the same topic, they dmost dways disseminated ther views
individually without attempting to read an intra-projed consensus.

2. The Scope of Flight Center Officials
In every projed, theflight center projed manager was responsible for the projed’s money and
schedule and was usidly themost powerful individud in the projed duringits design and
construction. In most cases projed managers imposed their flight center’s customs on the
projed. Most issues were resolved in communiques between Pls (or their engineas) and the
projed manager (or astaff member the projed marager assgned to tradk sciernce payloads).
Even when the Pls resented the flight center’s culture or the projed manager’ s style, they usualy
acommodated ead other. Only in the projedsthat originated outside the flight centers did
conflicts between scientists and projed management ecalateto Headquarters.

During misson design and construction, the neals of the projed manager consistently determined
the scope of the projed scientist’s work. When the SWG dedt with colledive scienceissues
without requesting additional resources, the projed manager needed the projed scientist’s
guidance on when engineaing expediency might upset the ientists' planning. When the SWG
incubated conflicting ambitions that the spaceceft could not handle, the projed marager needel
the projed scientist to adjud cate confli ctsamongthe scientists and medate between the scientists
and projed maragenment. In the projeds that formed outsde theflight centers, the lead instigating
scientist from outside the flight center overshadowed the projed scientist in dedings with the
projed manager.

After the launch, projed scientists administered projea fundsfor data andyses and fielded
proposals from members of scienceteamsthat were pursuing longer-term research on their data
sets. Oncefunding for the projed ceased, scienceteams had to obtain funding for ardysesin the
general competition for NASA program grants.
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3. Coordination AmongFlight Centers
The cass we studed included threeinternationa, multi-flight center projeds: two multi-
gpacecaft projedsin which one spacecaft was built at ead flight center, and one single-
gpacecaft projed in which the flight centers ead huilt part of the spacecaft. The multi-spacecaft
projeds were conscioudy organized to minimizeinter-flight center engineaing interfaces, to
maximizethe projea managers individual and colledive latitude, and to leave coordination of the
projed’s greaer-than-national cgpabilitiesto the province of the SWG, which operated asan
international body in both these projeds.

In the cage of asngle spacecsft thathad systems built by multiple flight ceners, the projed staffs
communicaed heavily to discover and solve the integration problems before the scheduled launch,
but the rations gill had their own SWGs, which operated autonomoudy. Ead flight cenier’s
SWG had designated blocks of timein which it could spedfy how the spacecsft should be
operated.

4. The Scope of NASA Headquaters Officials
OnceHealquarters had seleded aflight center, seleded the Pls, and initiated the flow of money
for aprojed, itsofficialslost most, but not all, ability to exert daily influence over a projed.
Whether they continued to be adivein aprojed depended on the projed’ sbudget and the
intensity of conflict between scientists and projed management. Whena projed was unusudly
expensive, or when conflict within the projed was sufficiently intense, Headquarters officials were
influential. Even when not interested in exercising influence, program managers often colleaed
excdlent records, becaise projed managers were careful to report thoroughly and to invite
program managers to important medings. To do otherwise was to risk exciting aprogram
manager’ s sugicions thata projea harbored hidden problems. Program scientists only becane
significant when participating scientists and projed managers could not resolve their conflicts.

D. Activitiesof Teams
. Teamswereresponsible for individual instrumentsand almost always built upon past
successes because of difficultiesin “ space-qualifying” an instrument.

. New instrumentation was usually developed ¥ adapting laboratory instrumentation
for usein space

. Teamswere comprised of a stable nucleus of instrument-buildersand a shifting cadre
of scientistswith ideasfor how best to use the instrument.

. Teamshad proprietary rights to their data for one year, and teams attempted to be
self-sufficient in addressng scientific topics.

“Experiment” in the terminology of spacescience hasreferred to the design, construction and
operation of an instrument plus processng and interpreting the signals the instrument returns. For
purposes of design and construction, an instrument was often broken down into self-contained
“boxes,” whose medhanicd interfaces were cleanly and smply spedfiedat the dart of the projed
and whose digital interfaces could be worked out over the course of construction. The head of a
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team usually hasthe title “principal investigator” (Pl), and that is how we will use thatterm.?*
Other tean members with independent standing as scientists usudly held the title “co-inves-
tigator.” The significance of that title, as will be e, hasvaried.

Scientistsinterested in carving out a niche for themselves in spaceexperimentati on must “ space
qualify” an instrument by demonstrating that it can survive the rigors of launch and gperatein the
harsh environment of space Experimentalists have routinely employed two strategiesto med
these difficult challenges. First, they consciously looked for laboratory instruments they thought
could be adapted for usein spacewithout compromising too severdy on theinstruments
scientificdly valuable feaures. Semnd, they have relied on components that have proven their
reliabili ty in commercial or military use?® and rarely attempted to develop and use ednica
novelties unlessan industrial firm was interested in taking up thenovety’ smanufacure. Once
experimentalists have spacequalified an instrument, they usually have not even considered
diversifying into a new areaof instrumentation because of the competition they would facefrom
established spedalists.

Experiment teans hawe usudly hadacerter-periphery structure. At the center has leenasmall
number of institutions overseang hardware development and basic data-processng software. On
the periphery are scientists, often from other ingtitutions, providing additional expertise in the
scienceardysis of the data. In thismanrer, work on the many technica problems of spacebased
instrumentation have been efficiently centralized without wasting data on experimentdi sts
unaware of all the ways the data could be used.

“Co-investigators’ has been the common term both for scientists who contribute to an instrument
while working at a different institution from the Pl and for scientistsswho increase a team’s
scientific breadth. When co-investigators contributed to instrument design and construction, the
Pl had to dedde on the dl ocation of theexperiment’s spacecatft resources among the

instrument’ s components and was responsible for keging the several parts compatible. Co-
investigators who were included to increase scientific breadth never influenced the technicd
development of an experiment; they were chiefly of symbolic importance, demonstrating theexis-
tenceof outsiders confidencein the scientific value of a proposed experiment.

In al the cases we studed, theengneeging of the misson forced participating scientists to work
out amore or lesselaborate policy for acqquiring data. Inmost of the projeds, theindividua
teans were united in the data-aqquisition strategy ead team preferred, and the Pls
straightforwardly represented their teams' interestsin SWG discussons. Occasionally, aprojed’s
teansincluded divergent scientific interests and, instead of Plsnegotiating data-aauisition

2In projeds that formed outside the spaceflight centers, Pl referred to the overall projed instigator and
leader, and another term, like principal scientist, was used for the scientistsin charge of building particul ar
instruments.

*The military context in which the parts and materials of space instrumentationoriginated has not
noticeably hindered space scientists. They have used them successully without needing to know their internal
workings or the manufacturing processe wsed in their fabrication.
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strategies for their teams, the projea formed inter-team interest groupsto consider data-
aqjuisition strategies.

Oncedatawere coll eced, thefunding agercies granted teans alimited period (usualy one yea)
in which the teams had proprietary rights to ther data; then the agenciesrequiredteams to tumn
over the datato an archives. In most cases, experiment teans strove for, and occasiondly
achieved, self-sufficiency in their ability to perform scientific ardyses. Projeds usidly left PIsto
dispose of their data during proprietary periods and provided neithertechncd nor moral supports
nor impediments to inter-team data sharing or analyses. When teams were unable to achieve
scientific independence, they more or lesseaslly arranged to exchange processed data, with the
understanding that borrowing scientists would have the lending Pl ched the borrower’ s work
before the borrower disseminated results based on the loaned data.

The utility of archived data varied grealy. In one case, the projed suppied and regularly
upgaded data-processng software, which endled outsde sientiststo use the achived data. In
one ca®, a tean devd opedand usad its own software for processng the raw datataken by other
teans instruments. But in most cases, scientists who have wanted to work with data taken by
others have sought the cogoeration of the PI.

E. Disemination
. The contents of publications and presentations wer e team matters, not project
matters,; teams usially determined the timing of publicationsand presentations.

. Therewere no formal ruleson who was an author, but common courtesy and fear o
errorsinsured that writers consulted and then recognized the relevant collaborators.

Teams were responsible for producing findings based on their data. They operated autonomously
except when ajournal issue was devoted to aprojed’s results—and then teams still controlled the
content of their own submisgons. Fea of errorsin analysis and common courtesy have insured
that team menbers circulate manuscripts and recognize others  contributions (from both within
their teams and from other teams when they have worked with multiple data sets). Public
differencesin interpretation of data have been considered normal, and tean members have
published papers without achieving team-wide consensus on the meaning or significanceof their
findings.

F. Fundng

. NASA’sscienceoffice has had separate programsfor funding projects and the
research and development into spacea aft and for funding the use of extant data and
research and devdlopment into instrumentation; ESA only funded projeds, and
individual nationsfunded their scientists research and development.

. NASA projedswith estimated costs below a mandated limit have been funded unér
the" Explorer” program, while larger projects required the aeation of a new budget
line; ESA’ s scienceoffice operated under a five-year budget plan that did not
distinguish large and small projeds.
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. NASA’sprograms have covered both spacecgaft and scientific insrumentation; ESA’s
has covered only spacea aft, with individual nations supporting their scientists
contributionsto scientific instrumentation.

Inthe U.S., NASA has been the sole supporter of spacescience NASA'’s Office of SpaceScience
has two types of programs: on the one hand, grants programsto support analyses of extant data
or rearch and development into instruments for taking data; and on the dher hard, contrad
programsto support the construction of spacecaft andtheir payloads d scientific instruments. In
Europe, the participating nations have their individual means for supporting research and
development. ESA’s Science Diredorate has contrad programsto support construction of
gpacecaft for scienceprojeds. In both the U.S. and Europe, the separation of support for
reseach and devd opment into instrumentation from the support of instrument construction for
spaceprojeds has encouraged technicd spedalizaion and conservatism in projeds. Plshave
been expeded to figure out how to “spacequalify” an instrument outsdea projed contextand to
propose appropriately tail ored versons of spacequdifiedinstrumentsfor projeds.

To fund aprojed, NASA must either aaquire from Congressa budgget line for a contrad program,
or the projed must be inexpensive enough tofit in its“ Explorer,” “Discovery,” or “Earth Probes
programs—establi shed budgget linesthat recave an aanual appropriation. Projed instigators have
usually wanted to fit into these programsin order to avoid the uncertainties of higher politicd
reviewsthat acaompany the creaion of a rew budgetline. The ESA Sciernce Diredorate hes
resembled an enlarged Explorer Program. With itsbudggt set on a five-yea bass, with individud
projeds funded within a determined budget envelope, the ESA Science Diredorate does not face
apolitica hurdle equivalent to aajuiringanew budget line every time space sientists unite behind
amaor projed.

While projea managers control the funding for both NASA and ESA projeds, the agercies differ
in the scope and options they grant projed maragers. NASA projed marmagers have tad the
option of either contrading out construction and integration of the spacecaft to anaeospace
firm or diredly overseang assembly and integration in-house. ESA projed managers have dways
had to contrad out for spaceeaft construction and integration. NASA projed managers fund
construction of both the spacecaft and its payload of scientific instruments. ESA projed
managers only fund construction of the spacecaft, and scientists building instruments for the
payload must aqquire funds from their national governments. ESA projeds have been the most
structurally contentious, sincethe projed manager and Pls have drawn their funds from different
sources and thus have no dired incentive for kegoing ead other’ s costs down.

G. Internationdism
. Spacesciencehasbeen international at both projed and experiment levels.

. Projed-level internationalism had several benefitsbut can require some participants
to deviate from their normal policies.
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. Experiment-level internationalism had some similar benefitsbut it forced participants
to coordinatetheir development efforts.

Spacescience has been international at two levels. Projeds have combined the eff ortsof flight
centers and scientists in multiple nations, and experiments have been huilt by multi-national teams
of scientists and engineea's. Only multi-national experiments, not projeds, have been a cruciblefor
the credion of enduring working relati onghips.

1. Internationdismin Projeds
Four forces were responsible for making projedsinternationd: the desire to combine technicd
spedaltiesthat had become better developed in different nations; the desire to broaden the base of
scientists competing to participate in a projed; the desire to spreal the costs of a projectacoss
governments, and the desire to use a quas-diplomatic ageement to make projeds more difficult
to cancd. Mundane logisticd difficulties of meeing and communicaing accompanied the
internationali zation of all the projeds, but more serious difficulties occurred when the
idiosyncrades of a projed conflicted with the policies of one of the spaceagercies or fli ght
centers. For example, NASA has funded the experiments that American scientistsfly and has
required that Plsarchive their data, but ESA has not funded experiments and thus has not
regulated how Pls handle their data. Consequently, American PIs have viewed sharing data
among teamsin aprojed as only amodest infringement on their prerogatives while European Pls
have viewed sharing data asa much greaer infringement.

2. Internationdismin Experiments
Five of the six projeaswe studied in spacescience had formal international collaborators on one
or more experiment or user teans. While we lackdata from which to measure the prevalenceof
this internationalism over time, the qualitative impresgon of intervieweesisthat social and
technicd forces are encouraging theinternationalization of experiment teans.

International experiment teams had the obviousfiscal advantage of spreading costs and the
politicd advantage of being able to designate as Pl the manber in best favor with the agency
funding the spacecaft. But these advartagescame & the cost of taking on the interfaceand
integration problems associated with the dispersed deve opment of instrumentation. Itisa
testament to the power of internationaism’ s advantages that experiment teams treaed these
problems as challenges to technicd cleverness

H. Communication Patterns
. Projedascommunicated in hub-and-spoke fashion.

. But hubsand spokes shifted over the course ofevery projed.

. Acrossprojeds, the same officewas not alwaysthe hub at the same stageof the
projeds.

The spacescience projeds we studied aways structured formal communication in ahub-and-
gpoke fashion. However, the office at the hub varied and the importanceof the hub in comparison
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to the spokes shifted with stages of the projed. Consequently it is difficult to cast trustworthy
and meaningful generalizations.

The most important communication hubs during the conceptualization of space sierce projeds
have been the NASA and ESA spaceflight centers. However, other ingtitutionsin both the
United States (Johns Hopkins Applied Physics Laboratory, American Science & Engineaing) and
Europe (Rutherford Appleton Laboratory, Max Planck Institute for Extra-terrestrial Physics) have
also succesdully functioned as hubs for conceptualization. (More recently, the “W orking

Groups’ that advise “discipline scientists’” at NASA Headquarters have leocome pro-adivein the
design of scienceprojeds.) The“spokes' in thisinitial stage have beenxperimentdi sts with
hopes of tailoring a projed tofit their instrumentation expertise.

Onceaprojed wasconcdved, a“discipline sientist” or “division chief’ at agency headquarters
becane the hub for projea communication. Projed instigators fed information to their agency
advocae. Spokes consisted in this stage of members of the agency’s advisory panels (andin the
United States, the National Academy’s SpaceStudies Board) that compared the virtues of
projeds vying for funding.

When headquerters seaured funding for aprojed, it declared aprojed marager and aprojed
scientist at a spaceflight center to be the communicationshubs. The projed marager receved
and pas®d on theinformation the Pls needel to build instruments that were technicaly
compatible with ead other and the spacecaft. The projed scientist recaved and pas&d on the
information the Pls neaded to develop their data acquisition strategies. In the event of an
irreconcilable conflict, each lada contad at agency headquarters. The project manager wasthe
more important hub during design and construction; the projed scientist becamemoreimportant
after launch.

This sketch of intra-projectcommunication describes projeds that flight center scientists or
engineas have advocated far better than it decribes projeds that scientists outside theflight
centers planned. In the latter cases, the outside scientists have wanted their own ingtitution’s
engineasto be the communicationshub for technica information and the man instigating
scientist to be thehub for data aayuisition strateges.

I. Scacial and Scientific Signrificance
. The high-risk, high-gain character of spacescienceprojedsmade participation in
design and construction problematic for scientists who needel a seaur e source of data.

. Spacescientists have neaded enough flight opportunitiesfor participantsto recover
from misfortunesor enough caree rewardsfor participating even if the projed failed
for r easons beyond an individual scientist’ s control.

Spacescience call aborationshave ber high-risk, high-reward venturesfor their participating

scientists. When projeds have succealed, participants obtained unpreceanteddata. When they
have failed—and failure caneasly be die tofadorsbeyond scientists' control—participants have
still had to continue to compete for carea rewards with disciplinary peea's obtaining datain safer
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fashion. Increasing participants nervousnesshas been ther impresson that the number of flight
opportunities has been deaeasing and the time spent in their design and construction has been
increasing. Instrument designers on university faaulties fed most threatred, becauselong, risky
undertakings are not well suited to graduate students. By contrast, university scientists without
direa responsibility for instrumentation have happily prospered when they have been ableto lean
enough about an instrument to useits data with imaginative sophistication.

As economists have long noted, failure must be tolerable for people to accept risks. The
challenge for spacescience communities will be to keep fail urefrom becoming intolerablefor
scientists. If flight opportunities for experimentalists are few, then there must be careerewards
for those who succesdully provide desirable spaceinstrumentation for projedsthat fail. If
professonal productivity isjudged by the quantity and qudity of papers publishedin journds of
astronomy and plaretary scierce, then there must be enough flight opportunities for
experimentalists to recoup from projed failures. Recent NASA policy has favored more frequent
launchings of smaller scientific projeds.

IX COMPUTER-MEDIATED COLLABORATIONS

A. Introduction
We dedded to assume the responsibility of investigating computer-mediated coll aborations
because coll aborating around the rew capabilitiesmadepossble by advancesin computation
seamslikely to increase in the future. Enthusiasm for computation, eledronic communication,
and their union has readed high-level policy circlesthat have the power to cdl for projea
proposals that develop or use these capabilities. For exampe, both the High Performarce
Computation and Communication legislation passed by Congresswith the support of the Clinton
administration and the National Academy report touting “ national coll aboratories ?® have
influenced physcd scientistsin the traditional areascovered by AlP.

Asapreliminary attempt to seewhether the conceptsand categorieswe have developed for
collaborations in longer-standing research spedalties are applicable to computer-mediated
collaborations, we seleded threecoll aborationsfor investigation. Most of the participants were
university faaulty, but non-university scientists—at national laboratories, super-computing
centers, or independent reseach institutes—were esential to eath of these calaborations. All of
these call aborati ons were government-funded, but none wasfunded from within the traditiona
programs of the government funding agencies. In al these projeds, software development was a
major goal. Inone cawit was the principad god; the other two used problemsin physics asan
opportunity to develop software that would further physica research and be appli cablefor other
purposes.

All the projeds were ongoing at the time AIP conducted interviews. Weintervieweda tota of 13
scientists.

*’Nationd Collabaratories: Applying Information Techndogy for Scientific Research. Washington,
D.C.: National Academy Press 1993
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B. Projed Formation

. Funding agency initiatives stimulated computer and physica scientiststo look for
common intereststhat could beame the basisfor a proposal, but our casesinclude
oneinstanceof a physical scientist seeking assstancefrom computer scientists and
support from a computer sciencefunding program.

. Proposal writing was complicated by uncertainties over the standards of judging
explicitly multi-disciplinary initiatives.

Two of these projeds were esponses to the aedion o new funding agency progransand
probably would never have existed had the agency not undertaken (or been presaured to
undertake) areform of its organization. The third originated in shifts of employment that
happened to bring afield scientist, without ateading appointment, to a university whose
information scientists had plansfor expanson. When thefield scientist realized that the
information scientists were interested in developing software that would relieve the difficulties
that he and his colleagues had in operating remoteinstrumentation, they began investigating the
possbili ties of drafting a proposal.

These coll aborati onshad diff erent kinds of problemsin forming, depending on wheter or not
they were the product of funding-agency fermentation. The two that responded to new funding
programs knew where themoney was, but strugded tofind the right combination of participants
and judtifications for bringing the money to them. One coll aboration resulted from the nmerger of
two competing proposas. The other hadits proposa twice fl slightly shortin the competition
for funds and finally succealed when one of its members convinced the rest to addmore
computer-science people and more of a computer-science dmension to the proposal. The
collaboration that originated with scientists discovering common interests knew who the people
were, but not where the money was. An NSF program officer?’ liked the proposal and had a need
to disburse discretionary funds before the end of afiscd year, but he releagd thefunds to start
the coll aboration aly after he ladasaurarces thata program in the Geophysics Directorate would
help to support the callaboration in futurefiscal yeas.

In al threecass, the drafting of a proposa was thecentral act hat tied the coll aborators
together, and the acceptarnce of the proposal mace the calaboration aredity. No formalitiesthat
were independent of submitting the proposal and recaving the funding were necessary for these
collaborations to form.

C. Organzationand Management
. These collaborations struggled to find an or ganization that could cgpe with the
diverdity of intra-collaboration interests, each took a different approach.

27Unfortunately, thisindividual hasdied. It isplausible to kelieve that his enthusiasm for the proposal
stemmed partly from the ferment in the National Academy and politic al circlesfor computer-medated
collaboration. But we could colled no evidence bearing on this hypothesis.
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. The strategies pursued included ignoring the problem by increasing the autonomy of
the teams; reducing the problem by reducing the collaboration’s size and diver sity;
and dedaring one set of interests most prominent, and living with thefall -out.

Theinclusion of both computer and physicd scientistsin these call aborations made coping with a
diversity of intereststhe coll aborations central managerial task. All strugded tofind an
appropriate organizational structure for thistask. None succealed entirely. One avoided the
problem by increasing the autonomy of participants and deaeaingthe role of calaboration
leader, another eliminated the problem by reducing the number of participants and interestsin the
collaboration, and the third lived with the problem and thetoll it took on the cdlaboration’s
morale and future viabili ty.

The coll aboration that avoided the problem was themost peacéul. 1tsmost prestigi ous physcist
was itstitular head, but two of the lesssenior physicists, who were more familiar with computer
science and had better ties to the callaboration’s computer scientists, shouldered much of the
collaboration’ s administrative burdens. Initially, collaboration workshops resembled “a Chinese
firework fadory [with] alot of tables with people hudded around” independently working on
their fireworks and looking over to seehow the people at the other tableswere faring. After
spending the majority of their funded time working in this mode, the coll aborators agreed to
launch a coordinated €ff ort to simulate aphysicd process This laisez-faire, bottom-up
approach preduded any conflict between physicists and computer scientists. It also meant that for
most of its existence, the coll aboration was redly a callection of individual reseach projedson
related topics.

The coll aboration formed by merging two independent coll aborationshad toomany interestsfor
its managerial structure. The merger creaed alarger collaboration covering more reseach areas
than anyone had initially conceived. The large size spurred the participating institutionsto creae
various intra-collaboration and external committees to manage the coll aboration. The
collaboration’ s Exeautive Committee which was and remains the coll aboration’ smost powerful
body, was initially comprised of representatives of the participating institutions. In thisform, it
seamed unable to disentangle ientificfrom institutiond interests when it consdered the
collaboration’ s reseach diredions. On the recommendation of an external advisory committee
the number of scientific areascoveredin the cal aboration wasreduced and membership on the
Exeautive Committeeexpanded so that the (remaining) scientific areas were explicitly represented
along with the ingtitutions. The representatives of scientific areas on the Exeautive Committee
becane succesgul “middle managers’ who mediated between those reseachers working in their
areas (regardlessof which institution the researcher worked for) and the coll aboration’s diredor,
who wasfiscaly responsible. Exeautive Committeemedings, held in conjunction with annual
collaboration-wide workshops, were regular opportunities to assessthe coll aboration’s calledive
godls, strategies, and internal organizaion. The call aboration thus becane productive atthe cost
of deaeasing its breadth of coverage.

The coll aboration that lived with the problem had itsleadership determined from the outside. At
the insistence of the NSF computer science program officer, who provided the initial funding, the
collaboration made a computer scientist rather than theingigating physicist thecoll aboration’s
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initial direaor. The direaor promptly made hisinstitution the focd point for software
development. This dedsion alienated the ingtitution that managed the scientific instruments that
the software was to help the physicistsuse. The intra-collaboration rivalries and resentments led
to low-quality communicaion that resulted in poor dedsionsthat were later reversed or
abandoned. The collaboration’s survival was tetament to the ientific efficienciesto be ganed
by operating and coordinating field instrumentation remotely.

It isdifficult to desgn a managedable calaboration that creaes crossfertilization between distinct
disciplines. These call aborations someime precaioudy balanced how strongly the wllakboration
should integrate its members’ ongoing reseach, how broadly the call aboration should reat
aaossthe possble topicsit could investigate, and how centered the coll aboration should be
within one of itsinstitutional members and participating disciplines. Their survival and succes
demonstrate the importance of computational sophistication for progressin physicd science, and
the importance of empiricd challenges for progressin computer science

D. Activitiesof Teams

. Thenature of “teams’ varied acrossthese coll abor ations; some wer e defined by
disciplinary affiliation, some by the <ientific problems being worked on, and some by
their means of acquiring data.

. In all cases, teams, rather than the collaboration asa whole, were primarily
responsiblefor the creation of scientific results.

The basis for defining ateam varied idiosyncraticaly among these coll aborations. In the
collaboration formed by merging two proposals, teans were multi-institutional groups of
computer scientistsinterested in the same topic, and teams (rather than the coll aboration asa
whole) performed all the coll aboration’s research. Each team eader wasa menber of the
Exeautive Committeeand mediated between individud researchers and coll aboration-wide
management. In the other two collaborations, the computer scientists were one tean, and the
physicd scientists divided labor either by responsibility for instrumentation or by the topic ead
principal investigator was analyzing. In these two collaborations, teamswere too small to have
any noteworthy structure. The individual teams ead performed their own reseach, but in both
collaborations, there was occasional collaboration-wide coordination of teansin theinterest of
pursuing an agreed-upon reseach strategy or topic.

E. Dissmination
. Teamsusually published results autonomoudly, and no collaboration set up formal
rulesfor disemination of colledively generated results.

In general, teans in these coll aborations publi sh their reseach autonomoudy. Collaboration-wide
reseach has been sufficiently rare that none has seta palicy for how to manage the dissemination
of colledively generated resullts.
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F. Fundng
. NSF wasthe principal sourceof support, but often used “cooper ative agreenents’
rather than grantsto support the projects.

NSF has been the principal source of fundsfor all the coll aborationsin our sampe. Howe\er,
DOE has aso explicitly included reseach combining the interests of computer and natural
scientistsin its mathematicd programs.

In two of our three caes, NSF used” cogoerdive agreamerts” asthe support medianism for
these coll aborations. Cooperative ageanents provide NSF with greder oversight than gants
without imposing all the burdens of contrads. Their use refleds uncertainty over the viabili ty of
reseach diredionsin thisarea

G. Internationdism
. International participation was rare and rever prominent.

Only one of these coll aborationshad any internationd participation. Thefunding programsdid
not encourage or did not allow international participation in the other two.

H. Communications Patterns
. Lateral communication among teamswasthe basisfor informing computer scientists
of the computation problems encountered by physical scientists.

. Lateral communication among teamswas also the basisfor generating scientific
results, but the teamsinformed collaboration administrators of their activitiesin
order help justify the collaboration’s continued existence.

The physicd scientists in these coll aborations communicated their computation problems direcly
to the computer scientists. A coll aboration headquarters was not used to fadli tate or chanrd
such communicaion.

Likewise for the generation of scientific findings, these coll aborations teans ether worked
independently or made their own lateral connedions. However, these coll aborationsneedel to
demonstrate to their patronsthat they were truly working towards an integration of their diverse
interests and not continuing their independent research under anew aeagis. Therefore, they had
their teams report scientific developments to collaboration administrators. Developments that
stimulated cooperation between teams were prized as evidencethat the coll aboration wasbeng
effedivein kringing about a union of physica and computer science

I. Scacial and Scientific Signficance
. These collaborations attempted to bring together physical and computer scientists
without losing the benefits of independent disciplinary traditions .
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. The successes of these collaborations plus ongoing funding from NSF and DOE
suggest that computer-mediated collaborations will become more prominent in
American science

It has become a truism that welivein the“Information Age,” and future historianswill no doubt
debate whether developments in the sciences were causes or effeds of the proliferation of
computation and eledronic communication. Tofadli tatethis debate, archivistsin the present and
nea future will haveto find waysto seled and save new forms of ephemera. Chat rooms, Web
sites, and eledronic bulletin boards al contain enlightening documentation amidst much trivia.

The utility of computation in so many sciences (to say nothing of other parts of society) poses
obvious organizaiona conundrums. There are advartages and disadvantagesto encouraging the
computationally gifted to become spedalistsin computer science. Identity with a discipline of
computer science hasthe virtue of focusing computer scientists on topics of general significance
to their disciplinary colleagues and the disadvantage of reducing their concern with topics of
significanceto other scientific disciplines. There aie mirror-image advantages and dsadvartages
to encouraging the computationaly gifted to become raturd scientists. Such scientists will use
their computational skill sto advancetheir fields but may have little incentive to recognize and
then develop the general significance of their computational work. These coll aborations represent
an attempt to haweit both ways: to creakintellecdud intimacgy betweencomputer and naturd
scientists without losing the intellecual power that comes from spedalizing within a disciplinary
tradition.

The fad that these mllaborationshung together despite thetensions they internalizedsuggests
that “grassroots’ support for multi-disciplinary collaborations between computer scientists and
physicd scientistsis developing. A tradition of support for computer-mediated collaborations
appeasto be emerging at both NSF and DOE. While individud funding-agerncy programs are
constantly being invented and terminated and individual agency offices are dways aaquring new
names to refled shiftsin their responsbilities, program officers and scientists seecontinuity in
their effortsto develop constructive synergy between computer scienceand the raeturd sciernces.

AIP STUDY OF MULTI-INSTITUTIONAL COLLABORATIONS. FINAL REPORT
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ARCHIVAL FINDINGS OF FIELDS S UDIED BY AlIP

. INTRODUCTION

Thisreport isbased on anumber of sources. (1) archival analysis of over 450interviews on the
nealy 60 seleded cases for the disciplinesincluded in the AIP Study; (2) the patterns uncovered
through the historicd-sociologicd analysis of these interviews; (3) discussons with archivists at
the home ingtitutions of interviewees; (4) site visits to discussrerd-keguing with administrators
and reoords officers (espedally at federal funding agencies) involved with our disciplines; (5)
discusgons with National Archives and Records Administration appraisal archivists for the federal
agencies, and (6) the AIP Center’s general knowledge of archival ingtitutionsin various settings.

With the exception of our seleciedcoll aborationsin ground-basedastronomy, al of the projeds
studied by the AIP were funded by federal funding agencies and subgettietreporting
requirements of the agercy. Federal agerciesare equred to retain succesgul proposd fil es,
including the proposals and budget requests, pee and parel reviews, and progressand final
narrative and fiscd reports. Because of these requirements, a bare bones minimum
documentation—far lessthan desirable—of these projedsisat the federd funding agercies (and
is supposed to be transferred later to the Nationa Archives).?®

Il. FIELDSSTUDIED BY THE AIP

A. Geophysics
The best locationsto find the records of geophysics projeds, acarding to the interview subjeds,
are the Science Management Offices (SMOs) and the consortium headguarters; they are, for
example, the most likely locations for collaboration-wide mailings. SMOs provide the likely
locations for records of projectadministrators, Science Working Groups (SWGs), and exeautive
committees. Similarly, consortium headquarters have the records of the projed’s chief scientist
(diredor, president, etc.), its standing committees (and, perhaps, subcommittees), andits
Exeautive Committee Other key playersat consortium headquarters are staff scientistsor
engineaswho work with ead scientific party. For example, for the Ocean Drrilli ng Program, one
of the staff scientists asgststhe co-chief scientists with the planning and ship-board
administration. Because of these responsibili ties, reaords of the staff scientists would provide
valuable documentation. However, at SMOs and consortium healquarters, there were typicdly no
formal record-keegping requirements imposed by the coll aboration. In certain geophysics or
oceanography projeds, the ships' logs provide acentral record of a project and perhaps even
metadata concerning the conditionsunder which datawere olleded. These logs are dten
considered to be institutional records; their value in documenting projeds is someimes
overlooked.

Because projedsin geophysics have alonger, more politica prefunding period, our invegtigations
locaed additional categories of reaords at policy-making bodies. These records were at the
National Academy of Sciencesin the United States and, at theinternational levd, the Internationd
Council of Scientific Unions (ICSU) and the World Meteorologicd Organization (WMO).

28Requi rements are not always met, unfortunately; for further information, seeCurrent Archival Practices,
Part C, Sedion One of thisreport.
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We found avariety of circumstances that affeded the credion of records:

. The structure of the coll aboration hadanimpad on records credtion, with recordsmost
likely to be creatd by consortium administrators and committeesand—to a les®r
extent—by the more informal arrangements of administrators and working groups of scierce
management offices (SMOs).

. Our findings indicae there is a higher percentage of e-mail use by the technique-aggregating
projeds than in the technique-importing ones. 80% of the members we interviewed in the
technique-aggregating projedsmentioned their use of e-mail compared to 55%in the
technique-importing projeds.

. Tedhnique-aggregating projeds, in gererd, seem to be shorter in length, larger in sze,and
more international in scope than technique-importing projeds.

. Tedhnique-importing projeds, with their moreformal administrative structure and use of
consortia, provide amoreformal mechanism for communication.

Geophysics projeds—like othersin the field sciences—generate eledronic data of long-term
usefulnessfor scientific reseach. In addition, samplestaken in field research (such as cylinders of
sediment and rock) are often preserved for future reseach. Although our study did not focus on
the final disposition of the data creatd by these projeds, we know there aie mary eledronic data
centersfor these disciplines. The largest holder of geosciencedatain the United Statesisthe
National Oceanic and Atmospheric Administration (NOAA) with anumber of fadlitiesaaossthe
country (e.g., the National Geophysicd Data Center in Boulder). In the case we studied, it may
not always have been mandatory for individual investigators to deposit their datainto a cata
archives. By and large the trend is for more stringent requirements. We are avare thet some
eledronic dataarefoundby archivistsin the records of individua scientists, when this happens,
archivists should notify the appraopriate data center.

B. GroundBased Astronamy: Observatory Builders
We found that the patterns of organization and maragement of al telescope-building
collaborations are quite smilar. All four collaborations included in our case studies vested
authority in aBoard of Diredors, and made one individual most responsible for the physicd
construction, usualy with the title of projea manager but occasionally another title. In most
cases they organized Science Advisory/Science Steaing Committees of scientists from the
member institutions to develop scientific instruments and advise the projed manager on the trade-
off s between scientific capabilitiesand engineaing and finarcid burdens. In the construction
collaborations in which netional observatories were members, management has been unified,
giving dedsion-making power to a project manager when the scientific and engineeing leaders
clash and lessening the authority of the Board of Direcors & representatives of mamber
ingtitutions. Virtually al of the individuals holding these positions are on university faaulties
where archiva repodtoriesare available.
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Despite these simil arities, the difficulties of documenting the work of telescope-building
collaborations are distinctive among the disciplinescovered by thelong-term AlP Study, andthis
istrue for the building of both academic and nationd observatories.

In the cage of acaedmic observatories, funding is mostly from non-federd sources —private
university endowments, state university allocations, and private foundations; support from federd
funding agencies exists in some case, but has bean limitedin its scope, e.g., to support site
development. Private funding usudly meanslessstringent records requirements. Coll aboration
proposal files, progressreports, correspondencewith grant officers, and other related records may
never have been creaed or—when they have—may be more difficult tofindin universty
administrative files or in records of private foundations. When considering which university
should be most responsible for saving records of an observatory’s design, construction, and
operation, we look to the university with which the observatory was affili ated; in most casesthis
will also be the university that has the largest membership on the coll aboration’s Board of
Diredors (refleding the size of its obligation).

Documenting the building of national observatoriesis complicaed by the records policies of the
National Science Foundation (NSF)—the agercy that supports thebuilding and mantenarce of
the national observatoriesin the U.S.?° Unlike the Department of Energy’s contract |aboratories,
the NSF's contrad laboratories and observatories do not crede federal records, acmrdingly,
these national observatories are not required by law to maintain records management programs or
seaure records of archival value. While at least some rationa observatories retan records, we ae
not aware that any of them have archiva programs. Tomake matters worse, nationa
observatories are not affili ated with universities or other organizaions with archival programs and
thus ladk natural repositories.

C. GroundBased Astronamy: Users of Observatories
If it isdifficult to document the building of observatories, it seensvirtualy impossble to
document collaborations of observatory users—at least radio telescope users.®® The reaonis
straightforward. They leave a Santy payer tral (except for observationd data) because they:
. Neither design ror build the instrumentation they use;
. Require little or no dedicated funding; and
. Require only minimal organizaional structures.

The AIP Study’ sfour casestudies of telescope-building coll aborations did not include any collabaations
involving national optical or radio telesopes. As a result, our archival amalysisof this category of coll dborative
buil ding is based on previous experience of the AIP Center, the AIP Study’s site visits, and input from the Working
Group rather than the usual combination of these dementsand oral history interviews conducted by the AIP Study.

0The AIP Study’ sfour casestudies of telescope-using coll aborations did not include any collabaations
conducting sky surveys or, indeed, any coll aborations of optical telescope users. Acoordingly, our archival analysis
of coll aborative research in the uses of optical telescopes and in conducting ky surveys isseverdy limited; it is
based solely on the previous experience of the AIP Center and input from the Working Group, rather than the
usual combination of these dementsand oral history interviews conducted by the AIP Study.
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The best documentation of a given collaboration isto be found in the lead scientist’s proposal for
use of a participating observatory’ s telescope and his/her coll aborati on-wide correspondence  For
minimal documentation, then, we need radio observatories to have palicies to preserve their
proposal and evaluation records. For aricher record, we ae dependent upon leadscientists to
save their papers and their employing ingtitutionsto accesson them for their archives.

It ishighly unlikely that the ientific data of VLBI (Very Long Base I nterferometry)
collaborationswill be useful for future reseach. Asweleaned, the data streams from ead of the
participating observatories had first to be succesgully correlated. Although these correlated daa
are preserved following NASA regulations, considerable processng is required before correlated
datacan le the tesisfor scientific interpretation; further, our interview subjeds agreed that this
processng required too much familiarity with the original observing conditions and
instrumentation to be useful to anyone who had not been involved with the data acquisition.

All participantsin the radio observatory-user coll aborati ons we stud ed were either on acalemic
faaulty or staff.

D. Materials Science
Our historicd analysis of collaborations in materials science makes distinctionsbetween those that
make use of acceerators for synchrotron radiation and reacor fadlitiesat DOE National
Laboratories and those that do not. Our archival analysisis strikingly different for these two
caegories.

Collaborations that do not use national laboratory fadli ties present documentation challenges
whether managed by universities or corporations. Intwo of threeinstances of universty-managed
collaborations, the coll aborationsmadefind funding dedsionson ingitutional members’ reseach;
al threecasaslacked gphysica |ocation beyond their officesat thefiscally acountalde university.
In afield with strong participation of corporate organizations, it isnot surprising that our cas
studiesincluded an instancein which the coll aboration was managed by a corporate menber
which no longer exists becaise it was merged into another corporation. Such mergers confront
corporate historians and archivists with questions concerning successul transfers of records; we
can only urge corporationsin such stuations to be responsblefor adeqatetransfer of archiva
records.

Asusual, support by federal scienceagercies gererates some @re documentation. However, a
cautionary noteisin order. NSF centers (the Scienceand Tedhnology Centers and the Materials
Reseach Science and Engineaing Centers) hawe anerged in recent decales on university
campuses, most, if not all, of the centersmake thefina dedsions on which resarchers at member
institutions get funded. This delegation of some authority from NSF toits centers diminishes the
detail of documentation at NSF Headquarters; thus, it isimportant for university archivesto take
responsibility for seauring their NSF centers' records of long-term value.

The characeristics of those calaborationsthat did make use d accéeratorsor readors at DOE
National Laboratories (half of our case studies) are quite different from those materials scierce
collaborations that did not. For one thing, they had some attributessimil ar to those we were
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familiar with from other studies involving DOE National Laboratories. they wereall required to
submit both technicd and managerial plansto the Fadlity Advisory Committees (our generic term
for avariety of titles) of the laboratory fadlity, and they al had aliaison with the DOE Laboratory
fadlity (whether cdled spokesperson, staff director, or an untitled member who played the role).
These characeristics aure preservation an the part of the DOE Nationa Laboratories of some
core records and help uslocate documentation for sgnificant coll aborations. On the other hand,
we found that the callaborations rerted spacefor offices atthe gynchrotron laboratories, that
these offices are freestanding and impermanent, and that the callaborations do not creae federal
reaords unlessthe DOE laboratory is aformal member of the coll aboration. Weal so foundthat
ead ingtitutional member of a coll aboration raisedits own funds; typicaly acamicinstitutions
go to NSF and corporate members use internal funds.

Locationsfor records of materials science ollaborations vary, depending upon their managing
ingtitutions and/or use of DOE fadlities.

E. Medical Physics
It isvirtually impossble for usto assesswith any certainty the archivd situation in the aeaof
medicd physics. Thereasonsare several. The AIP Study experienced difficultiesin persuading
individuals in the discipline to participate fully (or at all) in our interview program and found that
even the more eminent leaders of the community were not at all familiar with questions of
documenting their discipline for historicd and social sciencestudies. Also, the AIP Center has
had little experiencein documenting the research adivities of medica schods or other medica
reseach centers, in saving pagers of individua praditioners,® or in deding with the key funding
agency—the National Institutes of Hedth (or its constituent parts, such asthe National Cancer
Ingtitute).*? Consequently, the AIP Study’s Appraisal Guidelines and ProjectRecanmendations
to funding agencies and research institutions in the field are—for the most part—merely

suggestive.

F. ParticleandNuclear Physics
1. Introduction
Theinitial phase of our long-term study of multi-institutional collaborations was devoted to high-
energy physics. During our third, and last, phase of the projed we examined briefly the aeaof
heavy-ion physics. We found the charactristics of the disciplines to be so much the same that
(with the agreenent of the Working Group) we hawe combined our findings as calaborationsin
particle physics. Moreover, we have been told that our findings conform to those in nuclea

31The AIP Member Soci ety most relevant to medical physics isthe American Associationof Physicistsin
Medicine which joined the AIPin 1973—afairly recent affili ation compared to aher AIP Member Societies. This,
combined with the fact that the Association does not represent the full scope d medicine-relateddisciplines
included in our seleded case studies, may account for the fact that most practitionerswe encountered during the
course of the AIP Study lacked knowledge of the daumentary concens, responsihiliti es, and services of the AIP
Center.

320ur ignorance about the NIH presents a ngjor obstacle to our advocacy for effedive preservation
activities; e.g., we learned from our Working Group that the proposal process—so valuable in providing core
documentation of coll aboration plans and progress—varies among the institutes of the NIH.
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physics experiments. Thus, this disciplinary category is now titled, particle and ruclea physcs.
Before going further, we nead to point out that our study of high-energy physics wasfar more
extensive than our study of heary-ion physics. We caried out 19 casestudes, ascompared to
two, and we conducted detail ed gudies (probes) of thediscoveriesof the ps particle at SLAC
and the upsilon at Fermilab and of the CLEO collaboration at Cornell’s CESR accéerator. In
addition, we were able to draw upon data on dl high-erergy physcsexperimentsfrom the Experi-
ments database and the HEP Publications database made available to us at SLAC. Asexpeded,
in-depth work on the seleaed probes proved to be particularly vauablefor issues regarding
appraisal of technicd documentation. The census—with such besic data asthe number of
experiments approved for ead accaerator, number of teams and participantsfor ead
collaboration, and much else—combined well with projea findings, for example, it gave us names
of key institutions and individuals that we could goproach for pradicd preservation work.

It isinteresting to note that in the brief period between the time the high-energy physics projeds
we studied in Phase | were conductedand those heay-ion physics projeds we studedin Phase

[Il were conducted, there were some maragement changes. In addtion to thenumerous well -
known roles from high-energy physics, we found management structuresin heavy-ion physics
more familiar to us from collaborations in other disciplines—in one a projectengineerandin the
other aprojed manager—aswell asatedcnicd committeeand aboard madeup of representatives
from member ingtitutions. These structures may indicate emerging complexitiesin the \arious
areas of particle and nuclea physcscoll aborati ons that archivists should beon the lookout for.

2. Archival Analysis
In particle and ruclea physcscoll aborations, some types of vauable records are ceaed by
necessty. Notable exampesare designs of detedors and components, experiment logbooks of
data aqquisition, data andysis records, and—more recently—L ettersof Agreementand Memoran-
daof Understanding spedfying arrangements between the coll aborations and the laboratories.

In addition to these operational records, high-energy physics collaborations creae intra
collaboration maili ngs—including minutes, technicd reports, and other memoranda. The
interviews on the eali est coll aborations of our selecied casestudies (originatingin themid-1970)
show that some coll aborations did not fed the read for intra-coll aboration malli ngs and the
dedsionsto creaethese recrdsrefleded to some extent the style and persona inclinaionsof the
spokespersons. For decales now, intra-collaboration maili ngs have become standard elementsin
the documentation padage, athough their formats have changed from pager to eledronic mal to
collaboration Web sites.

Particular circumstances affed reaords creaions; two may be especidly pertinent to high-energy

physics coll aborations:

. The gredest bulk of records was creaed during the construction stage d an experiment
when documentation is criticd to later users of the detedors. Apart from experiment (or
“running”) logbooks, the least documentation was creaed during running, when the greatst
number of collaborators were at the laboratory site and could communicat faceto-face
Reaoords creaion increased during the andysis stage, but records were nat shared or dis-
tributed as extensively as during construction.
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. Experiments in which the detedor was designed to study a broad range of physics problems
(such as the multiple-purpose four-pi detedor experiments) resulted in arguments regarding
the seledion of physics problems and standards of analysis; thisled to creaion of more
records.

The main locations of recrds appea to be in the hands of spokespersons; at the laboratories; and,
to alesser extent, with group leaders. We focus here on recrds with spokespersons and at the
|aboratories.

a. Spdkespersons
Spokespersons, in realy all of the cases we studed, had the most comp ete documentation. We
found that the larger the callaboration, the more likdy the spokegperson was to have kept the
proposal and related materials. In addition, most spokespersons have some unique materials, e.g.,
correspondencewith [aboratory administration.

With larger numbers of people and institutional members, the role of spokesperson hascome to
encompassmanageria tasks. Thereis, for example, ample eviderce that intra-coll aboration

maili ngs correlate with the larger, more recent collaborations; responsibili ty for such maili ngs falls
largely on spokespersons. In the best cases we' ve seen, their “archives’ were well-organized and
covered al aspeds of the coll aboration’ s work, induding minutes of coll aboration medings
(technicd reports from group leaders and others on their assgnments for detedor development
and data andysis, etc.), techncd memoranda, and other intra-coll aboration maili ngs. In ather
cases, spokespersons appeaed to have kept many of these files but they wereliterdly in pilesal
over their offices and may be difficult to extrad from other, unrelated materials. Conversdly,
collaborations with fewer than 30 people and four or five groups, as was comma in the 1970s
communicated more by telephone andin lessformal meeings, resulting in far thinner
documentation.

While the role of the spokesperson provides the single most promising location of intra-
collaboration maili ngs and other records, wemust be avare thet where llaborations had co-
spokespersons—or a pradice of rotating spokespersons—the processof locaing afull record will
be more complex.

b. Accekrator Laboratories
The AIP Center was aware from its ealier study of DOE National Laboratoriesthat these
laboratories were the best source of documentation on the adivities of their Physics Advisory
Committees. (There are variations on the title of these committees; we refer to them genericdly
here as PACs.) Sitevisits duingthe arrent projed establi shedthat the laboratoriesstill retain a
full set of PAC records, including proposasfrom coll aborationsfor experimenta work and
accderator beamtime and minutes of the PAC’ s dedsion-making process

The AIP Study of Multi-Institutiona Coll aborations providedevidencefor other sgnificant
documentation of collaborations at the laboratories. During the 19805, more cetailed ayreenents
emerged covering the responsibili ties of both the laboratory and ead of the institutional members
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of acallaboration. These respongbilities rangefrom detedor devel opment and construction to
provision of computer fadlities and financial commitments. The most detailed of these agreenents
today are called Memoranda of Understanding.

There has been avery significant shift of responsihbili ties from individual investigators and
universitiesto the laboratories. Recantly, the laboratories have been exercising tighter control
over experiments—at least the larger, more expensve mes. For onething, major funding for
large detedorsis now likely to come diredly to the laboratories from DOE and NSF, rather than
to the institutional groups. In addition, there areincreasng and widespreaddemands for
acountability on the part of DOE in such areas as fiscd matters and hedth and safety. In some
cases, the nedl for tighter control on the part of the laboratories may be refleded in the
spokesperson being alaboratory staffer; in other cases, the spokesperson may be required to
remain on site during the entire construction period of the experiment. Finall y, there wasevidence
of yet another shift from acalemic laboratoriesto accderator fadli ties—for fabricaion of detec
tor components; in addition, as detedors become bigger and more complex, laboratories tend to
have more permanent staff in order to maintain detecdor components. Overall, the trend is for the
laboratories to be the locaion for many technicd records.

In sum, we found five categories of records that form a core and, taken together, provide basic
evidence of the processof collaborative reseach for virtualy all experiments. Our investigation
located threeof the cakegoriesat the accekrator laboraories lalboratory diredors files records
of the PACs (including proposds to the laboratoriesand contrads between laboratoriesand
collaborations), and spedal databases on high-energy experiments and literature available atthe
Stanford Linea Accderator Center. Apart from the databases, most of these records were still in
office space however, the laboratories obviously had some appreciation of their vaue and
retained them all. We have confiderce that they will eventualy be formaly secuied by the
laboratories and made availablefor research use. The remaining two caegories are proposds to
federal scienceagerciesand Ph.D. theses (widely available on microfilm).

G. SpaeScience
In the field of large spacescience coll aborationsin the United States, NASA providesvirtudly all
of the funding and much of the technicad and managerial expertise through its spacefli ght centers.
Spacescience projeds have formal record-keeping requirements related to the organizational
structure NASA imposes on its projeds. Also, since participating scientists creae individual
instruments which have to be integrated into a single spacecaft, considerable formally
documented interadtion between flight centers and the experiment teams takesplace The
situation is very similar for the European SpaceAgency (ESA) and itsflight center. For these
reasons, substantial documentation is virtually always creaed by spacescienceprojeds. The
creaion of records does not, of course, equate with saving those records. Outside of NASA,
creaing and saving records is largely based on the personal inclinations of participants.

The bureaucratic structure imposed by NASA—espeaally at thefli ght centers—means that
ceatain offices are held responsible for spedfic aspeds of NASA projeds and are expeded to
creae spedfic cakgories of records. Because of this, records are ceaed aimost regardlessof the
circumstances of the particular instrument-building team (such as number of member institutions
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and geographicd distribution). At the NASA Headquarters level, however, more dacumertation
is generated for joint projeds with spaceagerciesabroad, and for missonsfunded from budget
linesthat attrad annual congresgonal scrutiny.

Scientific eledronic data ae wseful in most cases for many scientific purposes;, however, in some
cases (e.g., where instrumentation incorporates technica novelties) outside users may till find it
necessary to contad the origind principa investigator (P) in order to best understand
pealliarities of instrumentation. Investigators are required to placetheir datain the National
SpaceScience Data Center in aform useable by other scientists and this was the casefor al but
one of the projedswe studied. The exception coll aboration has depostedits dataatthe
International Halley Watch Archive. We are avare that some eledronic dataare found by
archivistsin the records of individual scientists; when this happens, archivists should notify the
appropriate data center.

The best documentation for information concerning scientific aspeds of the misson, acarding to
the scientists who responded to our questionnaires, are the records of the SienceWorking
Group. These materials are normally located with the projed scientist, who chairs this group of
principal investigators. Intwo of our casestudes, space sierce projeds wereinstigated from
outside NASA Headquarters and led by one or afew Pls. For these particular cases, we found
that most collaboration members point to the records of theinstigator(s) ascontaning the kest
documentation of the scientific aspeds of that particular misson.

Finally, our investigations located a small number of categories of records (about 10) that, taken
asawhole, provide adeqate documentation for dl multi-institutional coll aborative research in
gpacescience. For any one projed, these recrds are locaed at severa settings. The main
locaions of records in the United States are at the National Academy of Sciencesin its Space
Studies Board records (previously the SpaceScience Board);*? in the hands of discipline
scientists, program scientists, and program maragers at NASA Headquarters, projed scientists
and projed managers at NASA flight centers, and PIs of projectexperiments (instruments). At
ESA the important policy groupsto document are the Science Programme Committeeand the
SpaceScience Advisory Committeeandits two working groups: the Astronomy Working Group
and the Solar System Working Group. Additional records are those of the Europesie Sp
Science Committeeof the European Science Foundation; it synthesizes, promotes, and
coordinates advice on European spacescience and policy from the s@cesciencecommunity in
Europe. Finaly, funding agencies of the several nationsinvolved in ead misson independently
passjudgement on proposals to build experiments for ESA projeds.

H. Computer-Mediated Collabarations
In the third and last phase of the long-term study, the AIP determined that it should deliberatdy
examine a rew catkegory of callaborations that might well becomemore dominant in future
collaborative reseach. The principal charaderistic our threecasestudesin this category hawein

33Projectsin space science, like those in geophysics, have along, more politi cal, prefunding period; the
National Academy’s Space Studies Board has been the most important poli cy-making bady for space iercein the
u.s.
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common isthe centrd role of computer scienceand te chnology—hence he name for this group,
Computer-Mediated Collaborations. Inthisarea the AIP sought tolean of the relative hedth of
these new kinds of projeds. would they continue and thrive over the rea future? Weaso
needed to obtain a deaer pictureof the ways, if any, the focus on computer science and
computer techniques would affed a coll aboration’s organizationd structure andthe recordsthe
collaboration generated, as well aswhich records should be preserved.

Our sample focused on NSF-funded coll aborations (although we dso made stevisits to DOE to
learn about similar funding programs there). The NSF Center for Research in Paralld
Computation, in addition to itsfocus on an asped of computer technology, gave us experience
with asecond case of the new NSF program of Scienceand Technology Certers (STCs). The
Grand Challenge Cosmology Consortium was funded through a new NSF program devoted to
using computation for theoreticd problems. The Upper Atmospheric Reseach Collaboratory
(UARC) isreferred to as atestbed for a National Collaboratory. The concept of a
“collaboratory” (which would focus on accessto remote instrumentation and improved
communicaions of reseachers) emerged in the late 198Gs out of experiments in telescience,
designs for eledronic environments, and a conference held at Rockefell er University.®* Although
never aformalized program of its own at NSF or DOE, projeds that serve as testbeds for a
national collaboratory recaved considerable attention at both agerciesin the dimate of Clinton-
supported Congressonal legidation for High Performance Computation and Communicaion.

Would these new computer-mediated collaborations prosper in the nea future? From our site
visitsto NSF and DOE and the meding of our Working Group, the resounding, general answer
must be yes. For one thing, the NSF STCs appea to be thriving and we can lkelieve some of them
will be devoted to reseach in computer scienceand technology. The Grand Challengeisno
longer aformal NSF program unto itself, but it seemsreasonably clea that such projeds will be
considered under the Knowledge and Distributed I ntelligence(KDI) program under development
at NSF. Collaboratory-style projeaswill also fall within the KDI at NSF and continue receaving
support at DOE under its Mathematica Division, which—under vari ous names—has been the
organization within DOE for high-end computing. It isimportant to note that coll aboratory
techniques are now implemented by projeds in awide range of disciplines from eledronicsto
reseachin AIDS.*

Asto the second point—would thefocus on computer scienceand tedniqueshave an aff ecton a
collaboration’ s organizational structure and the records the callaboration generated aswell as
those that should be preserved?—the answer is mixed. Theimpad on organization structure and

3The National Academy of Sciencesalsoisaued an influential report, Nationd Collabaratories: Applying
Information Techndogy for Scientific Research. Washington, D.C.: National Academy Press 1993

%rFor an example of arecet overview, see ‘Internet-Based ‘ Collabaratories' Help Scientists Work
Together,” The Chronicle of Higher Education, Vol. XLV, No. 27 (March 12, 1999, p. A22. Just thisyear the
following report appeared on the Web, “Report of the Expert Meding on Virtual Laboratories,” organized by the
International Ingtitute of Theoretical and Applied Physics, Ames, lowa with the support of UNESCO. It explores
the use of the allabaratory far beyond science and technology (Web site: http://www.iit ap.iastate.edu/reports/ivl/).
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on records creaion isnot apparent in the cag of the NSF STC and the Grand Challenge projeds
in our sample. But theimpad on coll aboratory-style projeds such asUARC is adiff erent matter.

There are typicdly two purposesfor coll aboratories: to operate scientific instrumentsby remote
control and to provide reseachers a venue for discusson and debate. We could not seein our
study of UARC that theintroduction of remote control of instruments had adistinctive impad on
organizational structure and related records creaion. But the eledronic venues for discusson and
debate generate a plethora of records—far more than can b saved, even for dgnificant projeds.
At thispointin time, the recordsgenerated by the<e discusson chatrooms require anadysisby
socia scientists; thisin itself has an impad on the coll aboration’s organizationd structure and
management as well asthe records creaed.

[II.  The Web and Other Electronic Records

A. Impact of the World Wide Web
The World Wide Web was just beaoming prominent when the AIP Study began. Simple seaches
of the Web made it obvious that many of our seleded projeds were usng the Web to keegp
collaboration membersinformed. Also clea wasthe use of passvordsto limit accessto sedions
of Web sites.

Theimpad of the Web on collaborationsis serious. We ae aware that Web pagedelivery of
information on collaborationsis so efficient that it hasreduced the number of faceto-face
medings required to maintain a collaboration. In ane ense (@nd especidly in some disciplines),
the use of Web sites encourages good record kegoing, in that minutes of meeings and key agpeds
of the coll aboration (how to accessdata, for instance) ae posted very quickly. On the other

hand, some call aborations keep agood Web steinstead of kegiing good archives.

Our concerns about Web sites and passwvords mace the topic a certral issue that we discussed
with scientists (representing the disciplines covered in the AIP Study) at our last Working Group
meding in September 1999%* Essntially dl these sientists agreed that coll aborationsin their
disciplines are moving from e-mail-based exchanges of information to larger Web-based
distribution of records. The use of Web sites has affeaed the ways coll aborations work internally,
making collaboration easier from the point of view of transmittal of information. Most
collaboration members sean to redly like the Web asamode of exchange; the only conflict we
learned of had to do with a coll aboration’s dedsion rot to post someinformal medings. One
scientist suggested that the Web is more democratic thane-mal because, with the Web, everyone
has accessto information at the same time. What gets posted and what does not get postedcan
tell you alot about a coll aboration’s organization and power.

Discusgon of the use of passvords at our meding covered points of when ad why they are used
and their impad on archival preservation. It seemsthat passvords may be used, on the one hand,
to proted vendors and the proprietary rights of corporate members and, on the other hand, to

A small group of historians and other scholarswere also at the me¢ing. An archivist reported that the
National Archives considers Web sitesthe big, new areafor appraisal. It isbeginning several actions, e.g.,
scheduling Web sitesfor the federal agencies and appraising the potential value of usage statistics.
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proted collaboration groups from “outsiders’ gaining accessto their analyses of collaboration
data®>” Howewer, use of passwvords isnot the certral issie for archival preservation. Thered
problem—acamrding to the scientists—is that many collaborations update their Web sites without
preserving al the previous documents on the site, whether or not they were protecied by
passvords.

We shared our concerns about collaboration Web sites with the larger group of archivists and
reaords managers on our Working Group. The important message from their perspediveisthat
archival intervention iscritica if Web sites are to be documented. Only afradion of the data will
be neaded to document even the most significant collaborations. Aswith any set of records,
archival appraisal of Web site recordsisrequired to make anappropriate ledion of thefilesfor
historians and other secondary users. Given the current state of Web technology, archiva
appraisal dedsions should not be made on dataafter the fac or after the projed, but should be
made up front. Knowledgeable archivists/recordsmaragers should be acceted as partners with
the system design people as projed software/systems arefirst being configured. As this
partnership determines what things (adivities, transadions, people, etc.) to instruct the sysem to
cgpture, we recommend they make liberal use of the AIP Study’ sAppraisd Guiddines (see Rt
B, Sedion Threg of thisreport). For those coll aborations dready underway, coll aboration
leaders should consder having their Web site administratorsemploy the latest Web site
technology to periodicaly capture the most important documents on their Web sites. Archivists
would provide vauable asgstance, particularly in transferring knowledge of the AIP Appraisal
Guidelines for seleding valuable records.

B. Eledronic Sientific Data
The AIP Study did not gointo any defails in terms of whateledronic scientific data should be
saved—beyond leaning that these data ae not useful for historical reseach.*® We took the
position that if scientific data have long-term usefulnessfor scientific purposes, the scientists
themselves would seeto it that they are preserved.®* Wefound thefollowing proved to be
generally true for physics and alli ed disciplines:
. In the laboratory sciences—where scientists control their experiments and can improve the
datawith better instruments—scientific data are not useful for long-term scientific purposes;
and

3"\We heard avivid ill ustration of the urgent need for passvords during the data analysis stage of very
large high-energy physics coll abarations. In this case, some 500 physicistswere divided into ome 20 teams
fiercdy competing with each other to come up with breakthroughs based on their analyses of the huge amounts of
data generated by the @llaboration’s multi -purpose detedor.

38 The National Academy of Sciences/National Research Council conducted a thorough study of what
scientific data should be saved for long-term scientific purposes. SeePreserving Scientific Data on ou Physical
Universe: A New Strategy for Archiving the Nation's Scientifi ¢ Information Resources. Washington, D.C.:
National Academy Press 1995

39The federal fundi ng agencies we are familiar with often impose requirements on researchersto save
scientific data, usually at data centers maintained for spedfic disciplines. Theisale of saving scientific data for
issues of legal liability may be reedd in other scientific disciplines, such as the life sierces; we have no reason to
think this should be aconcern in the physical scierces.
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. In field (observational) sciences—where scientists do not control their experiments and
where objeds change over time—the data are va uablefor long-term scientific purposes.

C. Eledronic Mail
Thefirst use of e-mail in our seleded experimentswasin 1982 many say usage becane common
between 1983and 1985 By now, e-mal is ubiguitous. The result has been the aedion of much
more documentation. The questionis. will scientists print out (or otherwise sive) sgnificant e-
mail documents? Thereis someevidence that scientistsin leadership postionsin collaborations
are kegoing substantial quantities of their e-mail. Archivists should continue to encourage this
pradiceon the part of scientists.

D. Other Eledronic Records
Just about everything today is creaed as an eledronic record and, we believe, lessand lessof the
documentation will be availablein printed format over time. This is the cae for professonal
correspondence, personal scientific notebooks, and institutional records—including records of
multi-ingtitutional collaborations. Archivists are adively seeking ways to retain and establi sh
accessto eledronic records. Thisisawidespread problem affeding non-scientific aswell as
scientific documentation. The AIP Center for History of Physics hopesto benefit from the
solutions provided by othersin our future work to document modern physics and alli ed fields.

IV. OTHERFINDINGSOF ARCHIVAL INTEREST

A. Circumstances Affeding Records Creation
Of all the disciplines studed, wefound that coll aborationsin particle and nuclea physics generate
the most documentation. In thisfield, just about everything individuals and teams do for an
experiment is subjed to review or useby othersin the @llaboration. In every other discipline we
studied, individuals and teams have more autonomy. Consequently, coll aborationsin particle and
nuclea physics are burdened with creaing arich colledive record, while coll aborationsin other
fields are lessburdened.

We found that particular circumstances pressed for the credion of vauable documentati on:
. Size (espedally in terms of numbers of institutions) and geographica dispersd of institutions
tended to foster records of intra-coll aboration communications on technica progress

. The emergerce of fax and e-mail, with correspondingly lessreliance on the telephone,
resulted in additional documentation of collaborations.

. Collaborations made up of multi-disciplinary components or that required extensive
communicaion with engineas found it necessary to write out more of their ideas than they
would otherwise.

. Collaborations that had what physicists cal “interesting results’ tended to creae more
documentation of potential value to future scholars, e.g., by stimulating more written
arguments over analysis and by producing more publicaions.
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B. Trendsin Multi-Institutiond Collabarations
Collaborations have changed—even over the decad sncethe AIP Study started. Itis more than
just theimpad of the Web. Many fadors have danged the nature of calaborations. Thereis, for
example, increasing scrutiny by the funding agencies and regulations imposed on the grantees and
the laboratories; these, in turn, have increased the acauntabili ty coll aborationshawe to dl ow for
and the levels of reporting they are required to make. The general trend is for multi-ingtitutional
collaborations to become larger, more formal, and more international. In thefield of particle
physics, the trend istoward very, very large coll aborations.

We close with ane more striking change: coll aborationsin onefield may take on charactristics of
those in another field. The point was made clea to us at the last meging of the AIP Study's
Working Group (referred to ealier). The subjea was the role of the builders and the users of
detedordinstrumentsin the fields of particle physics and ground-basedastronomy. A decae or
more ago, most particle detedors were built and used by the same, single oollaboration and most
telescopes were built by a coll aboration (and then mantained by the fadli ty) for other scientiststo
use. The current Stuations are quite diff erent becaise of theincreasng sophistication of the
instruments/detedors and the need for more sophisticated processng of much larger anounts of
data. New multi-purpose deteaorsin particle physics have pradicd lifetimes that may equal
those of the acceérators. This means the detedors are used by more than one callaboration and
that maintenance has shifted to new permanent, technicd staff at the acceerator fadlity. Thus
detedors are moving toward the model of astronomy in terms of builders and users of
instrumentation. Meanwhile, in the case of ground-basedastronomy, theinstruments—the
equivalent of particle detedors—are increasing in cost faster than the telescopes; the huge
increases in costs for instruments and data processng haweinspired ground-based astronomers to
begin looking into management pradicesin particle physics coll aborations.

Archival appraisal of recordswill have to evolve to med the dallengesof changesin the
technologies used by reseachers aswell as changes in the functions and organizaional structures
of the coll aborations themselves.
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APPFRAISAL OF RECORDS CREATED

In the AIP Study, our extensvefieldwork isfollowed by the other phase of maaoappraisa
projeds: analyticd studiesto develop documentation aidsfor archivists, records officers, and
othersresponsible for the records of multi-institutional collaborations. In this part of our report,
we offer aids to records appraisal through threeapproactes:

» A Typology of Multi-Institutional Collaborations. Based on sociological ardlysis of projec
interviews, thissedion offers a dassfication scheme or typology for the organizetion and
management of collaborations—the asped of coll aborations that is most dosdy connecied to the
generation and acauimulation of records. The essy off ers a diff erent perspedive on the
charaderistics of collaborations and is useful in providing guidelines to locating documertation.

» Functional Analysisof Records Creation. Readerswill find brief ardyses of the key
functions of multi-institutional collaborations along with the categories of records creatd through
these adivities.

» Appraisal Guidelines. The guiddinescombineand update those included in reports on
previous phases of the AIP Study. The sopeis records creatd by muti-institutiona groups that
participate in collaborative research projeds. Also, for the fields of geophysics and spacescience,
we have included records of groupsthat set national and international policy. It isinthissedion
that we ducidate our finding thatamodest core st of records providesadequate documentation
of most collaborations. These core records areidentified for eachareastuded by the AIP, asare
the addtiond records needel for especidly sgnificant coll aborations.

Those responsible for records should recognize te value of these analytical essays. They are
redity-based, derived asthey are diredly from our extensive fieldwork with participants of
collaborations, and the period under study isamost current. Asa matter of fadt, we can
charaderize our maaoappraisal work as a historicd-sociologica study of organizaional trends of
multi-ingtitutional collaboration and their archival implications.






AIP STUDY OF MULTI-INSTITUTIONAL COLLABORATIONS. FINAL REPORT

DOCUMENTING MULTI-INSTITUTIONAL COLLABORATIONS

PART B

SECTIONONE: TYPOLOGY OF MULTI-INSTITUTIONAL
COLLABORATIONS

Joel Genuth
lvan Chompalov

Wesley Shrum






TYPOLOGY OF MULTI-INSTITUTIONAL COLLABORATIONS

. INTRODUCTION

Archivists and recrds managers who seek to document multi-institutional collaborations will
need to find their potentialy valuable documentation without undertaking the kind of extensive
reseach that AIP has performed. Sociologicd analysis,*° by cdling attention to those feaures
that are powerful indicators for the character and acaimudation of documentation, has the
potential to provide guidelinesto locaing documentation. The sociological consultantsfor Phase
[l of the AIP Study, lvan Chompaov and Wedey Shrum, attempteda systenatic coding of the
interviews and subjeded the datato statisticd analyses. They and projed historian Jod Genuth
recaved agrant from the National Science Foundation to revise and expand this data st to cover
all threephases of the AIP Study. Under the rew grant, we hae recoded theinformation
colleded in Phase Ill, coded information on the coll aborations studied in Phasesl and 11, and
revised the conceptua framework for the coded information. **

Here we present a classfication schenme or typology for the organization and maragement of
collaborations—the asped of coll aborations that is most cosely connecied to the generation and
acawmulation of records.*? A wedth of feaurescan ke used to characerize organizationd
arrangements, including scientific establi shments, even though they gererdly hawe aless
pyramidal and formalized organizational structure than government offices, corporations, and
many other human groupings that sociologiststend to study. Our challenge wasto limit the
information we extracted from theinterviews conducted duringthe AIP Sudy. Evenfocusng on
maao-sociologicd, synchronic aspedsyielded toomany variablesfor performing cluster
analysis.** Wefound, however, that our variables were sufficiently interrelated tojustify reduwing
them to four fadors:

. Formalization (which combines presence of written contrads, presence of an administrative
leader, division of administrative and scientific authority, self-evaluation of the project and

“Un the agoregate, the threephases of the AIP Study present an extraordinary opportunity for sociological
analysis. Againgt the backdropof ascholarly literature that consists primarily of tightly focused histories and
ethnographies, a comparative perspedive isbadly needed. A data set of over 50 coll aborations spanning six
spedaltiesin physical research opensthe posshility for generating inductive hypotheses and statistically
significant relationshipsthat can serve as starting pointsfor comparative andysis.

“IA bock manuscript is in preparationwith chapterson the formation of coll aborations, their size, their
organizaion and management, the interdependencies of their parts, and their outcomes.

42The basisfor the typology is“cluster analysis’—a statistical technique that groups objedson the basis of
how closdly they resemble each other acrossarange of variables. We performed cluster analysis on the
organization-and-management variables for the 46 coll abarations for which we had complete information. There
isno mathematicall y acceptable way to include in cluster analysisthose ases for which we had partial
information.

43Excluded from systematic purview are such topics asthe evolution of organizational forms over time,
cultural procesesthat occur within interorganizational boundaries, and the impact of changesin the politi cal and
social environment on the organizational structure and management of coll aborations.



100 DOCUMENTING MULTI-INSTITUTIONAL COLLABORATIONS

outside formal evaluation);

. Hierarchy (which combines levels of authority, system of rules and regulations, style of
dedsion-making, and degreeto which leadership subgroupsmade edsions);

. Presence of scientific leadership; and

«  Styleof division of labor.**

Theresult of applying cluster analysis aaossthe four fadorsisthat collaborations can be
reasonably divided into four organizaional types. By establishing which category a coll aboration
belongsto, reasonable predictions can e made about the characer and dispersal of a
collaboration’srecords. With one notable exception, organizationd typesarenct field
spedfic—meaning that the particular disciplinary specidty of a cdlaboration (e.g., materials
scienceor geophysics) isnot aclue toits organizationa type. The exception is particle physics.
One of the dusters is comprised mostly of particle physcscall aborations and most of the particle
physics collaborations in our sample fell into this cluster.

Thefirst organizaional type is comprised of collaborations with a high degreeof formalizaion,
high degreeof hierarchy, high scientific leadership, and spedalized division of labor. We
designate this type “highly structured.” The soond and third types differ from thefirstin that
they are comprised of coll aborations that are either lessformal or lesshierarchicd than the highly
structured. They are distinguished from ead other by their needs for scientific leadership and by
their method of dividing labor. The second type never has a designated scientific leader and
usually has a spedalized division of labor; the third typeusudly hasa designated scientific leader
and always has an unspedalized division of labor. We desgnatethem “semi-structured with no
scientific leader” (type two) and “semi-structured unspecialzed' (type thre€). The cdlaborations
in the fourth type register the lowest amounts of formalization and hierarchy, while still possessng
scientific leadership and a spedalized division of labor. We desgnatethem “low-structured.”

II. HIGHLY STRUCTURED COLLABORATIONS

The highly structured type of collaboration is charaderized by the classca Wekberian feaures of
abureaucratic form of organization: hierarchy of authority, written rules and regulations,
formalized responsibili ties, spedalized division of labor. Although there ae variationsamongthe
highly structured collaborations we studied, several manifestations of this organizational pattern
are common: extensve extemal evaluation, committees upon committeeswith various
designations and functions, officially appointed projed maragers, clea lines of authority
(administrative and scientific), and a well -defined hierachy of authority. Such a st of
charaderistics originates with the need to make sure that no participating organizaion’sinterests
inappropriately dominates the coll aboration. It well servesmulti-organizational coll aborations
when participating scientists can sharply distinguish the coll aboration’s* engineeing” from its
“science” and can pursue the cience autonomoudy from ead ather and from the
engineas—provided that theengneeging iswell done and canpetently documented.

44'I'ogether these factors comprise much of what sociol ogists understand as “bureaucracy” in the dassc
sense articulated by Max Weber at the turn of the 20" century. However, because “bureaucracy” has beame an
epithet in popular American discourse, we will shun its wse here.
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A pertinent example of this type of collaboration involved severa universities (with secondary
participation by a government agency) in the construction of anastronomicd observatory.
Astronomers at severa affili ated campuses responded to encroaching light pollution at their
observatories by entertaining novel telescope and observatory concepts that would vault them into
the vanguard of opticd observing power. They calculated that a elescope with amuch larger
primary mirror than they had ever constructed, if placel at an optimal site and accompanied by
state-of-the-art deteding instruments, could yield as much as 100times the observing power they
currently enjoyed. Two groupings obtained seed money to flesh out their ideas, and the one that
recaved an endorsement from the interested astronomers cdled for atelescope that would be
unprecalented in the size of its mirror and the complexity of its operating mechanisms.

Thetedhnicd challenge of the mirror plusthe overal sizeand sophistication of the observatory
promised to make the projed extraordinarily expensive. Even dedicated fund-raising efforts and
excdlent luck only brought theinstigating canpuses within two-thirds of the cadculated cost for
the observatory. The only plausible partners were the instigating campuses' chief competitors.
One became afull partner on the strength of its goad fortunesin fund-raising. Another becane a
junior partner by donating a site for the observatory.

The quantities of money involved and the history of competition between the partnersinduced the
university administrators to formalize explicitly their arrangementsin order to guaranteethat
neither imposed itsinterests on the other. They creaed a corporation whosesole purpose was to
design, build, and operate the observatory. The documents of incorporation spedfied the
partners fiscd responsihili ties and payment schedu e, which isolated the observatory from interna
developments that could undercut support for the observatory in any of the participating
organizaions. The documents set forth ahierarchical authority structurefor the calaboration and
spedfied the general responsibilities of ead part of the structure so asto give the organizaions
equal authority or to render organizational affili ation irrelevant. The Board of Diredors,
comprised of threerepresentatives from ead full partner so asto insure equdity, was the ultimate
authority and adively exercised its authority. It met every two months, which forced the other
parts of the organizaion to report frequently on their progress organized external panels of
expertsto review developments at what it considered strategic points, and required its approval
be obtained for any significant budgetary shifts within the coll aboration. The corporation’ s staff
was responsible for the things that any opticad astronomer, regardlessof further scientific or
technicd spedalizaion, nealed from the observatory: the telescope (including the mirror and the
pointing and tradking medanics), observatory buildings, and the infrastructure to operatethe
telescope and a suite of scientific instruments. The head of the corporation’ s gaff was an
enginea with the title of projed manager. Hewas, in the view of the participating scientists, the
unambiguous dedsion-maker over all isalesfacead by hisstaff. A Science Steaing Committee
(SSC), comprised of astronomers from the participating universities, was responsblefor
producing a set of scientific instruments and for advising the Board of Diredors and the
corporation staff about engineering optionsthat could affed the observatory’s scientific
cgpabilities. The SSC made itsinterna deliberations consensual on the assumption that in
debating the value of various scientific instrumentsit would not encounter issues that requiredan



102 DOCUMENTING MULTI-INSTITUTIONAL COLLABORATIONS

exercise of authority to resolve. But the SSC was the authoritative conduit of messaes from
astronomersto the projed manager and the Board:

They [SSC members] write up the isaue, they write up the dedsion that we' ve dl
agreed to and they present it to the Board of Diredors. So that’s consensud within
the Science Steaing Committee but if you're not in the Science Steering Committee
you don’t haveany sy in it atall. Soif you're an astronomer at [a particular campug
and you wanted something, you can talk to Science Steeing Committeemembers, but
you don’t haveany formal say intheisaueat al. Only the Sience Steaing Committee
deddes which instrument they’ re going to build; how much money are we going to
givethat PI for building it; are we going to refurbish the instrument with a better
detedor, whatever.

These arrangements successully eliminated theinterests of theindividual organizations from
observatory policies and eliminated administrative ambiguity from the cdlaboration. Individud
participants disagreed strenuously over the substance of observatory design and construction, and
their arguments may well have been inflamed by personality conflicts, but there waslittle if any
doubt about the proper proceduresfor reading dedsions or thequdity of the dedson-makers
intentions. A partisan in the confli cts, who believed the wrong s de won more often than not,
when asked about the qudlity of the organization, said:

Yedh, | thought it wasavery well organized projed, both within [the corporation]
from the projed manager down through the enginees, and with the respongbilities of
the Science Steaing Committee..[A]nything having to do with money formally went
to the Board of Diredorsfor approval. It wasclea and unambiguaus what the lines
of authority were on redly every issue, and | think it worked fine. And the
collaboration, generally speaking, did not pay much attention to rivalries among the
partners. Therewas acontrad that sipulated where the money came from; there was
nothing to talk about oncethe contrad wassigned.

. SEMI-STRUCTURED COLLABORATIONSWITHOUT A SCIENTIFIC LEADER

The semi-structured no scientific leader typeissmilar to thehighly structured typein terms of
having formally organized, highly differentiated structures. The reasons for the formalization and
differentiation are much the same asin thehighly structured type: participants whose common
history is either competitive or nonexistent needed to insure that nobody’ s private interests were
stamped on the coll aboration, especidly when the cadllaboration cntrolled a lot of money; and
collaborations that wish to separate “science” from “engineeing” needed to insure that the
appropriate people stay focused on ead. Unlike the highly structured collaborations, these
collaborations did not designate asingle <ientific leader to represent scientists' interests or to
dedde scientificisaues. The strong sense of hierarchy present in the observatory-building
collaboration we described—in which some scientists were more important than others, the
important scientistsfelt they were outranked by projed management, and the Board of Diredors
adively monitored deve opments and adjud cated disputes—did not cary over with the
formalizaion and the division of labor. In thisform of the semi-structured collaboration,
collaboration administrators tended to solicit theinput of research scientistsinto the
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collaboration’s affairs, to placescientistsin charge of developing the coll aboration’s
instrumentation, and to work on the coll aboration’s externd relations and benignly neglect
internal politics.

A goad illustration of this kind of collaboration is one that built a synchrotron-radiation beamline
for various kinds of materials, chemicd, physicd, engineering, and biologicd reseach. The
instigating organizations varied in their abili tiesto capitalizethe coll aboration, variediin their
needsto produce proprietary and publi shed results, and lackeda history of callaborating on this
level. Consequently, the organizations spelled out their rights and respongbili tiesin a legdly
binding agreament that wasjust short of formd incorporation:

...the kind of thing one would creae for ajoint venture with two companies, where
you set up a, it’samost like a eparatelittle incorporated autfit. 1t’snotincorporated.
It’svery close to being afree standing organizaion with every asped—intellecual
property rights, all the financial parts, the duties and responsihili ties of the board, the
diredor, all of the details of how you get out of this agreement, what you owe... It'sa
very thorough document.

Aswith the highly structured collaboration, the legal agreement stipulated the time and quantities
of payments the member organizations would make to fund the coll aboration, which insulated the
collaboration from internal developmentsin its member organizations, and set up a hierarchicd
authority structure for the coll aboration. Aswith thehighly structured coll aboration, the ultimate
authority was a Board of Diredors, comprised of representatives of the member organizaions, to
insure that the calaboration did not becane an extenson o the interests of any single member
organizaion. Asthe highly structured collaboration entrusted design construction and gperation
of the telescope and observatory infrastructure to a professona projed manager and staff, so this
semi-structured collaboration entrusted the design, construction, and operation of the bulk of the
beamline to a professonal group with the sole responsibility of serving the coll aboration. And as
the highly structured coll aboration commissoned scientists at its member organizaionsto design
and build instruments to be used in conjunction with the telescope, so the semi-structured relied
on scientists at member organizationsto design and construct “end station” instrumentation to be
used in conjunction with the beamline.

These organizaional formalities made for a well-understood system of responsibili ties and
reporting. However, that system did not operate in nealy as hierarchicd a fashion as the highly-
structured collaboration’s; the relationships among Board, staff, and scientists at member
organizations were quite different. From the outset, the semi-structured collaboration was to
serve amulti-disciplinary set of scientists—many of whom had not previoudy used synchrotron
radiation in their experiments—with a beamline whose components stretched the date-of-the-art
but were not novel in their design. Instead of a single Science Steeing Committeeto dedde on
instrumentation and to channel the views of technicaly experienced scientists to the staff and
Board, the semi-structured collaboration had working groupsfor ead of the mgor scientific
disciplines that would be using the beamline, and many of the prospedive users were asmuch or
morein neal of leaning about synchrotron radiation from the staff asthey werein need of
making their expedations known.. Instead of a scientist with pride-of-authorship in the
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innovative design of the instrumentation’s central component looking over the shoulder of a
projed manager with an autocratic style, the semi-structured coll aboration Board desgnatedasits
staff diredor a scientist experienced in developing synchrotron beamlines for acalemic materials
reseach, and charged him with developing a beamline that could simultaneously serve awide
variety of scientific disciplines. Insteal of scientists constantly seeking to convincethe projed
manager to provide them with the observatory of their dreams and an adivist Board making sure
the disputes were properly aired, the semi-structured collaboration’s successhinged on
collegiality between the coll aboration’ sfull -time staff and the sientists at member organizations.
So long asthe scientists at member organizations found the coll aboration staff responsive and
forthcoming, and so long as the staff could mee the technicd burdens they assumed within the
limitsimposed by the coll aboration’ s budget, the Board was passveinstead of adivist. The staff
proposed an annual budget and the Board members no longer even needed to gather to consider
it. “We often do the meeings by video conferencing now insteal of flying bad and forth to eath
other’sinstitutions.”

V. SEMI-STRUCTURED COLLABORATIONSWI TH UNSPECIALIZED DIVISONS G-
LABOR
The semi-structured unspedali zed type isthe complement of type two. Where type two was
similar to the highly structured type in its formalization and diff erentiation but distinct in itsmore
collegia management, type threewas smilar to thehighly structuredin its hierachica
management but distinct in having lessformalization and diff erentiation. The most obvious
difference between the two types of semi-structured collaborations is the presence of scientific
leadership. Intypetwo it isunimportant; in type threeit isimportant. When a coll aboration’s
teans are carying out amilar tasksinsteal of filli ng gpecialized roles, intellecual authority is
nealed to set standards for the teams work.

A collaboration that creaesaglobal data set by processng, reducing, and combining datafrom
similarly instrumented eath-observing satellites well represents this type of collaboration. Such a
global data set had long been desirable to would-be modelers of the climate, but seerred
impossble to produce until a multi-national band of computer scientists and computer-savvy
geophysicists convinced themselves that they could ded with the large quantities of low-quality
datathat extant satellites were producing. International agencies, eager to sponsor a projed that
would not require the design and construction of new hardware, supported a string of workshops
that yielded concrete plans for sampling and cdibrating data, applying an agorithm for obtaining
the desired information, and then passng the processed datato a central data archive that would
interad with researchersto make sure the data sets were in fad usable and used. On the strength
of these plans, the agerciesformaly endorsed the projed.

Theinternational band of instigators assumed they could manage the projed themsevesand rely
on their shared scientific motivations and standards to guaranteethe quality of the work eadh
would perform. During one of the planning workshops precading theformd start, the ientists
drew up aview graph for how the projed would work:
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What was interesting was that at that stage we didn’timaginea certral processng
center; we imagined distributing processng. Everybody would get acopy of the code
and apply it locdly and ship the resultsto some centrd location.

Complete informality, however, was out of the question. The international agency’s program
manager and advisory committeehad to be satisfied with the projed’ s organization, and the
scientists were obliged to obtain mutual commitmentsfrom their national governments, sncethe
international agency did not control the satellites or have its own fundsto support reseach.
Under these circumstarces, the ientists could limit theintrusion of formalization they did not
initially want, but could not organizea projed without at least atokenacmmmodation of the
norms of international, diplomatic agreenents.

[The projed] didn’t quite go all the way formally. For example, | don’t believe the
United States has ever formally committed to this program... [Rather] agenciesinstead
of governments have smply said, “We'll step up to this.” Projeds depend an people
in that agency being willi ng to fight theinternad battles to makeit happen. [The
projed] exists because [an American funding agency’s| program manager iswilli ng to
spend money on it; and we' ve cgoled and convinced other people in other countries to
spend money.

Indeed, mgjor participating scientists did not even attend the meeing at which the representatives
of national governments made their pledgesto the projed.

It did not takelongfor the ientiststo realize that self-maragement through mutual trust had its
drawbadks, because their needs could not be satisfied without the exercise d authority. The
scientists' principal need was to agreeon a single dgorithm for sampling the dataard deriving the
desired paranmetersfrom the data. Before theformd start of the projed, they realized they had no
intellectual consensus for the dgorithm: “the last dedsion we mace at [the last planning
workshop] wasthat we didn’t know how to analyzethe data. In other words, we had all the
scientists there fighting and yelling and screaming and disagreang, and thebottom line was that
there wasn't any clea choice[among their algorithms].” The route towards consensus mace
themredizethat they lacked the organizationa structure the projed would need to succeel.
Idedly, the scientists advocating algorithms were to take the same data sets, use their algorithms
to derive the same parameters from the data sets, and reconvene to dedde whose approad
worked best. The problem wasthat the advocaesof variousapproades to a projed a gorithm
were not al equally cgpable of handling data sts that were large enough in size to be afair test of
what thealgorithm faced.

Some people would only do this much, some people would do more and so on. So we
had to define tasks all the way up from “you do exadly one image” to “you do them
al.” It requred some desgn work so that ead task was nested within a larger one.

It can beimpossbleto get everybody to do the same thing when not everybody has the same
resources (assuming one cannot condonelowering the community’ s standardsto fit the member
with the fewest resources). This projed and the other collaborationsin this category were
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distinctive in their lack of a spedalized division of labor. Eac tean was to do the same thing to
its data—first in the attempt to arrive at a cnsensus for the a gorithm and then for the ongoing
processng of the data streans from the satellites. 1f scientists with pride of authorship in their
algorithms were going to vary in their ability to subjed them to competitive testsby processng
the same data, a fortiori, how was the projed to impose auniformly high g¢andard on theteams
that were going to sample, cdibrate, and processthe datathat the projed assgned to them? A
team could not do much to advanceits own interests, the coll aboration’ sinterests, or the sientific
community’ sinterests by lavishing spedalized craftsmanship on atask that was valuable insofar as
othersdid it in just the same way. Thus the callaboration could not much rely on either the
narrowly or broadly defined interests of its membersto insure the teams would perform to ther
best cepabili ties.

A more formal agreament, like the highly structured collaborations had and the semi-structured
without a scientific leader had, might have committed participants to meking spedfied
contributions or set up a coll aboration budget and mamagement that heteams wouldtry to please
in order to aayuire funding. But the opportunity for creaing such formalization had passed and
left the somewhat bitter truth:

...inthiskind of environment where things aren’t redly that formal, you don’t hawe
much control. So if ateam isether not doing the job it said it would do on the
schedule it agreed to do it on, you can’'t do anything becaise you' re not paying the
bill s.

In the absernce of formalization asaviable source of projed discipline, the projed opted to
centralizeits operations in amember organizaion that could then be responsible for enforcing
scientific standards.

The datais such a mess—with theinstruments misbehaing and cdibrations
fluctuating and everything else—that it redly required a centrd placewhereyou look
at all of it together to try tofigure out what the hell it’s doing.

The question of which organizaion should be the centra place wasacagmic. Among the
national agencies interested in supporting the projed, only the American agency was prepared to
support aglobal processng center; and among the American organizaions showing interestin
participating in data processng, only one had the resourcesto be agloba processor of data.

The projed continued to function without an administrative leader; its various managerial duties
were performed by different scientists from the nations and agencies whose satelli tes provided raw
data. However, the principal scientist at the globa processng center becane the de facto
scientific leader. Leadership and dedsion-making authority over deve oping thea gorithm to
derive geophysicd parameters devolved to him, because oncethe unprocessed data were ent to
the global processng center for inter-cdibration and qudity chedks, it madelogistica sense to do
the scientific processng at the global center rather than redistribute the correded raw datasets
for analysisonly to reclled them. Among scientists whoseideasabout ardyzing the data
differed from the scientific leader’s, the leader’ s authority did not sit well. To one such scientist,
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the intercomparison of algorithmsthe leader pushed “was ineffedive. It didn't result ina
consensus algorithm; it just resulted in saying that all these dgorithms are equdly mediocre. So
[the leader] said, ‘Well, mineisas good as anybody’s, so I’m going to use mine.”” Such
resentments did not cripple the projed. All recognized that the ientific leader, usng theideas of
others, kept improving the agorithm and re-ardyzing the earlier data, andtheglobal certer made
correded raw data availablefor others to usein devel oping their ownideasfor deriving
geophysicd parameters.

Collaborations with unspedalized divisions of labor operate succesgully with lessformalization
than highly structured collaborations, but they require as much hierarchy ashighly structured
collaborations. In collaborations with unspedalized divisions of labor, the participating
organizations lad the sense of competition-among-equals or independence-of-purpose that lead
to the drafting of formal agreamentsthat preduded any organization from being dominant. But
becaise the teans al perform similar tasks, these coll aborations require a certral scientific
dedsion-maker to set standards for suitable contributions and to wield authority to corredt
contributions that do not med standards.

V. LOW-STRUCTURED COLLABORATIONS

The low-structured type of collaboration is, asthe label suggests, the absence of the dassc
feaures asociated with Weberian bureaucracy. The membership of thistype is dominated by
particle physics collaborations. Among all the spedaltiesin physicd research we covered, particle
physics alone has a distinct style of collaboration. Occasionally, particle physics collaborations

fall outside the main caegory for particle physics. And occasionally collaborationsin other
spedalties most closely resemble a typicd particle physicscoll aboration. But it seamsjustified to
spedk of “particle physics exceptionalism.”

Particle physics coll aborations are exceptiond in their combination of two characeristics. Frst,
the participants find that ther coll aborations are highly ecditarian. Compared to what we heard
from collaborators in other disciplines, particle physics collaborators describe dedsion-making as
participatory and consensual, define their organizational structure through verbally shared
understandings rather than formal contrads, and institute fewer levels of internal authority. At
the sametime, in contrast to coll aborations that did not publi sh scientific findings coll edively, the
scope of particle physics collaborations encompasses nealy all the adivities needel to produce
scientific knowledge, including those adivities most senstive to building a gientific caee: the
collaborations always colledivizethe data streams from the individual detedor components built
by the participating organizations, they frequently trad who within the coll aboration is addressng
particular topics with the data, and they routinely regulate external communication of results to
the scientific community.

Particle physics coll aborations minimize the powers that coll aboration-managers can exercise in
order to make their members comfortable with the large breadth of adivities that the calaboration
asawholeregulates. Inall other reeearch specidties we examined, participantsin callaborations
were more autonomous than particle physcistsin the gereration and dissemination of scientific
results; and the participants (more or lesshappily) allowed collaboration managersto exercise
discretionary powersto seaure what the callaboration as awhole needed. Coll aborations court
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disaster if their breadth of adivitiesis narrow and their dedsion-making is participatory, or if their
breadth is broad and their dedsion-making is hierarchicd. Inthe former case, they risk becoming
bogged down as participants argue over matters they do not need to be discussng or risk
becoming ineffedive as participants take toolittle responsbili ty for colledivefunctions. In the
latter case, they risk alienating participants by falli ng to takeinto acount interests or
considerations that members consider vital.

The prevalence of high-breadth, egalitarian collaborationsin particle physicsis due to the
dispersal of particle physicists among many universities, the spedalty’s centralized institutional
politics, and competitive presaures. Because particle physicistsin the United States and Europe
are dispersed among many universities and because they crave integrated, multi-component
detedors, they need to bein high-breadth collaborations in order to conduct publishable reseach.
Because call aborati ons must submit proposas to central authoritiesfor accessto anacceerator,
participants are behooved to commit to an organizationd structure that convinces the accéerator
laboratory’ s administration that they are properly organized to producewhat they promise. With
resped for internal structure thus seaured before any commitment of resources to the
collaboration is made, collaboration administrators have not required formalized powers to
maintain order and could afford to grant broad rights of participation to all members of the
collaboration, from graduate studentsto senior faaulty. Such Athenian-style democracy has
produced publi cations rather thancamphony because competition for discoveriesand for caea-
advancing recognition limit the cdlective tolerance for intra-call aboration dissent.

The organizaiona and management feaures of “particle physics exceptionalism” are well
illustrated by an experiment at Fermilab that smashed a bean into afixed target and searched for
particular particles and their decay chainsin order to measure whether a particular process
occurred astheoreticdly predicted. The coll aboration succeedd with littleformalization. The
collaborating organizations did not pool funds, so they did not need formal rulesto insure that no
member recevedan unfair share of the bemfits of collaborating. Rather, eady mgor American
organization had its own contrad with DOE or NSF, and foreign governments supported the
participation of their groups.** No administrative or engineaingleackr for the coll aboration was
needed because of awell-understood division of labor that |eft the participants implicitly trugting
ead other becaise most were recaitulating or building on the past successes that were the
foundation for their scientific reputations.

[One component] wasclealy [aforeign group s] Sinceit was ther invention. The
drift chamber system | had built for [an ealier experiment], and the design of the
channel was the same as we used for that experiment. So | was naturaly responsble.
The high resolution proportional chambers had been [another organizaion’s]
responsibility for [the earlier experiment] so it wasnatura for [the leader of that
group] to take that over.

“*The mllaboration did depend on the ability of Soviet participants to travel to the United States. By not
pursuing aformal agreament, the @llaboration effedively gambled that neither government would prove an
obstacle. At times, it appeared the llaboration might lose the gamble, but eachtime participantswere able to
seaure their governments’ cooperation.
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The newest member of the coll aboration took responsbili ty for the only desired component for
which there was no experienced team.

The experiment did have adesignated scientific leader, whosetitle was spokesperson, but it had
no hierarchy of scientists. Once Fermilab approved the coll aboration’s proposa for beantime, the
spokesperson’s duties were amixture of scientific coordination, which wasintell ecudly
strenuous snce he hd to become well versedin the iedhnicd needs and characeristics of ead
component, and administrative routines (e.g. making sure the coll aboration covereddl the data-
taking shifts). However, whenever the coll aboration metasawhole to discusshow to operate the
detedor, how to combine data streams, and how to perform analyses, all titles disappeaed:

One thing we did well wasargue. It was small enough. Thiswasan etended family
and you could scream at anybody you wanted to, and you did from ime to time.
There were some people who weren't screamers and that wasfine. In fad, that was
probably better. We did not have the kind of authoritarian thing where people felt
intimidated from saying what they redly thought. In agroupmeeing, you could
pretty much let your hair down and holler at anybody you wanted.

Not even the most vituperative of Cold War rhetoric put a damper on wninhikited, ecditarian
discusgons of the experiment between American ad Soviet physcists:

It was entertaining to watch in fad. The Russansfirst came shortly after Reagan’'s
speed in which he dedared the Soviet Union the evil empire. They were
understandably circumsped and a bit clannish in general... We'd finally sit down
around the table and start to disaussphysics andthat evaporated. On agivenday, one
set of groups would gang up on the others, and on the next isaue everyone would
change sides, they would split. It wasthe usual physicsfreefor all, asin all
collaborations.

VI. CONCLUSION

By ascertaining several feaures of a coll aboration—whether thereis aboard of diredors, asngle
scientific leader, an engineeing or administrative lealer, external evaluations, a dedsion-making
hierarchy, a spedalized division of labor—archivistsmay bealle to determine quikly a
collaboration’ s organizational type. They can then predict thelikey characterandlocation of a
collaboration’s documentation.

. Highly structured coll aborations generate voluminous records that acaimulate at the apex of
their hierarchies. Senior administratorsin participating institutions have the formal
agreements under which the coll aborations operate. Boards of diredors,in order to seta
collaboration budgget, require reports from the coll aborations teans and from theextemal
advisory panels they commisgon. Their engineeaing leaders, in order to set spedficaions
for the design and construction of instrumentation, need the participating scientiststo
describe and justify the god's that the wllaborations’ instrumentation should med. Their
engineaing leaders, in order to serve the ongoing operating needs of collaboration members
who use instrumentation, require technicd documentation for instrumentation from
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contradors and for instrumentation contributed by scientists. Their scientific leaders must
collea and distribute theinformation the participating scientists needin order to contribute
sound adviceto the engineaing leader and to contribute instrumentation that interfaces
smoothly with the main body of the coll aborati on’ sinstrumentation.

Semi-structured collaborations without scientific leaders also creae voluminous records, but
only the records nealed for legal and fiscd administration are likely to acamulate in
designated locaions. Like the highly structured collaborations, senior administratorsin the
participating institutions have the formal agreaments under which the coll aborations operate.
And like the highly structured, their boards of diredors require information on which to
determine the coll aboration’ sbudget. However, because these callaborations serve a
heterogeneous set of independent participating scientists (whichiswhy they do not hawe a
designated scientific leader), thereisfar lessof a uniform hierarchicad structureto intra-
collaboration discussons of technicd feasihility and scientific needs. The engineaing
leaders can be quite autonomousfrom participating scientists when they know their god is
to provide flexible instrumentation that proves servicedlefor many diff erent potential
scientific users. Scientific teamsin these coll aborations often build instrumentation anly for
their own use and thusdo not provide theengneging leader with the techncd
documentation that other users would need. Participating scientists, becaise of their diverse
interests, are more prone to assessa coll aboration’s devel opment in team neeings of like-
minded spedalists than in collaboration-wide meedtings. The result of such feauresisthat
core recrds acaimulate with representatives to the boards of diredors and their
supervisors, but the detailed records that should be retained whena callaboretion is
espedally significant are highly dispersed.

The semi-structured collaborations with unspedalized divisions of labor are lessprone to
creaereardsthat high-level administrators of the participating institutions would colled in
order to document theinstitutions' respongbilitiesand rights. Howewer, these
collaborations do have ahierarchy that leals to the acamulation of recordswith their
scientific or administrative leaders. To insure that the contributionsof the teamsin these
collaborations are meeting collaboration-wide standards, the teams must pass
documentation to the leaders for evaluation or med with the leadersfor colledive
asesgnents of everyone' s efforts. When leaders draft manuscripts for publicaion, they
circulate the manuscripts to the participants and colled suggested revisions. These pradices
concentrate intellecually and technicdly significant records with the leaders.

The low-structured collaborations are easest to document. Because they usually exist to
tap the capabilities of a magor fadlity controlled by a permanent institution, they must pass
reaords documenting their internal organization and plans to the permanent institution in the
course of obtaining permisson to use the fadlity. Because these cadlaborations are highly
participatory and egalitarian, the participants must document therr individual eff ortsin order
to enable eat other tolean what they need to know to participate meaningfully. Often a
collaboration leader takes responsibili ty for this documentation.
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We hope this categorization of collaborations can help archivists and others with responsibili ty for
recrdsto find the documentation they should consider retaining to mee the needsof ingitutional
administrators and future historians. Although these categories do not convey pre<riptive
implicaions for which ingtitutions should save what records, they doindicatethe sorts of records
collaborations generate and where these records acamudate.

. Core records* of highly structured coll aborations and semi-structured collaborations
without a scientific leader are with the institutions’ representatives to the coll aborations
boards of diredors or with the supervisors of the representatives.

. Corereaords for semi-structured collaborations with a scientific leader and an unspedalized
division of labor do not always exist and are not considered important to participants.

. Corereaords for low-structured collaborations are best sought at theinstitutions whose
fadli ties such coll aborationshave used.

. Detail ed records worth saving only for espedally significant collaborations acamulate with
the engineaing leacer of highly structured coll aborations.

. Detailed reords are dispersed in semi-structured collaborations without a scientific leader.

. Detailed reamrds acamulate with the scientific leader of semi-structured collaborations with
an unspedalized division of labor.

. The scientific leader of low-structured coll aborations often kegps the coll aboration’s
colledive records.

4€Core records are the small set that should be saved for all collaborations. SeePart B, Sedion Threeof
thisreport.
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FUNCTIONAL ANALYSIS OF RECORDS CREATDN*

The key functions of all scientific adivitiescan ke summarizedas etabli shing research priorities,
administration of research (including devel opment of instrumentation), the research and
development itself, and dissemination.”® We list the key functions of multi-institutional
collaborations below* and ill ustrate the processof functional analysis by providing a brief analysis
of the functions along with the categories of records creatd through these adivities. Our
illustrations have been drawn from the threefields we studied in most detail—geophysics, particle
and nuclear physics,> and spacescience. Details on these catgories of records are providedin
the next sedion of thisreport, Appraisal Guidelines.

. ESTABLISHING RESEARCH PRIORITIES

A. Nationd/Multi-Nationd Discipline Priorities
Geophysics
Establishing broad research priorities in geophysics and oceanography, asin spacescience, is done
on adiscipline level. When global phenomena sean important, priorities are worked out not only
in retional but in multi-national disciplinary organizations. This function of establishing research
prioritiesis carried out in many different arenas. In the United States, the National Academy of
Sciences advisory boards, such asthe Ocean Studies Board, the Polar Research Board, and the
Board on Atmospheric Science, are sites for the scientific community to voice their opinions
concerning broad program ideas. On an internationd scale, organizationsli ke the Internationa
Council of Scientific Unions (ICSU) and the World Meteorologicd Organizaion (WMO), along
with programs like the International Geophysicad Y ea, have helped to set goalsin the fields of
geophysics and oceanography. In ICSU, priorities for broad areas to pursue typicdly rise up
through one or more of the international unions for scientific disciplines (e.g., the International
Union of Geodesy and Geophysics), itsinterdisciplinary bodies (e.g., the Scientific Committeeon
Oceanic Reseach), or itsjoint programs (e.g., the World Climate Research Programmme). Through

4as projed archivist during our Phase Il study of space science and geophysics, Anthony Capitos made
important contributions to a previous version of this report.

“®The functional analysis can be daborated for spedfic disciplines. For example, a particular
characteristic of multi-institutional coll aborationsin particle physicsisthat they carry out functionson two lewvels.
First, each individual group fulfill sthe functionsrequired by its own ingtitution, including raising fundsfor the
experiment and, frequently, training of graduate students. Secnd, the @ll aboration as awholeisa mini-ingtitution
with an internal organizational structure headed by one, or perhaps two, spokespersons, together with group
leaders from each ingtitutional member; and, increasingly, by a more daborate structure to overseethe various
functions of the experiment—including those required by the accderator facility, from the initial proposal for
beamtime to completion of the experiment.

“*The ategories of functions have been based upon Joan K. Hass HelenWill a Samuels, and Barbara
Trippel Smmons, Appraising the Records of Modern Scienceand Technology: A Guide (Cambridge, Mass:
Massachusetts Institute of Technology, 1985.

The AIP Study examined thefield of high-erergy physics during itsfirst phase and the field of heavy-
ion physicsin itsthird phase; bath fields are included in the discipline of particle physics. We have also been told
that our findings conform to patterns in nuclear physicscollabaations.
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interadion with these groups and institutions, the scientific community promotesideasfor large
multi-institutional collaborations.

Documentation: National Academy of Sciences’ Ocean Studies Board, Polar Research Board, and
Board on Atmospheric Science International Council for Scientific Unions (its unions
interdisciplinary bodies, and joint programs), and the World Meteorologicd Organization.

Particle and Nuclear Physics

The main body to shape national planning in the U.S. isHEPAP (High Energy Physics Advisory
Panel). Commissoned by the Department of Energy, its panels and subpanels are composed of
prominent leaders of the high-energy physics community.

Another mgjor influenceon retional policy are the decalal surveys of the National Academy of
Sciences' Board on Physics and Astronomy. These reports—on particle physics and other
disciplines—focus on documenting the acampli shments of afield of physics during the previous
decale and ardlyzing the requrementsfor continued progress

Documentation: Department of Energy, High Energy Physics Advisory Panel; National Academy
of Sciences' Board on Physics and Astronomy.

Space Science

The SpaceStudies Board of the National Academy of Sciences (NAS) is charged with the
responsibility of suggesting broad areas of research in which NASA should focusits efforts. This
Board, with its sub-committees, is comprised of distingushed members of the space sierce
community. It has been both a brake on flight center plansthat seem too grandiose and an
aternative route through which scientists from outside the flight centers can campaign for
projeds.

This advisory structure does not sean to exist for the European SpaceAgency asformally asit
doesfor NASA in the United States, although the European SpaceScience Foundation’'s
European SpaceScience Committeehopesto fill the role of recommending broad areas of
reseach for ESA in the manner of the NAS SpaceStudes Board. Adviceand reviews an spedfic
projeds are consdered by the ESA Space Sience Advisory Committe€sworking groups
Documentation: National Academy of Sciences' SpaceStudies Board; European SpaceScience
Foundation’ s SpaceScience Committee ESA SpaceScience Advisory Committee

B. Individual Project Research Priorities
Geophysics
The more spedfic hypothesizing and defining of priorities takes placeas programs or projecs are
focused and shaped by the scientific community. In the caes we studied, we found two diff erent
approadhes by research scientists. obtaining funding for formal workshops (usually employed by
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“technique-aggregating” projeds) and informal gatherings (usually employed by “technique-
importing” projeds).**

In the formal workshop approad, instigators for projeds obtain support from funding agenciesto
hold workshops for interested research scientists which define the scope and methodology of the
projed, seled members of an Exeautive Committeeand an institutiond base to serve asthe
projed’s Science Management Office, along with a principal investigator (PI) to administer it, and
initiate a %t of proposasfor submisson to afunding agercy.

For the international projedswe studied, ICSU and WMO have been particularly influential in
setting up workshops and symposia, which typicaly gererate a number of workshop panels. If
projed proposalsreceave the blessng of ICSU and WMO, workshop parel manbers and other
interested scientists submit proposas to their nationd funding agercies. ICSU’ smambers—the
national acalemies—are apt to presaure funding agencies to provide support.

In the lessformal approacd, the processof establishing prioritiesfor spedfic projeds can ke
initiated wherever key research scientists get together. Medings of the American Geophysca
Union or review pands of funding agerciesare examples. Some, but not all, consortia need
funding to set themsdlves up and prepare proposds. In the tednique-importing projecs we
studied, funding agency personnel played an important role in defining the terms of consortia
formation and, in some case, later projed resach adivities.

Whether the approachisformd or informd, scientistsinvolvedin theinstigation of geophysics
and oceanography projeds should take caein documentingtheseinitial medings and workshops.
Documentation: Minutes and other records of workshops and initial meetings of consortia,
proposals to funding agencies, correspondence of program managers at funding agencies,
professonal papers of scientists.

Particle and Nuclear Physics

New multi-ingtitutional collaborationsin particle and ruclea physicsareinitiated for a variety of
reasons. However, the opening of anew accéerator fadlity and the discovery of new detedion
techniques or strategies are the most prominent stimuli to the formation of new collaborations.
Planning for new experimentsistypicadly initiated by a small core of individuals from several
institutions who seek opportunities for their credivity, their passon for leadership, or their need
to build arecord of professonal acamplishment. The core group devel ops proposak and se&s
additional ingtitutionsto flesh out the cadlaboration. Oncein place a wllaboration may extend its
lifetime by proposing future experiments that modify the origina in meaningful ways, thereby
generating a“string” of experiments. In other cases, an ideafor a brand new experiment will
emerge from one or more members of an existing experiment; this often resultsin the joining up
of some institutional members and the dropping off of others. So the cycle continues. In most

51Techniqueimporti ng projeds import, for academic resarch, establi shed techniquesfrom industrial
research or other scientific fields. Technique-aggregating projeds aggregate geophysical techniques to study, for
example, a global phenomenon. These geophysics projeds are described in more detail in Part A, Sedion One:
Historical-Sociological Findings, II.A., in thisreport.
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cases, the originators of the future experiments become the groupleadersfor their institutions and
one of the originators becomes the coll aboration’ sinitial spokesperson.

Documentation: Correspondence of spokespersons and groupleaders, professond fil es of
individuals, Physics Advisory Committeerecords, and laboratory diredors files.

Space Science

In spacesciencethe plans for a projed or misson are well-defined prior to the sledion of the
scientific staff. Until receantly, ideas for spedfic projeds or missons were typicaly generated by
scientists and engineas at NASA’sflight centers. Currently, at NASA Healquertersthere are
levels of working groups, from the discipline ientists' working groups up to the NASA
Advisory Council, which help structure and define te scopeof projeds to be promoted. These
committees are comprised of members of the space sience community, including spacescientists
located at NASA’sflight centers. It isthrough this structure that NASA'’ s discipline ientists are
able to campaign for support for particular projeds. Asideasfor new projeds are passed up
through this advisory structure, they are better defined and ideas for particular instrumentsto be
included are identified.

NASA Healquarters may ask aflight center to do a pre-phase A study under the diredion of a
lead enginee to judge the feasibility of the proposed projed. If the outcomeis postive and
funding is seaured, NASA asks thecerter to do afull-fledged PhaseA study for theinstrument
payload and asks a center or subcontractor to do a Phase B study for the spacecsft.
Documentation: NASA Headquarters discipline scientists and program nmaragers, NASA flight
center projed managers, and lead engineaswho oversaw Phas A studes (not al of whom
becane projed managers).

Onceaprojedisdefinedand funding obtained, the NASA Headquarters discipline sientist
usually becomes program scientist and a Headquarters enginee is appointed program nmarager.
Together with the projed manager at theflight center, they prepare an Annauncement of
Opportunity (AO) to be issued by the Associate Administrator for Space Science. This@
defines what types of instruments are equested for the NASA misson and what techncd
restraints these instruments must operate within. Individual teans propose their instrument ideas
to NASA Healquarters. Following a standard peerreview of the scientific meritsof the proposds
and an engineaing assessment of their feasibility, the Associate Administrator for Space Sciece
makes the final dedsion concerning which instruments will be included on a projed’s payload.
Documentation: NASA Headquarters discipline scientists and program maragers, the NASA
Associate Administrator for Space Science, and flight center project managers

For projeds of the European SpaceAgency, ideas are proposed through the agency’s astronomy
or solar system working groups which, in turn, report to ESA’ s SpaceScience Advisory
Committee The recommendations of this advisory committeeare sent to ESA’s Science
Programme Committeg which makes the final dedsion concerning which projeds ESA should
pursue. The Science Programme Committeeissues AOs for instruments for succesgul projeds.
Documentation: ESA working groups, ESA Space Sience Advisory Committee,and the ESA
Programme Committee
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II.  ADMINISTRATIONOF R& D

A. Suppot/Fundng
Geophysics
In the geophysics cases we studied, domestic funding was provided by various agencies (and often
more than one). The processinvolves submisson of proposas to discipline program naragers at
funding agencies, pea and pand reviews at the program level and—for large projeds—review at
the highest policy level, such asthe National Science Board of the NSF. To be more spedfic,
technique-aggregating projeds submit a padkage of proposds to oneor more funding agercies
where a %t of individud proposds (and, thereby, principd investigators) are lected. For the
most part the ednique-importing projeds we studiedwere supported by block grants from
funding agencies to the consortia which, in turn, selected proposds for usingthe imported
techniques; however, in two of these caes, would-beindividud uses had to submit proposds for
approval by the funding agency. Finaly, we note that consortia arefunded, in part, by institutiona
members.
Documentation: Consortia standing committees and subcommittees, program managers and
proposal files at funding agencies, and professond files of principa investigators. Additional
documentation, at higher levels not dedt with by our study, will be found in the records of
university administrators, records of the Office of Management and Budget, and records of the
U.S. Congress

Particle and Nuclear Physics

The coll aboration asa whole submits a proposa to anacceerator laboratory. The proposa isan
official request for alocation of acceerator beamtime and includes plans and goal sof the
experiment. Proposals are reviewed, often extensively, by the laboratory’ s Physics Advisory
Committee (PAC) which then makes its recommendations to the laboratory.

Documentation: Physics Advisory Committeerecords, proposalsto laboratories for experiments,
and Memoranda of Understanding and other contrads between laboratories and collaborations.

The funding for experimentsistypicdly aoquired through proposals from ead institutional group
in the coll aboration to one of two funding agencies for the discipline, the National Sience
Foundation (NSF) or the Department of Energy (DOE). This procedure gives university
departments the abili ty to marage the adivitiesof their faalty membersin acordancewith the
needs of their graduate students and the demands on their laboratory and shop fadlities. The
exception to this pattern is that major funding for the largest detedor experimentsis often provid-
ed by the agency to the accéerator laboratory rather than to individua ingtitutional teans. A
separate officemay be set up at the laboratoriesfor these experiments. This procedue strengthens
the ability of the accéerator laboratories to manitor the expenditures and adivities needed to
crede such detedors.

Documentation: Proposals submitted to DOE and NSF, proposd fil es of principa investigators,
other proposals and reports, and laboratory diredors' files.

Space Science

NASA spacescience projedsthat are sufficiently large or are part of large programs are funded
through dedicated line-items of the NASA budget and faceannud reviewsfrom the Congressand
the Office of Management and Budget. Smaller spacescience projedsfall into the Explorer
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program, an annually approved budget line item that does not spedfy a particular projed, and
leares the dedsion asto which projed to fund with NASA’s Associate Administrator for Space
Science Since NASA is both the funding agency and the planning agency, these processes occur
concurrently. The most detailed budget records concerning the funding dedsi on-making process
would be locaed at NASA Headquarters with the program manager responsblefor theindividua
projed.

Documentation: NASA Headquarters program managers, NASA Assciate Administrator for
SpaceScience Additional documentation, not dedt with by our study, will be found in the
records of university administrators, records of the Office of Management and Budgget, and
records of the U.S. Congress

The European SpaceAgency’ s budget is approved in five-yea intervals, thus removing the
concern of yealy appropriations for aprojed. Thisfunding is used for the construction of the
gpacecaft itself. The individual instruments for an ESA projed are funded by the appropriate
government agency of the country whose sientist is chosen to provide theinstrument, not ESA
itself.

Documentation: Funding agencies of participating countries, professonal papers of principal
investigators (Pls), and with informational copies commonly sent to the relevant projed marager
at ESA’sflight center, the European SpaceResearch and Tedhnology Centre (ESTEC).

If a European experiment isincluded on aNASA projed, the European country pays for the
construction of the instrument, much as for an ESA projed. This processalso worksin reverse
for American investigators included on European projeds. No money is exchanged between
countries during these international projeds; therefore, the records concerning the funding of an
international projed will be in multiple locations.

Documentation: (For NASA instruments) NASA Healquarters discipline scientists, (for European
instruments) funding agencies of participating countries, professonal papers of principal
investigators. If the instruments are part of aNASA misson, there would be funding records with
the Headquarters program manager respongblefor the projed; for ESA missons, these docu-
ments would be with the projed manager at ESTEC.

B. Saffing
Geophysics
Staffing of geophysics and oceanography projedsis most visible in records of workshops and
consortia and the subseqguent funding process Workshops and consortia seled committees and
science administrators; proposds, asaminimum, identify principa investigators and, often,
prospedive tean members. Dedsionsto fund proposads are mace at various levelsof funding
agencies or by committees of consortia. Additional information on staffing of projeaswould bein
the records of chief administrators, staff scientists, and papers of principd investigators.
Documentation: Workshop and consortiareoords, Science Working Groups and consortia
committees, funding agencies, chief administrators, and professond files of principa
investigators.

Particle and Nuclear Physics



PART B-TwO: FUNCTIONAL ANALYSIS 121

Prior to the submisgon of the proposal to the laboratory for beamtime, ingtitutional membership
on acollaboration is determined by the original core group of principa investigators (PIs). In the
course of reviewing proposds, the PAC or laboratory direcor may presaure the proponents of
similar proposalsto resubmit a unified proposa (the so-called “shotgun marriage”) or may insist
that the proponents of a proposa find addtional coll aboratorsin order to haveenough resources
to cary out all the proposed work.

Documentation: Correspondence of spokespersons and groupleaders, Physics Advisory
Committeerecords, and laboratory diredors files.

Dedsions regarding which individuals (physicists, postdocs, graduate students, etc.) should staff
the experiment are mace by ead institutiona groupleader.

Documentation: Correspondence of spokespersons and groupleaders, professond fil es of
individuals, and Physics Advisory Committeerecords.

Space Science

Experiment (instrument) teams are formed to respond to individual AOs from NASA Heal-
guarters; at their core ae dalde groups d scientists developinginstrumentswith grant support.
The co-investigators are slected by the principd investigator for the additional designing skill s,
scientific badkground, or the prestige that they can kring to theexperimert team.
Documentation: Professonal reaords of principal investigators.

C. Organization and Management
Geophysics
In technique-importing projeds there would normadly be a consortium responsible for appointing
standing committees (or one with subcommittees responsible for separate aspeds of the projea).
These advise or dired projectexeautives. A consortium in these projeds proceedsin ane of two
ways: (1) it creaes an arenain which institutions can participate asequals even when aneamong
them is made responsible for administration, or (2) it creaksa rew independent, freestanding
entity in which the involved institutions can vest responsibili ties that they do not want any extant
member institution to dominate. The technique-importing projeds need to operate far longer—in
order to apply the technique to many objeds of curiosity—than the technique-aggregating
projeds. They therefore adopt amore aureinstitutional base and more formal chan of com-
mand. Projed exeautivesinclude an Exeautive Committeeanda dhief administrator. Another key
position at some projed headquartersisthat of staff scientist.
Documentation: Consortia headquarters records, recrds of federal funding agencies, and
professonal files of principal investigators.

Tedhnique-aggregating projeds unite mutiple, independent principd investigators who form a
Science Working Group (SWG) that, in turn, seleds members for an Exeautive Committee In
these projeds, there would typicdly be amodest Science Management Office run from an
institution and under the diredion of one of the principa investigators with grant funds to spend
on coordinating logistics for the principal investigators.

Tedhnique-aggregating projeds, ascompared with technique-importing projeds, usudly have a
more ad hoc, informal ingtitutional base in order to maximize self-governance The SWGs for
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these projeds are critica in managing what isintringcdly colledive to the desgn of the projeds,
such asthe dl ocation of spaceandthe tradk of oceanographic research vesses, the distribution of
core samples, acommon data processng dgorithm for combining data streams from several
individual instruments, and protocolsfor comparing data ses obtained by deploying several
techniques at the same dite. Thatis usidly thelimit of power dlotted to aprojed’s Sciernce
Working Group, although—for example—the Exeautive Committeeof the working group might
be called on at times to add a judgment of projectrelevance to the proposds to funding agencies.
Therest isleft to the discretion of individud principd investigators.

The Science Management Office (SMO), under the diredion of its principal investigator, is
responsible for the logistics of technique-aggregating projeds. The office provides techricd infra-
structure and gets people and their equipment to the site where they cantaketheir data. While this
ischalenging in al cases, it is particularly so for ship-based oceanographic projeds as compared
to land- and spacebased geophysics projeds. SMOs area so responsble for creding centrali zed
data management systemsto fadli tate exchanges of data streans and to mantan projed-wide
data bases. They also organize post-field-work workshopsfor intra-projectexchanges of preimi-
nary findings, which—among other things—often inspire joint data ardyseseff orts.
Documentation: Science Management Office s principal investigator files including records of the
Science Working Group and its Exeautive Committee

Particle and Nuclear Physics

While the outline of the experimentd planis coveredin the proposa of the whole calaboration to
the acceekrator laboratory, numerous dedsions on detal sfollow its approva . One maor cakegory,
assgnments of responsibili ty for development of detedor components, may involve written
agreaments between ingtitutional groups and with the acceérator laboratory. Later detall s,
modification of plans, work schedules, etc. would be made by or reported to the calaboration as
awhole. Progressreports are submitted to the laboratory and funding agencies.

Documentation: Physics Advisory Committeerecrds, MOUs and other contrads between
|laboratories and collaborations, intra-coll aboration maili ngs, and, in some cass, Accekrator or
Reseach Division files.

Space Science

The Science Working Group (SWG), which is comprised of the principal investigators involved
with aprojed and chaired by the projed scientist, establishes the detail s of the scientific strategy
for aparticular projed. These groups have been espedally important in establishing the scientific
priorities for planetary encounters and for astronomicd satelli tes with relatively low orbits and
thus short operating potential.

Documentation: NASA flight center projed scientist.

The engineaing of theentire gacecaft fal sunder the responsbility of the project manager. The
projed manager hasthe final word on all budgetary and technicd problems oncethe projed is
under development, except for appedsto the program scientist.

Documentation: NASA flight center projed manager.
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Although NASA prefers a particular method for starting spacescience projeas with predefined
roles and responsibilities, not al projeds are started through traditional channels and international
projeds require flexibili ty in the participating agencies. For these reasons, the scope of
responsibility for the projea manager, the Science Working Group, and the experiment teans hes
to berefined as eadth projed isinitiated. In particular situations, the projed manager may have
little involvement in the overall projea design or the Science Working Group may have little
voicein changes in engineeing options.

Documentation: NASA flight center projed manager and projed scientist.

lll. RESEARCH AND DEVELOPMENT

A. Instrumentation
Geophysics
Reseach and devd opment of instrumentation for acagmic geophysicsmostly takes placein
geophysicd reseach ingtitutes, which maintain engineaing staffs to servicethe fadlities they
provide their research staffs. Universty departments of geophysics or geology usudly do not
have the research and devel opment laboratoriesand madine shops to support design and
construction of instrumentation. However, the body of instrumentation avail able for academic
geophysicd reseach is supdemented by the eff ortsof commercia interests (e.g., oil exploration
companies) and governmentd functions (e.g. detedion of nuclea wegoons tests) to deve op
instrumentation that university geophysicists may parasiticaly use or adapt for their purposes.
Documentation: Records of consortium Exeautive Committees awell as other standing
committees (and subcommittees where they exist). Reoords of projed Science Working Groups,
administrators of the Science Management Offices, and other principal investigators.

Particle and Nuclear Physics

Between approval and dissemination of resarch results, there aiethreemajor stagesin
experimentsin particle and ruclea physics. (1) the desgn, construction, and testing of the
detedor’s components, (2) assembly, integration, and testing of the detedor and data callection
at the laboratory, and (3) data andysis. Collaborations assgn respongbility for design and
construction of detedor components, including software to processthe signals put out by the
components, to institutional members. The responsible physicists usualy design and build their
components in the laboratories and macdine shops of their home institutions with only occasional
subcontrads for materials or devicesthey can neither buy from a supgier nor make themselves;
software is aways written in-house. When a coll aborati on anticipates that componentsfor an
experiment will be tricky to integrate, the coll aboration adively coordinates the substantive
development of the components; when integration appeas straightforward, the @llaboration as a
whole tendsto limit itsinterest to the performarnce, schedue, and cost of deve oping components.

Documentation: Papers of groupleaders, intra-coll aboration mali ngs, technica records of
collaborations, (including experiment [or “running”] logbooks, computer programs and software)
Ph.D. theses, and, in some case, subcontrading records.

Space Science
The function of designing and constructing instruments takes placeat the experiment (i nstrument)
tean level. It isthe principal investigators and members of their team who are responsible for
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carying out thisfunction. Projed management is lessconcerned with the design of theinstrument
than its eledronic requirements and integration with the spacecaft. The principal investigators
have the option of building the instrument at their reedive fadlities or contrading out the
construction of particular instruments or portions of instruments. It isimportant to note that the
development of most instruments used on NASA projeds was funded ealier by NASA basic
reseach grants administered by discipline scientists.

Documentation: Principal investigator profesgonal records, NASA Healquerters discipline
scientists.

Theintegration of the instrumentsinto the spacecaft falls under the responsibility of the projea
manager. Most projeds have an interfacecontrol document, which defines the way the
experiments will be interfacead with the spacecaft. In some NASA projeds the projed managers
have appointed instrument maragers to ded with the principd investigators on instrument-
gpacecaft interfaces. In European projeds, aprojed manager may appoint a“payload spedalist”
to serve agmilar function.

Documentation: NASA flight center projed managers and instrument managers, ESTEC projed
managers and payl oad oecidi sts.

B. Gatheringand Aalyzing Data
Geophysics
While preliminary plans for gathering and analyzing data ae gelled out in proposds, the more
detailed plans are devel oped by individua principd investigators and consortium administrators of
technique-importing projeds and by ScienceWorking Groups (madeup of dl principa
investigators) and Science Management Office administrators of tedhnique-aggregating projeds.
Virtualy all principal investigator teams keep logbooks on the data-gathering techniques they
employ (instruments, locaions, and so forth) that provide the metadata necessary for data
analysis. The data gathered by the case studied by the AIP included eledronic data, cores (of ice,
of sediment) and water samples.
Documentation: Consortium administrators, including staff scientists; Science Management Office
(Science Working Groups and administrators); professonal files of principal investigators; and
databanks.

Particle and Nuclear Physics

A collaboration colleds data during “runs’—periods when the acceerator |aboratory operates the
accderator for the coll aboration’ sberefit. Data ae taken aroundthe dock, and everyone in the
collaboration is responsible for taking shiftsto keep tradc of the performance of beam and
detedor. Advancesin eledronic circuitry and computer software hae stealily increasd
collaborations' abilitiesto filter out signalsthey are not interested in, and to colled larger sets of
signalsthey are interested in. Sophisticated data andyses are performed “off line” afterthe dda
are colleced. Often graduate students and postdocs have worked on data analyses at the
accderator laboratory, where they enjoyed the stimulation of ead other’ s eff orts and the benefits
of more powerful mainframe computers (before the power of PCS rendered manframes
obsolescent). Dataardlysis i caried outincreangly at the homeingitutions.

Documentation: Intra-collaboration maili ngs, technicd records of collaborations—including
experiment [or “running”] logbooks, other logbooks, raw data tapes and data summary tapes,
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computer programs and software, and other scientific data—and Ph.D. theses.

Space Science

Until recantly, the function of gathering and analyzing data hes been the doman of theindividua
experiment teams. Instruments were buil t and data were processed with no onebeing able to

make use of the data without the cogoeration of original invegtigators; data streamns were
combined at the discretion of the principa investigators. Presaurefrom other scientists wanting to
accessdata or use instruments has encouraged a trend towards more user-oriented projeds,

which impose standardized data processng that endles outsde users & well as the origind
investigatorsto extrad reliable results.

Documentation: Professonal reaords of the principal investigators.

V. COMMUNICATING AND DISEMINATING RESULTS

Geophysics

In most cases, collaborations in geophysics and oceanography require that ead team produce an
article to be published with the others as a set—often as a spedal issue of a sciencejournal.
However, collaborations do not control the content or author lists of publications. Instead, it is
the principal investigator of ead experiment who isin control of the team’s data and publications.
Members of other teams must obtain permisson of the principal investigator to use the data; in
such cases, it istraditional that the principa investigator be asked to review the draft publication
and be listed as an author. If amember of their own tean prepares an article for publication, it is
customary for the principal investigator to review the article and be li sted asan author. The
inclusion of other members of the team as authors varies from case to case. Arrangements for
making oral presentations are typicaly even more informal, although principal investigators would
usually be aware of their team menbers plans.

Documentation: Chief administrators at consortiaand Science Management Offices, professonad
papers of principal investigators and other team members, and pressreleasesnd other public
affairs materials.

Particle and Nuclear Physics

Communicaion of research results becomes increasingly formal over time. Theinitial presentation
of reseach results may well be an ord report givenat the acceérator laboratory to ted readions
to the findings. Subsequently, collaboration members will seled individualsto make presentations
at various professonal meeings or topica conferences; usualy some kind of balanceis struck
between giving the young professonds the danceto show themslves egedally atregional or
national meeings) and having the senior physicists make the more visible presentations at
international conferences. Submisson of articlesto refereed journalsis often a drawn out process
with drafts reviewed by ead member of the collaboration. Through dl of this there will be
informal, sometimes crucial interchanges between individuals on the coll aboration and outsde
colleagues.

Documentation: Intra-collaboration maili ngs, correspondence between spokespersons and group
leaders, profesgonal files of individuals, papers prepared for publicaion or for talks, and—for
accessto afull range of publicaions—High Energy Physics databases maintained at the Stanford
Linea Accderator Center.
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Space Science

In spacescience, the communication and dissemination of resultsis not controll ed by the entire
projed, but by individual principal investigators for their own teams. While in some teams topics
are assgned, in most case the principa investigator is aware of the work being doneby team
members and there are no red requirements about who within the tean spedficaly takes the lead
in drafting on what topic. In space sierce, part of the“rules of theroad’ isthatitis the
responsibility of ead principal investigator to negotiate wider use of the tean’s data and
arrangements for listing authors on publications that result. These issues may be discussed by the
projed’s Science Working Group.

Documentation: Professonal reaords of principal investigators, NASA flight center projeca
scientist.

At the completion of the projed, NASA requiresthe principal invegtigators to processtheir data
for placanent in the National SpaceScience Data Center for use by others. Inrecet yeasthe
quality of the metadata that make the data accessble to others has gredly improved, so that—for
most users and most applications—it is no longer necessary for outsidersto contad the principa
investigator in order to fully understand the credion of the dataandany pecuiaritiesthey might
have. Exceptions are in cases where unusual or subtle detail s are needed from the data, such asin
high-energy astrophysics, whereit isimportant that users contad the principal investigators who
understand the instruments and, therefore, the data.

Documentation: Records of the National SpaceScience Data Center, records of experiment
principal investigators.
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APFRAISAL GUIDELINES

I.  INTRODUCTION?

During the long-term AIP Study of Multi-Institutiona Collaborations, projed staff examined the
disciplinary areas of geophysics (including oceanography), ground-based astronomy, materials
science, medicd physics, particle and ruclea physcs, space sience,and one cdegory we named
computer-mediated collaborations. Thissedion, Appraisd Guiddines, is organizedadong the
samelines. It isbased on anumber of sources: (1) the archival assesnent of over 450interviews
conducted on realy 60 collaborations selectedas our casestudes, (2) the patterns uncovered
through the historicd and, in part, the sociologicd analysis of these interviews; (3) numerous Ste
vigitsto federal scientific agenciesand to the Nationd Archivesand Records Administration; (4)
countlessste visits to archivd repostories, and (5) the AIP Center’s gererd knowledge of
archival ingtitutions in various settings. We suggest thatthese gppraisal gudelinesbereal in
conjunction with the Typology, Functional Analysis, and Projed Recommendations sedions of
this report.

The purpose of our appraisal guidelinesisto asgst archivists and others with responsibili ties for
seleding records for long-term preservation. Appraisal guidelines are not fixed rules; they are
informed recommendations that require interpretation by those who seled recrds. The
guidelines are based on a decale of field work by the projed staff of the AIP Study of Multi-Insti-
tutional Collaborations. Overall, we have endeavored to takeinto acount future reeds of
scientists and administrators in science policy and management, aswell as historians and
sociologists of science

We remind our reackrs that appraisa guidelines require unending revision. As the processof
collaborative reseach changes (and we have seen such changes in collaborations snce the 197Gs),
the kinds of evidence needed will be dtered. Equaly important, theformats of theevidencewill
change. Most of the recrds described in these guidelines are paper files, but thereisa marked
shift towards eledronic records. Many records (such ascorresponderce, logbooks, and a variety
of other files) are widely creaed in eledronic formats; archivists are experimenting with ways to
retain these records in eledronic format for future use by historians and others.>® In recent yeas,
Web pages—covering projed staff, progressreports, and much other material on individud
collaborations—have become particularly visible. We need to watch new technologies and try
new solutions for seauring adequate documentation.

52Lynn Maloney and Anthony Capitos (who bah held the positionof projea archivist) made substantial
contributions to previous AlP Study’s Appraisal Guideli nes—for high-erergy physics (Phase |) and for space
scienceand geophysics (Phase I1), respedively.

3The retention of e-mail and other eledronic recordsis an issie which many archivistsare airrrently
grappling with. See for example, Phili p C. Bantin, “Developing a Strategy for Managing Eledronic
Rewrds—The Findings of the Indiana University Eledronic Recrds Projed,” American Archivist 61 (Fall 1998,
pp. 328364. Note also that the May/June 2000issue of Archival Outlook included areport (p. 18), “NARA
Agreament with NSFGives Impetus to Eledronic ArchivesR&D.” In it, the Archivist of the United States, John
Carlin, announced that “we are on the verge of a major technological breakthrough for the preservation of
computer-generated records.”
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These guidelines addressrecords creaed by multi-institutional groupsthat participate in
collaborative reseach projeds. Also, for the fields of geophysics and spacescience, we have
included records of groups that set national and international policy. Outside the scope of these
guidelines are the records creaed by other adivities at the government laboratories, universties,
and other ingtitutions involved, and by other adivities of individual scientists. We recommend
different appraisal guidelines for these materials.>

In our appraisal guidelineswe am toidentify for long-term preservation anly asmadl fradion of
the records creaed by multi-institutional collaborations. The AIP Center for History of Physics
has long been aware that archival preservation istoo costly to save records indiscriminately.

Finally, these guidelinesreflea two of the purposesof the AIP Study: (1) to identify asmall set of
core recrdsthat should be permanently preserved for al collaborationsin a given disciplinary
field, and (2) to distinguish the wider array of documentation that should be preserved for seleded
experiments—those that are of major scientific significanceand, if possble, some that are of
spedal value because they can serve as typica or represertaive d aperiod or caegory of experi-
ment—and that, therefore, will be of high interest to future historians, sociol ogists, and other
users. Heredter, these seleded experimentswill be referred to as“significant.” Action
medanisms for identifying these experiments areincluded in our Project Recommendations

II. GENERAL APPRAISAL GUIDELINES

A number of categories of records are common tomany or dl of the calaborative reseach
projedsin thefields studed by the AIP projed. These cdegoriesinclude proposd filesof federal
funding agencies, audio-visual materials, Ph.D. theses, subcontrading records, eledronic scientific
data, Web site records, other institutional records, and pagers of individua scientists.

A. Propacsal Filesof Federal Fundng Agencies
Federal funding agencies are responsible for supporting virtually al collaborative reseach in the
disciplinary areas studed by the AIP Study. Esential, core dacumentation can be found in
proposal files. The award “jackets’ (as the Nationd Science Foundation cdls them)include
proposals with budget requests, pea and pand reviews, any sgnificant correspondernce
concerning a projed, and progressand find narrative and fiscal reports. In addition, we found that
some program managers at funding agencies played an important role in defining the terms of
consortium formation and, in some case, later projed resarch adivities.

Federal funding agencies should save proposd filesfor dl succesgul proposas a well as the
records for the (relatively few) unsuccesgul proposals that stimulate significant debates or
controversies. In addition, correspondence of program managers adively involved with projed
reseach adivities should be preserved. Thes records should eventudly be transferred to the
National Archives.

4SeeHass, Joan K., Helen Will a Samuels, and Barbara Trippel Smmons, Appraising the Records of
Modern Scienceand Technology: A Guide. (Cambridge, Mass: Massachusetts Institute of Technology, 1985, and,
also, Joan N. Warnow with Allan Needell, Spencer Weart, and Jane Wolff, A Sudy of Preservation of Documents
at Department of Energy Labaratories. (New York: American Institute of Physics, 1982.
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B. Audio-Visua Materials
Photographs and, in some cass, videotape recordings help capture the \various stagesof multi-
institutional collaborations; we believe most archival and records management programs will want
to preserve a ®ledion of these materials toll ustrate call aborations, wheter they be significant or
representative. The seledion might include scenes of people building detedor components,
collaboration members with instrumentation or during meeings, and a variety of other adivities.
The AIP Center for History of Physics will be pleased to make copies of a few especidly
informative images for its Emilio Segre Visual Archives.

C. Ph.D. Theses
We make note that Ph.D. theses provide valuable documentation on instrument development and
software design and analysis in disciplines where graduate students are assgned much of this
work. Thisisthe cagin particle physics, but dsoin pre-coll aboration grantsin geophyscsand
gpacescience. Thework of graduate students is documented in some detail in Ph.D. theses. All
theses are availablefrom Universty Microfilms, Inc. and university libraries or archivestypicdly
preserve Ph.D. theses submitted to their universty. To make thesesfor a given experiment/projec
more accessble, the PIs (principa investigators) should compile a listing with the following infor-
mation on ead thesis: author, title, advisor, degree degreedate, and institution.

D. Sulrontracting Records
When appraising records of significant collaborations, archivists should be on thelookaut for sub-
contrads involving substantial or innovative reseach and devel opment. While it is the case thet
the coll aborations seleded for the AIP Study only occasionally subcontracted a this level, we
have been told that more recent collaborations tend to involve subcontradsto industry for
substantial research and devel opment. In such case, the laboratory or universty which has the
responsibili ty for monitoring the subcontractor would have a st of filesand technica reports.
Where substantial or innovative research and devel opment is subcontraded to industrial and other
institutions, an adequate record of policy, administrative, and technicd adivities should be pre-
served.

E. Eledronic Sientific Data
The AIP Study did not make special €ff orts to appraise dedronic scientific datarecords
espedally when we leaned through meeings of our Working Groups that they were not useful
for research pumoses by historians and other scholars. Newertheless we ae aware that these data
are important for long-term scientific purposes in several of our fields—in particular geophysics,
medica physics, and spacesciences.> In other fields, where data ae not useful for long-term
purposes, we recommend that data records should not be kept permanently except in limited

%5 For those disciplines where dedronic data are of permanent value, the data should be provided by the original
users with adequate metadata to make them of value to semndary users. The preparation and retention of data
should foll ow the recommendations of the National Research Council’sreport, Preserving Scientifi ¢ Information
onour Physical Universe: A New Strategy for Archiving Qur Nation's Scientifi ¢ Information Resouce. Report of
the Seaing Comnitteefor the Sudy on the Long- Term Retention of Selectd Scientific and echnial Records of
the Federal Government (Washington, DC: National Research Council, 1995.
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guantities for exhibit purposes or under spedal circumstances; we elaborate on these recordsin
our sedion on particle and ruclea physics, I11.F.3.d, below.

F. Collabaration Web Ste Records
Multi-institutional collaborations are increasingly making use of Web stes asan effedive means
of communicating with their members. Records placel on publicly accessble parts of
collaboration Web sites typicdly contain lists of participants, summaries of the experiment’s
strategy, and summaries of the design of itsinstruments. Interviewees have dsospoken of initial
and final designs of instruments (or detedor components and the detedor’ s overall design) as
being on the Web along with eledronic-media discussons that went into producing the final
designs. Some sedions of collaboration Web sites may be accessble only to coll aboration
members. Early adion will be neaded to seaure a permanent record of selected portionsof a
collaboration’s Web site; we suggest that Web site administrators seekthe input of archiviststo
acomplish this. For important details, seePart A, Sedion Two: Archival Findings, Il .A.

G. Other Eledronic Records
Collaborations that are consdering the transfer of their records to eledronic format should be
advised that the dedronic records managemert community recanmends magnetic storage over
opticd storage for long-term retention purposes. One of the coll aborations among our cas
studies was committed to putting its records on acompad disk. Theintentions were
laudable—i.e., to increase the quantity and accesshili ty of information being ddlivered to the
funding agency. Unfortunately, CDS are not archival; they will be unreadable within afew yeas
unlessthere isa concertedeffort on the part of thefunding agency to migratethe datato new
technologies.

H. Collabaration Rewords of Participating Institutions
Proposals, narrative and finarcid reports, and summaries of ead of the callaboration’s
groups/teams should be kept for sgnificant experimentsin the achivesof the participating
universities and national fadlities (i.e., DOE National Laboratories, NSF National Observatories,
etc.). They provide a deaer pictureof significart collaborations from the perspedive of
individual ingtitutions. In addition, some proposal files at thehomeinstitutions will i nclude
valuable documents not held elsewhere.

Many universities have grants and contrad offices that retain contrads, including proposas and
budgets, negotiations, interim reports, and changes in contrads; these records for significant
collaborations should be transferred to university archives. At the national fadlity level, staff who
constitute a group/tean on a callaboration submit formal requests for funding along with detail s
on staff, equipment, past progress proposed plans, etc.; these records, dong with yearend
budget reports, should be preserved in the laboratory archives. Finally—in cases where the
National Laboratoriesrecave dired support from the DOE to cover costs of mgjor detedors for
asignificant multi-institutional coll aboration—detail ed narrative and finarcia reports should be
preserved at the laboratory dong with correspondenceand recrdsof any sitevisitsby the
funding agency. In these case, thecentralization of management required by the large hudgets
involved gives the DOE Nationa Laboratory greakr respongbility and authority than the
individual groups in the coll aboration.
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|. Papers of Individud Scientists
To document significant collaborations (aswell as carees of distinguished scientists), archivists
and records officers should place hehighest value on the papersof Plsand otherleadersof multi-
institutional collaborations. Papers of these scientific leaders are prime locations for
documentation of a number of topics, including detail s of staffing, plansfor data gathering and
analysis, and use of the databy coll aboration members. The pagrswill typicaly contan
proposals, personal notebooks, and correspondence with other collaboration leaders and with
funding agencies. In cases where the scientific leader was also an instigator of the coll aboration,
the files may provide especidly uniquedocumentation of theinitial thinking and ealy plans of the
projed. When individual scientists have been leaders of significant collaborations or have
regularly played alealing role in important reseach, the records of their participation should be
saved (whether or not thefull range of papers documenting their careesmerits archiva
preservation).

lll. FIELDSSTUDIED BY AIP
A. Geophysicsand Oceanography

The scope of these guidelinesis records creaed by multi-institutional groups who set national and
international policy and groups who participatein coll aborative resarch projedsin geophyscs
and oceanography.

1. Policyand Planning Records

a. Reoords of the Nationd Academy of Sciences' Ocean Studes Board, Polar

Research Board, and Board on Amospheric Séence

In the United States, the National Academy of Sciences advisory boards like the Ocean Studies
Board, the Polar Research Board, and the Board on Atmospheric Scienceare stesfor the
scientific community to voicetheir opinions concerning broad program dees. The impad of
reportsisaied by these boards in geophysics and oceanography is particularly strong when
relevant proposals are being considered by funding agencies. In addition, the National Academy of
Sciences—Ilike its counterparts in other countries—is a member of the ICSU (International
Council of Scientific Unions); acordingly, the Academy usually influences the international
programsthat emerge through workshops instigated by ICSU.

The National Academy of Sciences should continue to save records of its Ocean Studes Board,
Polar Research Board, and Board on Atmospheric Scienceas part of the Academy Archives. The
records should include minutes, badground papers, reports, and correspondence Location:
National Academy of Sciences.

b. Reoords of the Internationd Courcil for Scientific Unions and Reaords of the World
Meteorological Organization

|CSU playsamajor role in establi shing broad reseach godsin all areas of the sierces. In ICSU,
ideas for research programs typicaly rise up through one or more of itsinternationa unionsfor
scientific disciplines, itsinterdisciplinary bodies, or itsjoint programs. In the projeds we seleded
for study, ICSU joined with the WMO (World Meteorologicd Organizaion, a United Nations
spedalized agency) to provide support for organizing symposia on likely areas for research
projeds. When symposia generate promising plans, theinstigators petition ICSU and WMO, who
jointly deade whether or not to creat a program dfice From thisofficea program nmarager will
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appoint symposium leadersto a steeing committee The program manager and steaing
committeetogether search for a scientist to be“seconded’ to the WMO for the purpose of
heading an international SMO (which may or may not be physicdly locaed at the WMO).

| CSU should continue to save, as part of the ICSU Archives, remrds documenting support for
symposia, workshop pardls, and subsequent program administration medings held with WMO.
At WMO, the records of the Diredor of the World Climate Reseach Programme should be
preserved and eventually transferred to the WMO Archives; these records should include minutes
and reports of the steering committeeand projed workshops, and correspondencewith—and
other records of—theinternationad SMO. Locations: ICSU and World Climate Resarch
Programme, respedively.

2. Core Rewrdsto be Savel for All Collaborations
Welist core records here for consistency of reporting. However, in the field of geophysics, all
large coll aborative projeds are considered dgnificant. The reader should bea in mindthat most
geophysics reseach has beenr—and continuesto be—carried out without multi-institutional
cooperation. Because there have been relatively few large, multi-institutional collaborations
during our period of study (i.e., projedsthat began operations between the late 1960 and the late
198@s), we have felt no need to offer guiddinesfor identifying the most significant coll aborations.
Instead, we recommend that additional records (see3, below) should be saved for al large
collaborations over and above the core records described here.

Proposal Filesof Federal Fundng Agencies
In the geophysics cases we studied, technique-aggregating projeds submitted a padkage of
proposals to one or morefunding agercies where aset of individud proposds (and, thereby, Pls)
were seleded. For the most part, the technique-importing projeds we studed were supported by
block grantsfrom funding agercies to the consortiawhich, in turn, seleded proposds for usng
the imported techniques, however, in two of these caes, would-beindividud uses had to submit
proposals for approval by the funding agency. The proposal processfor larger projedsin
geophysics involved review at thehighest policy levd, such as the Nationd ScienceBoard of the
National Science Foundation. Funding agenciesthat supported geophyscsand oceanographic
projedsincluded in our study were the National Science Foundation, National Oceanic and
Atmospheric Administration, United States Geologicd Survey, and the National Aeronautics and
SpaceAdministration. For details, seeGeneral Appraisal Guidelines, Il .A, above. Locaions.
Relevant funding agencies.

3. Additional Rewrdsto be Saveal for All Large Collaborations

a. Consortium Headquaters Records
In consortia, it isthe standing committees (and subcommittees where they exist) that tacle the
most important issues such as determining the designs and spedficationsfor instrumentation,
staying abreast of industrial data-aaquisition techniques, reviewing plansfor deploying
instrumentation, and—in most cases—determining the research done with the technique.

There is an Exeautive Committeefor ead consortium. Itsimportance at the nception of projeds,
during which projea boundaries and ground rulesare cebated, is consistently high; during later
periods of projeds, the role of the Exeautive Committeehas varied. The administrative head of
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eadt technique-importing projed is a geophysicist called chief scientist, director, presdent, efc.
Their importancein terms of administrative and intellecua power has varied. One consi stent
responsibility of the administrative head has been to deve op formd rulesfor formatting data,
curating samples, and publi shing both preiminary, de<criptive findings and avolume of refined,
analytic findings. A “staff scientist” works with ead scientific party to insure that rules are
followed, to serve asliaison between the ientific party and both the asssting projed enginee's
and the chief administrator at projed headquarters, and to fadli tate communication and
distribution of samples following data aaqyuisition. For consortia that edablish a projed
headquarters, the headquarters may be a rew freestanding entity or an office d an ingigator’s
home ingtitution.

Historicdly valuable records of consortia headquarters should be preserved. These records would
include files of the standing committees (and subcommittees), the Exeautive Committee and
administrative heal of the consortium (chief scientist, director, presdent, etc.), and staff
scientists. Where a consortium headquartersis attached to an acalemic ingitution, the most
appropriate repository for its recrds would be the acaegmic achivesof theingitution with which
it is affili ated. Funding agencies should fadli tatethese arangementsthrough thecontrads for
consortia made with these ingtitutions. If these arrangementsfail, the records of the consortium
should be offered as a gift to the Archivist of the United Statesand the Nationa Archivesand
Reoords Administration. We exped documentation for the largest or most controversal projeds
will aso be found in the records of the acaemicinstitution’s administrative and contract and
grants offices. Where consortia hreadquarters are at new, freesandingingitutions creaed for the
projed, the records should be off eredasa gift to the Archivist of theUnited States andthe
National Archives and Records Administration.*® Again, the funding agencies should fadli tate
these arrangements. L ocations:. In the records of the relevant Consortium Headquarters.

b. Science Management Offices
An SMO, under the administrator (who isoneof the PIs) is respongble for the logistics of
technique-aggregating projedsin geophysicsand oceanography. Other respongbili tiesinclude
data management systems and post-field-work workshops. A ScienceWorking Group (SWG),
made up of all the PIs, and its Exeautive Committeemanage what isintrinsicdly colledive to the
design of the projed.

Reaoords of the administrator of the SMO and of the projed’s SWG (andits Exeautive
Committed), including minutes of medings and reports, should be preserved. In al cases, the
most appropriate repository for these recrds would be the archives of theinstitution with which
the SMO is affili ated. Funding agencies should fadli tatethese arangementsthrough thecontrads
for SMOs made with these institutions. Locations: In the records of the relevanté&Scien
Management Office

°%The National Archives hasindicated itswilli ngnessto consider such acquisitions on a case by case
basis.
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c. Sientific Data
Most of the data are dedronic in format and observational in charader; these are both raw and
processed. Their usefulnessfor long-term scientific purposes is unquestioned.

B. Ground-based Astronomy—Observatory Buil ders®

Like particle accekrators, observatoriesare mgor—andvery expensve—resarch fadlities. Few
are built in any one decale and ead is esentially unique. Consequently, we take the postion that
ead telescope-building collaboration should be categorizedas significant with sibstantial
documentation permanently preserved.

1. Core Rewordsto be Saved for All Collaborations
Welist core records here for consistency of reporting. However, in the field of ground-based
astronomy observatory builders, al projeds are consdered sgnificant. Addtiona records (see2,
below) should be saved for all collaborations over and above the core records de<ribed here.

a NSF Grant Award Jackds
In any case where NSF funded some fradion of an observatory’s design and/or construction, its
proposal jadket provides valuable documentation; e.g., refereereports give a ense of the
community’ sresponse to the plans. For details, seeGeneral Appraisal Guidelines, 11.A., above.
Location: In the possesson of NSF Division of Astronomy program officers.

b. NSF Cooperative Agreament Jackes for Research Faciliti es
It isimportant to distinguish between NSF grantsfor research projectsand NSF coqperative
agreements for fadli ties—its national observatoriesin this case. Grants provide funds for best
effort and contrads spedfy deliverables with awards and punishments; contrads now have largey
been replaced by the more flexible cooperative ageanents. NSF reseach fadlities are gerated
by contradorsin afashion smilar to DOE National Laboratories. The cooperative ageanent
jadkets for research fadlitiescontain somewhat diff erent documentation from grant award jackets.
Both types of files include proposals, refereereports, minutes of panel meeings, and progressand
final reports; in addition, cooperative agreement jacketsfor research fadli tiesinclude NSF site
vigit reports, correspondence with contradors, and—in many cases—reports of the contractor’s
vigiting committees. On the negative side, since NSF reseach fadli ties function as funding
conduits for research, the NSF jacketslad funding detail s (e.g. individud proposds) of the
reseach use of thefadlity. Locaions. Inthe possesgon of NSF s Division of Astronomy
program officers.

¢. Documents of Incorporation (sometimes called MOUS)
Documents the formal governing structure and the obli gations and rights of coll aboration
members. Likely locaions. In possesson of the coll aboration’s seaetary-treasurer aswell asthe
ingtitutional records of member institutions.

2. Additional Remrdsto be Saved for All Collaborations
a. Board of Diredors’ Minutes of Medings

/It should be remembered that the AIP projed’s casestudies of telesope-building coll dborations did not
include any coll aborationsinvolving national telescopes.
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These filestypicdly include associated briefing books and may include reports of any internd
science advisory committeesand/or any external pands commissoned to review designs of mgor
observatory components. These minutes and associated records document the maor strategic
dedsionsfacel by the coll aboration during the design and construction of the telescope and its
sub-systems. Likely locations: In possesson of the seaetary-tressurer and the projed manager.

b. Recwordsof Projea Managger
Projea managers’ files consist of various types of recrds—e.g., progressreports—that
document the cetail s of observatory construction and shake-down and intra-coll aboration
discussgons of the balance among scientific, engineeing, and fiscal condderations. The records
may include minutes of any Science Advisory/Science Steaing Committeeas well as reports of
any external panels commissoned by the Board of Diredors. Likely location: In possesson of the
projed manager.

c. Reordsof Science Advisay/ScienceSteeing Comiittees
These are committees d scientists from the menber ingitutionsthat document ongoing
asessnents of telescope development as well as discussons regarding enlarging scientific
cgpabili ties vs. asauming engineaing and financial burdens. Their main responsibility is telescope
instrumentation and the records are particularly valuable in documenting this development. Likely
locaions. Among the records of the Board of Directors and/or in possesson of the projec
manager or seaetary-treasurer.

d. Reoordsof Design Review Panels
These are extemal panels commissoned by the Board of Diredors to review designsof the
telescope and its sub-systems. Likely locaions. Among the records of the Board of Diredors
and/or in possesson of the projed manager or seaetary-treasurer.

e. Rewrdsof ScienceProjed Teams
In cases, such asthe Kedk Observatory, where the coll aboration needel to develop a elescope
component (i.e., amirror) that was both novel and innovative, the responsihility lies with a projed
scientist, who heals a group that might be labeled the Science Projed Team. Inthese case, the
sub-system of the telescope would be so innovative that it could not be built under a standard
contrad; the records provide unique documentation. Likely location: In the records of the projea
scientist.

f. Contracts and Associated Records
Observatory-building collaborations, like those involved in huilding other large fadlities, contrac
out the construction of components/telescope sub-systems—typically atthe kehes of the projea
manager. |If the contradsinvolve desgn and developmentin addition to construction, the records
should be permanently preserved. Likely locaion: Records of the projed marager.

g. Tedhnical Reports (sometimes called MemorandaSeries a Tedhnical Memorandag)
Series of technicd reports'memoranda for providing collaboration members, or future telescope
operators and users, with information needel to understand the designs, the reasoning behind the
designs, and other technicdities of the telescope; at times these ae more informal with in-house
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knowledge of problems and how to work around them and with tricks-of-the-trade in designing
and performing observations. Likey locations: Available in anumber of locétions, including the
files of the projed manager and the seaetary-treasurer; often found on a coll aboration’sWeb site.

C. Ground-based Astronomy—Ohbservatory Users®®

1. Core Rewrdsto be Saved for All Collaborations

a. Propasal Filesof Radio Observatories
Eadch VLBI (Very Long Bas Interferometry) coll aboration petitionsfor time on dl the
observatoriesit wishesto use for itsinterferometry work and ead observatory
evaluates—through its TAC (Time Allocaion Committeg—the proposal it recaves. Though less
formal than proposals for money, the proposals for time still document theinitial goas and
strategies of the observers, the quantity of resources mobili zed for the observations, and any
expeded problemsin making the observations. Mostimportant for documentation of VLBI
collaborations are the proposals of scientistswho are first authors of collaboration publications.
Likely locations: In TAC records of relevant radio observatories.

b. Proposal Filesof NSF Nationd Observatories
These would be typicd jadkets for succesful proposals—in this case, to obtain time on the
telescope. The proposals are reviewed by observatory Time Allocation Committees (TACS).
They should include proposals, refereereports, progressand final reports. We are returdly
focused on proposal jadkets for collaborative research projeds. Likely locaion: In TAC records
a the relevent NSF Nationd Observatory.

c. Rerds of Observatory Consortium Chairpersons
A formal VLBI collaboration requires the organizaional structure of a consortium of radio
observatories. Consortium chairpersons are responsible for leaning the desires of VLBI
reseachers and arguing their case to observatory direcors; their records should thusyield
valuable insights into the standing of interferometry within radio astronomy and the praditioners
effortsto obtain improvementsin the state-of -the-art. Scientistsin this postion are usudly on
academic faaulties or observatory staffs. Likely locaion: Among the professonal papers of
consortium chairs.

2. Rewordsto be Save for Significant Collaborations

a. Papers of First Authors of VLBI Collabarations
Thefirst author of a coll aboration’ sfirst publication dotained scientific resultsfrom the correl ated
data and seaured the cadlaboration’s consent to submit the results for publicaion. The scientist’s
reaords thus uniquely document intra-coll aboration assessments of the quality and significance of
the observations. The first author may also be responsible for coordinating the observatories
collecion of data and themoderator of the callaboration-wide emal discussons of observing
tadicsand logistics. First authors are on the faaulty of acalemic institutions or observatory staff.
Likely location: In the profesgonal papers of first authors.

*8Bear in mind that the AIP projed did not study any coll aborations conducting sky surveysor using
optical telesopes.
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b. Records of Observatory Consortium Seaetaries
These remrdsinclude the proposalsto do VLBI observations on a consortium’s time, referees
responses to the proposals, and materials related to the detail s of scheduling the most and best
observationsinto the available time of the menber observatories. Thefil es provideimportant
documentation of science policy and planning of the consortium of radio observatories.
Consortium seaetaries are on acalemic faaulties or observatory staffs. Likely location: Inthe
professonal papers of consortium seaetaries.

D. Materials Science

1. Core Rewrdsto be Saved for All Collaborations

a. NSF Cooperative Agreenent Jackes for Centers
It isimportant to distinguish between grantsfor NSF research projeds and cooperative
agreements for NSF centers—Science and Technology Centers (STCs) and, in this cag, Materials
Reseach Scienceand Engineaing Centers MRSECs). Grants providefundsfor best eff ort and
contrads spedfy deliverables with awards and punishments; contrads now have largely been
replaced by the more flexible cooperative ageanents. Among other things, cogperative
agreements allow NSF to get involved in administration and become partners with its centers.
Jackets for NSF center cooperative agreenents contain somewhat diff erent documentation. In
addition to proposals, refereereports, minutes of panel medings, and progressand fina reports,
the jadkets include NSF site visit reports, and (we recommend that they include) vauable
preproposals. On the negative side, sncemogt, if not al MRSECs and STCs make the final
dedsions on which reseachers at member ingtitutions get funded, the NSF jadkets ladk funding
details (e.g. individual proposals) of the research of MRSEC and STC collaborations. Overall,
future historians and other userswill find documentation of theinitial plans and ambitions of a
center, how the center had to modify its plans to suit NSF, and community readions to the
center’s plans and acomplishments. For further details, seeGeneral Appraisal Guidelines, II.A.,
above. Locaions. Reoords of MRSECS arein possesson of NSF s Division of Materials
Science records of STCsare in NSF' s Office of Scienceand Technology Infrastructure.

b. DARPA (Defense Advancel Research Projects Administration) Proposal Files
Proposals, refereereports, MOUY/Intelledua Property Agreaments, and progressand fina
reports. The proposals document the plans and amhitions of the callaborationsandthe level of
information the participants were willi ng to share about their individual cgpabilities prior to the
negotiation of an intellectual property agreamnent. The MOUYIntellecdua Property Agreaments
document the terms on which the corporations could jointly participate and could individudly
share information with the participating universties; succesgul negotiation of the MOUswasa
prerequisite to the start of funding from DARPA. Files should dso contain projecied schedues of
deliverables and reimbursements that provide the basis for intra-collaboration milestones. For
details, seeGeneral Appraisal Guidelines, 11.A., above. Location: In the possesson of the
relevant DARPA program officer.

c. NSF Grant Award Jackds
In most materials scierce calaborations using fadlities at retional |aboratories ead ingitutional
member raisesits own funds, with corporate menbers wsanginterna funds and acagmic
institutions going to NSF. In at least some case, mamber institutions apply jointly to NSF.
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Award jadkets include proposals documenting the plans and ambitions of the coll aboration,
refereereports, minutes of panel medings, and progressand find reports. For defals, see
Genera Appraisal Guidelines, 11.A., above. Location: In possesson of NSF s Division of
Materials Science program officer.

d. Propasalsto Corporate Management
Corporate reseachers proposing to build and share a keamline & a DOE National Laboratory
have to convincetheir corporate management to underwrite a dare of the construction costs.
These records are the functional equivalent of a proposal, albeit lessformal than what university
scientists submit to afederd funding agency. Likely locaions: In the recordsof individud
reseachers or—where they exist—in the archives of the corporation.

e. Reoords of Exeaitive (Program) Comnittees of MRSECs and STCs
In both the MRSECs and STCs, scientists or groups of scientists desiring funding have to submit
an annua proposal (which, among other things, is supposed tojustify theinterdisciplinary and
multi-ingtitutional aspeds of their work that make them acceptable for this sort of funding). A
colledion of such proposals comesto the Exeautive (Program) Committeefor evaluation. That
evaluation setsthe scientific agenda. The records of this review process(proposds, reviews, and
award dedsions, efc.) would provide adefinitive record of the sientific evolution of the MRSEC
or STC project as well as insight into the management criteria imposed. A sampling, dt least, o
these files (every threeor five yeas) should be preserved. Likely locations: In records of the
MRSEC or STC or the acdemic officer it reportsto (e.g., the vice-president or asciate provost
for researh).

f. Records of Facility Advisory Committees (FACs) at DOE Nationd Labaratories
The materials science callaborations using fadlities at DOE National Laboratoriesin our case
studies used two synchrotron radiation fadli ties and one breeder reador fadlity. Use of these
reseach fadlitiesis governed by a Fadlity Advisory Committee(FAC); thisis our generic term to
cover several titles used by the laboratories. For example, Argonne’s Advanced Photon Source
(APS hastwo relevant FACs:. (1) the APSProgram Evduation Board, a sientific peeradvisory
board that evaluates proposalsto form research teansto gain reseach accesto the APSand
reviews subsequent scientific performance it formdly adviseslaboratory marnagement on the
scientific appropriatenessof proposed research and thelikdihood of successand (2) the APS
Management Plan Review Committeg a staff committeethat reviews management plans of
collaborations and advises AP S management on the coll aboration’s readinessto sgn aformd
Memoranda of Understanding (MOU) and begin construction and subsequently operate beamlines
a the APS In gererd, FAC recordsindudeproposds, letters of intent, and conceptud design
reports submitted by the callaboration to appy for spaceto develop abeamlne and end stations.
Thereardswill not include proposals for money, since eat member institution is responsblefor
its own funding, but researcherswill find MOUs between the coll aboration and the DOE fadli ty
covering obligations of the coll aboration and the fadli ty to ead other. Thefilesmay dso provide
justification for FAC adions and recommendations. Intervieweesindicate that these ae te best,
perhaps the only, colledive statements of collaboration goals and strategies. The records of the
FAC for the breeder reador areaso important for the impad of safety concensand reguations.
Location: At therelevant reseach fadlity atthe DCE National Laboraories.
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g. Memorandaof Understandng between Member Institutions
Sometimes referred to asjoint agreements, these legal documents lay out the powers of the
collaboration’s Board of Governors, the obligations of the member organizations, and their
privilegesto use the finished beamline. They include terms on which staff scientists will work
with the corporations on proprietary resarch. Likdy locations. In the records of the Fadlity
Advisory Committeefor the relevant DOE National Laboratory fadlity and in the archiva records
of collaboration member institutions.

2. Remrdsto Be Saved for Significant Collabarations

a. Reoords of the Exeaitive Board (or Governing Board, Program Comnitteg or

Tedhnical Representatives Comrrittee
Archivists should look to preserve the records of thehighest-level group of adive resarchersin
the particular collaboration; this committeetypicaly serves asthe primary body that deliberates on
the coll aboration’ sinterna organization and research diredions. Records should include minutes
of medings, notes on conference cdl s and other discussons, and reports prepared for the projec
manager, etc. Likely location: In the records of the call aboration projed marager or
spokesperson/staff diredor.

b. Recordsof External Advisory Comnittees
Most materials sciernce cal aborations(not using national fadlities) have external advisory
committees that assesstheir strengths and weaknesses with the eyes of friendly critics. These
committees usually consist of prominent scientists from non-member ingtitutions, such as
exeautives of corporations and national laboratories. The records document the callaboration’s
relations with non-academic sedors and the prospeds of itsreseach contributing diredly to
manufaduring or the programs of government agencies. Likely locaion: In the possesson of the
collaboration projed manager.

c. Rewords of Annud Medings of the Collabaration
In at least some instances, materials science callaborations hold formal anrual medings (those
using national laboratory fadlities tend to be far lessformal). In one of the AlIP' s case studies,
annual medings included representatives of corporationsthat were not part of the coll aboration,
who were present both to learn and advise, and representatives of the funding agency (DARPA in
this case) who used the medings as a basis for areview of the coll aboration. Records of annud
meeings should include briefing materials and annua reports produced by coll aboration members,
they may also include reviews prepared by funding agency staff on the basis of the meeings.
Likely locations: In the files of the coll aboration projed manager and thefunding agency program
officer.

d. Reoords of Spkespersons/Staff Diredors
Collaborations using fadlities at DOE National Laboratories al had a person responsible for
providing liaison between the coll aboration and the laboratory. This scientist wasthe
communicaions center—the person to whom everyone provided information and requested
results. The reaords shouldinclude written and e-mail correspondence, any coll aboration-wide
maili ngs, and
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reaords of the coll aboration’s top scientific board (sometimeslakeled the Board of Governors).
They should provide documentation of intra-coll aboration institutional and scientific concens.
Location: In the papers of the coll aboration spokesperson/staff director.

e. Newdetters and Sedor Deseiptions
Some materials sciernce cal aborations using national fadli ties serve as sub-fadli ties by making
their beamlines and end stations available to a community of users at their member ingitutions. In
our case studies, we found these coll aborati ons making use of their Web sites to distribute
newdletters (the functional equivalents of progressreports) and/or sedor descriptionsthat provide
information on the cagabilities of the gparatus install ed on the beamlne. Duringthe
collaboration’s lifetime, the Web pages are maintained eledronicaly by its office at the DOE
National Laboratory fadlity. Likely locaion: Assgnment of responsibility varies; for information,
contad collaboration spokesperson/staff diredor.

E. Medical Physics
1. Core Rewrdsto be Saved for All Collaborations
a. Proposal Files of Private Foundatons
Private funding agencies have been important supporters of collaborative research in medicd
physics. Proposal files along with refereereports and progressreports provide core
documentation. Likely locaion: In proposal files of the relevant private foundation.

b. NIH Propacsals Jackes
Inthe NIH and its subgdiary institutes, the cdlaborations we studiedwere formed on the basi s of
the most succesgul proposals from individual applications. Even in cases where ingtitutional
applications crossreferenced those of would-be coll aborators, the proposas wereindividualy
refereed within their individual reseach spedalties. Succesgul proposals for ead institutional
study, along with refereereports, should provide evidenceof the importancegiven to reseacch in
the call aborative framework; progressreports would document important difficulties. We hope,
but do not know, that program officers at the agency make a central file d succesgul individud
proposals; such fileswould constitute amost vauable record of NIH support of muti-institutiona
collaborations. For further details, seeGeneral Appraisal Guidelines, I1.A., above. Likely
location: At the apprapriate NIH or subsidiary ingitute research program.

c. Reoords of Facility Advisory Comnittees at DOE Nationd Labaratories
To obtain spaceatthe DOE acceérator for purposes of synchrotron reseach, collaborationshave
to submit aresearch proposal to convincethe Fadlity Advisory Committeeof the scientific value
of their work. In addition, research that includes the liabili ties of exposing humansto synchrotron
radiation imposes additional considerations on the laboratory diredors. Location: At the
synchrotron fadlity of the relevant DOE National Laboratory.

2. Reoordsto be Savel for Significant Collaborations

a. Minutes of Collabaration Medings
In the field of medicd physics, minutes of collaboration medings range widely in formality and
detail. In collaborations requiring protocols, minutes will document discussons of ead study’s
conceptual and technicd design and discussons of possble mid-course dhargesin ead study’s
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design. At the otherend of the spedrum, minutesmay only list adions that the cllaboration
deddesto take. When the task of minuting medingsistaken on by a scientific leader, the quality
of the result will be based on personal inclinations. In some casea, minutes will be the only
colledively generated records for internal consumption. Likely locations: A variety of possble
locations, from the American College of Radiology and relevant medicd reseach centers and
medicd schoals, to synchrotron fadlities at relevant DOE National Laboratories.

b. Recordsof GroupLeaders for Statistical Analysis
Our case studiesindicae that at least some coll aborations divide labor for data aquisition (done
by radiologists, surgeons, and pathologists) and data analysis (doneby bio-statisticians). In the
latter case, the records of the group leader for statisticd analysis would document the
development of bio-statisticd methodology for the clinical evduation of radiologica techniques.
Likely location: In the records of the groupleacer at the relevant medcal school or medcd
reseach center.

c. Protocols and Sanples of Data Collection Forms
When the purpose of the collaborationis to test gate-of-the-art proceduresin thefield of medica
physics, protocols and data cdlection forms provide critical documentation o the patticipants
understanding of how best to redwce the complexity of medcd evaluationsinto statisticdly
managedble cakegories. These records hawe usefulnessfor future ientific reseearch—at least as
long as the procedures are state-of-the-art. The value of their applicaion goes beyond a spedfic
areaof medicd reseach. For example, our case study dedt with assessng radiologicd techniques
for diagnosing cancer in organs, these records would be equaly useful for such topics &
identifying the best method for quantifying blood flow. Although summearies of protocols are
often appended to publications of research results, detailed protocols rather than summariesare
needed to repea or build on previous research. Locaion: In records of the American College of
Radiology Data Management Office

F. Particleand Nuclear Physics

1. Core Rewrdsto be Saved for All Collaborations

a. NSF Grant Award Jackes or DOE Proposal Files
The proposal files we addresshere aethose submitted by ead of theingitutional groups partici-
pating in a coll aboration experiment (normdly as part of a larger budget request by a unit of an
acalemic physics department or areseach group at alaboratory).> Proposa files provide rich
summary information on reseach goals and techniques, budggets, the agercy review process and
(for accepted proposas) projed progressand expenditures. The proposas at NSF or DOE
overlap what the callaborationssentto the laboratory’s Physics Advisory Committee but
comments colleded on the proposals to the federal agencies will be oriented towards the effed of
funding the coll aboration an the rationd research programsin areas of particle and nuclea

**The other major category of proposals are those submitted to the funding agencies by the accderator
laboratoriesfor major detedors and for buil ding or upgrading accderators. These proposal fil eswould frequently
include documentation of agency sitevisits. All proposals (approved or rejected) for mgor detedors and for new
or upgaded accderators should be presrved.
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physics. Locaion: In possesson of the relevant program officerat NSF s Physics Directorate or
a DOE’s Officeof Energy Research.

b. Labaatory Diredors’ Files
These are aprimary source of correspondence, reports, memorarda, and other records document-
ing laboratory policy and substantive programsin particle and ruclea physics. Inmostsingle-
purpose acceerator laboratories, thesefileswill befoundin the office of the director and, for
example, the diredor for research; in multiple-purpose laboratories, such as Brookhaven Nationd
Laboratory, they would be located primarily in the office of the assciatedirecors responsble for
particle and rnuclea physics. Locations: In director sfilesat DOE Nationd Laboratoriesand
other accéerator |laboratories.

c. Proposals to and Records of Physics Advisory Comrmittees (PACs) of Nationd
Accderator Labaratories

Eadh laboratory has an advisory committeeto review proposals (written and oral) for particle
and/or nuclea physics experiments at the Ste. Committee ramesvary; our gereric term is Physics
Advisory Committee (PAC). These records document the origina plans of the origina
collaborators and the role of the PAC; they include the review materials generated within or
commissoned by the Committeeand the MOUs (Memoranda of Understanding) documenting the
fiscd and other respongbilities of the accéerator laboratory andthe @llaboration’smember
ingtitutions. Interviewees considered PACsto be the important intelledual hurdle andits reviews
the most substantive, whereas reviews by federal funding agencies were consdered to be achecdk
to make sure the coll aboration’s plansfit adequately with the rationa program. PAC records are
likely to include minutes of full committeemedings or private recommendations, formal pro-
posals with budgets, lettersto collaboration spokespersons on dedsions, and, more recantly,
impad statements by laboratory staff and reports of PAC subcommittees summarizing
conclusions. Most proposals submitted by coll aborations constitute arequest for accessto the
accderator (beantime, beamconditions, efc.) and goprova of the physicsand experiment plan. In
the case of more recant experiments, involving the construction of large detecors, proposds will
be more compex as they freguently involve dired funding to the laboratory from the DOE or
NSF. Inthecas of succesful proposds, PACfileswill hawe contracts and other records
documenting the arrangements between the laboratory and the callaboration, including ead ingti-
tutional group. The arrangements cover funds, responsbilitiesfor constructing and asgmbling
detedor components, computing support, safety regulations, and so forth. Over the yeas,
contrads have becme increasingly formal; sincethe 1980s there are MOUsfor most
experiments. Medings of PACs may be tape-recorded. Locations: In the records of the PACs at
DOE National Laboratories and other accéerator laboratories.

2. Rewordsto be Save for Significant Collaborations

a. Reoords of Spdkespersons
The spokesperson serves as liaison between the coll aboration, the accéerator laboratory, andthe
world-at-large. The records shouldinclude:

1. Correspondence of the spokesperson with laboratory administrators and collaboration
group leaders and individual members
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2. Intra-collaboration maili ngs

During the 197Gs and ' 80s intra-coll aboration maili ngs becane the standard procedurefor virtud-

ly all experiments; responsibility for their distribution was typicaly assgned to the spokesperson.

These maili ngs provide the most valuable documentation of the organizational structure and

reseach processof multi-ingtitutional collaborationsin particle and ruclea physics. The records

are compactand increasngly found asanumbered, chronologica set of “mamoranda.” The
following are the types of records we have found:

. Organization charts and other documents showing organizationa structure; in some caes,
they show individuals in charge of such functions as data ardlysis and publications;

. Substantial management plans, often taking monthsto write and get approved;

. Agendas and minutes of collaboration medings. These document the dedsions that had to
be made with collaboration-wide consultation. Even when the minutesare brief and written
to be realily comprehended only by those in the coll aboration, they should at least give
future historians someideas of what seened important enough to discussat coll aboration
medings at particular times; and

. Tedhnicd reportsfor detedor development, computer software, analysis, etc. These may be
written reports which frequently appea as memoranda, or transparencies for oral reports
given at medings (outlines and some technicd drawings). And

3. Reards of any Inter-Ingtitutional Boards (or Exeautive Committees). These document
discusgons and dedsions over the maor social and scientific strategies of the callaboration.
Location: In the records of the spokesperson.

b. Rewordsof Collabaration Group Leaders
These records, including the proposal submitted as Pl (principa investigator), should be kept
permanently when the coll aboration group was responsblefor an innovative detedor component
or technique. Location: In papers of collaboration group leaders.

c. Rewrdsof Projed Managers andProjed Engineas
These coll aboration postions—familiar to usfrom our studes of other disciplines, eg., space
science—sean to be emergingin particle physicscollaborations. For sgnificant projeds, these
records should be reviewed for technica notes, detedor logbooks, and other categories of unique
documentation. The positions we found were held by Brookhaven National Laboratory staff.
Likely location: In staff records at DOE National Laboratories and other accéerator laboratories.

d. Intra-Collabaration Technical CommitteeRecords
We found one of these committeesconsisting of senior call aboration mambers with a tastefor
hardware isaues; we believe such committees may be widespread. Likely location: In the records
of the group leader who chaired the Committee

e. Accderator/Research Division Files on Experiments
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Accderator laboratories have a de@rtment or division responsblefor mantaining beanlines of
accderators and the overall experimental areas, as well as supgdying techrnical and other services
to experimenters. Reaords of these divisions are the key laboratory files documenting experi-
ments after their approval. They typicadly include copies of proposds, exchanges between the
laboratory and the experimental coll aboration and between \arious officesat the laboratory, and
some engineaing drawings. In some laboratories correspondencewith experimertal
collaborations after approval continuesto be kept in the PAC files. Likely locations: In relevant
department/division of DOE and other acceerator laboratories.

3. AIP Project Guidelineson Seleded Technical Records

a. Experiment (or “ Running”) L ogbods
These are thelogbooksmantained by thefull collaboration that tradk the overdl functioning of
the deteaor and provide the kest chronology of data-gathering. Among the \arious types, the
experiment logbooks are of greaest value. They may require the cooperation of a menber of the
collaboration to dedpher handwriting or “trandate” shop talk; we recommend a tape-recorded
interview by a knowledgeable historian or archivist whenever possble. We welcome the fad that
some experiment logbooks—aor portions of them—are being computerized. Experiment logbooks
should be preserved at the accéerator laboratories. Locaion: For information on locaion,
contad the spokesperson of the callaboreation.

b. Other Logbodks
Collaborationstend to generate a variety of other logbooks, themost common being the detedor
component logbooks (kept by ingtitutional groups responsible for individual components of the
detecor). In addition, there may be logbooks for construction and testing, data ardlysis, and
patent logbooks—kept by ingtitutional groups, other subgroups, or individuals. Logbooks (other
than experiment “running” logbooks) should be appraisedacarding to the particular sgnificarce
of various aspeds of the experiment, e.g.,logbooks on spedfic componentsof the detector that
were particularly novel; analysis logbooks, where this adivity was a spedal feaure of historicd
interest; or patent logbooksthat may have been creaed becaise of patent implications. Apprais-
als should be conducted by aknowledgeable archivist or historianin conjunction with aphysicist
familiar with the experiment. Sincemost of theselogbooks document work on theinstitutiona
group or individual level, those (or sedions of them) of archival value should be preserved at the
group'sinstitutional archives. Location: For information on locaion, contad the spokesperson of
the coll aboration.

c. Blueprintsand Spedfications
Engineeing drawings of detedors and their components—and themore recant CAD/CAMs
(Computer Aided Designs/Computer Aided Medanicds)—are maintained at the laboratoriesat
least in microform, if not also in the original, acammpanied by a database providing a variety of
accesspoints. Spedficaions provide information on quality of materials and tolerances required.
The system isin placeto save these records and the microfilm format is spaceefficient. In cases
where |laboratories ke originals, we recommend saving origina blueprints and spedfications
only for the most significant experiments; if it iseconomica to locae and destroy the balanceof
the originals, agood ded of storage spacewill be opered up. Likely locaions: In the acceérator
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or reearch department of DOE Nationd Laboratoriesand other accegrator laboratories; if not,
contad the spokesperson of the callaboreation.

d. Eledronic andOther Scientific Data
N.B.: Thefollowing scientific data records should not be kept permanently except in limited
guantitiesfor exhibit purposesor under spedal circumstances.

1. Raw Data TapesandData Sumnary Tapes (DSTs)
All, except the ealiest, of the experimentsin particle and nudea physics that AP studied
generated datain eledronic format. Raw data aipesare not useful toindividuds outsde the
collaboration, including particle and/or nuclea physicists. DSTs, on the otherhand, may be of
some use to particle and ruclea physcists outsde the callaboration for a limited period of time;
their use probably requires accessbility to collaboration members as well as documented soft-
ware. DSTsshould be retained for perhaps ten yeas toinsure their availabili ty to physcists who
may want to use them for reseach purposes. Permanent preservation of raw datatapesand DSTs
should be limited to an extremely small sample for exhibit purposes; the most appropriate
repositories would be the acceerator laboratories or a siencemuseum. L océtion: For
information on location, contad the spokesperson of the callaboration.

2. Computer Programs and Sdtware
A number of accéerator fadlities and experimental groups maintain computer programs and
software. These “libraries’ arefrequently drawn on by particle or nuclea physics coll aborations
who then must further develop programs and software to mee their spedfic needs for data
gathering and analysis. Future historians will be interested in documentation of the computer
programs for the trigger systems on the detedor and for data ardlysis. Thefull working program
is not needed, only documentation sufficient to know how the software waslaid out, itslogic, and
who did what toit. A copy of the computer program listing, often kept on microfiche, captures
this information and should be preserved. In addition, software should be retained for those few
raw datatapes and DSTsthat are seleded for preservation. The most appropriate repository isthe
accderator laboratory. Location: For information on locaion, contad the spokesperson of the
collaboration.

3. Other Sientific Data
Bubble chamber experiments ceaed in most labsby the late 1970, but at Fermi Nationa
Accderator Laboratory the last wasin 1989 They produced data recordsin theform of films that
showed tradks of particles and their interadions. These films are extremdy bulky. Prior to the
mid-’ 70s, spark chambers produced still photos with particle trads; they now produce data on
magnetic tapes (covered above). Emulsion experiments continue, producing datain theform of
particle trackksin emulsion stadks that are studied with spedal microscopes; the stadks require
spedal storage conditions. These data should be keptin very limited quantity even for the most
significant experimentsto ill ustrate discoveries of new particles. They have some usefulnessfor
exhibit and educaional purposes; CERN, for example, has bubble chamber film exhibited on a
scanning table in one of its museums. Accderator laboratories or museums are the most appro-
priate repositories. Likely locations: In the relevant DOE National Laboratory or other
accderator laboratory; if not, contad the spokesperson of the callaboration.
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e. Databasesof Spedal Value
Since 1974 two international databases have been maintained on SARES for the particle physics
community: the Experiments database by the Rarticle Data Group at the Lawrence Berkeley
Laboratory (LBL) and the HEP Publi cations Database by the Stanford Linea Accderator Center
(SLAC) and the Deutsches Elektronen-Synchrotron (DESY') laboratory in Germany. The
Experiments databaseincludes reports on all experiments approved by the laboratories. The
information includes the laboratory and experiment number, approval yea, and names of
collaboration members and their institution (with the spokesperson asterisked); unfortunately, as
membership information is updated, the historica data are wiped out. The HEP Publications
Database isavast bibliographic record covering preprints, conference #ks, theses, refereed
physics articles (many with links to laboratory experiment numbers), instrumentation articles,
etc.—all with citations. Thelist of authors and their affili ationsis complete. Locaions. At
DESY, LBL, and SLAC.

We recommend improvements because of the grea value of these databases for historicd and
sociologicd purposes. It would be useful if ahistoricd data set of the Experiments database were
initiated. We hope, too, that work on the part of the laboratories will continue to enrich the HEP
Publi cations Database by linking physcsarticles with experiments numbers; if possble, we
sugeest this eff ort beexterded to instrumertation articles.

G. SpaceScience
The scope of these guidelinesis records creaed by multi-institutional groups that set national and
international policy for spacescienceor that participate in collaborative reseach projeds.

Because the trend in spacescience coll aborations during the period of the AIP Study (misdons
launched from the ealy 1970s to about 1990 was toward larger, longer, and fewer projeds, we
recommend that full documentation be saved for all | arge spacescience coll aborations.°

1. Policyand Planning Rerds

a Reoordsof the Nationd Academy of Sciences' Space Studies Board®
The SpaceStudies Board of the National Academy of Sciencesis charged with the misson to
advise NASA on which areas of scienceit should focusiits efforts upon. Through disciplinary
subcommittees, like the astronomy and solar physics committees, scientific communities are ele
to identify the areas of research bestsuited to their gods. For larger NASA projeds, the Board
forms specid ad hoc committeesto better define the science of the misgon. Although NASA is
not statutorily required to heed the SpaceStudies Board, Congressonal attention to the Board's
findings make its “blessngs’ es®ntial to forming NASA projeds.

The National Academy of Sciences should continue to save, as part of the Academy Archives,
SpaceStudies Board minutes, reports, and correspondence; subcommitteeminutes and reports;
and working papers of ad hoc committees. Location: National Academy of Sciences.

%% the aurrent trend at NASA—to support smadler, cheaper, and more freqient projeds—continues into
the future, this recommendation will reguire adjustment.

®IFormerly the National Academy of Sciences Space Science Board.
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b. Reaords of the European Science Foundaton's European Spee Science Comnittee
This European SpaceScience Committee(ESSC) occasionally plays asimilar rolefor ESA as that
of the NAS SpaceStudes Board for NASA.

The minutes, reports, correspondence, and working papers of the European Science Foundation’s
ESSC should be preserved as part of the ESF archives. Location: ESF.

c. Minutes and Other Records of Working Groupsof NASA Headquaters
At the NASA Office of Space Siencethere ae several important working groups. First are the
working groups, creaed for ead discipline sientist; at this level cientistsof the relevant
disciplines seek to focus the reads of the professon into actud projeds. Similar working groups
exist up through the NASA hierarchy to its Advisory Council, which guides the NASA
Administrator in making the final seledion of projedsand missons. It isthrough this structure
that representatives of the spacescience community hedp NASA defineand promote specific
projeds, including their payload of instruments.

The records (correspondence, minutes, recommendations, etc.) of NASA discipline scientists and
their working groups should be schedukd for permanent retention by NASA Headquarters and
eventually transferred to the National Archives. This recommendation also holds for NASA
administrators and their working groupsfurther upin the NASA hieracchy. These working groups
and the administrators they report to are: subcommittees of the S@ceScience Advisory
Committeefor eadi NASA division, SpaceScience Advisory Committeefor the Asociate
Administrator for Space Science, and the Advisory Council for the NASA Administratos. Thi
documentation should aso include the Office of SpaceScience s strategic planning records.
Locaion: NASA Heaquerters.

d. Reoords of the European Space Agercy s Working Groupsand Gomiittees
In asimilar fashion to NASA, ESA has levels of working groups and committees. ESA’s
Astronomy Working Group and its Solar System Working Group refleche interests of their
scientific communitiesin proposing projeds. Their reports and proposals are pas®d upward to
ESA’s SpaceScience Advisory Committee The SSAC, on the basis of these recommendations
and taking into consideration scientific, programmatic, and financial elements, makes the final
choice among competing projeds. The SSAC recanmendation, althoudh not legdly binding, is
usually accepted by the ESA exeautive andisincluded in its own proposa to the ESA Scierce
Programme Committeg which is the final dedsion-making body for the scientific program.

Thereaords, including minutes, reports, and correspondence, of these ESA working groups and
committees should be saved permanently in the ESA Historicd Archivesin Florence Locaion:
ESA.
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2. Core Rewmrdsto be Kept for Each Project or Misson®
Wellist core records here for consistency of reporting. However, in the field of spacescience, all
large projeds are condgdered sgnificant. Addtiond records (see4, bd ow) should be saved for dl
large coll aborations over and above the core records describedhere.

a. Reoords of NASA Headquaters' Discipline Scientists as Sudy Scientistsand

Program cientists

As programs are developed, a discipline scientist is asked to beaome the “study scientist” for a
projed and later, when funding is seaured, the program scientist. The program scientistis the
audiencefor the Phase A work of aNASA flight center investigating the feasibili ty of a proposed
NASA projed. In addition, this scientist devel ops Announcenents of Opportunity that stimulate
instrument proposals for particular projeds. In general, the program scientist represents the
scientific aspeds of themisson to NASA Headquarters; responsbilitiesinclude representing the
scientific community in the devel opment of projeds and ading asa conduit for bringing the
problems of the projed scientist (at the NASA flight center) to higher authoritiesif the projec
scientist feasthe integrity of the projed’s scientific gods could be compromised.

Files of discipline scientists documenting their role as study scientist and program scientist should
be scheduled as permanent and eventually transferred to the National Archives. They would
include correspondence, Announcenents of Opportunity, documents concerning the ledion of
Pls, and projec planning and development records. Locaion: In the filesof the relevant NASA
Healquerters Discipline Scientist.

b. Recwordsof NASA Headquaters’ Program Managgers
The program manager isthe NASA Healquarters representative to a projed. Program managers
are held acountable for a projed’s budgetary impaa on the rest of the projeds within their
programs. Therefore, they must prepare budgetary justifications and review the progressof the
projed for Healquarters. If major changes are desired in the budget or scope of the projed, the
program manager is the person responsible for making the dedsions.

The program manager’ s files should indludeprojed planning documents, projectreview
documents, program development reports, correspondence, minutes of projed or program
medings, budgetary records, schedule records, and program progressreports. They should be
scheduled as permanent and eventually transferred to the National Archives. Location: In thefiles
of the relevant NASA Headquarters Program Manager.

3. Other Core Reords of Space Sciene

Grant Proposal Files of NASA Headquaters' Discipline Scientists
Most of the spacescienceinstrument teans we studed usedversionsof instrumentsthathadbeen
developed by others and modified by the individual teans—under prior NASA grants—for the
harsh redities of research in space These NASA reseach grants are funded and administered
through NASA Healquarters' discipline scientists. These proposal files provide the most
effedive, efficient documentation of instrument development for NASA spaceprojeds, they

®In ESA projeds, counterparts of NASA’s program managers and program scientistswould generate
recrds at ESA Headquarters.



PART B-THREE: APFRAISAL GUIDELINES 151

should include al successul proposds a well as recordsfor the (relatively few) unsuccesgul
proposals that stimulate significant debates or controversies, correspondence, and—for succesgul
proposals—progressand final narrative and fiscd reports. They should be <hedued for
permanent retention and eventual transfer to the National Archives. Locaion: In the files of the
relevant NASA Headquarters' Discipline Scientist.

4. Additional Recordsto be Kept for All Large Projects a Missons®

a. NASA Flight Centers’ Projed Managers
The projed manager is the principal authority in mattersrelating to the projed’s engineeing.
Reporting to the program manager at Headquarters, the projed manager isin charge of the
budget for the projed aswell as being the principal contad for the sub-contradors needed to
construct the spaceceft and for the ientists building instruments. The projed manager’ s records
are probably the most complete set of records of a projed’stechnica and fiscd sides, from
inception to launch. When the projed movesinto its operational phase, these records are
sometimes broken up; while some are kept by the projea manager for referenceon future
projeds, most are sent to the operationsmanager (who handlesday-to-day managemert after
launch), who chooses the files judged most useful and sends the othersto records storage.

For large NASA projeds, records of the projed manager should be scheduled by NASA flight
centersfor permanent retention and offered to the relevant Branch Archives of the National
Archives. The records should includeprojectapprova documents, budgetary records, reports and
presentations relating to design reviews, reports of test results, progressreports, correspondence
with contradors, spacecaft statusreports, and—at least in some cass—minutes of the SWG
medings. If records were transferred to the operations manager, they should be returned to the
projed manager’s records when the projed iscomplete. Locaion: In the relevant NASA Flight
Center.

b. NASA Flight Centers’ Projed Scientists
The projed scientist advisesthe projed manager on the scientific aspeds of the projectandis aso
aPl (principd investigator) on the projec with responsbili ty for devel oping one of the payload
experiments (instruments). The scientist chairs the SWG (Science Working Group) which isthe
forum for the PIsto discussthe scientific problems and plansfor themisson. After the spaceceft
is launched, Pls can submit proposalsto the projed scientist to recavefurther funding for aralysis
of the data.

For large NASA projeds, the records of the projed scientist should be scheduled as permanent by
NASA flight centers and offered eventually to the relevant Branch Archives of the National
Archives. The rerds should include SWG minutesand recommendations, correspondence with
PlIs, logbooks and other records about the use and operation o the instruments, and proposals for
further analysis of the data from user/investigators. Location: In the relevant NASA Flight
Center.

®In ESA projeds, projed managers and project sientists at ESA’s flight cerier, ESTEC (the European
Space Research and Technology Centre), generate records similar to their counterpartsin the U.S.



c. NASA Flight Centers: Science Working Groups
The SWG is comprised of the projed scientist and the Plsinvolved on a projed, eat of whom is
responsible for an experiment (instrument) of the payload. This group is the main forum for the
investigators to discussthe scientific issuesinvolved in aprojed. The projed scientist, who isaso
aPl, adsasthe chair and represents any scientific concensof the groupto the project manager
or to other NASA officials. These concans could include developing spacecaft trajedories,
solving instrument interference, dedding the scientific topicsto be addres®d, and establi shing
priorities for the use of the instruments during flight.

The minutes and reports of this group and any correspondence between the projed scientist and
the PIswill give the best insight into the colledive sienceaped of the projed. These records are
kept as part of the projed scientist’s materials (copies of the minutes may or may not be kept by
the projed manager). In scheduling and transferring the projed scientist’s material for large
NASA projeds, SWG rewords should get high priority. It isimportantto note that the projed
manager’ s responsibili ties cease at launch, whil e the projed scientist’s continue. Location: In the
relevant NASA Flight Center.

d. Reaords of Principal Investigators (PIs)
Reoords of Pls should be saved, particularly in case where the PI’s tean was responsblefor an
innovative instrument or technique. The records should include the proposd submittedas PlI.
Location: In papers of projed PIs.

e. Spae Sience Experimental Data
The data—both raw and procesgd—are dedronic in format and usually observational in
charader. Their usefulnessfor long-term scientific purposes is unquestioned.

H. Computer-Mediated Coll abarations
It seansinappropriate to spedfy records to document this category of our AIP Study. We can
generalizethat funding agencies should preserve gantard coerative ayreanent award files as
corerewrds. We canadso recommend that data gererated by chatrooms should only be saved for
significant collaborations and that, even in these case, a ®ledion of the data be made based on a
key asped of the reseach program (in the cae of UARC, the ®ledion might be kased, in part,
on periods of the campaigns designed for tests of remote accessto theinstrumenrtation).

AIP STUDY OF MULTI-INSTITUTIONAL COLLABORATIONS. FINAL REPORT
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Left: The generalrack of expeditions of the D/V Glomar Chall enger (the research vessl for the
Dee Sea Drilli ng Project) during the period August 11, 1968urtil February 23, 1983.The ship
hadjust departed from Papede, Tahiti. Photo courtesy of Scripps Ingtitution of Oceanography
(S0) Archives, University of California, SanDiego (UCSD).
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Above Glomar Chalenge at
sea. Photo courtesy of SO Achives, UCSD.

Above Rig floor Operations, Glomar
{ Chalenger. Photo
y courtesy of the SO Archives, UCSD.




CURRENT ARCHIVAL PRACTICES AND PROJECT RECOMMENDATIONS

In Parts A and B of thisreport, we covered theinitial phases of the documentation strategy
reseach employed by the AIP Study: thefindingsof our field research and our andysesof the
data coll eced through that research.

In Part C we introduce another stage of documentation strategy reseach—astage thatis
particularly suited to a discipline history center like the AlP Center—in which we addresspoli cy
and programatic issues. The purposes of this stage are two-fold: (1) to pinpoint records of
long-term value that are at risk under curent procedues and (2) to develop recanmerdations for
policies and procedures to safeguard records that will be reedel by research administrators,
historians, and other scholars. For the AIP, this stageis criticd. We conduct the first stages to
learn how to document an area With that knowledge in hand, we assastheability of archival
and record-keeing programs to seaure theimportant records; then weissueformd, policy
recommendations to institutions that have control over the records.

When we compare the scope of the records needel to document coll aborations against our
assesgnent of current archival policies and pradices, the urgercy of our projed recommendations
is abundantly clea.
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CURRENT ARCHIVAL PRACTICES

I.  INTRODUCTION*

Oncewe understand enough about multi-institutional collaborationsto know the kinds of records
that should be saved and the likely locations of those records, we have come Fefway to being able
to document them. The remander of the task is coping with institutional archiva policiesand
pradicesthat inhibit the documentation of coll aborations.

Archival policies and pradices differ widdy in the U.S. The differencescan ke sen most clealy
in terms of the seadors of our society in which the institutions operate. We have organized this
sedion of our report acoordingly.

The AIP' s knowledge of archival programs has acaimulated sinceits history program was
initiated in the ealy 196G. Those ealy experiences—trying to save e scientist s papers at one
repository—bea little resemblanceto our present god of documenting muti-institutiona
collaborations. Now wemight need to save the records of one callaboration at several
repositories—repositories that probably would be in different sedors (acalemic, government
and/or government-contrad, and, perhaps, corporate institutions).

In the spring and summer of 1997, the AIP History Center conducted surveys of archives a
leading research universities and at corporations with strong R&D programsto assesstheir ability
and willi ngnessto identify and preserve the records of historicaly important muti-institutiona
collaborations and the papers of key collaboration members. We aso wished toimprove our
overall knowledge of these archives; our prior knowledge had been lased on a \ariety of sources,
including interviews with archivists, published sources, site visits, correspondence regarding
preservation of papers, and other contads. Our contads with corporations had been far less
frequent than with wniversties.

The AIP also nealed to broaden its understanding of the ways federal science agercies
operate—in particular, how wdl ther records management programs proteded their historicdly
valuableremrds. After yeas of site visits and interim reports on recrds programs at these
agencies (and at the Nationd Archives, the repodtory for agency records), the AIP as&mbed the
first-ever meding of scienceagency records officers and representatives of the Nationa Archives
and Reaords Administration (NARA) in 1999 The meding achieved its goal of updating and
clarifying our knowledge of current programs at the agenciesard at NARA.

II. ACADEMIC ARCHIVES

A. General Findings
On the acaémic sSde thereis anemerging tradition (at least in Engli sh-spe&ing countries—and
with the usual unfortunate exceptions) of documenting full carees of outstanding faaulty. The
ealy efforts of the AlIP Center for History of Physicsto document modern physics focused on

®“Former projed archivist Anthony Capitos contributed to a preaursor of this sedion, see Report Two, The
AlP Study of Multi-Ingtitutiond Collabarations, Phase Il: Space Science and Geophysics. Call ege Park:
American Institute of Physics, 1995
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cooperation with repositories in acalemia—the site of the most important physics reseach,
espedally during the pre-World War Il period. By 1980we could statewith some confidence
that the professona papers of physcists with distinguished carees would qudify for accepance
by many, if not most, acalemic repositories following well-establi shed procedures.

But, by the mid-80s, we redized that we could not aff ord to be too optimistic. Academic archives
programs appeaed to be suffering from reduced resources. Further, with the onset of the AIP
Study of Multi-Institutional Collaborations, a new and basic question remained: would academic
archivists be receptive to the ideaof documenting outstanding multi-institutional collaborations?
Our discussons with acalemic archivistsindicaedawideinterest in the achival isstesinvolved.
At the same time, most of them stated that budgetary and spaceconstrai nts made adion difficult.
Accordingly, while acagmic archivists reaognized the role a faaulty member might have as a
collaboration spokesperson or principal investigator, most told usthatthey would hestate to
commit their limited resources to technicd fil es or even to the records of group or team kadkers
(unless perhaps, they played this role on a number of collaborations). These discussons and the
AlP’ s previous experience with acalemic archivesled us to believe thatwe would have the
greaest successwhere the ams of documenting significant coll aborations overlap with an
acalemic archives ams of documenting sgnificant carees.

During the yeas of the AIP Study, we hawefound that the overwhdming responsbility for
documenting multi-institutional collaborations in the fields we covered will fal on the shoulders of
the acag@mic and govemmert sedors. Acrossthe board, mogt of the sientists playing leading
rolesin our seleded collaborations were emp oyed by acagmia. In addtion, wefound important
offices affili ated with academic institutions set up to administer geophysicscoll aborations and we
are asking—in our projec recommendati ons—that acaagmic archives extendtheir policies to
accesson these important records. Because of the mgjor role to be played by acagmic archivists,
we determined that we needed a cleare picture of their capahili ty and willi ngnessto document
collaborations.

B. AIP Suveyof Academic Archives
Therepositoriesthat we surveyed gererdly are at the top of the acalemic tree They are locaed
at major researh institutions whose programsin the physcd sciernces represent the beg and most
prosperous of American academe, and their faaulties include many of the leadersin the muilti-
institutional collaborations that we have studied.®> We snt the acadmic survey to 42
repositories and recaved atotal of 37 returnsfor aresponse rate of 88%.

The acaeémic questionnaire contains 12questions ard seeks two kindsof information. First, we
asked respondents to describe their program; questions included the size of the staff and the
colleaion, whether there had been staff expansion or rediction in the past five yeas, expanson
gpacefor the calledion, the rature of recordsmanmagement, and policies on el edronic records and
colleding persond papers of faaulty and staff. Second, we aked wheter they would accept

®we surveyed repositories at research universitiesthat rank in the top quartile in one or more of five
physics-related fields (physics, astronomy, astrophysics, oceanography, geophysics) in Research-Doctorate
Programsin the United Staes. Washington, D.C.: National Academy Press 1995
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collaboration-related records of faaulty who were key participants in multi-institutional
collaborations and the records of the coll aboration itsdf if it was headqartered on their campus.

Aswe expected, the survey showedasgnificant relationship between staff szeard callection
size All 37 respondents reported on staff size, and the results range from one repository with one
staff member to one with 45 staff. To summarize, 14 said that they hadlessthan five gaff; 14
said that they had between five and 12; and nine said that they had 15 or more staff. Colledion
sizeshowed a smilarly broad range; of the 32 respondents who answered this question, nine
reported holdings of between 1,600and 6,423linea fed; nine reported holdings of between
7,500and 15,000linea fed; and 12 reported holdings of between 17,353 and 83875linea fed.
More than three-quarters of the archives with 15-plus staff had callectionsof more than 17,353
linea fed, as compared to alittle over one-third of archives with five to 12 staff, and only one-
tenth of archives with lessthan five staff.

The next questions covered staff additions and reductionsin the past five yeas, 41% of
respondents reported additions and 39% reported reductions. Chargein staff sizeisrelated to
several of the other variables. Staff additions show a postive correlation to existence d arecords
management program and willi ngnessto accept records of key faaulty involved in multi-
institutional collaborations. Most of these relationships lend themselvesto common sense
interpretations. For example, archives with staff reductions were over two times more likely not
to have a problem with expansion space This probably refledsa gererd decreagin adivity;
with fewer staff the archivesmay accesson lessmaterial and thus need lessexpansion space
Staff additions, on the other hand, are asign of anadive program, andit follows that these
archives are consderably morelikdy to have arerds management program and are more likely
to accept collaboration-related records of key faaulty. There isalso acorrelation between staff
additions and staff size medium size programs (those with between five and 14 pegple) are much
more likely than large or small programsto have had staff additionsin the past five yeas.

Willi ngnessto accept collaboration-related records from key faaulty participantsisrelated to the
existence of arecords management program, and there is a strong relationship between records
management programs and several other important variables, including the existerce of a policy
on preserving faaulty papers and a policy on eledronic records (although it isimportant to note
that only five archivessaid thatthey currently have an eledronic records policy in place. As
expeded, there are very strong correlationsbetweenaccepting papersof collaboration members
and both preserving faaulty papers generally and accessoning records of multi-institutional
collaborations that had their administrative offices at the university. Thus96% of archives which
reported that they would accet coll aboration-related records of key faaulty participants dsosad
that they would accet administrative records of coll aborationsheadquartered on campus.

The findings from the acagmic survey are mixed, but the resultsseem gererally postive. The
range of programsis very wide in terms of staff and colledion size. A little over athird of
respondents reported fewer than five staff—almost certainly fewer people than needed to
adequately document a mgjor research institution—but nealy a quarter said that they had 15 o
more staff, which seems large by university archives standards. At aminimum we were alde to
identify an archivist or similar staff member at all the institutionsin our target group, and the
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guestion about staff additions/reductions during the period 1992-199 7 ewveal afluctuating pattern
of lossand gain rather than the sharp declinesthat we hadheaxd about aneadotdly duringthis era
of government and acalemic downsizing. Overall, in fad, respondents reported a few more staff
additions (41%) than staff reductions (39%).

More significant for our study of multi-institutional collaborations, 82% of respondents said that
they would accept the callaboration-rel ated papers of their faculty who werekey patticipantsin
highly ranked collaborations, and 78% said that they would accept theadministrative recordsof a
highly significant collaboration if it was headquartered at their university. Animportant redity
ched hereisthat the AIP Center’s Internationd Cataog of Sourcesfor History of Physicsand
Allied Sciences contains entries for the records of only threemulti-institutional collaborations
aready in acalemic archives. Inlight of this, the strongly postive responses to these two
guestions should probably beinterpreted as evidenceof willi ngnessto preserve records of
collaborations rather than of adive eff orts to identify and accesson them. Howewer, the
responses offer the hope that if athird party like the AIP History Center isable to rank
collaborations and help identify valuable papers and records, most of the archivesin this sample
may be willi ng to provide ahomefor those related to ther university (because of a mgor roleby
faaulty or the site of an administrative office).

lll. FEDERAL AGENCIES

A. General Findings
Ead federal agency isrequired by law to have a st of records scheduesthat determines how
long records will be retained and when records of long-term value are to be transferred to the
National Archives and Reaords Administration (NARA). These schedules must be approved both
by senior management at the ayency and by NARA.

It isnot enough to review the records scheduesfrom federal agercies; a review of the records
management program which will im plement the shedues is equaly important. When discussng
reqords programs with agency records officers, their description of the programs and the proper
use of the records retention schedules may differ from the acud implementation by agercy
employees. Our findings show that, in gererd, federal agerciesand their laboratories (or contract
laboratories) do not document their research anddevelopment adivitieswell.

We have learned that it isthe responsibility of the agercies to seethat their records schedues are
maintained and properly appied. For exampe, agenciesmust updatether records schedule
manuals as new rewrds seriesareidentified (viainventorying or other means) and they must
schedule new program records within ayea. NARA has oversight responsibilities. It also has
authority to conduct evaluations of agency remrds management programs,; however, for reasons
of efficiency, most of NARA'’s effortsin this areaare shifting to a rew initiative cdled a Target
Asgstance Program. TAP is an agency-initiated nationwide coll aborative program customized to
help agencieswork on their records problems.

The findings that follow are based on fieldwork conducted throughout the decad-long AIP Study
of Multi-Institutional Collaborations. They were reviewed in 1999through correspondence and
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by aworking groupmedingheld at the AIPin October 1999with current agency records
officerg/historians and staff of the NARA Life Cycle Management Division.

B. Spedfic Agencies
1. Department of Energy
The AIP History Center has paid clostemntion to the Records Management Program of the
DOE sincethe mid-1970s while we were designing an exhaustive study of record-kegoing at DOE
National Laboratories. Sincethen, aswe shal show, the upgading of DOE’s program has been
remarkable.

The new DOE R&D Reoords Schedue, approvedin August 1998by NARA, ishy far the lest
schedule we have studied. Other science agercies haweinduded sets of criteriafor identifying
reseach and devel opment recordsfor permanent retention. But we ae particularly impressed
with DOE’ s guidelines for proceduresto rank scientific research projeds as “significant,”
“important,” and “ other’ and—andthisis mogt important—to invdvea mmmitteeincluding the
sciencereaords creaors and records managers in thisranking. We aso want to point out the
importance placed on the proper evaluation of scientific policy and planning recordsin the DOE
records schedues. NARA should consder identifying the DOE Reoords Management Program’s
development of criteriafor the appraisd of R& D records—aong with proceduresfor ranking the
importance of spedfic scientific reseach projeds—as a Best Pradice Award for federal agencies.

More than two yeas have passed sincethe DOE R&D Records Schedule was approved. We hope
DOE will continue to make formal assesgnents asto the successof itsimplementation at both the
headquarters and field levels. Beyond that, we urge DOE to remnvene on aregular basis the
committeeof itsleading records managersto explore the need to update the schedules and
procedures for seauring R&D records.

2. Nationd Aeronattics and SpaceAdministration
The NASA record schedules were approved—for themost part—during 1994 since hen charnges
have been submitted and approved when necessary to keep the manual adive and corred. The
schedules concerning research and devel opment records were evaluated, not only by NASA
senior management and the National Archives, but by the Federal Records Centersinvolved and
by others affeaed by the changes—chiefly theflight centers. The manud of 10 schedues or
chaptersis arranged by function, which better refleds the workings of the agency than the
previous 27 schedules arranged by subjed.

Many of the NASA reords scheduesare written in a \ery gereral manrer, in order for the
manual to be appicable both to NASA Headqguarters and to theflight centers. The records of
mid-level Headquarters scientists arefit into other functional locaions. For example, the term
“program” and the term “project’ areinterchangeable in the schedue, even though—in NASA
parlance—program scientists and program marmagers are Headguarters postions, and projed
scientists and projed maragers are a flight ceriers. On the otherhand, records of the upper level
management offices at Headquarters are spedficdly discussed and systems of recordsthat are
spedfic to aNASA center are dsospedficaly desribed for that center.
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The AIP Center gathered most of its data on NASA’ s records management program and pradices
during its study of coll aborative research in space siernce. Accordingly, it should benoted that
the findings that follow are based on fieldwork completed prior to our 1995 eport.®® Our
fieldwork discussons (primarily stevisits) induded NASA recordsmanagement staff at both
NASA Healquerters and the threeflight centers involved with our seleded case studies, discipline
scientists at Healquarters, branch scientists at thefli ght centers, and the Nationa Archives
appraisal archivist, along with general interviews with NASA program scientists.

We found that NASA'’s recrds management program refleds the relationship that NASA
Healqguarters has with itsflight centers. Each of the flight centers hasits own spedalized interests
and takes a somewhat independent stance from Headquarters. Records managers at flight centers
fed entitled to interpret the records retention schedues to best fit their particular certer. Although
the new NASA reoords retention schedue is animprovement over the previous one, its reception
has not been overwhelmingly positive. While one flight center’ s records manager accepted the
adoption of the records schedue manud, another stated that it was not appropriatefor hisflight
center. Part of the problem could stem from the fad that the new records retention schedues are
written in such genera termsthat theflight centers hawe difficulty in urderstanding how they are
to be applied.

A seocond problem which arisesfrom this schedueisthe assumption that NASA scientists are
acualy filing their records acoording to standard procedues. The NASA records management
program assumes that central filing proceduresare being used alongwith auniform filing index.
Our interviews with several discipline scientists and projed scientists showed that records were
not being handled acwrding to these procedures.

Aswith scientists in most federal agencies, fea of the destruction of reaords combined with ladk
of knowledge about records marnagement procedures hasmade NASA scientists keep their
recordsin their own offices. According to one discipline ientist, concern about the retention of
his records prompted him to send them to the NASA History Office no onefrom the History
Office has ever contaded him about these records. Another NASA scientist dated that he Fas
kept some records from the projeds he was involved with but doesn’t know what will happen to
them since no one—during the many yeas he asbeen with NASA—nhas ever been in touch with
him about recrds management.

NASA records management has never taken a proadive approac to the sledion and retention
of reaords. According to oneflight center records manager, theonly recordsthey accesgon are
onesthat people send to them voluntarily. At the start of a largeprojed, theflight centerrecords
manager stated, they will ask the projed administratorsto remember records management at the
end of their projed. Unfortunately, this seems to be thenorm for NASA fli ght centers, due to the
ladk of staff to perform nore proadive duties. Reards management at NASA flight centers has

®The AIP Sudy of Multi-Institutiond Collabarations, Phase Il: Space Science and Geophysics. Callege
Park: American Institute of Physics, 1995
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mostly been a negleded areg some have a few full -time employees, some contrad employess,
and others only one half-time empoyee®’

During our site visitsto flight centers, a search by records management staff could turn up no
reaords for two of our casestudes. Wea so foundthatreoords of someof the foundersof aflight
center had been removed to a private institution.

Only one of the NASA flight centers has a fully establi shed archives and records management
program.®® The Jet Propulsion Laboratory (JPL) in 1989established an archives and records
management program with six full-time emp oyees, including an archivist. Along with this
program, JPL hasincluded an oral history component to supdement the historicd materials kept
a their archives. This program could be themode for the rest of NASA’sflight centers, and
some at the National Archives are deased with what JPL has acomplished. On the otherhand,
NASA Healquertersis not entirely satisfied with the situation at JPL. JPL, unlike other flight
centers, operates under aNASA contrad (with the California I nstitute of Technology). Dueto
this arrangement, JPL does not fed that it creaes federal records other than the required
deliverables and does not hawe to follow the NASA records management program. JPL’s primary
reason for disiking NASA’s program isthat the language of the records scheddes along with the
types of records covered, do not fit well with the language and records of JPL. In addition,
recordsin the JPL archives are only available to public researchers after they have been reviewed
and cleaed by the original creaing office. Although JPL has established an archival program,
accessto these records—eseentia for historians—has been problematic. Under the new contraa
NASA and JPL signed, if JPL wishesto use Federal Records Centers, it must employ the revised
NASA uniform filing index. However, acarding to JPL, the contrad still seems unclearas to
whether JPL is creaing federal records or not. Currently, JPL is developing its own records
retention schedule, which will not be based on the new NASA schedue.

Finally, the AIP data show that most NASA projed managers do not retain many projed records
after a spacecaft has been launched and their position on the projed has ceased (the position of
projed scientist, on the other hand, remains through the lifetime of the projed). The records of
projed managers are transferred to the operations group, who have the opportunity to take what
they neal in order to keep the spacecaft in working order; the rest of the documentation is sent
to records storage. According to our quegtionraires and i nterviews, when project managers leave
or retirefrom NASA, they tend toleaveany remaining recordsin their offices for someane dseto
ded with.

5We have learned that a number of NASA sites—Ames Research Center, Glen Research Center, Goddard
Space Flight Center, Johnson Space Center, Kennedy Space Center, and Marshall Space Flight Center—now have
fully establi shed reaords management programs.

%More recantly, archival or history programs have been initi ated at Glen Research Center, Johnson Space
Center, and Marshall Space Flight Center.
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3. Nationd Institutes of Health
Of all the scientific disciplinesrelevant to the AIP Study of Multi-Ingitutional Coll aborations, we
are least familiar with medica physics and with the leal funding agency for the field, the NIH. In
fad, our dired contadswith NIH werelimited to medings with the two senior scierce
administrators on our Working Group and a site visit we made to the NIH historian.®® Asa result,
we will be addressng only one agpea of the NIH records management program—its neal for a
strategy to identify significant research and devel opment recordsfor permanent retention.

R&D rewrdsat the NIH fdl into two cakegories. grant cagfil es (related to externa resarch)
and intramural research records (related to reseach within the various ingtitutes of the NIH).
Attempts by NIH to seaure these records focused, in the 1980, on the grant case filesand, in the
199G, on the intramural research records. All efforts failed despite theinvolverment of the NIH
diredors of intramural reseach and other key players.

During the October 1999meding at AlP, the supervisor of the National Archives Life Cycle
Management Division recommended that NIH work with NARA’s TAP program to develop a
strategy to seaure significant recordsin both the grant case files and the intramural reseach
records. The NIH historian indicated that she and the NIH records officer would take the
initiative.

4. Nationd Oceanic and Atmospheric Administration
Thereardsretention schedulesfor NOAA arein the processof being revised. To date, four
chapters of the Disposition Handbook have been revised; threeremain.

Chapter 12000f the NOAA Disposition Handbook—which covers Scientific and Technica
Reoords—was approved in 1995 This schedue includes provisionsfor sgnificant projed
records with guidelinesto help with their identification. Under itsterms, projed case fileswould
include materials such ascorrespondence, manoranda, e-mal printouts, progressreports,
working payers, etc. Prior to theclosing of the projed, the appropriate divison chief is b use a
list of criteriato help determineif the projed is to be considered dgnificant; these criteriainclude
the awarding of a rationd or internationd prize, the work of a prominent NOAA investigator, and
the fad that the projectwas subjed to widespread meda atention or recaved congessonal
scrutiny—just to name afew examples from the list. Records for projeds meding one or more of
the seleded criteria are to be retained permanently. This sysem of seleding significant projea
casefiles also coversreseach notebooks, projed proposals, budget information, and planning
files, which are to be transferred to the appropriate projectcafil e.

Threemore chapters of the Dispostion Handbook need to be revised. At the moment, they fail to
cover many of the records creaed in those programs. A contrador has been hired to revise the
chapter that coversthe National Ocean Service this may be competedin 200Q The remaning
chapters will follow, depending on funds.

*Duri ng Phase lll of the AIP Study, our contacts—for interviewing puposes-were with menmbers of our
sdleded coll aborations employed by academic departments, medical schod's, university hospitals, and other
participating ingtitutions such as the American College of Radiology.
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Although the new NOAA schedu e, when finished, will be a ged improvement over the aurrent
schedule, it isthe application of thisnew schedue which will determine whether the records
management program will improve. Unfortunately, there continues to be aladk of managerial
support for the records program resulting in a Records Mamagement staff of one with one
asgstant. A mgjor concern isnot providing enough recordstraining for al of NOAA. The modest
program of training sessons (one in the DC Metro areaand another in two diff erent regions eat
yea) is clealy not enough, given the size of NOAA.

One positive adion taking placein NOAA isthe organzation of aBioData Working Group
involving all of the program offices. The purpose of thisgroupisto asare the long-term
stewardship and archiving of NOAA’s biologicd, chemicd, and associated data. The Working
Group is reviewing various options to establish a policy for archiving and managing data sts.

5. Nationd Science Founddion
The NSF is currently the major U.S. funding agent for projeds in geophysics, oceaography, and
astronomy; it shares responsibili ty with the Department of Energy for supporting projedsin high-
energy physics. The AIP Center has long been concerned about documenting NSF' s pivotal role
in basic reseach. Inrecat yeas, AlP projed staff met with a number of NSF Program Officers
and other NSF administrators; we reviewed the manual for NSF reaords schedues with the NSF
records officer in January 1999

Overall, the Records Maragement Program at NSF is amodest success Theall-important
reaords of the National Science Board are seaured (although it is not clea that the disciplinary
subgroups of the NSB are scheduled for permanent retention) and documentation of the review
processfor acceted scientific proposalsis satisfactory. However, NSF s records schedueswere
completed in 1982and by now it is obvious that updates and revisions are sorely needed.

In the cage of updates, the records programs should take into acoount that NSF funds a variety of
scientific reseach programs beyond individual research projeds. We point in particular to its
fadlities (national observatories and laboratories) and centers (Scienceand Tedhnology Centers
and Materials Reseach Science and Engineaing Centers). Resarch awards now take theform
of cooperative agreements and contradsin addtion to the traditiona grants. These rew types of
awards determine varying responsibili ties on the part of the NSF and redpients of support (as well
asvarying types of records). We found that pre-proposals are a critical part of the funding
processin materials science. None of these rew procedures or catgories of records are efleced
in the records schedues. We consider that this areaof funding and oversight constitutesthe
major upckte that needsto be made. The gap between agency programs and records schedues
underlines the need for proadive and edicationd recordsmaragement programs.

In reviewing the records retention manual we found several important sedionsthat need
clarifications to avoid misunderstandings (e.g., how can one find the category where NSF
Program Announcements are to be scheduled? and are records creaed by the NSF Diredor redly
not covered in the records schedues?). Infad, it seened possble thet some other important
reaords seriesare not covered (such as heads of NSF Diredoratesand diredors, exeautive
officers, and program officers of NSF Divisions).
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Finally, we point to the fad thatthe NSF records scheduescover only recads at NSF
Healqguarters, NSF fadlities and centers do not producefederal records. They are required only
to provide NSF with deliverables, including budget and progressreports. Itisclea that many
valuable records will be lost unlessthey (or their host institution) or the National Archivestakes
responsibili ty.

6. United Staes Geological Suvey®
We know of no plansto revise the current records retention scheduesfor the USGS, but
revisions are definitely in order. For example, the USGS schedules statethat none of its projec
case files are consdered pemrmanent; they are to be destroyed after thirty yeas. These records
would include contrads, technicd records, drawings and photographs, progressreports,
correspondence, planning documents, efc. This dispostionis suppsed to be foll owed unless
superseded by an individual division schedule. Projed proposals and laboratory projed
notebooks fall under the same fate as the projectcasefil es with which they are assciated.

In pradicethe divisions do spedfy some projed recordsto be retained—notably seismic and
other geophysicd data. USGS has been fairly consistent on the retention of the geologica data
from its projeds because of their long-term usefulnessfor scientific and pracicd purposes. These
recrdsremain in USGS custody for seventy-five yea's before they are transferred to the National
Archives. Some at the Nationa Archivesfed thatthe ientistshaveno interest in the
preservation of their records beyond the publi shed materials and scientific data. This is compatible
with AIP’s experience

The USGS rerds management program appeasto be severely understaffed. One of the main
problems fadng the USGS records management program isitsladc of identity within the
ingtitution. Most of the USGS scientists we interviewed did not even know of theexistence d a
reaords management program nor what happened to their records. An education program to help
scientists identify important records, along with helping them understand the records management
program, would be a bermicial first 4epin seauring theimportant scientific documentation of this
agency. Two examples of this problem: one division chief at headquarters expressed certainty that
there was no records program at USGS, and one USGS branch has not transferredany records to
its Federal Records Center in more than a decale.

C. Conclusion
AIP Study findingsfrom our fieldwork over the yeaswere darified and shampened during the
discussons with scienceagerciesand the Nationd Archivesat our 1999meding at AIP. All of
the agercy reoords officers—with the possble exception of DOE—are well aware thatthey are
criticdly understaffed and short of funds, and that their scientists and administrators are largely
unaware of their programs. The result isthat they cannot mee training gods or enjoy the

“The AIP Study’s limited exposure to the USGS included: (1) medingswith scientistsin the Geologic
Division whom we interviewed about seleded case studies and (2) discussons with USGS Headquerters staff on
the records management program. The airrent USGS records officer hasinformed us that these findings
published in 1995 are still accurate.
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efficiencies of proper records-keguing—to say nothing of hdting thelossof historicadly vauable
documentation.

Two agency records officers described new effortsto tadcle these problems. NASA now has an
AwarenessTraining Program. At DOE, “education” and “awareress are huzzwordsthatthey try
to insert at every opportunity; this approac leads, they believe, to better understanding and,
eventually, better support and funding by their DOE administrators. At the same time, NARA
redizesthat it neadsto improve its communications with agencies and to respond to agency neals
with TAP and other initiatives.

V. CORPORATE ARCHIVES

A. General Findings
Over the decales, the AIP Center has had minimal experiencewith corporate archivesand what
experience we have had has not been encouraging. We have found that few research corporations
have archiva programs and, where these programs exist, they havwefocused on administrative
records and those that provide protedion of their patent rights. It has been a major exception to
the rule to find corporate archives that would accesson the professona papers of ther
distinguished scientific staff. In addition, the records of many corporate archives havenot been
made easly accessble to historians and other externa resarchers.

Corporations did not play a primary role in the multi-institutional collaborationswe studied. In
fad, with the exceptions of materials science and medicd physics, corporations were rot among
the member ingtitutions of our seleded case studies. There were, however, indications—at least
in high-energy physics and materials science—that the resence of corporate ingitutional
members was growing. In high-energy physics, we are avare thet corporations have been full
members of collaborations (in cases more recant than the period we covered). Inthe field of
meaterials scierce, there ae & least two, reatively recen caalysts thathave loosted the presence
of corporate members. (1) synchrotron radiation fadlitiesare attradive to many corporate
reseachers, and (2) the introduction of NSF s Materials Resarch Scientific and Engineeing
Centers (MRSECs) has fostered collaborative links between acalemia and the corporate world.
Finally, in the areaof medicad physics, we hawejust leaned that the NIH expeds multi-
institutional collaborationsto have ahigher profile in its research programsin the rea future; this
should mean increased participation by corporations. We kelieve that coll aborations are kecoming
more important in scientific research. It seems equally evident that corporations are kecoming
more important to coll aborations.

For these reasons (and because the AIP Center is considering a future research projed to
understand how we might do a ketter job of documenting physicsin industry) a survey of
corporate archives wasconducted.

B. AIP Suveyof Corporate Archives
Asawhole, the acagmic survey (11.B., above) presents a picture of varying kut gererdly adive
efforts by Americd s leading research universitiesto document their programs and facaulty.
Predictably, the corporate survey presents a very diff erent picture, and one that isboth less
optimistic and lessclea. At the same time the corporate survey shows some interesting patterns.
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We contacied the Americancompanies that emp oyed the most physcists, usng alist deve oped
by AIP s Statistica Research Center of the 37 companies that employed approximately half of all
U.S. physicistsin industry in 1994

| dentifying appropriate staff to contad provided the first major contrast between academic and
corporate archives. For theformer, wealready hadwell-egablished contadswith the heads of
nealy al the university archivesin our sample through our long-standing effortsto preserve
papers, and we had records from most of them in ICOS. In addition, all but afew werelistedin
the Society of American Archivist’s Membership Diredory. Finding the appropriate contad
person for the 37 corporations proved much more difficult. Wetried a variety of sources
including industrial diredories and the SAA Diredory of BusinessArchivists, which provided
only afew names, and we then tried cdli ng the corporate headquarters and asking for the rame
and addressof the archivist or other smilar staff member. Altogether, we were ald e to identify
archivists, records managers, librarians, or historians for 27 of the 37 corporations on the AIP list.

The corporate guestionnaire containsthe same general questions as the acaamic instrument,
although some were modified to reflea the corporate environment. The survey results
substantiated our impresgon that most big-science corporations don’t hawe professonal archiva
programs, athough we confirmed thata few do. We did up to threefoll ow-ups to obtain
responses and recaved atotal of 19 returnsfor atotal response rate of 70%. However, in
reviewing the returned questionnaires, wefound that about haf werefrom recordsmaragement
or library programsthat do not retain corporate records permanently, and two were memorabilia
colledions maintained by company retirees working as voluntees. After acarful reviewwe
dedded that eight of the respondents have operations that appea to be red archives cgpable of
preserving company records on an ongoing basis and, through follow-up reseach, we leaned that
threeaddtional enterprises on our list preserve corporate recordsby donatingthem to non-
corporate archives. Thismacde atotal of only 11 out of the37listed in the AIP report.

Most corporate archivesare sgnificantly smaller in terms of colledion szeaswell in termsof
staff sizethan their acalemic counterparts. Five corporations reported in-house archives staff ed
by lessthan threeempoyees. Motorola reporteda staff of four. The AT&T Bel Labs and Ford
Motor Co. archives have both expanded in recet yeas. AT&T, which isthe largest corporate
archivesin the U.S. and has a long-established program, doubled its staff in five yeas, going from
12to 24 people (including temporary staff). Ford, which minmaly supportedits archives
program for more than 30 yeas, hired a new manager in January 1997and—in addition to the
manager—now employs 14 contrad archivists. IBM, which had two archives staff members at
the time of the survey, has sincehireda rew archivesmarager andis aso expanding its program.
We dso found that threemajor corporations placepermanent recordsin non-profit archives:
Dupont sends recordsto the Hagley Museum and Library, General Eledric sends recordsto the
Schenedady Museum, and 3M sends records to the MinnesotaHistoricd Society. In summary we

"LAIP Statistical Resarch Center, “The Corporations Employing the Largest Number of Ph.D. Physicists
in the Private Sedor, 1996” We should note that the corporate sedor represents about one-third of the working
physicistsin the U.S.
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found that eight (22%) of the 37 U.S. enterprises, who employed approximately half of all
physicistsin industry in 1994 had professona in-house achivesandanather three(8%) preserve
a least some records by sending them to independent non-profit archives.

Two-thirds of the corporate achivessaid that they would accept the callaboration-related records
of their staff who played key rolesin highly ranked muti-institutional coll aborations and haf sad
that they would accet the recordsof highly rarked calaborationsthat were headquartered a
their companies. However, these responses shouldn’t beinterpreted aseviderce that the archives
at top sciernceindustries, when they exist, are documenting R&D. We havevisited or had lengthy
phone contads with four of theeight archivesin our sample, and two of these are currently
preserving records amost exclusively of businessoperations. And the small size of most of the
archivesthat we identified makesit unlikely that they can go much keyond saving top
administrative records.

Overall, the corporate survey reinforces thefindings of a conferenceon businessrecords
convened by the Hagley Museum and Library and the Minnesota Historicd Society in 1996—that
American corporate life is not well documented and that this is a trueamong major science
corporations as for other areas of the corporate world. ”? The results do not bode well for
documenting thisincreasingly large seaor of physics and alli ed sciences or of preserving
industry’s contributions to major multi-institutional collaborations.

C. Sulzontractsto Induwstry
The AIP Study examined theimportance of subcontrading toindustry by muti-institutiona
collaborations—and the likelihood of documenting it—during its studies of high-ernergy physics,
gpacescience, and geophysics. Most of our findings were gathered through our reguar projed
interviews with collaboration scientists. In addition, focused studies of spedfic corporations were
caried out by thefirst projed historian (who served later as a projed consultant).”

In many of the geophysics and oceanography collaborations studed, the principd investigator of
the Science Management Officewas the primary intermediary between the coll aboration scientists
and the contradors, and the administrator’ s records provide the best documertation of industry
involvement. In some casa, dmost all contrads and correspondence with contradors have bee
kept in asingle office, such asthe Polar Ice Coring Officefor the Greaenlland Ice Shee Program.
In some case, such aswith IRIS (Incorporated Research Institutesfor Seismology), there was
caeful oversight by the program office of the work of contradors, and this increased the
survivabili ty of some subcontrading records. We dso found that some callaboraionsisaued a

2 James M. O’ Todle, ed., The Records of American Business Chicago: Society of American Archivists,
1997.

3SeeNebeker, Frederick, Report on Subcontracting and the LeCroy Eledronics Corporation.” Report
No. 4, pp. 135142in AlIP Study of Multi-Ingtitutiond Collabarations, Phase I: High-Energy Physics. New Y ork:
American Institute of Physics, 1992 Also, “The Development of Very-Broad-Band Seismography: Quanterra and
the IRIS Collabaration.” Report No. 2, pp.179-193in AIP Sudy of Multi-Institutiond Collabarations, Phase Il:
Spae Science and Geophysics.  College Park: American Ingtitute of Physics, 1995
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newdletter that contained information about subcontrads. In spacescience, we found that some
aspeds of the relationship between scientists and industry are relatively well documented. In
particular, because the seledion of a contrador isin many casesa very formd process(notably in
European SpaceAgency projeds), many documents are generated by companies bidding on
contrads and by projed evaluators.

Other aspeds are poorly documented. It is probably the case that most of theinnovative
engineaing that takes placein industry newer resultsin apublication, not even in the form of a
thorough internal technicd report or memorandum. And much of the give-and-take between
collaboration and company personnel occursin person or by e-mail, or in some other way failsto
produce documentsthat are usually retained. Another problem concerning this documentation
arises when subcontrads go to unstable companies that may go out of businessbefore long. In
oceanography, the exampe of the research ves& Challenger built for the Degp SeabDrilli ng
Projed ill ustrates how inseaure the documentary record may be for work doneby industry. The
vesEl was built by Global Marine Corporation, which, sincewinning the contrad, underwent at
least two reorganizations (one of them under Chapter 11 protedion) and moved. Oneof our
cases in spacescience provided another good example of this problem. It arosein the
development of the fast eledron experiment flown on the | SEE (International Sun-Earth
Explorer) missons. The eledronics of theinstrument wascontracied out to Matrix Reseach and
Development, a company which hassince gone out of business

V. OTHERFINDINGSOF INTEREST

A. Freestandng Institutions
We have ercountered two types of freestanding institutions during thelong-term AIP Study of
Multi-Institutional Collaborations. NSF National Observatories and geophyscsinstitutes. We
refer to them as freestanding because they have no affili ation with a university or other large
institution and, as aresult, have no natural link to arepository for their records.

The NSF National Observatories have some characeristicsin common with the DOE Nationa
Laboratories. Both DOE’s and NSF sfadlities are internationally top-ranking institutions making
major contributionsto contemporary science and, dthough operating under contrad, they can be
considered to be “permanent” organizaions. There are, howewer, two significant diff ererces:
while the DOE laboratories crede federa recrds and have come to terms with the responsbilities
of seauring their records of historica vaue, the NSF Nationd Observatories do not creak federd
records and—as younger organizations—they are just beginning to worry about coping with their
old remords. Asaready mentioned, the NSF observatories lad affili ations with archival
institutions. We do not know of any that have initiated archival programs or made formal
arrangements for their records to be transferred to an establi shed repository. Until one of these
choicesis made, the reaords of these research fadlitieswill be in danger.

The second category of freestanding institutions was made known to us during our study of
reseach collaborations in geophysics. Intwo of our selecedcase new, freestanding institutes
were creaed for the sole purmpose of administering the projed. Because thesinstitutesare not
widely known, we describe our cases briefly here asexampes of a rew type of documentation
problem that scientists, historians, and archivists should be more avareof.
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One such institution we examined is the Joint Oceanographic Institutions JOI). JOl isa
consortium of ten American oceanographic institutions and is the prime contractor for the Ccean
Drilling Program (ODP). JOI works closely with the Joint Oceanographic Ingtitutions for Deep
Earth Sampling (JOIDES), an international consortium which advises the Ocean Drilli ng Program
on both scientific and logistical endeavors. JOI receves money from the NSF ard passs it to the
Ocean Drrilli ng Program, now located at the Texas A&M University Resarch Foundation, to
operate the program. Using JOI as prime contractor, the NSF is able to have ODP run without the
legal restrictions imposed on a government agency.

JOI isthus not part of an institution which could retain its records at the conclusion of the Ocean
Drilli ng Program. This problem is even more serious for JOIDES, where most of the scientific and
policy dedsions are made. Not only isthere no existing repository for records of JOIDES, but it
has acentrd officewhich rotatesevery twoyeas to a diff erent member institution. According to
aformer diredor, JOIDES meticuloudly saves and passe onits records, which includesevery
proposal ever submitted, minutes of al panel medings, and audio tapes of the Planning
Committeemedings. Some of these records are sent to JOI for storage, particularly workshop
reports, but the rest are paseddong to the net host of JOIDES. Because of the trandgent nature
of the JOIDES office, an archival repository should be establi shed—or arrangements made with
an existing archives—for the permanent retention of these highly valuable science-policy records.

The other new, freestanding institution that our projed dedt with isthe Incorporated Reseach
Ingtitutes for Seismology (IRIS). Like JOI, IRIS is aporation with its own headquarters and
without affili ation with any academic institution. The threemain programs of IRIS are the Global
Seismic Network, the Program for Array Studies of the Continental Lithosphere, and the Data
Management Center. Although IRIS isinvolved with individual experiments, its purposeisto
fadlitate science, not conduct it. Any proposals for experiments using itsinstruments have to be
submitted to the NSF for funding and approval. Other than providing deliverables to the NSF and
the eledronic storage of scientific data, there ae no mardatory record-kegoing requirements
imposed by the coll aboration an projeds supported by IRISinstruments. We know of no plans to
retain records nor of arepository to placethem in. According to our interview subjeds, themost
important records for documenting IRIS' s planning and operations are the records of the
committeeinvolved with ead of the threel RIS programs. These committeeminutesare provided
by the seaetaries to the head administrator of IRIS.

B. Policy-Making Bodies
AIP Study staff explored record-keegping pracicesin the areas of policy-making bodiesduring our
study of spacescience and geophysics. Thethreeexanyples we offer from our findings are of
interest because of the grea influence these organizaions have on the diredions of contemporary
science

1. Nationd Academy of Sciences.

The Academy plays akey role in establishing prioritiesfor scientific reseaich. Perhaps best
known for the physicd sciences are the decalal surveys of the National Academy of Sciences
Board on Physics and Astronomy. These reports—on high-energy physics and other
disciplines—focus on documenting the acampli shments of physics during the previousdecae
and analyzing the requirements for continued progress. More garticularly, during our study of
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gpacescience and geophysics, we found thattheinfluence of the Academy was often a criticd
fador, for example, in dedsions made at NASA to support new missons and at the NSF to
support new projeds or even extend their program aress. The most important records at the
National Academy of Sciencesfor documenting projedsin space siences pertain toits Space
Studies Board and, in geophysics and oceanography, its Atmospheric Science Board, Ocean
Studies Board, and Polar Research Board. Fortunately, the Academy has had a fully professonal
archives program for decales and the records of these—and other boards—are kept as part of the
Academy’s Archives.

2. Thelnternationd Courcil of Scientific Unions.
ICSU islocated in Paris. Prompted by ladk of office space it employed a consulting archivist to
prepare an inventory of its records and develop an archival program. The recordsof ICSU consist
of headquarters information including Exeautive Committeerecords, general assembly records,
general committeerecoords, yeabooks, and publications. Along with itssmall archives, ICSU has
adocument center which is comprised of its own published materials as well as publications of its
disciplinary unions and committees. These records, however, do not include records of the
disciplinary unions, for example, the International Union of Geodesy and Geophysics, and their
committees, where the policy making is done. Their records get pas®daong as the Screftariats
move from placeto place

3. The World Meteorological Orgarization.
The WMO also hasa small archives program. During our site visit, we were primarily concerned
with the records of the World Climate Reseach Programme (WCRP), the management officefor
two of ourimportant case. The WCRPislocatedat the WMO in Geneva, but isan off spring of
the WMO and the ICSU. The officeof WCRP sdiredor isfull of scientific and administrative
correspondence, unpublished minutes of medings, and so forth. The archivist at WM O would
welcome accessoning the WCRP records (and |CSU agrees this would be apprapriate), but the
WCRP staff were not willi ng to part with what they fet are ecords of an independent unit.

VI. SOME CONCLUSONS

There areinconsisterciesand problemsin archives and records managemert eff orts at various
universities, government agencies, corporations, and other reseach institutions. Thes dalenges
are compounded when ane tries to document a call aborétive reseach eff ort acoss nditutions.
Many archives and records management programs are well-intentioned but desperately
underfunded and overwhelmed with work. Many reseach ingtitutions—including all the national
observatories and most corporate laboratories—ladk archival programs altogether. Inded, it is
not at all clea that the ration’s archival and records management programs are cgpaldeof doing
an adequate job of documenting multi-institutional collaborations.

The problems of corporate archivesare garticularly difficult to resolve, as illustrated by our
corporate survey. It isobviousthat corporate archivesand records maragement programs cannot
survive unlessthey serve the parent institution, and many are just barely surviving. Thereislittle
room for preserving records of multi-institutional collaborations—a task few in the corporations
would consider essntial to their missons. Nevertheless in our recommendations, we ask
corporate reseach laboratories to med amodest standard: those corporationsthatlad archival
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programs should initiatethem and all corporationsshould consider documentingtheir rolein
multi-institutional collaborationsto be part of their respongbilities.

Most of all, we are concened about archival and records management programsin the acadenic
and federal seaors, where our fieldwork shows the tasks of documenting coll aborative reseach in
the physica sciences will impose its greaest burdens. Additional resources—criticd in both
cases—would help resolve the problems. In our Projed Recommendations we ask federa
funding agencies to provide a very modest increagin overhead rates to acagmicinstitutions—an
increase that would be targeted for the support of academic archives. Wea soask these federal
agencies to recognizethat, with the exception of the Department of Energy, their own agercy
reaords programs ladk the resourcesto med even the legally required standards of seauring
adequate documentation of their programs and adivities. Without professonal records programs,
agencies cannot med training goals or enjoy the dficiercies of proper remrdskeeing—to say
nothing of halting the lossof recrds needed for administrators and future historians.
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PROJECT RECOMMENDATIONS

All chapters of our report—whether they befindings, aralyses, or assesnents—eal to our
projed recommendations. We have provided ample eviderce that changesin records programs at
reseach ingtitutions and federal agencies must be made to seaure anadequate record of multi-
institutional collaborations and their contributions to scienceand our society.

It may be difficult for scientists—even those who direa collaborative work—to recmgnizethe
importance of saving documentary source naterials. 1t may sean to them that their personal
remlledions and those of their colleagues are sufficient. Thisis unfortunate from the standpoint
of present neads. From the standpoint of the future it is disastrous, for even the imperfed
personal recolledionswill die with the scientists, and later generations will never know how some
of the important scientific work of our times was done.

Archivists and recrds managers may wonder why they must take on what might be senas*“yet
another respongbility.” A diff erent perspedive would be that scientific adivities ae smply being
shared differently than in the past—fewer scientists are doing individua or smdl projedsand
more and more of them are participating in coll aborative projeds. Weexped it will becanequite
natural to archivists and records managers working in the scientific arena to find that coll aborative
reseach projeds have become integral to the mgjor institutional policies, programs, and adivities
that they are committed to document. Nevertheless we are well aware that archivists ard records
officers—particularly in acalemia and federal agercies, where esponsbili ty for coll aboration
recrdsis highest—are overwhelmed by workloads and inadequate budgets. Our
recommendations #3.a. and #3.b. addressthis isaue.

The projed recommendations that follow are aimedat preserving only asmadl fradion of the
records creaed by multi-institutional collaborations. As shown in our appraisa guiddines,
records of archival value will consist of asmall set of core records plus, in afew cases, awider
range of records for very significant collaborations. Our experienceindicaesthat records of this
quality will be of interest to future historians and other scholars. Multi-institutional coll aborations
have adiversty of charactristics that contribute to their potential interest to scholars. For
example, collaborations may be not only multi-institutional but multi-disciplinary and multi-
sedored aswell. In addition, these multi-institutional collaborations must be seen in the context
of the national and other major research fadlities they use. Whether on their own or in the
context of the research fadlities, multi-institutional collaborations are an integra part of the“Big
Science” charackrized by large federdly funded budgets and national and even internationa
planning and policy making. For these reasons, muti-institutiona research coll aborations are of
potential interest to awide variety of scholars. Seauring adegate documentation of multi-
institutional reseach collaborationsis criticd for future historicd studies. It isalso vital for
current management of technicd innovation and for science policy neals of federal agencies and
others who want to understand such kesic isues & the df edivenessof tean structures.

The following recmmendations are direded to the adionsneedel to document call aborative
reseach in physics and alli ed sciences, particularly in those fields studed by the AIP Study of
Multi-Institutional Collaborations during its threephases, namely: high-energy physics (Phase),
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gpacescience and geophysics (Phase 1), and ground-basel astronomy (divided into observatory
builders and observatory users), heavy-ion and nuclea physics, materials science,and medica
physics and an areawe named computer-mediated collaborations (Phase Ill) . They are justified in
more detail in the reportsissied at theend of ead phase of the long-term study of
collaborations.”* Many of the documents referred to are currently on paper, but our
recommendations also apply to information in eledronic format.

The AIP Center has encountered awide range of complexities fadng the documentation of
experiments in modern physics and allied fields. On the most basic level, good recrds-keegping
may be adknowledgel by all asnecesary while theexperimertal processis alive but, when the
projed isover, recrds can easlly be negleded, forgotten, or destroyed. Asaresult, the most
important recommendation (Recommendation #14.b.) urges a new approach to seauring the
documentation for future coll aboration projeds. We suggest that, once a projed has been
approved by areseach laboratory (observatory, NSF center, etc.), the coll aboration be required
to designate a member to be responsblefor its coll aboration-wide records. In addtion—where
historicd significance warrants—individuals should be ramed to be responsblefor group- (or
tean-) level documentation of innovative components or techniques. Thisinformation should be
incorporated into any contractual agreement with the coll aboration. Use of this simple medanism
would assst archivists by asauring that records will be availablefor appraisal and by providing
information on their location.

Multi-institutional collaborations are virtually al funded by federal science agerciesand much of
the research and devel opment is carried aut atagercy fadlities. Most of our recanmendations are
addressed to these agercies, aswell as the Nationd Archivesand Records Administration
(NARA), becaise succesgul documentation relies heavily on the effedivenessof their records
management programs.

RECOMM ENDATIONS
The recommendations are grouped in the following order:

Reacmmendations—Policies and Procedures

1. Generd

2. National Archives and Records Administration
3. Federal Science Agencies

4. Spedfic Federa Science Agencies

5. Other Institutiona Settings

“The AIP projed recmmendationsisaied at the end of each of the three phases are available on the AIP
Center’ sweb site (http://www.aip.org/history/); sets of printed reports for each phase are avail able upon request to
the AIP Center.
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Remmmendations—What to Save:”

1. Policy and Planning Records

2. Core Reords by Scientific Discipline
3. Significant Collaborations

Remmmendations—How to Save

RECOMM ENDATIONS—POLICY AND PROCEDURES

CATEGORY ONE—GENERAL
Recommendation #1. Professonal files of keyscientific faculty/staff members should be
permanently preserved by their institutional archives.
Explanation:
Virtualy all of our recommendations arefocused on seauring records of coll aborations;
acordingly, we must make clearat the outset the importance of preserving papers of individud
scientists.

For some decales now, it has been traditiona—espedally in English-speeking countries—for
professonal files of acalemic scientists to be permanently preserved in their institutional archives.
Those papers most frequently sought are of individuals who have made major contributionsto
scienceor sciencepolicy on anational or international level or to their university.

There are two principd targetsfor this recommendation. First, university archivesin all countries
should have policiesto permanently seaure files documenting the professonal carees of their
distinguished scientists. Second, smilar policies are sorely lading at virtually all reseach
|laboratories and other nonacademic institutions; they should be initiated and supported by
diredors of laboratories, whether they be in the corporate or government secor.

CATEGORY TWO—NATIONAL ARCHIVES AND RECORDS ADMINISTRATION

Remmmendation #2:

a.  TheNationd Archives and Records Administration (NARA) shoud solicit increased inpu
from subjed matter experts so tha it can makemore informed dedsions on records
appraisal;

b. NARAshoud workwith agerciesto nmonitor and gomote agency records management
practicesto insure that legal regulatory resporsibiliti es are n#t, including the
identification and maintenanceof records of permanent value;

c. NARAshoud identify and promote best practices for records managenent programs that
agencies should utili ze, including the deveéopnent of R& D records criteria. The R&D
records schedule of the DOE (Department of Energy) could seveasa nodel for other
scientific agencies; and

d. NARAshoud consider, ona case bycasebass, accessoning nonfederal records esential
to doaumenting federal suppat of science.

"*The recordsto be saved for high-energy physics, heavy-ion physics, and nuclear physicswill be found
under particle and nuclear physics (Recmmendations#12f. and #13f.).
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Explanation:
2.a. NARA should solicit increased input from subject matter experts so that it can make

more informed dedsions on records appaisal.
Although the National Archives has responsibility for the final appraisal of federal records, we are
heatened that it has become increasingly aware of the importance of obtaining input from subjec
matter experts when appraising records of scienceand tedhnology. Our particular concernisfor
the policy and planning records a well as the R& D records themsdves. In these cees, itis
urgent that the gopraisal processbeinitiated with those who best understand thevalue of the
documentation—the onsite records creaor-scientists. Spedficdly, NARA should seek out
subjed matter spedalists for the review of R&D records schedues of scientific agencies, it should
also encourage recrds officers at science agercies toinclude subjed matter specidistsin the
assesgnent of the importance of particular research projeds,; other opportunitiesfor including
subjed matter spedalists should be pursued.

2.b. NARA should work with agenciesto monitor and promote agency records management
practicesto insurethat legal regulatory responsibiliti es ae met, including the
identification and maintenanceof records of permanent value.

NARA holdsto itstraditional position of discouraging the placament of professonal archivists at

external agencies. Initsexperience the placement of an agency archivist equates diredly to the

assembly of an ingtitutional archives rather than conformanceto the legal requirement to transfer
federal recordsto the National Archives. For thisreason, when these recommendations discuss
federal recordswe refer to “records advocaes’ (i.e., someone who can argue on behalf of the
historicd value of records) rather than “archivists.”

Accountabili ty should be the cornerstone of a recordsmaragement program. While we propose
some ways to improve existing agency reoords schedues (seg e.g., our Recanmendation #2.c.,
below), the most serious problems we seeare the fail ures toimplement records programs by the
agencies themselves. All too often, those responsblefor records programs are ill -informed about
their own ingtitution and its scienceand technology, and passve about gathering recadsand
about suggesting to NARA the addtions or adjustments to their records schedules needed to
proted valuable records series. Typicdly, scientists, administrators, and other staff at the agercies
are uninformed about record-keegping programs. Consequently, it is critica that NARA work
with agencies to monitor and promote agency records management pracices. They should seeto
it that the respongbility for records managemert has beencleaty assgned and defined ard that
staff are appropriately tranedand experienced.

Reaoords officers must be grounded in records management principles and should be expecied to
serve as“records advocaies.” Competencies for records advocaes would include skill sin deding
with non-current records and archival, historicd, or records maragement training and egerience
The Nationa Archives has seen that records advocaies have beerffedive at such scientific
settings as some of the accéerator laboratories of the Department of Energy; these have dfered
the National Archivesafar better seledion of records. The seledion is better becaise a proadive
program isin placeto review records at the placewhere they are ¢eaed—consultingthose who
creaed them—for the purpose of providing adequate documentation of the entire fadlity. The
reaords advocaes we have worked with most closely have been professonal archivists, but



PART C-TwO: PROJECT RECOMMENDATIONS 183

trained historians or records maragers killed in dedingwith noncurrent records could work
equally well as part of arewrds management tean. Recoords advocates should be expeded to be
knowledgeéable about the scientific ingitution and the research programs it cariies out. They
should argue for the historicd value of recrdsin the context of agercy records scheddesand
help NARA understand the unique records credion processat ead of the scienceagercies. For
all these reasons, we recommend that records advocaes (e.g., trained archivists, historians, or
reaords managers skill ed in nancurrent records) should be made p@rt of the recordsmaragement
programs—both at agency headquarters and at the key fadlitiesand laboratories.

2.c. NARA should identify and promote Best Practices for records management programs
that agencies should utili ze, including the dcevdopment of R&D records aiteria. The
R& D reoords schedule of the DOE (Department of Energy) could sewveasa model for
other scientific agencies.
As part of a program to monitor records management pradicesat federd science ajencies,
NARA should consider conducting a survey of science agerciesabout their basc records
management pradicesto determine the kinds of infrastructure now in place This—along with
our suggestions for implementation and for training and use of “records advocaes' in
Recommendation #2.b., above—should help NARA identify Best Pradices for agency records
management programs. A set of Best Pradicesis sorely neededand should be widely
promulgated through the World Wide Web, other publication vehicles, and discussons at sessons
of professona medings of records managers.

For scienceagerries, it is critica that NARA deve op Best Pradicesfor deve oping criteriafor
the appraisd of R&D records, including procedues for ranking the importance of specific
scientific reseach projeds. After NARA rescinded the part of its General Reaords Schedule
covering research and devel opment records, it becane recesary for eat sciernce ajency to
schedule these records acarding to the unique pradices of their individual agencies. A number
of federal scienceagercieshawalrealy done so. Amongthese, DOE (Department of Energy),
NASA (National Aeronautics and SpaceAdministration), NIST (National Institute of Standards
and Technology), and NOAA (National Oceanic and Atmospheric Administration) have gone
further to include sets of criteriathat help their agencies identify significant R&D records. We
believe dl federd science agencies should include such sets of criteria in their recads schedules.
The schedules of the DOE, NIST, and NOAA could serve asmodds.

The new DOE Resarch and Devd opment Records Retention Schedue, approved in August
1998by NARA, isby far the best schedule we have studied. We are particularly impres®d with
its guidelines for procedures to rank scientific research projeds as “significant,” “important,” and
“other” and toinvolve the gience lecords creaorsin this ranking. Wealso want to point out the
importance placed on the proper evaluation of scientific policy and planning recordsin the DOE
records schedue.

Our main purpose in this recommendation isto ask NARA to include the development of criteria
for the appraisd of R&D reoordsin its Best Pradices. In addtion, because Nationd Archives
appraisal archivists play akey role in developing agency records schedues, we ask NARA to urge
them to encourage their assgned science agercies to have wts of criteria that provide dfedive
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procedures for identifying significant research and devel opment recordsfor permanent retention.
Thismay require addtiond resourcesfor the Nationa Archives Life Cycle Maragement
Division.

2.d. NARA should consider, on a case by case basis, accessoning non-federal records
esential to documenting federal support of science
Many important federally funded research organizations do not legally producefederal records,
yet some of the recrds they produce provide valuable eviderce of the government’s support of
science. Accordingly, we ask NARA to consder—on a cae by case basis—serving asa
repository of last resort for seleded recrds of organizations not formally affili ated with the
federal government that haveno appropriate repository for their records. Prime examplesare
contrador institutions that overseeFFRDCs (Federaly Funded Research and Development
Centers) and free standing reseach institutions.

Seedso Recommendation #6.b. to acagmic archives and #8 to NSF Nationd Observatories.

CATEGORY THREE—FEDERAL SCIENCE AGENCIES

Remmmendation #3:

a.  Federal agenciesresporsible for negotiating overhead rates to universities snoud suppott
amarginal increase to provide he nodest addtional supportt academic archivesneel to
document collabarativeandother federally funded research. The OMB should sedfically
include archives costs as all owable costs;

b. Federal scienceagencies should remgnize the nedsand kenefits of providing adequatie
suppat for their agency remrds management program;

c. Federal scienceagenciesshould employ recordsadvoates as pat of their records
management staff;

d. Federal scienceagencies reards management programs should ncrease educationd
programswithin the agency in order to stressthe importance and bnefits d records
management andthe criteria for saving scientific records

e. Federal scienceagencies should save recordsdoaumenting interagercy funding o
collabarativeresearch projeds;

f.  Federal scienceagencieswhose research centers/labaratories are operated under contract
shoud permanently aure their headquaters’ records relating to the contractor
organzations,

g. Federal scienceagenciesshould permanently secureproposalsandother documentation
related to major research faciliti es at their certers/labaratories andother sites; and

h.  Federal scienceagencies should savecontroversial—albeit unsuccesdul
—collabarativeresearch proposls in addtion to successul ones.

Explanation:

The two most important of these recommendations are #3.a. and #3.b. If sciernce ajencies

adopted only these two recommendations, successin documenting significant scientific research in

general, and multi-institutional collaborationsin particular, would undergo a spectaaular increa®.

For further information, seePart C, Sedion One: Current Archival Pradices, Il (Acacemic

Archives) and Ill (Federd Agercies).
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3.a Federal agenciesresponsible for negotiating overhead rates to universities should
suppat amarginal increase to provide the nodest addtional support academic archives
nead to document collaborative and other federally fundedreseach. The OMB should
spedfically include archives costs as all owabl e costs.

By now, readers of thisreport are aware that—in addtion to the federa scierce ajencies—itis

the acagmic dor that must bea theburden of documenting muti-institutional coll aborations.

Over the decales federal scienceagercies have supported PIs (principa investigators) and

reseach groups in acalemia far more than in any other sedor. Eacd grant (or contrad or

cooperative agreenent) hasincluded overheal to support costsincurred by the universty. No
one seansto have consdered the costs acciued by archives atthese universties for preserving the
records of significant scientific research made possble by federal funds.

Two stipulations of the OMB apply to the establishment of overhead rates: (1) universties will
negotiate their overhead rates (known as fadli ties and administration [F&A] rates) from the
Department of Hedth and Human Services (HHS) or the Department of Defense’ s Office of
Naval Research (DOD) and (2) information on funding shall be derived from relevant data
gathered by the National Science Foundation (NSF). Further, the principles for determining the
appropriatenessof coststhat can be included in an F& A rate agreenent arefoundin OMB
Circular A-21, “Cost Principlesfor Educaional Institutions.” One of theseallowale costsis
library costs.

Thefad that library costs areall owable by the OMB isunlikely to provide adequate coveragefor
costs for archives which, for one thing, may or may not be included within the library
organizational structure. The relevant agencies (HHS, DOD, and NSF) should reaognizethe need
for the support of acalemic archivesand realize thatan exctremdy modestincreagin overheal
rates (dedicaed to support of the university archives) would make it possble for academic
archivesto seaure the records that will be needed by science policy makers and administrators, by
historians and other scholars, and by the public atlarge. The OMB should be urged by
universities and the relevant agencies to add costs of archivesto itslist of coststhat can be
included appropriately in an F& A rate agreenent.

3.b. Federal scienceagenciesshould recognize the needsand benefits of providing adeguate
suppat for their agency recrds management program.
At our October 1999meding with current agency records officers and staff of the National
Archives, AIP projea staff were taken abad by the meager resourcesmace available to in-house
records management programs. We ask federd science ayencies to reagnize that, with the
exception of the Department of Energy, their own agency records management programs ladk the
resourcesto med even the legaly required standards of seauring adequate documentation of their
programs and adivities. Without professonal reards management programs, agencies cannot
med training goals or enjoy the dficiercies of proper remrds-keging—to say nathing of hdting
the lossof records needed for administrators and future historians. With appropriate levels of
support, agency reards management programs can efficiently carry out the remander of our
recommendations.
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3.c. Federal scienceagenciesshould employ recordsadvoates as pat of their records
management staff .
Ead scienceagency should examine the df edivenessof its existing records management
program and serioudly consider the benefits of adding records advocaes—e.g., trained archivists,
historians, or records managers skilled in noncurrent records—to its saff, both at headquarters
and at major laboratories, flight centers, etc. that carry out national scientific programs. Such
advocaes should beexpeded to work proacively with scientists and administratorsto become
knowledgeable about their organization and the science andtedinology it is dedicated to.

SeeRemmmendation #2.b. for additional arguments.

3.d. Federal scienceagencies reards management programs should increase educational
programswithin the agencyin order to stressthe importance and benefits of records
management and the criteria for saving scientific records.

During our interviews with agency scientists and administrators, it became clea that many

individuals creaing important science policy records or scientific reseach recrds were unaware

of the records-keeping program of their agercy. Thiswas the cae in varying degreesat ead of
the agerciesinvolvedin our selecied projedsthrouglout our long-term study: DOD (Department
of Defense), DOE (Department of Energy), NASA (National Aeronautics and Space

Administration), NIH (National Ingtitutes of Hedth), NOAA (National Oceanic and Atmaospheric

Administration), NSF (National Science Foundation), and USGS (United States Geologicd

Survey). We dso found that some recordsmanagenment staff were not as knowledgeable asthey

should be about their program. Educaion programs need to target bath records creaors and

records managers. Recaords managers should bealle to work with the scientists to assst them in
following records retention policiesto document their projeds; this joint eff ort would grealy
increase the survival of significant records. Agency records management staff should take
advantage of workshops offered by the National Archives. They should, in turn, be expecied to
offer workshops for their agency employees, both at headquarters and in the field. One very
effedive meansisto hold periodic workshopsfor secretariesand other fil esadministrators

(including those responsible for maintaining central files) so that they understand agency records

schedules and are knowledgeable about identifying which records should be destroyed, which

saved, and how and why.

3.e. Federal scienceagencies should save recordsdocumenting interagency funding of
collabarativeresearch projeds.

Individual federal agencies are usually the sole funder of collaborative reseach projeds. Inthe

instances where their funding responsibili ties are shared with other agencies, the agercy that takes

the lead role should preserve on a permanaent basisits records of interagency meetings,

correspondence, agreements, and so forth.

3.f. Federal scienceagencieswhose research centers/labaratories are operated under
contract should permanently ssaure their headquarters’ records relating to the
contractor organizations.

In some important instances, federal agencies (notably DOE and NSF) do not operate their

reseach centers/sites diredly but rather through contrading organizations. Some contractors are
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universities, corporations, or other longstanding institutions; other contradors are set up for the
very purpose of operating FFRDCs (Federally Funded Research and Development Centers).
Examples of the latter category are AUl (Associated Universties, Inc.), AURA (Association of
Universities for Research in Astronomy, Inc.), and URA (University Research Association, Inc.).
Therole exercised by these contrador organzationsover the reseach diredionsand poli cies of
their centers/laboratories is considerable and, therefore, theimportance of documenting their
adivitiesisclea. Reordsat the relevant agency headquarters would include correspondence
between the agerncy and contractor, minutes of contracor board medings, annua fiscal and
progressreports, and copies of committeereports—with names like Users Committeeand
Visiting Committee—of the centers/laboratories under contrad.

3.g. Federal scienceagenciesshould permanently secue proposals and other documentation
related to major research faciliti es at their centers/labaratories and other sites.
When laboratories request support for new, large reseach fadli ties (such as accderators, particle
“fadories,” telescopes, reacors, and supercomputers) and for other major instrumentation,
federal agencies should permanently secure the proposds (wheher acceped or rejeded) aong
with relevant correspondence. Filesfor succesdul fadlity proposals should dso includefinarcid
and narrative progressreports, final reports, records of agency site visits, correspondencewith
site officials, and any other materials that provide valuable documentation.

N.B.: Thisrecommendation pertains to proposals from centers/laboratories/observatories for
building major research fadlities, recommendation #3.h. pertains to proposasfor experimenta
reseach projeds.

3.h. Federal scienceagencies should savecontroversial—albeit unsuccesful—collabarative
research proposalsin addtion to successul ones.
Federal funding agencies are currently required to save records on succes$ul resarch proposas
(contrads, cooperative agreenents). We recommend that—for multi-institutiona resarch
collaborations—the agerciesaso preserve the recordsfor the (relatively few) unsuccesgul
proposals that stimulate significant debates or controversies. The filestypicdly would include
proposals, refereereports, minutes of panel medings, and—in some casas—records of agercy Ste
visits.

N.B.: Thisrecommendation pertainsto proposals for collaborative research projeds,
recommendation #3.g. pertainsto proposals from laboratories for building magjor research
fadlities.

CATEGORY FOUR—SPFECIFIC AGENCIES
Department of Energy (DOE)
Remmmendation #4: DOE should be commended for its new R&D reaords schedule; it
should make certain the implementation of the shedule isfully supparted.
Explanation:
The DOE and its records management staff, aswell asthe NARA liaison archivist, deserve
congratulations on the development of its excdlent, new records retention schedule for research
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and devel opment records—no modest task. We now ask DOE to provide tefiscd and moral
support nealed for the implementation of thisimportant schedule.

We believe that the DOE’snew R& D records schedue supportsthese AIP Projed
Recommendations aswell asour Appraisal Guidelines (seePart B, Sedion Three. We ask that
the DOE records officer contad usto discussany discrepancies.

Seedso Recommendation #2.c. to NARA and #3.b. and 3.d. to Federal Agercies, alove.

National Aeronauticsand Space Administration (NASA)

Recommendation #5. NASA needsto upgrade coverageand to clarify some confusing
generalitiesin itsreoords schedules.

Explanation:

NASA’srecat records scheduesare a gea improvement. We note, however, that some
generdlities are confusing and, moreimportant, some cdegoriesof records needed to document
collaborative research in spacescience are not covered.

The NASA reaords scheduesare written in a \ery gereral manrer in order for the manud to be
applicable to both NASA Headquarters and itsflight centers. Only records of the upper level
management offices at headquerters are spedfied with the mid-level headquarters scientistsbeing
fit into other functiond locations. For exampe, the term “prograni’ andthe term “projed” are
interchangeable in these schedules, even though in NASA parlance program scientist and program
manager are Headquarters positions, and projed scientists and project managersareat fli ght
centers.

NASA’sreoords schedues do not providefor retention of some records deemedvaluable by the
AIP Study. Important exampesare the records of the advisory groups of discipli ne scientists at
NASA Healquerters (where ideas for most NASA projeds areinitiated) and records of the
Science Working Group for projeds at flight centers which provide the most important
documentation of the scientific aspeds of themisson.

National Science Foundation (NSF)

Recommendation #6. The NSF should include archival arrangementsin the requirementsfor
cooperative agreements to suppart its reseach faciliti es and its centers, as well as other
management offices of collabarations.

Explanation:

These NSF-supported research fadlities (e.g., National Observatories) and centers (both its
Materials Research Science and Engineaing Centers [MRSECs] and its Scienceand Technology
Centers[STCs]) do not creae federal records. Neither do science management/consortium
headquarters offices or freestanding reseach ingtitutions set up to administer NSF-funded
collaborations. Spedal arrangements should be made to permanantly seaure the essential
documentation of their research programs. Spedficaly, NSF should fully fund the achival
programs at its national fadlities and providefiscal and mora support for proper mantenarce of
recrdsat its centersand at the callaboration offices and freesanding research ingitutions it
funds.
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NSF Facilities. The NSF supports—through contrador organizations—some of the most
important laboratories (e.g., Scripps Institution of Oceanography) and observatories (e.g.,
National Radio Astronomicd Observatory) in the country. Because of ther long-standing
importance and because they lackaffili ations with establi shed archiva repositories, we ae
espedally concerned about the NSF Nationa Observatories. To our knowledge these
observatoriesladk strong records management programs. The NSF should provide thefiscd
support for them to initiate archiva programs to permanantly seaure atleast their most important
documentation.

NSF Centers. MRSECsand STCsare relatively new and rapidly growing phenomera at
academic settings. NSF funds its centersfor a period of yeasto function as multi-institutional
collaborations and foster research in particular aeas of materials science or science and
technology. Although the centers are & acalemic settings, acalemic archivistswill need to be
persuaded to consider the documentation of NSF centersto be part of their responsbility. The
fad that the NSF certersare impemanent ingitutions presents anather darger to the records

Science M anagement/Consortium Headquarters Offices Within Academic Setting. In
NSF-funded collaborations that have no connedion with any NSF center, one principal
investigator applies for agrant enabling the coll aboration to set up an officefor administering the
projed. For the most part, these offices are within a department of a college or universty; when
thisisthe cas, themost appropriate repository for the projed’s core records would be that
ingtitution’ s archives.

Freestanding Research Institutions. In some other cases, NSF grantsto collaborations result in
the setting up of freestanding institutions to administer their research programs. Records o such
institutions have no appropriate repository; they are far more likely to find an adequate repository
if they are maintained in orderly condition with adequate finding aids to fadli tate research.

NSF should stipulate appropriate arangements for recordsin its cooperative agreements/
contrads. A very small fradion of the amount awarded to the fadlities, offices, and freestanding
institutions would pay for the proper organization of records permitting greaer efficiencies of
operations aswell asthe archival mantenarce or orderly transfer of records. Specid NSF
funding may not be required to seaure the small set of core archiva records of NSF centers.

Seedso Recommendations #7.b. to Acacemic Institutions and #8 to Nonacalemic Reseach
Laboratories, below.

CATEGORY FIVE—OTHER INSTITUTIONAL SETTINGS
Academic Institutions
Remmmendation #7:
a. Professond filesof collabaration principal investigators and other key aademic scientists
shoud be retainedby their home institutions according to their individual careess;
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b. Academic archives should enlargeasnecessay the sopeof collecting pdicies in order to
accesson nonfederal recordsof NSF centers aswell as science managment offices and
consortium headquaters officeswithin their institutions; and

c.  Univesitieswith strong science programs should request modest increases in their
overhead ratesto suppat their archives.

Explanation:

7.a. Professonal filesof collabaration principal investigators and other keyacademic
scientists should be retained by their homeinstitutions acording to their individual
carees.

The professgonal papers of Pls (principal investigators) are a primelocation for information

concerning the development of an experiment or an experiment tean. A substantial fradion of

the principal investigators in the coll aborati ons we stud ed are employed by acadlemia. The papers
of those who have regularly led or participated in important collaborative reseach are well worth
saving. Inother cases, collaboration-related records kept by afaaulty member should be
accessoned (whether or not the kalance of theindividud’s papers are), especidly if the
collaboration was deaned significant.

N.B.: Thisisarewording of Recommendation #1, above. Our point here isto emphasizethe
essential role acaedmic achivesplay in documenting callaborative reseach by preserving the
papers of individual scientists who played leadership rolesin the projeds.

7.b. Academic archives should enlargeas necessay the sopeof collecting padliciesin order
to accesson non-federal records of NSF centers as well as science management offices
and consortium headquarters offices within their ingtitutions.

The NSF centers (both its Materials Research Scienceand Engineaing Certersand its Science

and Technology Centers) are funded for a period of yeas; athough renewals are possble, they

are not permanent. The NSF centers are organized to function as multi-institutional
collaborations; most, if not all, make the final dedsions on which researchers at member
institutions get funded. We aso found, in our study of geophyscs, that science management
offices and consortium headquarters offices last thelifetimes of the calaborative projeds, which
may be quite short. Most of these offices are NSF-funded and, as such, do not produce federd
records.

The acaemicinstitutions within which these call aborations operate should hold themslves
responsible for accesgoning core records of the centers or maragement offices. If such
arrangements are not possble, the records should be off eredasa gift to the Archivist of the
United States and the National Archives and Records Administration.

Seedso Recommendation #2.d to NARA and #6 to NSF, above.

7.c. Univesitieswith strong science programs should request modest increases in their
overheadratesto suppart their archives.

It has been noted more than oncein our report thatthe acalemic sedor must bea a major share

of the burden of documenting multi-institutional collaborations. Additional support for university

archivesis esential to document significant collaborative and other feceraly funded reseach.
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Academic archivists should bringthese fads to the attention o their universtieswhenit istime to
renew contrads for overhead rates.

Universities negotiate overheal rates with spedfic federal agencies, but OMB guidelines must be
followed. Currently library costs are dl owable by the OMB but archivescosts are not mentioned.
Universities should urge the OMB to add costsof archives to itslist of coststhat can be ircluded
appropriately in an overheal rate agreenent.

For details, seeRecommendation #3.a. to Federal Science Agencies, above.

Nonacademic Research L aboratories

Recommendation #8. Nonacademic research labaratories (government, FFRDCs, corporate,
and freestanding ingtitutions) lacking programs to identify and permanently secue records
of historical value should initiate the

Explanation:

The nonacalemic laboratoriesin our study have included all major categories of reseach
laboratories, primarily thosein the U.S., but also some major laboratories abroad. Almost
without exception, these laboratories—however important their contributions to postwar sciernce
may be—Iladk programs to proted their valuale records. Alltoo manyevenlackreoords
management programs (the exception here aie government laboratories and FFRDCsthat
produce federal records and are required to have records management programs).

Our experience shows it is possble to permanently preserve anadequate record of scientific
reseach where laboratories have records advocaes (i.e. archivists, historians, or records
managers trained in noncurrent records) and impossble where laboratories ladk them. Reoords
advocaes are needed to work with scientists to identify and permanently seaure those records of
interest to future <cientist-administrators, historians, and other users. From our experierceit
seams clea that thechief respongbility for initiating these programs lieswith theindividua
laboratory diredors. Once programs are in place recrds advocaes develop relationships of trust
and provide an array of invalualde services to laboratory staff and management. The recordsthey
preserve provide the best meansto adhieve the dl-important institutional mamory.

For laboratoriesin the U.S. that creae federal records (government laboratories and those of the
DOE), our concern isfor appropriate historica evaluation of files on site so that records that
provide esential eviderce of long-term vaue will be off ered to the Nationd Archives. In other
countries, some laboratories are required to transfer permanent records to state or national
repositories.

FreeStanding Ingtitutions

Recommendation #9. Freestanding but temporary American research institutions should
offer historically valuable records to an appropriate reposiory at the end of a projed .
Explanation:

In our study of geophysics we found afew cases where, rather than setting up consortium
headquarters offices in acalemic settings, entirely new and freestanding—but temporary—
institutions were creatd to mamage a @llaborative projed. Although theseinstitutions are
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federally funded, their records are not fecerd in ownership. Selecied records of these consortia
should be offered to an appropriate repository such as a participating univerdsity or state historica
society.

Seedso Recommendations #2.d to NARA, #6 to NSF, and #8 to Nonacalemic Reseach
Laboratories, above.

National Science Foundation Facilities
Reammmendation #10. The NSF National Labaratories and Observatoriesthat lack archival
programs should initiate them.

Explanation:
Asdrealy stated, these NSF fadli ties consist of some of the most important laboratories and

observatoriesin the country, if not the world. Thereis no doubt that future historians and other
scholarswill nead to draw on their historicdly valuable records.

NSF National Laboratories and Observatories ladking archival programs should initiate them.
(We recommend that NSF provide the fiscd support.) They should consder mantaining their
colledions of recordson site. Wherethisis not feasible, the records of archival value may be
offered to aneaby university or state historicd society; they may also be offered to the National
Archives becaise they provide important evidence of federal support of science

Seedso Recommendations #2.d to NARA and #6 to NSF.
RECOMM ENDATIONS—WHAT TO SAVE

CATEGORY ONE—POLICY AND PLANNING RECORDS
Recommendation #11 Reaords of padicy and planning boadsin the U.S. and elsewhere
relating to multi-institutional collabarations should be sved at appropriate repositories.
Explanation:

Every scientific discipline has international and national boards (unions, committees, etc.) that set
priorities for research areasand gude support for major eff orts; a good number of these dedsions
lead to theinitiation and, at times, the oversight of muti-institutional and/or multi-nationa
collaborations. Other policy bodies operate within scientific agerciesand often haemoreimpaa
on spedfic coll aboration projeds. Recoords of these policy groups are of grea vaue to awide
variety of scholars and scientist-administrators.

Among the disciplines covered by the AlP Study, wefound policy-making bodiesthathave had a
direa influence on collaborations in the fields of geophysics and spacescience. Records of
policy-making bodies effeding collaborative research in these fields are listed here. For
descriptions of these records, seethe Appraisal Guidelines, Part B, Sedion Three

PoOLICY AND PLANNING RECORDS
a.  Geophysicsand Oceanography
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Reaoords of the National Academy of Sciences Ocean Studies Board, Polar Reseach Board, and
Board on Atmospheric Science also, reards of the International Council for Scientific Uniors
and reoords of the World Meteorologicd Organizetion.

b. SpaceScience

Reoords of the National Academy of Sciences SpaceStudies Board and, at NASA Healquarters,
minutes and other records of various working groups from thoseof its dscipline scientists up ©
its Advisory Council. In Europe, records of ESA’s SpaceScience Advisory Committeeand its
working groups andits Science Programme Committee The records of the European Space
Science Committeeof the European Science Foundation are dso of potential value

CATEGORY TWO—CORE RECORDS BY SCIENTIFIC DISCIPLINE
Recommendation #12: A core set of records should be saved at appropriate repositoriesto
document multi-institutional collabarations.

Explanation:

Thereisashort list of recordsthat, taken together, provide adeqate documentation of most
collaborative projedsin agiven discipline. Core records for collaborations in the disciplinary
fields studed duringthe long-term AIP Study are listed here. For descriptions of these records
seethe Appraisal Guidelines, Part B, Sedion Three

CORE RECORDS
a.  Geophysicsand Oceanography
There have been relatively few large, multi-institutional collaborations during our period of study
and these should be considered to be significant. Addtiond records should be saved for al | arge
collaborations over and above the core records described here(see Recommendation #13 be ow).

Coreremrdsto be saved for all collaborations. proposal files of federal funding agencies.

b.  Ground-Based Astronomy—OQObservatory Buil ders’®

Ead observatory-building collaboration is considered to be significant: few are built in any one
decale and eadis esentially unique. Addtiona reoords should be saved for all collaborations
over and above the core recordsdescribed here(see Recommendation #13, bel ow).

Corereaords for observatory-building collaborations. NSF grant award jackets and/or NSF
cooperative agreenent jacketsfor reseach fadlities, documentsof incorporation.

*The AIP Study’ sfour casestudies of telescope-building coll aborations did not include any collabaations
involving national optical or radio telesopes. As a result, our recanmendationsin this caegory are based on
previous experience of the AIP Center and input from our Working Group.
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c.  Ground-Based Astronomy—Ohbservatory Users’’

Corereaords for observatory-using collaborations. proposals and related recordsin Time
Allocaion Committeefiles of radio and national opticd observatories and, where relevant,
reaords of observatory consortium chairpersons.

d. MaterialsScience

Corereaords for materials scierce calaborations: proposds to federal funding agencies and/or to
corporate management; where relevant, records of Exeautive (Program) Committees of NSF
MRSECs and STCs, Memoranda of Understanding; and—for those using DOE accéerator
fadlities—records of Fadlity Advisory Committees at DOE National Laboratories.

e. Medical Physics

Corereaords for medicd physics collaborations: proposal jadets at private foundations and/or
federal funding agencies and—for those using DOE accéerator fadli ties—records of DOE
Fadlity Advisory Committees.

f.  Particleand Nuclear Physics

Corereaords for particle and ruclea physcscoll aborations: proposd filesat DOE or NSF; at
accderator laboratories—records of laboratory diredors responsible for areas of particle and
nuclea physics aswell asreards of Physics Advisory Committees documenting the processof
proposals for accessto beamtime on accéerators and including contrads between the laboratory
and the coll aboration.

g. SpaceScience

In the field of spacescience all large projeds/missons are consgdered sgnificant. Addtiona
records should be saved for large projeas/missons over and above the core records described
here (seeRecommendation #13 below).

Corereaords for spacescience coll aborations: records of the relevant discipline/program scientist
and program nmaragger, dong with their regedive advisory groups, a NASA Healquarters.
Reaoords of their counterparts at ESA Healquarters. (Also, at NASA, core documentation for
development of instruments used in spacescience projeds/missonsis provided by grant proposal
files of discipline scientists.)

CATEGORY THREE—SIGNIFICANT COLLABORATIONS
Recommendation #13: Fuller documentation should be saved for significant
collabarations.

Explanation:
A wider array of substantial documentation should be preserved for highly important
collaborationsto med the reeals of scientist/administrators a well as historians and other

"TheAIP Study’ sfour casestudies of telescope-using coll aborations did not include any collabaations
conducting sky surveys or, indeed, any coll aborations of optical telescope users. Accordingly, our
remmmendationsin this category are based solely on the previous experience of the AlIP Center and input from our
Working Group.
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scholars. The ealy identification of current experiments of outstanding significarce should
initiate adions to seaurefull er documentation for subsequent appraisa (see Recommendation
#14.b., below). Thisdocumentation would include those categories of records spedfied in the
Appraisal Guidelines prepared by the AlIP Study and other records found to contain valuableevi-
denceof the collaboration’s organizationd structure and research process Records to be saved
for significant collaborations in the disciplinary fields studed duingthe long-term AIP Study are
listed here. They are described in detail in the Appraisal Guidelines, Part B, Sedion Three

N.B.: We make note that, for the largest and most controversal muiti-institutional coll aborations,
significant documentation will also be found at higher administrative levels, such as offices of
presidents and provosts of universties, top administrators at agerciesand laboratories, and other
key policy boards. We do not addressrecommendations to officesat such higher levels on the
assumption that their records are dreadyseaured.

RECORDS TO BE SAVED FOR SIGNIFICANT COLLABORATIONS
a.  Geophysicsand Oceanography
Additional recrdsto be kept for all large call aborations: records of the consortium headquarters
officeor the projed’s sciernce marmagement officeas foll ows. Theconsortium headquartersoffice
reaords, including records of standing committees, records of the consortium’s administrative
head, and records of consortium staff scientists. The Science Management Officerecords,
including records of the SMO administrator and records of the Science Working Group.
Also—spedficdly for oceanographic projeds—ships logs should be retained.

b.  Ground-Based Astronomy—Observatory Buil ders™

Additional recrdsto be kept for al observatory-building collaborations. Board of Diredors
minutes of medings; records of projed managers, recrds of Science Advisory/Science Steeing
Committees, records of Design Review Panels; records of Science Projed Teams, contrads and
asociated records; and technicd reports.

c.  Ground-Based Astronomy—Ohbservatory Users

Additional recrdsto be kept for significant collaborations: papers of first authors of VLBI (Very
Long Baseline Interferometry) collaborations and, where relevant, records of observatory
consortium seaetaries.

d. MaterialsScience

Additional recrdsto be kept for significant collaborations: records of Exeautive Boards (or
Governing Boards, Program Committees, or Technicad Representatives Committees); records of
External Advisory Committees; records of annual meetings of the coll aborations; records of
spokespersong/staff diredors; and newdetters and sedor descriptions.

e. Medical Physics

"8spefoatnote 77.

®seefoatnote 78.
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Additional recrdsto be kept for significant collaborations: minutes of collaboration medings,
records of group leaders for statisticd analysis; and protocols and sampes of data callaboration
forms.

f.  Particleand Nuclear Physics

Additional recrdsto be kept for significant collaborations: records of spokespersons, including
intra-coll aboration maili ngs; records of group leaders—including, in seleded cases—proposals
submitted as Pl (principd investigator); records of projed managers and projed engineas; Intra-
Collaboration Technicd Committeerecrds; Accderator or Reseach Division fileson
experiments; and seleded technicd rewords (e.g., logbooks and blueprints and spedfications).

g. SpaceScience

Additiona remrdsto be kept for all large projeds/misgons are: records of projed managers;
records of projed scientists, along with the Science Working Groups, aso, rerds of instrument
managers, where the position exists (all at NASA flight centers); and—in seleded cases—reords
of Pls of projed experiments (instruments).

Additional records for spacesciencein Europe would include records at ESTEC (ESA’sflight
center): records of the projed managers and projed scientists, dong with the SienceWorking
Groups, aso, the records of payload spedalists.

RECOMM ENDATIONS—HOW TO SAVE

Remmmendation #14

a. Sientistsandothers shoud take pedal careto identify past collabarationsthat have nade

significant contributionsand

b. Research labaratories andother centers shoud set up amechanismto seaure records of

future significant experiments.

Explanation:

14.a. Scientistsand others should take pedal care to identify past collabarations that have
made significant contributions.

Future scholars, aswell as science administrators and policy makers, will need considerably more

documentation in order to study in more detail those multi-institutional scientific coll aborations

that can be consdered mostsgnificant in their contributions to advarncesin scientific knowledgg,

including theory and experimental techniques.

There exist gererd guiddinesfor identifying sgnificant research projeds. The lest we hawe
found thus far are in the 1998DOE Reseach and Development Reaords Retention Schedule. ®
Other parameters for identifying significant projeds can obviously be made to med the reeds of
particular research laboratories, say in the corporate sedor, or by discipli nes outside those
covered by DOE reseach.

80seethe Department of Energy’ s Web site (http://www-it.hr.doe.gov/irecords/) for this schedule; of
particular interest is the Introduction which includes a review of the guideli nes and an R&D evaluation chedlist.
Seealso Remmmendation #2.c. to the National Archives, abowve.
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Our first concern must be the identification of past collaborative research projeds, sincethe
documentation beames endangered as soon as the projed hasendedand scientiststurn their
attention to other matters. The participation of al knowledgeadle parties isneedel:

(1) Individual scientists could bring the contributions of a research projed they consider to be
significant to the dtention of their research diredor, institutional archivist, €c.;

(2) Academic departmentsor r esearch laboratories could set up an ad hoc history committee
from time to time to identify their most significant research projeds and bring them to the
attention of their provost, archival program, etc.;

(3) Policy and planning bodies, such as DOE’s High Energy Physics Advisory Panel, could
compile lists of most significant research coll aborations and broadcast them to their disciplines;
and

(4) History committeesof AIP Member Societies could either compile lists or survey their
members for nominations and then broadcast theliststo ther members.

The AIP Center for History of Physicswill also contribute to the identificaion of recent
significant research collaborations by working proadively with Boards of the Nationd Academy
of Sciences and other policy and planning bodies.

14.b. Research labaratoriesand other reseach certers should set up amedchanism to seaure
reoords of future significant experiments.
The scientists and reseach diredors—at laboratories/observatories and other research
centers/sites—are best informed to identify those experiments/projeds that arelikey to be
considered significant by future judgements. We are avare thet eff orts to documentevents from
ealier decaleswill be frustrated by the frailties of records-keeping pradices. Therefore, we urge
the laboratories themselves to identify as ealy as possble experiments/projeds of potential
significance. While doing so, the reseach diredors should bea in mind the recent emergerce of
subcontradors for magjor research and development callaborationsand identify experiments/
projeds in which significant subcontraas should be documented—either by the laboratory, the
subcontrador, or acombination of both.

Laboratories and other research centers caneasly redwe the complexity of locaingtheaddtional
records needed to document themore significant experiments by setting upa medanism to
identify and seaure records during or prior to their creaion. Oncea proposd for an
experiment/projed is approved, the relevant administrator at the research ste should reguire a
collaboration to include in their next write-up a statement as to: (1) which individual collaboration
member should be responsible for collaboration-wide records and (2) which, if any, records on the
team level should be retained on along-term basis because of scientific significance.® A
collaboration’s chief scientist knows at the outset whena particular component of theinstrument

& deally, the relevant administrator would be located at a national laboratory, flight center, or other
central research site where the projed was conducted. In some ases—e.g., NSFcenters and the Deep Sea Drilli ng
Program—it would be the site where the projed was approved for funding. Unfortunately, fieldslike VLBI (Very
Long Basdline Interferometry) observations and medical physicslack a central site; the most relevant administrator
would be the program officer at the funding agercy.
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or technique isrevolutionary or innovative; appropriate identification and assgnment of records
responsibilities for these should be included. When assgning responsibility for collaboration-wide
recrdsto anindividual, the chief scientistshould selecta callaboration member at a pemanent
institution; in many cases, thiswill be anacagmicinstitution or the research steitsdf. A
collaboration’s statement about records-keguing responsbilities should be ncorporated in its
MOU (Memorandum of Understanding) or other contractual agreament with the research center.

The purpose of thisrecommendation isto seaure the records that may be needed to document
significant experiments. Later, when an experiment has been identified as sgnificant, archivists
will bein an excdlent position to contad theindividuds asgned responsbili ty for the records
and make arrangements to permanently preserve those of enduringvaue.

The laboratories and reseach diredors should aso consder emp oying technologies on belaf of
collaborations that would asgst in the capture, retention, and accessto vauable evidence For
example, the research sites could offer to retain certain files, such as collaboration e-mail, Web
sites, and other relevant eledronic records, on their computer systems.

Remmmendation #15 Ingtitutional archives should share information on their relevant
holdings with each other and with AIP/RLIN.

Explanation:

Knowledge of ingtitutional records and professond papers of individuds is esential to foster use
by historians and other scholars. For example, papers documenting a particular experiment/projed
arelikely to be physicdly locaed in various repositories; shared caalogs will bring them together
intellecually for the user. Archivists should include sufficient fads—such aslaboratory name and
experiment/projed number or title—to identify the coll aboration documentedin ther coll edions
when they prepare inventories, scope and content notes (or any other decriptions), and indexes.

One means for archiviststo broadcast information on their holdingsis to send de<criptions of
colledions or records series to the AIP where they will be added to thelntemational Catalog of
Sources for History of Physics and Allied Sciences, maintained by the AIP Center for History of
Physics (http://www.aip.org/history/icos.htm). In cases where the archivesitsef doesnot report
its holdings to the American database RLIN-AMC (the Research Libraries Information Network-
Archives and Manuscript Control) of the Research Libraries Group, the AIP can provide this
service



THE ROLE OF THE AIP CENTER

The AIP Center can play afadlitating role in a number of these recommendations. It
can work with laboratories and other research institutesby: (1) providing advice to
those that dedde to establish or upgade archiva programs, (2) adingin the process of
identifying significant experiments, and (3) asgsting laboratory advisory committeesin
such areas as identifying appropriate repositories for papers and remrds documenting
significant experiments. The AIP Center will continue itswork with corporate,
acalemic, and other ingtitutional archiviststo preserve significant papers and records
and to provide advice on records appraisd. In addtion toits Internationa Catd og of
Sources (http://www.aip.org/history/icos.htm), the Center offers, upon request, such
caaloging tools as topicd indexing terms and authorized names of thousands of
individuals and ingtitutions.

AIP Center for History of Physics
One Physics Elli pse
College Park, MD 20740
phone: (301) 209-3165 Facsmile: (301) 2090882
e-mail: chp@aip.org; Web site: http://www.aip.org/history/
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CR: American College of Radiology.
ALS: Advanced Light Source, a synchrotron-radiation accéerator at Lawrence Berkeley
Laboratory. Also our abbreviation for a callaboration (©neof the AIP case study projeds) that
built a beamline for materials-sciencereseach at the accéerator.
AMPTE: Active Magnetospheric Particle Tracer Experiment, one of the AIP case study projeds.
AQO: Announcement of Opportunity, a statement from a funding agency announcing that scientists
are welcome to propose experiments or projeds. The AO often describes theengineaing
conditions that proposing scientists should med.

APL: The Applied Physics Laboratory of Johns Hopkins University.

APS Advanced Photon Source, a synchrotron-radiation acceerator at Argonne National
Laboratory.

ARC: Astrophysicd Reseach Consortium, one of the AIP case study projeds.
AURA: Asociation of Universities for Research in Astronomy.

BIMA: Berkeley-Illinois-Maryland Array, one of the AIP case study projeds.
BNL: Brookhaven National Laboratory.

CERN: Centre Européenre pour la Recherce Nucléare.

CESR: Cornell Eledron Storage Rings, a colliding-beam accarator used principaly for particle
physics.

Chief scientist (geophysics): The administrator who overseesthe day-to-day operationsof a
projed organized as a consortium.

Co-chief scientists (geophysics): The scientists responsible for oversedng data aaqyuisition on an
oceanographic reseach vessl. Theterm isaso appropriate for the leaders of ad hoc reseach
teansthat form to use instrumentation provided by a consortium.

COCORP: Consortium for Continental Reflecion Profiling, one of the AlP case study projeds.
Colli ding-beam experiment (particle physics): An experiment in which two beamstraveling in

opposite diredions are made to colli de; the detedor components are concentricaly nestedaround
the callision point.
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Component (particle physics): An instrument (with acampanying operations and data aquisition
software) that a group contributesto a coll aboration’s detedor.

Consortium: The term customarily applied to a coll aboration that expeds to operate formally and
for along period of time. Consortia usudly are legdly incorporated.

CPIMA: Center on Polymer Interfaceand Maadomolecuar Asembly, oneof the AIP case study
projeds.

CRPC: Center for Reseach in Parallel Computation, one of the AIP case study projeds.
DARPA: Defense Advanced Reseach Projeds Administration.
Detedor (particle physics): A combination of components (with their acoompanying operations

and data aqyuisition software) that together enable a coll aboration to charaderizethe events and
processes oceurring in a particle physics experiment.

Discipline scientist: A scientist employed by NASA Healquartersto administer a program of
reseach and devd opment grantsfor a disciplinary community and to help develop ideas for space
science projeds of interest to that community.

DND-CAT: DuPont-Northwestern-Dow Collaborative AccessTean, one of the AIP case study
projeds. CAT isArgonne Nationa Laboratory’ sterm for a coll aboration that builds a beanline
to use asynchrotron radiation acceerator (seealso PRT).

DOE: Department of Energy.

DSDP: Deegp SeabDrrilli ng Projed, one of the AIP case study projeds.

Elementary particle physics: NSF s preferred term for high-energy physics.

ESA: European SpaceAgency.

ESTEC: European SpaceReseach and Tedhnology Centre, the lone ESA spaceflight center.
Experiment (geophysics): Either the adivities of a Pl and team menbers to devel op a measuring
technique, use the technique to aaquire data in a multi-institutional projed, and analyzethe data

for publicaion; or the adivities of a research tean that usesa consortium’s instrumentation to
aqjuire and processdata on which individual menbers hope to publish papers.

Experiment (spacescience): The design, construction and operation of a scientific
instrument—generally consisting of sensor(s) plus eledronics for signal amplification and
software for instrument operation—that is flown on a spacecaft; plus processng, interpreting,
and diseminating the datathatare elenetered back.
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Explorer: A classof NASA projeds funded in series from an established line-item in the NASA
budget for smaller scientific missons. Explorer projeds are not diredly scrutinized by Congress
or the Office of Management and Budggt.

Fixed-target experiment (particle physics): An experiment in which acceerated particlesare
smashed into a stationary target; and the detedor components are linealy arrayed around the
target.

FNAL: Fermi National Accderator Laboratory.
GC3: Grand Challenge Cosmology Consortium, one of the AIP case study projeds.
GISP. Greenland Ice Shed Projed, one of the AIP case study projeds.

Group leader (particle physics): A scientist responsible for an institution’s contribution to an
experiment.

GSFC: Goddard SpaceFlight Center.

HEAO: High-Energy Astrophysicd Observatory, a NASA program to launch satelli tes that
studied cosmic sources of high-energy particles and radiation. The Einstein Observatory, one of
the AIP case study projeds, was part of the HEAO program.

HEP: High-energy physics, DOE’s preferred term for elementary particle physics.

HFBR: High-flux beam reador, a nuclea reador operated to gererate beans of neutronsfor
reseach.

T

ET: Hobby-Eberly Telescope, one of the AIP case study projeds.

HOIS: Hybrid Organic/lnorganic Semiconductors, one of the AIP case study projeds.

|CSU: International Council of Scientific Unions, a union of the national acalemies or other
appropriate scientific ingtitution of member nations.

Inter-disciplinary scientist (spacescience): A scientist who, by designation of NASA
Healqguarters, serveson aprojed’s Science Working Group and performsmuiti-experiment data
analyses, but does not contribute an experiment.

IRIS: Incorporated Research Institutes of Seismology, one of the AlP case study projeds.

| SCCP: International Satellite Cloud Climatology Program, one of the AIP case study projeds.

ISEE: International Sun-Earth Explorer, one of the AIP case study projeds.
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I[UE: International Ultraviolet Explorer, one of the AIP case study projeds.

JOI: Joint Oceanographic Institutes, aformally incorporated consortium of oceaographic
institutions. JOI contrads with the NSF to manage the Ocean Drilli ng Program and subcontrads
most responsibilities to the ODP projed officeat Texas A&M Research Foundation.

JOIDES: Joint Oceanographic Ingtitutes for Deep Earth Sampling, an unincorporated consortium
that started with four American oceanographic institutes and has expanded both domesticaly and
internationally. JOIDES panels have set the sientific agerda for the DeepSeaDirilli ng Projed
and the Ocean Drilli ng Program. JOIDES's headquarters moves regularly among member
institutions and currently isin Cardiff, England.

JPL: The Jet Propulsion Laboratory.

KAI: Knowledge and Distributed Inteli gence,a “crosscutting” NSF program to stimulatethe use
of recent advances for computer networking in scientific research.

LBL: Lawrence Berkeley Laboratory.
MOU: Memorandum (or memoranda) of Understanding.

MRSEC: Materials Reseach Science and Engineaing Center, a cdlaboration or single-ingitution
reseach center funded through a program within NSF' s Materials Research Division.

MSFC: Marshall SpaceFlight Center, aNASA spaceflight center.
NAS: National Academy of Sciences.
NASA: National Aeronautics and SpaceAdministration.

NCSA: National Center for Supercomputer Applications, ateaUniversity of 1llinois, Urbana
Champaign.

NDMDG: National Digital Mammography Development Group, one of the AIP case study
projeds.

NIST: National Ingtitute of Standards and Technology.
NOAA: National Oceanic and Atmospheric Administration.
NSF: Nationa Science Foundation.

NSLS: National Synchrotron Light Source, a synchrotron-radiation accéerator at Brookhaven
National Laboratory.
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NSSDC: National SpaceScience Data Center.

DP: Ocean Drilli ng Program, the continuation, under international auspices, of the Degp Sea
Drilling Projed.

NR: Office of Naval Reseach.

OSSA: Officeof SpaceScienceand Apglications, the division of NASA that supports space
science projeds.

PAC: Physicsor Program Advisory Committee a committee that advises an accelerato
laboratory’ s direcor on the dl ocation of spaceand beamtime for proposed experiments.

Parkfield: A rural site on the San Andreas Fault and the shorthand name for the Parkfield
Earthquake Prediction Experiment, one of the AIP case study projeds.

PC: Positron Consortium and Participating Reseach Tean, one of the AIP case study projeds.

PI: principal investigator, the scientist acauntable for an institution’ s expenditure of externally
contributed funds. The Pl isusually the intellectual force behind the funded adivity and manages
the eff orts of an institution’s staff to carry out theadivity.

PICO: Polar Ice Coring Office,an NSF contract institute to develop and deploy icedrill s for
scientific use. The PICO contraad is currently with the University of Alaska, Fairbanks.

Program manager: An official who manages a funding agency’ s program of grants and contrads
for reeeach and development. In NASA, program managersare engineas and overseethe
projed managers at the spacefli ght centers responsblefor building the projeds. In other
agenciesthat fund science, program managers are typicdly scientists.

Program scientist: A scientist at NASA Healqguarters who advises the program manager on
scientific effeds of managerial isaues. The program scientist has often bee the discipline sientist
who helped form the projed. Program scientists have influence over the seledion of scientific
instrumentsto fly on a projed and represent theinterests of a projed’s participating scientiststo
officials at Headquartersin the event thatthe participating scientists and enginee's cannot resolve
intra-projed conflicts.

Projed manager: An individual, often an enginee, who overseesa projed’sbudget, schedue, and
the interfaces among its constituent parts. In some fields, like spacescience a coll aboration
routinely has a projea manager, who is professonally autonomous from the scientists
participating in the callaboration. In other fields, like particle physics, coll aborations only
occasionally have an individuad who functions asa projed manager; and when they do, the
individual may not have that title and is not professonally autonomous from the scientists.
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Projed scientist (spacescience): A scientist, usualy an employeeof the spaceflight center
managing the projed and—in NASA—usually a Pl for an experiment on the projed, who advises
the projed manager on the engineaing neeals of the participating scientists. Projed scientists dso
chair the medings of the Science Working Group. Projed scientists can apped a projed
manager’ s dedsion to the program scientist. After the spacecaft islaunched, projed scientists
control fundsto support analyses of projed data.

PRT: Participating Research Team, the BNL name for a coll aboration that builds a keamline to
use a synchrotron radiation acceerator (seealso DND-CAT).

PSC: Pittsburgh Supercomputing Center.
RDOG: Radiology Diagnostic Oncology Group, one of the AIP case study projeds.

RFP: Request for Proposals, a statement from a funding agency or research center to stimudat
submisgon of proposals for the purpose of letting a contrad.

SDSS Sloan Digital Sky Survey, one of the major adivities of the Astrophysicd Reseach
Consortium.

SMC: Smart Materials Consortium, one of the AIP case study projeds.
SLAC: Stanford Linea Accderator Center
SMO (geophysics): Science Management Office, the most common of the terms used for an office

that takes responsbili ty for thelogisticsand other communa businessfor aprojed built around
the common interests of indegendent Pls. One of the PIsin the projea direds the SMO.

SpaceHlight Center: An institution, usually government-managed, for reseacch and development
into spacecaft designs and management of spacecaft construction. Spaceflight centers manage
scienceprojeds and usudly include research scientists on thar steffs.

Spokesperson (particle physics): The scientist who represents a coll aboration to the accéerator
|laboratory’ s administration. The term often connotes leadership and initiative in the credion of an
experiment.

SRL: Stanford Linea Accderator Center Synchrotron Radiation Laboratary

STC: Scienceand Tedhnology Center, atype of coll aboration funded by NSF s Office of Scierce
and Technology Infrastructure to investigate topics of joint scientific and engineaing interest.

STCS: NSF Scienceand Technology Center for Superconductivity, one of the AIP case study
projeds.
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String (particle physics): A series of experiments performed with gradually evolving
instrumentation and gradudly evolving institutional andindividud personnd.

Study Scientist (spacescience): Discipline scientists may hold the title “study scientist” during the
planning stages of a misson.

SWG (spacescience and geophysics) : Science Working Group; the group, consisting of Pls and
othersthe Pls or funding agency consider appropriate, that setsthe detailed science strategy for a
projed and discussescommon or calledive problems to the <ience of aprojed.

Team: In general, the organizaional unitsthat comprise collaborations. Collaborationsfrequently
divide their tasks among their member ingtitutions, which then ead constitute a tean. In
collaborations where multi-ingtitutional teams perform tasks, ead task is usually the responsibili ty
of aprincipal investigator whose ingtitution leads the team. In geophysics, tean isambiguous. It
can mean either the duster of people (who can includepostdocs, graduate students, enginee's,
technicians, and exeautives or employees of businesses producing scientific instrumentation) that
work with aPl to perform an experiment; or the several researchersthat together use a
consortiunm' s instrumentation to aaquire data.

3 mmVLBI: ThreeMillim eter Very Long Baseline Interferometry, one of the AIP case study
projeds.

UARC: Upper Atmosphere Research Collaboratory, one of the AIP case study projeds.
UNESCO: United Nations Educational, Scientific and Cultura Organization.
USGS: United States Geologicd Survey.

VLBI: Used both for Very Long Baseline Interferometry, an astronomica observing technique,
and for the Very Long Basdline Interferometry Consortium, one of the AP case study projeds.

WCR: Warm Core Rings, one of the AIP case study projeds.

WCRP: World Climate Research Programme, an officejointly supported by WMO and ICSU for
the coordination of international climatology projeds.

WMO: World Meteorologicd Organization, abranch of UNESCO.

WOCE: World Ocean Circulation Experiment, one of the AIP case study projeds.
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PROJECT ACTIVITIES

Thefirst threeof thefollowing segments are eprinted from reports on project adivities issuedat
the end of Phases|, I, and Il of the AIP Center’slong-term study of multi-institutiona
collaborations. (We do not include the appendixes that appeased in those reports, such as
guestion sets used in interviews; these are available from the AIP Certer.) The closing segment,
covering the adivities that remanedat the end of the sudy, is reprinted from the Spring 2000
isaue of the AIP History Newsletter.

PHASE |: HIGH-ENERGY PHYSICS

I.  INTRODUCTION: PURPOSE AND METHODOLOGYOF THE STUDY

A. The AIP LongTerm Sudy of Collabarations.
Since World War 1l, the organizational framework for scientific research isincreasingly the multi-institutional
coll aboration. However, thisform of research has recaved only incidental atention from scholars. Without a
dedicated effort to understand such coll aborations, policy- makers and administratorswill continue to have only
hearsay and their own memoriesto guide their management; even the records necessary for efficient
administration, for historical and management studies, and for posterity, will be largely scattered or destroyed.

The Center for History of Physics of the American Ingtitute of Physics (AIP), in kegiing with itsmisson to
preserve and make known the record of modern physics, isworking to redressthis situation with a multi-stage
investigation into areas of physics and alli ed sciences where multi-ingtitutional coll aborations are prominent. The
long-term study began in 1989 Phase |, focused on the field of high-energy physics, is now completed; Phase Il
now underway, is devoted to coll aborative research in space science and geophysics; comparative studies of other
fieldsin scienceand technology and questions of documentation policy and practice will be te particular fod of
Phase Il , to get underway in 1994

The goal of thelong-term study isto make it posshble for scholars and othersto understand these transient “institu-
tions.” Inorder to locate and preserve historical documentation, we must first get some ideaof the processof

coll aborative research and how the recrds are generated and used. Herce we are making abroad preliminary
survey, thefirst of itskind, into the functioning of research coll aborations that include threeor more institutions.

Our study isdesigned to identify patterns of coll aborations, define the scope of the documentation problems, field-
test posshble solutions, and reacommend future actions. Along the way we are buil ding an archives of oral history
interviews and other resourcesfor scholarly use. Toward the end of the study, the AIP Center will begin to make
use of itsfindingsto promote systems to document significant coll aborative research.

We focus on major research“sites.” In high-energy physics, sitesare acderator faciliti es; in space science and
geophysics, they are research vehicles (spaceaaft and ocean-going vessls) or other systems for data-gathering
(such asdrill holes and seismic networks and arrays).

We alled three bvelsof desriptive data. At the most aggregatedlevel, we piepare a census of collabaationsby
supdementing information that can be gleaned from databases covering the science and technology literature. The
census makes possble a quantitative analysis of basic collaboration patterns and their changes over time. At an
intermediate level, we aonduct interviewswith 150-180selected members of coll aborations chosen to cower a range
of historical, sociological, and scientific parameters. Qualit ative analysis of these interviews provides a foundation
for generalizing about how scientists view the processof coll aborative research and on where they think records of
historical value repose. At the most detail ed level, we mnduct afew “probes,” which are casestudies of very
significant coll aborations that seem certain to ke of interest to future holars. Probes make for concrete experiernce
in locating records, the actual preservation of pricdesshistorical material, and historical monographs of publi sh-
able quality.
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In additi on, we give attention to industrial subcontracting because of the managerial problems this practice poses
and the further dispersal of recordsit implies. We also conduct “spedal perspedive interviews’” withwomen and
minority members of coll aborations whose social roles merit study, and with others, such as program officers of
funding agencies and laboratory diredors, who have spedal informaionof value to our understanding of

coll aborative research.

Critical to the successof our study are the definition of categoriesfor censusdata, the ®ledionof coll aborations
for interviewing and the anstruction of interview question setsthat are sufficiently varied to capture multiple
perspedives on coll aborations, yet sufficiently uniform toyield auitable resultsfor statistical and sociological as
well ashistorical analysis. The AIP Study of Multi-Institutional Coll aborations is guided by a\Working Groupof
distinguished scientists and science administrators, archivists, historians, and sociologistswho join in designing
the projed’ s methodol ogy and research instruments and reviewing its findings and recommendations.

Interim reports on archival, historical, and sociological findingsissied at the end of each phase of the project will
culminatein final reports and recmmendations at the end of the long-term study. Other resourcesdevel oped
throughout the study, including oral history recordings and transcripts, will be available at the AIP Certer’s Niels
Bohr Library. In additi on, we would like to microfilm a few seleded sets of particularly valuable documentation.
Finally, working in cogperation with ingtitutional archivists, the projea will locate and seeto the preservation of
recrds, fidd-testing possble approaches and solutions. Indexal information on all these cdledions will be made
widely avail able to scholars.

The main consultantsfor the projed are historians Peter Gali son (high-energy physics), Robert Smith (space
scienceand geophysics), and Frederik Nebeker (former projed historian, now conducting the joint AIP-1EEE study
of subcontracting); archivists Roxanne Nilan (high-energy physics) and Debarah Cozort Day (geophysics); and
sociologist Lynne Zucker. At the AIP, Nebeker and Joel Genuth have seved as projed historian andLynn Ma oney
and Janet Linde as projed archivist. The projed is direcied by Joan Warnow-Blewett with the assigance of Spercer
R. Weart.

B. The Sudy of Collabarative Research in High-Energy Physics.
The AIP Center’ stwo-year study of high-energy physics research focused on experiments approved between 1973
and 1984at five of theworld's major accekrator |aboratories: the Brookhaven National Labaatory (BNL), the
Cornell Eledron Storage Ring (CESR) facility of Cornell University’s Newman Laboratory, the European Center
for Nuclear Research (CERN), the Fermi National Accderator Laboratory (FNAL), and the Stanford Linear
Accderator Center (SLAC).

AIP projed members obtai ned abroad-scale picture of changesin the structure of coll aborationsby using databases
on high-erergy physicsexperiments and publications at SLAC, with the asgstanceof SLAC staff. At amore

detail ed level, the projed conducted close to 200interviews on 24 seleded experimental coll aborations, using a
structured question setcovering all stagesof the wllaborative process Still more detail ed “ probes’ of threehighly
significant coll aborations featured historical research aswell as many additional interviews (atotal of about 100)
and work to preserve rerds. Spedfically, Peter Gali son studied the work at SLAC that led to the discowery of the
ps particle; Frederik Nebeker studied the discovery of the upsilon particle at FNAL, and Joel Genuth studied the
CLEO coallaboration at Cornell. Meanwhil e projed staff surveyed the recmrds-keging practices of key physicists
and made numerous site visits to accekrator facilities and university archivesto disaussarchiva issues and records
policies.

The projed has gained substantial understanding of how to document the ll aborative processin high-energy
physics. The AIP Center will put this to use. During the rext year or so, we will identify the most significant
collaborationsin high-erergy physics—using acomhbination of citation studies, peerreviews, and othertechniques.
At the same time—beginning with the projed’s three probes—we will begin the lengthy task of working with
laboratory and university archiviststo locate and preserve the key records. This experience will sharpen our
knowledge of the practical and policy issues that present obstacles to documentation of coll dborative resarch.
Effortsto resolve such problemswill continue throughout the long-term gudy and, thereafter, asan ongoing
activity of the AIP Center’ s documentation strategy.
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II. PROJECT FUNDING, STAFFING, AND INSTITUTIONAL CONTRIBUTIONS.

A. Projed Funding.
In addition to support for the projed’ s domestic work from the Department of Energy (DOE), the National
Historical Publications and Records Commissgon (NHPRC) at the National Archives and Reards Administration,
and the National Science Foundation (NSF), funding was receved from the Mellon Foundation to extend the study
to take international considerationsinto account. Mellon support made it posdble for the AIP projed to include
coll aborations using the four American sites that involve eams (also referred to as groups) fromoutside the United
States.

A separate Mdlon grant to the CERN laboratory enabled historian John Krige to carry out acoordinated, parallel
study of experiments conducted at CERN. The methodol ogy of the AIP projed was fully employed in the CERN
work.

B. Projea Saffing.
Staffing was erratic during the first year, due to the resignations for personal reasons of the first projed historian
and projed archivist. In each case, it took several months to locate and hire redacements, and remaining staff were
loaded down with carrying out esgntial projed tasks.

In April 199Q the second projed historian (Nekeker) announced hewould resign his postion in Sepgemnber to take
on the position of associate historian for the IEEE Center for the History of Eledrical Engineging. This advance
notice enabled the AIP projed to hire another postdoctoral historian of science, Joel Genuth, whose enure
overlapped Nebeker's. With the addition of projed archivist Lynn Maloney to the staff in June 1990and the
employment of Genuth, staff for the high-energy physics study was complete and stable.

There hasalso been achangein projed consultants. Sociology consultant Thomas Gieryn left in August 1990
because of the pressof other commitments; sincethen the task of analyzing the projed’ sinterviews and the census
for sociological issues hasbeen urder the diredionof Lynne Zucker of UCLA.

C. Institutiond Contributions.
The AIP contributed a major portion of the time of the Center’ s postdoctoral historian Finn Aaserud, particularly
during 1989 It continues to support the long-term projed by contributing some time of the AIP Certer’slibrarian-
Jarchivist Bridget Sisk and its senior program coordinator Virginia Frend, aswell asadministrative and clerical
costs. The AlIP sciencewriter Philli p Schewe asssted the projed by reading relevant articles and writing lay-
language synopses of them as background material for projed staff prior to the interviews. Thiswas very successul
for our work during Phase |, particularly since Shewe is aformer high-erergy physicist. Finally, the projec
absorbed far more than Warnow-Blewett’ s all otted one-third time and more of Weart’ stime than expeded.

The Stanford Linear Accderator Center (SLAC) too has made substantial contributions to the projea by
supporting the dforts of associate direaor Willi am Kirk, librarian Louise Addis, and archivists Roxanne Nilan and
Robin Chandler. In addition to service on the projed’s Working Group, Kirk and Nilan conducted pilot interviews
to test the projed’s questions set and, joined by Chandler, conducted 14 intenviews related to the project’s seleded
experiments. Addis (also an the Working Group) provided criti cal leadership for the projed’s censuiswork, as
detail ed bel ow, and trained projea staff and consultantson the use of the databaseson SARES at SLAC.

The AIP projed also coardinated its work with a history projed at FNAL, funded by the National Science
Foundation and directed by historians of scienceLilli an Hoddeson and Catherine Westfall. The AIP projed shared
itsresearch resultsto avoid dupication of effort (such as interviewing physicists on the same epeliments).

Other contributions have been made by the laboratories, espedally support of the caasus work by the Brookhaven
National Laboratory and the Fermi National Accderator Laboratory, as mentioned later in thisreport.

. WORKING GROUP AND ADVISORY COMMITTEE.
The study of call aborationsin high-erergy physics had aWorking Group and a larger Advisory Committeefor
documenting multi-institutional coll aborationsin high-erergy physics. The projed’s Advisory Committeewas



226 DOCUMENTING MULTI-INSTITUTIONAL COLLABORATIONS

never intended to med; rather, its members agreed to respond asindividualsto aur requestsfor advice Both
groupsincluded a number of expert scientists, historians, archivists, and sociologists. However, the Working
Group had a greater concentration of distinguished high-energy physicists and science administrators. The
members of the Working Group for High-Energy Physicsarelisted in Appendix A; the Advisory Committeefor
High-Energy Physicsislisted in Appendix B.

The projed’ s Working Group for High-Energy Physics met twice: on 14-15 April 1989and on 2223 February
1991 Thefirst meding, near the outset of the projed, wasan effedive toal for introducing the various groups to
each others' interests and concerns. The physicists shared their knowledge of the processof coll aboration from the
perspedive of funding agencies, laboratory administration, and laboratory users. These reports were enormoudly
useful in shedding light on such critical points & how coll borations are formed and how they frequently extend
over astring of experiments. In addition, the archivists, historians, and sociol ogists expressed their concerns and
interests as kegoers and users of the records and eventual audiercefor the projed’ sfindings.

The products of this meding included revisionsto the projed’ s draft set of questionsfor usein itsinterview pro-
gram, the compilation of an initial list of experimentsto be included in the interview program, and the sledion of
the upsil on experiments—with confirmation of the two already chosen (the Jand the psi discoveries)—for the
more thorough “probe” studies.

The purpose of the February 1991 meding of the Working Group wasto review progress criti que preliminary
findings, and set prioritiesfor the rest of the Study of Multi-Ingtitutional Collaborationsin High-Energy Physics.
All levelsof projed work were eviewed (the census; interviews d seleded experiments; probework; historical,
sociological, and archival analysis; the parallel study underway of CERN experiments; and the study of
subcontracting). In additi on, the Working Group reviewed draft appraisal guideli nesfor records of high-energy
physics experiments, plansfor the projed’sfinal reports, and possble microfilming of selecedfiles; finally, the
Group discussed tactics the AIP Center might use to identify key experimentsfrom the pastaswell as in the future
for spedal preservation efforts.

IV. CENSUSDEVELOPMENT.

The broadest level of the study of multi-institutional coll aborations in high-energy physicsis the cansusof all high-
energy physics experiments conducted for the period from 1973through 1987at the four American faciliti es
and—to some extent—the CERN laboratory in Europe. This effort involved, first, defining basic data needel for
the cansus, and seaond, |earning how to manipulate the databases maintained on SARES for the high-energy
physics community: the Experiments database by the Particle Data Group at the Lawrence Berkeley Labaatory
(LBL) and the HEP Publications database by SLAC and the DESY laboratory in Hamburg, Germany. The
Experiments and HEP Publi cations databesesfor high-energy physics, both using the SRRES program, were made
accesshleto usthrough the SLAC Library.

For the most part, the strengths of the databases for projed purposes were impressve. On the other hand, the
databases had not been used previously for historical, sociological, or other“ nonscientific” purposes, and certain
weaknesses for projed purposes were quickly apparent. These weaknesses range from the humorous and easily-
solved (such as counting “et al” asa person in acoll aboration) to the disappointing (e.g., the periodic updating of
the members of coll aborationsin the Experiments database that removes the posshbility of counting physicists on
the original proposal and the identification of a coll aboration’s previous spokespersons).

On ancther level, not al laboratorieswere systematic in reporting which publications in the database were li nked
to spedfic experiments. Thisweaknesswas seriousfor a number of reasons; for example, it madeit impossble to
rank experimentsin terms of numbers of publi cations and numbers of citations. For BNL, the most problematic
case, projed funds were used to employ asfredance arecently retired BNL physicist, Robert Philli ps, to begin to
link BNL experimentsto publi cations. Thiswork has since keencontinued with BNL funding; the projed is,
unfortunately, not yet completed. Also, in enlarging the ceasus to include the experiments carried out at CERN, we
found another problem: the linking of experimentswith CERN report numbers rather than with journal
publications. Other priorities on the part of CERN staff stood in the way of a projed to revise their database. On a
positi ve note, FNAL completed a spedal effort working diredly with Louise Addis to bring its experiment-
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publi cations identifications up-to-date. Despite limitations regarding BNL and CERN, the completion of the casus
has made possble a reasonable measure of the productivity of coll aborationsin terms of numbers of publi cations
and their citations and provided informaion an the length of coll aborations. The HEP Publi cations databese is
now more useful than ever for both scientific and nonscientific queries.

In November 1991, Louise Addisand Willi am Kirk suggested a number of additional questions—such asthe
number of experiments approved for each accderator at five laboratories and the number of experiments approved
for each major detecdor—that could be pursued based on their solid knowledge of the databases and coll aborations
at SLAC. With the help of Addis, Robin Chandler devel oped dataon these questionsfor aralysisby Zucker. A
listing of the cansus questionsisin Appendix C.

Finally, the projed manipulated the SARES databeses to compile threelists: (1) individuals most frequently
involved in coll aborations, (2) individuals serving as spokegersonson three or more llabaations, and (3)
institutions most frequently involved in coll aborations. These data have been particularly useful—when linked to
other findings from the ceansus, interviews, and site visits—in pursuing the preservation goals of the study of high-
energy physics.

V. PROGRAM OF INTERVIEWSFOR SELECTED EXPERIMENTS CARRED OUT AT FACILITIESIN THE

UNITED STATES.

A. Seledion of Experiments.
From the outset it was clear that the projed should look at a kroad range of experimentsin termsof bath scientific
and sociological factors. At the April 1989 meding of the Working Group, a number of criteriawere agreed upon.
From the sociological standpoint the set of seleded experiments wasto cover arange in such areas as the size of
the mllabaration (bath number of institutions and rumber of individuals), the startingyear, the duration, the site,
and the posshble use of subcontracting. From the sientific standpoint each of the following was to be represented:
the various detedor types (including bubble chamber, hybrid emulsions, and calorimeter), a beam dump, arare
process a“crucial test” of theory, aresult contrary to current theory, anon-accderator experiment, high transverse
momentum, start-up of an instrument, start-up of an eedronic facility, and a predsion experiment. The Working
Group nominated a number of experiments. It recommended that the projed request the three DOE sitesto
nominate additional experiments foll owing the aiteria set up by the Working Group. Such requests were made to
heads of research programs of these laboratories through site visits, telephone @ll's, and correspondencein May
1989

The projea staff compil ed a database wntaining information about all 72 experiments nominated for the projed’s
program of interviews. For each experiment this included: title, participants, their affili ations, approval date,
starting date, end date, and conments—classfied as either physics comments orsod ological/non-scientific
comments. In July, consultants Galison and Gieryn met at the AIPwith projed staff to make thefirst cut in the list
of experiments. From the original 72 nominated by the Working Group and by the representativesof SLAC, BNL,
and FNAL, 27 experiments were seleded, including all three CESR experiments. One of these CESR experiments
was later seleded for the final list in consultation with the labaatory diredor. Further cutswere necessary in order
to limit to twenty the number of experimentsfor the projed’s interview program. Thefinal cutswere made during
the processof investigating the airrent whereabouts of spokespersonsfor all seleded experiments and subsequent
discusson with advisors. SeeAppendix D for information on the seleded experiments.

B. Seledionof Individuals to belnterviewed.
The identification of individualsto be interviewed was made through discussonswith the official spokespersons of
the seleded experiments (afirst step made at the raommendation of projed advisors) supdemented by
conversations with other coll abaration members. In all cases, the projed sought to identify team lealers (typicdly
call ed group leaders), women and minority members, and representatives of our various categories (postdocs, grad
students, enginees, computer spedali sts, and technicians). A list of 179 candidates for interviews was thus
compil ed; a map was flagged with their locations to maximize travel efficiency.
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C. Preparation of Working Fil es.
Working fil es were developed for each seleded collabaration, including alist of coll aboration ingtitutions and
members, lay language summary of the experiment, seleded publi cations, and—where available—abiographical
entry for interview subjeds and a bibli ography of publi shed results.

D. Devdopment of the Question Sets for Interviews.
The projed proposal included adraft question set to be usd for the projed’s program of interviews. That draft
(developed by projea staff with consulti ng historian Gali son and sociologist Gieryn) was used to solicit further
suggestions and modifications. At the meding of the Working Group in April, and immediately thereafter,
numerous additi ons and revisions were put forth by projed advisors, staff, and Willi am Aspray, Diredor of the
|EEE Center for the History of Eledrical Engineeing.

In July 1989 threephysics experiments (from 1974 1975 and 1982 were ®lectd for pilot interviewsto test the
question set. Projed staff and consultant Gieryn conducted test interviewswith six individuals during September
and October. The staff (along with Gieryn, Hargens, and Roxanne Nilan) met in October at Fermilab to discuss
their experiences and modify the question set acoordingly. The revised question set was then tested at SLAC by
projed advisors Nilan and Kirk during November. Only minor adjustments have keen made since, and inter-
viewers (and interviewees) agreethe question set has been highly succesgul in tracking the mllabaative reseach
process A copy of the Question Set for Senior Physicistsisin Appendix E.

We also completed work on several additional shorter question setsfor other members of coll aborations:
representative physicists who are graduate or postdoctoral students; women physicists; and representative non-
physicists, including eledrical enginee's, computer scientists, and technicians. These question sets were tested and
have been in use sincethe erly months of 1990 These question setsare also included in Appendix E.

E. Interviewing Activities on Selected Experiments.

From early January 1990through March 1991, projed staff have made 25 major field trips, in addition to nearby
visits. Each of these tripsinvolved scheduli ng appointments with interviewees, completion of working fil es (lay-
language versions of key papers, etc.) and travel arrangements. In additi on, appointments were made whenever
possble with the archivists at each of the intervieweeé singtitutions to discussthe projed’s documentation goals,
the particular situation of the intervieweg sfiles, and the arrent policies of theinstitutional archives. In addition
to nine pil ot interviews, 144 projed interviews were canduded through August 1991 for the 19 selected coll ab-
orations using domestic sites.

Transcribing of the tape-recorded interviews, under the diredion of the AIP Center’s Virginia French, moved into
high gear in Spring 199Q Particularly taxingwas the hiring of fredance transcriberswith word processasto cary
the large load of work. Dupli cate tapes were shipped out and dupicate diskettes returned for in-house printing. All
144interviews have been transcribed in additi on to seven of the pil ot interviews.

F. Historical andArchival Analysisof Interviews.
Work was initiated in May 19900n the historical and archival analysis of interviews for seleded experiments.
Projea staff devel oped aform covering historical themes and archival isstes; this form was used to index intenview
transcripts. A second form was prepared for an archival database to facilit ate archival analysis. Both forms provide
accesspoints so that historical isswes and archival isaues can be racked over time and by accderator site. A copy of
theindexing formis in Appendix F; the achival databaseformisin Appendix G. Thus far, 143transcriptshave
been indexed. In addition, historical analysis of 134transcripts and archival analysis of 141 transcripts were
completed. An updated report on the historical analysis was distributed to the Working Group prior to its February



APFENDIX C: PROJECT ACTIVITIES 229

1991meding. For more detail s on archival work, seeSedion X. “Archival and Preservation Activities’ below, and
also Part B: “Archival Findings: Analysisand Future Actions,” in this Report No. 2.

G. Scaiological Analysisof Interviews.
The program to carry out sociological analysisof interviewswas staled until the appointment in Augug 1990 d
Lynne Zucker, a professor of sociology at UCLA, for the position as consultant, replacing Gieryn. Zucker
appointed a postdoc, Margaret Philli ps, and a graduate student, Anna Leon-Guerrero, who started work in October
under Zucker’s supervision.

Zucker and Philli ps narrowed the theoretical sociological issues to be addres®d and identified variables to pursue
those issues and measures that can be used as surrogates for those variables. The isaues pursued included the
persistence of affili ations and other coll aboration matters, influences on the degreeof experimental innovation, the
determinants of leadership, the dfeds of centrali zation of control, and sponsored mohility (espedally the degreeto
which scientific research was carried out within an ever-narrowing network).

Zucker and Philli ps also chedked out the useful nessof alternative measures to supgement findingsof the projea
interviews (such asthe SARES databases at SLAC, citationsincluding self-citations, and vitae) in order to identify
the kinds of measures that can give the best accuracy in studying theissues. The analysisis multi-level, looking at
individuals, home ingtitutions, and relationships of ingtitutionsto the experiment and to the accderator site.
Because of their late start, the results of the sociological analysiswill not be avail able until Spring 19932

VI. PROBESOF THE UPSILON AND PS DISCOVERESAND THE CLEO

COLLABORATION AT CESR.

Projed work on probeslargely resembled the planning and scheduling of interviews for the seleded coll aborations.
However, the differences are marked. First of all, the probesinvolved talking to a larger number of the participants.
Seand, probe work involved greater attention to coll aboration records to determinewhat fil es should be saved,
identify major gaps, and initi ate steps necessary for preserving records of archival value at appropriate ingtitutions.

A. Discovery of the Upsilon.
Our study of the upsilon discovery at Fermilab, under the diredion of former projed historian Frederik Nebeker,
covered a string of seven experiments conducted between 1970and 1985 Altogether, some 130individuals and
eight institutions (four of them outside the United States) were involved. Nebeker completed most of the interview-
ing and research work on the upsilon probe during four major field trips before he left the projed in mid-Sepgem-
ber 199Q other projed staff have done upsilon interviews aswell. A total of 57 interviews were conducted (as well
as notes of telephone discussonswith four of the mllaborators). These include six spokespersons, 21 other senior
physicists (including nine group leaders), postdocs, graduate students, enginees, and technicians.

Whenever Nebeker (or other staff) interviewed participants, he also examined exgriment recordsinor near their
offices and prepared rough inventories. Neleker also discussed upsil on files with archivists at Fermilab, Stony
Brodk, SLAC, CERN, and el sawhere to lay the groundwork for a plan to seaure an adequate record of the experi-
ments. Some steps have already been taken in conjunction with Adrienne Kolb, Fermilab archivist, to preserve

For information on historical findings, seedoel Genuth’s report Part A: Report No. 4: “Historical
Analysison the Sdeded Experimentsat U.S. Sites,” AIP Sudy of Multi-Institutiond Collabarations, Phase I:
High-Energy Physics (New York: American Ingtitute of Physics, 1992).

2SeeReport No. 5: Saciological Analysis of Collabarationsin High-Energy Physics, AIP Study of Multi-
Ingtitutiond Collabarations, Phase I: High-Energy Physics (New Y ork: American Institute of Physics, publication
expeded 1993. In addition, Leon-Guerrero has passed her Ph.D. oral qualifying examination for her dissertation
on the sociological analysis of high-energy physics (November 1991). She hasrecéved an NSFdoctoral award for
her dissertation research. The NSFpanel was particularly impressed with her ability to comhbine qualitative and
quantitative analysis of the AIP projed’ sinterviews and the SHRES data.
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certain very important materials, including detedor logbodks and professonal papers of two key participants, Leon
Lederman and Jeff Appd.

B. Discovery of the J/Psi.
The discovery of the Jat Brookhaven and of the psi at SLAC were simultaneous, and typically combined in
references asthe discovery of the Jpsi. The AIP projed originally planned for consultant historian Peter Galison to
work on bath the Jand psi coll aborations (led respedively by Sam Ting at Brookhaven and by Burton Richter at
SLAC). Because of difficultiesin contacting Ting, Galison’s study was limited to the SLAC coll aboration.

Gali son interviewed nine members of the psi coll abaration and reviewed their fil es. In addition, he worked with
archivistsat SLAC to develop and carry out a survey mailing to all avail able participants of the psi coll aboration.
With the help of archivistsat bath SLAC and Lawrence Berkeley Laboratory (the other major institution on the
coll aboration), a number of valuable records were located, including unpublished internal techrical memoranda
(e.g., on event analysis, on the interface between equipment and computers, and on the detedor, storage ring, and
accderator), materials on Monte Carlo simulations, and minutes of committees and subgroups.®

C. CLEO Collabaration at CESR Mini-Probe.
The projed added a “mini-probe’ toitslist by upgrading the CLEO collaboration at the CESR facility at Cornell
University's Newman Laboratory from one of the 20 seleded experiments. The reasons for this spedal attention
are several: (1) Experiments are treated quite differently at CESR; only two ooll aborations have conducted exjeri-
ments there sinceit began running in 1979 and one now monopoli zes the facility; (2) CESR is one of the four
main accderator faciliti esin the U.S,, but it is the only NSFfunded site; we wanted a better understanding of the
differences between the NSFand DOE situations; (3) There has been littl e historical study of the Cornell
accderators, and we neaded to conduct some background research to placethe experiment in context; and (4) The
projed wanted to benefit from another in-depth exposure to research and preservationof archival recrds. The
mini-probe was conducted under the diredionof projed historian Joel Genuth.

In contrast to the psi and upsil on probes, which are organized around the examiretion of scientific discoveries,
Genuth examined the CLEO coll aboration at CESR from an institutional perspedive. For example, he looked for
documents that shed light on Cornell’sdedsion to pursue a@lli der physics and its effortsto attract the interest of
the physics community and oktain funding from the federal government. Genuth, with the assigance of Maloney,
conducted 21 interviews.

The archival aspeds of the CESR/CLEO probe are particularly chall enging, espedally the records of CESR and its
Newman Laboratory at Cornel University. Since CESR isan NSFcontract facility, it does not produce federal
recordsthat fall under the domain of the National Archivesand Records Administration. Warnow-Blewett and
Genuth are working out an arrangement between the Newman Labaratory and the Corndl University Archivesto
safeguard the records; the prognosis svery promising.

The reports by the threehistorians on the probes of the discoveries of the psi and the upsilon and of the CLEO
experiment at CESR areincluded in Report No. 4: Historical Findings on Collabarationsin High-Energy Physics.
Information on the records seaured is in Report No. 3: Catalog of Seleced Historical Materials.* In addition,
articles by Genuth, Galison, and Nebeker arein preparation and will be submitted to scholarly journals.

VII. STUDY OF SUBCONTRACTING.
One asped that the AIP projed planned to explore from the outset is that of subcontracting to industry. The
investigation of subcontracting throughout the long-term gudy is ajoint projed of the AlIP Center and the IEEE

3SeeAlP Sudy of Multi-Institutionad Collabarations, Phase I: High-Energy Physics, Report No. 3:
Catalog of Selectd Historical Materials (New York: American Ingtitute of Physics, 1992.

“The reports are published as parts of AIP Sudy of Multi-Ingtitutiona Collabarations, Phase I: High+
Energy Physics (New York: American Ingtitute of Physics, 1992).
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Center for the History of Eledrical Engineeing; it is under the diredion of Nebeker of the IEEE Certer. During
our study of high-energy physics, we sought—by means of projed interviews and probes—to identify subcontracts
the mllaborations might have had with industry to carry out significant research-and-devel opment. We did not find
subcontracts with such design work or innovative engineaing.

Nebeker presented this situation to the Working Group at its February 1991meeing. There was general agreement
that early contributions of industry to high-energy physicsin the U.S. were done without contracts (although thisis
changing with the development of detedors for the Super-Conducting Super Colli der). During the period of the
AIP study, there were a number of areas, such as super-conducting magnets and photomulti pli ers, where te
important research-and-devel opment was carried out within industry without subcontracts from high-energy
physics experiments.

The Working Group dedded that LeCroy Electronics, acompany that hasfor 25years manufacturedeledronics
exclusively for high-energy physics, should be the focus of the projed’ sinvestigation of industrial research. LeCroy
isimportant and a good example of succes<ul interaction between industry and high-erergy physics. Many of its
staff are high-energy physicists and they have aulti vated informal relations with the high-energy-physics
community asaway to learn its neads. Nebeker made a site visit in May to LeCroy to interview key staff, review
files, and discussremrds-keegping practices; he prepared a writtenreport on his findings.®

VIIl. PERSPECTIVE INTERVIEWS.

The Working Group, at its April 1989 meding, recommended that the projed conductperspective interviews,
outside of the seleded experiments and probes, to supdy missng pieces from the overview of community leaders
such as administrators at funding agencies and laboratories. Ten of these interviews have been completed (with
Wall enmeyer and Hil debrand on DOE, Berley on NSF, Nishikawa and Kikuchi on KEK, McDaniel and Abashian
on CESR, Ticho on university-laboratory relationships, and Neal on university administration).

In June 1989 the AIP Advisory Committeefor History of Physicswent further still and suggested the projed
interview a few women and minority physicists (in additi on to those who participated in our seleded experiments)
who have made significant contributions to experimental high-energy physics or are articulate spokespersons for
the mncerns of women and minoritiesin the field. Five of these interviews with women in high-erergy physics
have been conducted; one black physicist wasalso interviewed, but primarily from the perspective of
administration.

Altogether 15 perspedive interviews have keenconducted; dl have keen transcribed.

IX. PARALLEL PROJECT ACTIVITIESAT CERN.

Historian John Krige anducted the study of seleded experiments carried out at the European CERN laboratory in
Geneva, funded by a separate Mellon Foundation grant. The methodol ogy of the AIP projed was fully employed in
the CERN work, for example in the aiteriafor seleding experiments and the question setsused in interviews.

Work on the study at CERN got seriously underway towardsthe end of 1989 after medings with individual
physicists and the CERN Archive Advisory Committee Five exgrimentswere chosen to med a range of different
criteriain kegoing with the AIP projed: (1 and 2) UA1 and UA2, renowned for the discovery of the Wand Z
particles (large, calliders, dedronic, historical importance); (3) T-185and T-228 the discovery of neutral currents
(fixed target, bubble dhamber, historical importance); (4) WAL (large, eledronic, neutrino physics, classcal mid-
1970 experiment, fixed target); and (5) WA9 (small, elegant, non-CERN participation, with an important Soviet
contingent). For more information on these experiments, seeAppendix D.

5Seereport by Frederik Nebeker in Part E, Report No. 4: Historical Findings on Collabarationsin High-
Energy Physics, AIP Sudy of Multi-Institutiond Collabarations, Phase I: High-Energy Physics (New Y ork:
American Institute of Physics, 1992.
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Threelines of attack were made on these experiments. First, more than 30 interviews were onducted with
individuals who participated in the ll aborations, the sample deli berately chosen to include physicists, enginee's,
computer spedalists, and some women. The bulk of these were with physicists and engineaswho worked in
collaborations UA1 and UA2. A perspedive interview on the place of women in high-erergy physicswasalso
conducted. Although some diff erences were noted, Krige' sfindings confirm virtually all of those made on experi-
ments at American sites.®

Seaond, major progresson preservation of records and papers has been made. With the ative support of the CERN
Archive Advisory Committeeand of the CERN archivist, Krige took positive steps to trace important collections of
papersreated to the seleded CERN experiments. Thiswas succesgully done for four of the five ®leced
collaborations; it has proved difficult only for WA 1, where most papers seam to have keen destroyed. Ultimately it
isexpeded that thesewill be transferred to the CERN Archive. It should be mentioned that Krige piepared a
catalog of the lledions of papers of two physicistsinvolved in two d these experiments (UA1 and neutral
currents). Thefirst is particularly comprehensive and, once the papers have keen transferred to the Archive, will
serve asavaluable guide for archivists and historiansto the kind of material that isgenerated in alarge ollabaa
tion.

Another major preservation breakthrough was the dedsion on the part of the CERN laboratory to preserve the
records of major experiments conducted at CERN. The CERN Archive Advisory Committee inspired by the AIP
projed and in consultation with Krige, has solicited from its physics community suggestionsfor 20 experiments of
historical interest; the Committeehopesto track downkey colledions of papers related to these experimentsand, if
possble, to transfer them to the CERN Archive. Findly, Krige has identified other important papers and encour-
aged physiciststo deposit them in appropriate repositories; this work has bean suppoted by the CERN Archive
Advisory Committee

Third, someresults of Krige'swork have been used in two reports: (1) A report summarizing the findings of the
research done on experiments UA1 and UAZ2; thiswill be published in the Scciology of the Siences Yearbodk for
1992and (2) A CERN Internal Report on the relation between CERN and its user community. Krige hopesto use
some data, in cogperation with ayoung American graduate student, to compare the CDF (Calli der Detedor at
Fermilab) with the UAL.

X. ARCHIVAL AND PRESERVATION ACTIVITIES.

The methodol ogy was thoroughly effedive in identifying the archival issues and pointing the way toward preserva-
tion. As expeded, the in-depth work on the seleded probes proved to be particularly valuable in isaies regarding
appraisal of technical documentation. Probe work was also useful in identifying spedfic diff icultiesin saving the
recrds. We are more surprised at how valuable the historical analysis and the archival analysis of the interviews
covering seleded coll abarations could bein combination with the carsus work. These analyses provided bath an
overall understanding and spedfic information on records creation and retention by the various coll aboration
members. The cansus combined well with these findings by giving us names of key institutional and individual
playersthat we wuld approach for practical preservation work.

A. Basic Activities.
There are a number of waysthe projed hastaken steps during the two-year study of high-energy physicsto have an
impact on the recmrds-kegoing practices of archivists and scientists. For example, from the start our interviews with
scientists were onducted at their home institutions so that we culd review their files and also med with the
ingtitutional archiviststo talk about projed goals and their current archival programs. These medingswith
scientists were, virtually without exception, the first time anyone had discussd with themthe ptential historical
value of their papers. Based on previous experience of the AIP Center, we beli eve these discussonswill have a
positi ve impact on care of recrds. The medings with archivists strengthered the AIP Center’s cooperative ties,

®SeeJohn Krige sreport in Part B, Report No. 4: Historical Findings on Collabarationsin High-Energy
Physics, AIP Sudy of Multi-Institutiond Collabarations, Phase I: High-Energy Physics (New Y ork: American
Ingtitute of Physics, 1992.
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gave us “grassroats’ information on the likelihood of saving records of multi-institutional coll aborative research,
and in return let us provide information and encouragement.

More spedfically, the question sets used for interviews with senior physicists and other members of coll aborations
were designed with archival goalsin mind. The question setsin Appendix C show that each step of the

coll aborative processwas covered, from funding initi atives through publi cation of research results. There was
considerable emphasis on organizaional and social isaues that impact on records, such ascommunication patterns,
delegation of responsihiliti es, degreeof bureaucratization, impact of computer technology, role of internationalism,
and the use of subcontracting to industry. Further issuesrelating diredly to archival matterswere those of records
creation, use, and reuse for scientific purposes. Here we were particularly keen to capture information about
eledronic reards, bath the use of e-mail and the scientific data on magnetic tapes and diskettes. All i nterview
transcripts were indexed by projed archivist Lynn Maloney to assure optimum consistency. Information on
organizaional and social issueswasaralyzed by projed historian Joel Genuth; information spedfic to remrds was
entered into an archival database for analysis by Maloney and Warnow-Blewett.

B. Suveyof Spkespersons.
Midway through our data gathering period, both the interviews and the archival database indicated that, as col-
laborations have become larger and more bureaucratic, spokespersons have taken on more managerial respon-
sihiliti esincluding recrds distribution. Our preliminary archival analysis showed that, of all coll aboration
members, spokespersons are likely to hold the best documentation. Because of thisfinding, the projed dedded to
carry out a survey during the first half of 1991 We used the Experiments database at SLAC to compile alist of
those people who had served as spokespersonson threeor more @Il aborations. Separate survey procedureswere
developed for those living in the U.S. and those living abroad; projed staff were asssted in survey development by
sociologists Zucker and Philli ps.

The domestic survey was based on a maili ng and foll ow-up telephone interviews. The maili ng consisted of a letter
explaining the projed and the kinds of questions we would cover in the interview; attachmentsincluded a
summary of the historical analysis of therole of spokespersons, alist of records that the projed isintereded in, and
a printout from the database describing the exgerimentsfor which that personwas aspokesperson. The teEphone
follow-ups made it posshle to cover virtually everyone included in the domestic survey. Thorough noteswere taken
and tape recordings were made in case further referencewould be required.

Projea staff adapted and shortened the interview into a questionnaire to be mail ed to foreign spokespersons and
returned. This questionnaire focused on the aeation and retention of bath coll aboration and other professonal
records and was also accompanied by a letter explaining the projed and a database printout describing the
experiments for which the spokesperson acted. The survey was mail ed in June. The response was disappointing:
out of 17 surveyed, only four individuals replied.

Results of the spokesperson surveys were incorporated into the projed’ s archival analysis. The domestic survey
broadened the scope of the projed’ s perspedivein that many of the exgriments examined in the survey differ in
physicsgoalsand in historical significancefrom the projed’s 19 experiments which are being sudied in greger
depth.

C. Appraisal Guidelines.
Warnow-Blewett drafted guideli nesfor the appraisal of recrdsof high-erergy-physicscollaborations prior to the
February 1991 meding of the Working Group. The draft includedkey publications as well as manuscript sources.
Each record category was marked for discusson purposes with a reammendation that it should be retained for all
experiments, retained only for significant experiments, or that it need not be saved excet in speda circumstances.
When appraising the informational value of the reaords, the Working Group was asked to take into consideration
the future needs of scientists and those in science policy and management aswell as historians of physics,
technology, information processng, ecnomics, and ingtitutions, and sociol ogists of science

Peter Gali son—as Chief Consulti ng Historian—Ied the review of the draft guideli nes providing insights on the
records he and other historians on the projed had found most valuable for the study of espedally significant
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experiments. correspondencefil es of individuals, internal coll aboration memoranda, and experiment logbods. The
Working Group discusson about appraisal led to the following priorities for retention of recordsfor all experi-
ments. (1) Physics Advisory Committeesrecords, (2) laboratory diredors’ files, (3) proposalsto the laboratories,

(4) Memoranda of Understanding (contracts), (5) blueprints of detedors and their components, and (6) proposals,
including narrative and financial progressand final reports to funding agencies. It was noted that virtually all of
these wre recrdsare likely to beretained (or at least not destroyed) by the laboratories. It wasalso agreed that
technical data (espedally the raw data) had virtually no value after its use by the cllaboration. After the meding,
Galison asssted in reviewing the guideli nes before they were sent to the Working Groupfor their comments. See
Part D: “Appraisal Guidelinesfor Reaords of Collaborationsin High-Energy Physics’ in thisreport.

D. Ste Visitsto Accderator Labaoratories.
Site visitsto the five laboratories under study—to med with top-level science administrators aswell aswith those
in dired charge of records—have been particularly important in two phasesof projed work. First, near the outset
of the projed, when laboratory staff were generousin providing detail ed tours of their faciliti es, including
discussons with coll aboration membersin the midst of conducting experiments. Such tours were essential to our
understanding of the processof coll aborationsin high-erergy physics. The sheduling of thesesite visitswere
coordinated with periodic medings of staff, consultants, and advisors. Also important were threesite visits (in
October 1989and January and July 1990 to the CERN labaratory in Geneva to coordinate projed work with
CERN historian John Krige.

Later site visitsto the laboratories shifted toward disaussonsof the projed’s preliminary findings and
remmmendations. Toward the end of the period, we made visitsfor the purpose of determining the extent to which
the labaratories retain records documenting coll aborative research and to oldain current information on their
general recrds retention policies and archival programs. We were particularly concerned to share information on
the projed’ s appraisal guiddines and to encourage the retention by the laboratories of the core recrdsto be saved
for al experiments. Finally, a history conferenceat SLAC in June 1992brought together Warnow-Blewett and
archivistsfrom DOE national laboratories, including FNAL, LBL, SLAC, and SSCL (Superconducting Super-
Colli der Labaratory); the gathering made it possble to review faceto-face the AIP projed’ sfindings and
recommendations.

E. Archival Analysis.
The projed’sarchival analysis covers awide range of information regarding recrds. These include patterns of
records creation, use, and reuse by the allaboration aswell as patterns of records retention and destruction. We
also report on the locations where valuable sets of recrds are likely to repose and on shiftsin recrds practices on
the part of coll abarations; bath of these @an provide opportunities for preservation recommendations that appear
“natural” to our recrds creators.

The archival analysis has been based on all aspeds of our work—the caasus, historical analysis of interviews on
sdleded experiments, historical probe work, sociological studies, site visits, and our archival database. Drafts and
revisions have been issued sincetheinitial year of data gathering; thefinal report is Part B: “Archival Findings
Analysisand Future Actions’ of this Report No. 2.

F. Preservation Activities.
During the two-year study, the main effortsin locating papers and recrds of historical value focused on two
targets: the papers documenting the three probes and the @re recrds at the accderator labaatories.

In documenting the probe experiments we have made substantial progress although more remainsto be done. In
the ase of documenting the upsil on series of experiments at FNAL, the papers of Leon Lederman (the main
principal investigator [PI] and a spokesperson) and the papers of Jeff Appel have teen seaured in the FNAL
Archiveswith the help of archivist, Adrienne Kolb. In the case of the psi discovery coll aboration at SLAC,
extensive searches for key records were onducted for the projed by archivist Roxanne Nilan at SLAC and
archivist Lori Hefner at LBL; extensive sets of documentation are now under their careat SLAC and LBL. Work to
document the CLEO coll aboration at the CESR fadility of Cornell’s Newman Labaatory is dso well underway. As
mentioned earlier, the main isaue here isto establish arepository for these non-federal records; we have @mnfidence
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that arrangements under discusson with the University’s Archives and Spedal Coll edions department will prove
successul. The AIP Center’ s general approach to documenting all threeof these mllaborations isto first seaure the
most central records (typically at the laboratory and in the hands of the spokesperson[s]) and—once we have
information on the gapsin these wll edions—proced to investigate additional papersor files (for example, in the
possesson of group leaders) that should be preserved.

The other focus of our preservation work has been on effortsto seaure the cre set of laboratory records for all
experiments—i.e., proposals, blueprints, etc. (SeePart D: “Appraisal Guidelinesfor Rerds of Collaborationsin
High-Energy Physics’ in this Report No. 2.) We were, first of all, relieved to learn that the laboratories also placed
value on these basic fil es; at least, they had not been destroyed. We are aware that some valuable records onour
core list, notably those of the Physics Advisory Committees, are not authorized by the National Archivesfor
permanent retention in existing DOE records schedules. LBL Archivist Hefner isworking to strengthen the
National Archives schedulesfor DOE laboratories; we are assiging her and we hope our projed recommendations
will help legitimize the preservation of such valuable evidence

The AIP Center isgreatly impressed by the @ntributions of several |aboratories in documenting high-erergy
physics, inspired in part by our study. Particularly noteworthy are the new efforts, bath at SLAC and at CERN, to
take stepsto identify outstanding experiments and seaure their documentation in laboratory archives.

G. Projed Recomnendaions.

Based on our findings and analyses, we developed 12 projectrecanmendations addressed to accderator
laboratories, universities, other laboratories, and, in part, to DOE and NSFHeadquarters and to NARA. The
purpose of the recommendationsisto autline palicies and actions that would greatly improve the documentation of
high-energy-physics call aborations and the dissemination of information about the records.

The most important recommendation urges a new approach to seauring the documentation for future exgeriments.
We suggest that, once an experiment has been approved, the acekrator laboratory should ask the spokesperson to
identify one of the wllaboration members who would be responsible for coll aboration-wide records. In
addition—where historical significancewarrants—individuals would be named to be responsible for group level
documentation of innovative mmponents or techniques. The information would become part of the laboratory’s
contract agreament with the wllaboration. Use of this simple mechanismwould assig archivistsby asauring that
records will be avail able for appraisal and by providing information on their location.”

XI. DISEMINATION OF PROJECT ACTIVITIES.

A. Talks andPublications During the Two-Year Sudy.
Five isaues of the AIP Center for History of Physics Newsletter (Spring 1988and 1989 and Fall 1989 1990 and
1991 had lead articles reporting on projed activities. The Fall 1990issue also featured a summary of preliminary
findings.

Warnow-Blewett and Nebeker spoke about the projed a the Annua Meding of the Sciety of Ameiican Archivists
(SAA) held in St. Louis, Missuri, in October 1989 Warnow-Blewett also focused on the AIP Study of Multi-
Ingtitutional Collaborationsin talks at a conference mnvened in May 1990by the Bedkman Center for the History
of Chemistry and at another conferencein Decanber 1990convened by Georgetown University. Another paper on
documenting postwar scierce and technology, including disausson of the projed, was givenby Warnow-Blewett in
June 1991in Milan, Italy, at a conferenceon archivesfor history of scienceand technology; a longer version of her
paper will be published in the next issue of Osiris, ajournal of the History of Science Society. Warnow-Blewett
gave a paper on the projed at the New York Academy of Sciercein February 1992and at the 1992 Annud

Mesding of the SAA in Montreal. Finally, Warnow-Blewett has been asked to give the Keynote Addresson the AIP
projed at the Confererce on the History and Archivesof Scierncein Australia this November. Historian Genuth

"For the omplete set of reemmendations, seeAlP Sudy of Multi-Ingtitutiona Collabarations, Phase I:
High-Energy Physics, Report No. 1: Summary of Projed Activities and Findings/Projed Recomnendations (New
York: American Ingtitute of Physics, 1992.
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presented a paper on his historical analysis at a seminar of the Smithsonian Institution’ sHistory of Scierce Sries.
Krige, the historian of our parall el study of CERN, has given numerous talks drawing on his reseach.

B. Final Reports.
Four of the five final reports on the two-year study of high-energy physics coll aborations were distributed for
review by the projed’ s Working Group and Advisory Committeein October 1991 After revisions and final
editorial work, the reports were printed and distributed in September 1992 Research continueson the fif th report
covering sociological analysis; its publication and distribution is expeded in Spring 1993 The reportsare: Report
No. 1: Summary of Projed Activities and Findings/Projed Recomnendations, report No. 2: Documenting
Collabarationsin High-Energy Physics, Report No. 3: Catalog of Seleced Historical Materials, Report No. 4:
Historical Findings on Collabarationsin High-Energy Physics, and Report No. 5: Saciological Analysis of
Collabarationsin High-Energy Physics.

The distribution of the reportsincludes offices for high-energy physics at the DOE and the NSF, academic
departments of physics most activein the field of high-energy physics, accderator physicslaboratories, and
archival and records management programs at all of these institutions. The reportswill also be avail able upon
request from the AIP Center.

C. Forthcoming Publi cations.
Now that Phase | of the long-term study has been completed, reports on projed activiti es, findings, and
recmmmendations will be submitted to the newsletters of the Society of American Archivists, the History of Science
Society, the Society for the History of Technology, the Society for the Social Studies of Science, and the
Assciation of Reaords Managers and Administrators.

In additi on, scholarly paperswill be submitted to history of scienceand sociology journals. These will include
papers by: Nebeker on the upsil on experiments; Genuth on the CLEO collaboration in the ingtitutional setting of
the CESR facility; Galison on the Jpsi discovery; and Zucker, Philli ps, and Leon Guerrero an sociological aspeds
of high-energy physics coll abarations. In additi on, based on his parallel study at CERN, Krigewill publish two
papers—one on experiments UA1 and UA2 (in the Scciology of the fiences Yearbodk for 1992 and one on the
relation between CERN and its user community (to appear as a chapter in aforthcoming volume in the History of
CERN series). At the end of the long-term projed, anarticle on the study’s methodology, findings, and
recommendations will be submitted to The American Archivist.

D. Other Products.
Projed records, espedally interview tapes and transcripts, are preserved in the AP Center’s Niels Bohr Library for
historical and other research purmposes. They are likely to be used by historians and sociologists of sciercefor many
yearsto come. In addition, projed recrds documenting detail s of our methodology and findings are preserved for
those who may wish to carry out similar studies of other disciplinesin the future. Finally, the projea would like to
microfilm seleaed paper filesof high historical value;these microfilming plans depend uponthe avail ability of
projed funds.

XIl. FUTURE EFFORTSTO DOCUMENT HIGH-ENERGY FHYSICS.

The AIP projed’ s future activiti es to document high-energy physics are detail ed in Part B: “Archival Findings:
Analysisand Future Actions’ in this Report No. 2. We only mention briefly here that the projed intendsto
continue sociological research and to hold a workshop with archivists during its Phase Il study of space scienceand
geophysics.

Becuse of their late start, the sociological research of consultant Lynne Zucker and her group at UCLA has been
limited in avariety of ways. Fortunately, the Mellon Foundation hasapproved use of remaining fundsfor the
group sfurther research. The gereral scope of the resarch will be thredold: (1) to extend the analysisof the
projed’s 19 seleded experiments, espedally by focusing on characteristics of the laboratory sites, using
quantitative approaches to the simil ariti es and variation acrossexperiments; (2) to examine the interviews of the
AlP projed’s more detail ed probes of highly significant experiments, comparing them with the resultsof the araly-
sisof interviews on the seleded experiments; and (3) to analyze the CERN experiments for which there are
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sufficient interviews, to determinewhat is simil ar to the American predictors and what is not. The findings of
Zucker and her group will help usunderstand more mmpletdy high-erergy physics resarch and the @nduct of
modern science

PHASE Il : SPACE SCIENCE AND GEOPHYSICS

. INTRODUCTION: PURPOSE AND METHODOLOGY OFTHE STUDY

Since World War 1l, the organizational framework for scientific research isincreasingly the multi-institutional
collaboration. However, thisform of research has recaved slight attention from scholars. Without a dedicated
effort to understand such coll aborations, policy makers

and administratorswill continue to have only hearsay and their own memoriesto guide their management; even
therecrds necessary for efficient administration, for historical and management studies, and for posterity, will be
largely scattered or destroyed.

The Center for History of Physics of the American Ingtitute of Physics, in keguing with its misson to preserve and
make known the record of modern physics and alli ed sciences, isworking to redressthis situation with athree
stage investigation into areas where multi-institutional coll aborations are prominent. The study began in 1989
Phase |, which focused on high-erergy physicswas completed in 19928 Phase II, which addresgd coll aborative
research in space science and geophysics, is completed with this report. Phase Ill, now underway, will focuson
comparative studies of other fieldsin scienceand technology and gereral questions of documentation policy and
practice

The goal of the study isto make it posshle for scholars and othersto understand these transient “ingtitutions.” In
order to locate and preserve historical documentation, we must first get someideaof the processof coll aborative
research and how the records are generated and used. Herce, we are making abroad preliminary survey, the first
of itskind, into the functioning of research coll aborations since the mid-197Gs that include three or more
ingtitutions. Our study is designed to identify patterns of coll aborations and define the sope of the documentation
problems. Along the way, we are building an archives of oral history interviews and other resourcesfor scholarly
use. The AIP Center will make use of itsfindings to recommend future actions and promote systemsto document
significant coll aborative research.

We focus on major research“sites.” In high-energy physics, sitesare acderator faciliti es; in space science and
geophysics, they are research vehicles (spaceaaft and ocean-going vessls) or other systems for data-gathering
(such asdrill holesand seismic networks and arrays). During the study of space science and geophysics, we
conducted close to 200interviews with academic and government scientists and administrators involved in 14
sdeded case studies. Qualit ative analysis of these interviews provides a foundation for generalizing about how
scientists view the processof coll aborative research and on where they think records of historical value may be
found. In addition, we gave attention to industrial subcontracting because of the managerial issues this practice
poses and the further dispersal of records it implies. We also conducted* spedal perspedive interviews’ with
persons such as program officers of funding agercies and discipline policy makers, who have pedal information
of value to aur understanding of coll aborative research.

Interim reports on archival, historical, and sociological findingsissied at the end of each phasewill culminate in
final reports and recommendations at the end of the long-term study. Other resourcesdevel oped througlout the
study, including oral history recordings and transcripts, will be avail able at the AIP Center’s Niels Bohr Library.

8SeeAlP Sudy of Multi-Institutiona Collabarations. Phase 1. High-Energy Physics. New Y ork:
American Institute of Physics, 1992 Report No. 1: Sumnary of Projed Activities and Findings/Projed
Reomnendaions, by Joan Warnow-Blewett and Spencer R. Weart. Report No. 2: Documenting Collabarationsin
High-Energy Physics, by Joan Warnow-Blewett, Lynn Maloney, and Roxanne Nilan. Report No. 3: Catal og of
Scleded Historical Materials, by Bridget Sisk, Lynn Maloney, and Joan Warnow-Blewett. Report No. 4:
Historical Findings on Collabarationsin High-Energy Physics, by Joel Genuth, Peter Gali son, John Krige,
Frederik Nebeker, and Lynn Maloney.
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Working in cooperation with institutional archivists, we will also locate and asgst with the preservation of records
at appropriate repositories, field-testing posdble approaches and solutions. Indexead informaion on all these
colledionswill be made widdly avail able to scholars.

The projed isdirected by Joan Warnow-Blewett with the assidanceof Spercer R. Weart. Joel Genuth has served as
projed historian and Lynn Maloney, Janet Linde, and Anthony Capitos as projed archivist. The main consultants
for Phase Il were historians Robert Smith (space science), Naomi Oreskes (geophysics), and Frederik Nebeker
(former projed historian and now conducting ajoint AIP-IEEE study of contracting), archivist Deborah Cozort
Day, and sociologist Lynne Zucker.

I.  PROJECT FUNDING AND STAFFING

Support for this phase of the projea was provided by the Andrew W. Mell on Foundation, National Historical
Publi cations and Rerds Commisgon at the National Archives and Remrds Administration, and the National
Science Foundation. Additional support from the Andrew W. Mellon Foundation made it possble for the AIP
projed team to conduct the parallel sudy of the European Space Agency and funded international travel.

Changesin projed archivists along with the relocation of the AIP headquerters affeded the dficiency of the
projed. Lynn Maloney |eft her position as projed archivist in early February 1992 Janet Linde was chosen to be
the new projed archivist and began her tenure in April 1992 but resigned her position rather than relocate to
Call ege Park when the AIP headquarters moved to its present location in October 1993 In mid-March 1994
Anthony Capitos began work as projed archivist.

.  WORKING GROUP
The study of coll aborationsin space science and geophysicswasaided by aWorking Groupwhich included exprt
scientists, historians, archivists, and sociologists. The members are listed in Attachment C-1.

The Working Group for Space Science and Geophysics met at the AIP headquarters building in New York on 8-9
November 1991and on 21-22 May 1993 Asin our previous study of high-energy physics, the main purmpose of the
first meding of the Working Groupwas to acquaint the space scientists and geophysicists with the goals and
methodol ogy of the projed and to have the scientists acquaint projed staff and other members of the Working
Group with characteristics of their scientific disciplines. There was extensive discusson of the differences between
high-energy physics and the several disciplines we were studying in space science and geophysics. Threemagjor
differences—the greater diversity, the greater complexity, and the longer “pre-history” of projedsin space science
and geophysics—Iled to the dedsion to seled fewer casestudies and notto attempt probes (in-depth studies of
spedfic projeds).

Prior to the second meding, each member of the Working Group receved substantial reports on preliminary
archival and historical-sociological findings; the reports made possble lessformd staff presentations and more
group discussons. Therewas, for example, some discusgon as to when and whether to compare space siernce and
geophysics with high-erergy physics. It was concluded that we should treat the space science and geophysicsfields
first of all on their own terms and only then draw comparisons with high-erergy physics. A major portionof the
seaond Working Group meding was a review of staff findings for each of the seleded case studiesin to discussthe
quality of the findings and to prioritize the li st of remaining interview subjeds. The group felt there were veral
areas in which the projed should strengthen its historical-sociological findings. These included afuller
examination of the role of NASA Headquarters and its working groups in initiating the projeds and setting their
scope, and theintellecual or international factorsin the aeation and operation of collaborations. Accordingly,
later interviews concentrated on individuals with administrative responsibility for coll aborations. They were likely
to know or have insightsinto the perspedive of NASA Headquarters, to have mntacts with international or
military organizations, and to be sensitive to the presenceor lack of intellecdual cohesion in coll aborations.

IV CENSUSDEVELOPMENT

The broadest level of study for Phase | of the study of multi-institutional coll aborationswas the cieationof acensus
of data on projedswith namesof all participants and their institutional affiliations and the publi cations produced
by the projeds. Despite the expenditure of much effort, projed staff were unable, in Phaselll, to find existing
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eledronic databases that could serve asthe basis for a comparable casus useful for historical or sociological study
of either space science or geophysics.

V. PROGRAM OF INTERVIEWSFOR SELECTED EXPERMENTS

A. Seledion of Case Studes
Fall owing the recommendation of the Working Group to conduct a thorough investigation prior to aur final
sdledion of case studies, Maloney (with the assstance of Genuth) made extensive dfortsto assemble information
and literature on over 30 projeds that were candidatesfor our casestudies. Thes dforts included disaussons with
members of the AIP Study’ s Working Group, administrators at the NSF,NASA, and other agencies, and principd
investigators of candidate projeds. Filesfor each candidate projed were assembled. A meding at AIP with
consulti ng historians Robert Smith and Naomi Oreskes was held in February 1992to review candidate projeds.
We were oncerned, among other things, to avoid recent cases that scientists would not talk about candidly and to
insure that our sample would expose us to a wide range of variables that could affed records creation. Twelve
projeds were sdleded to serve as our case studies for space scienceand geophysics. They cover a range of scientific
disciplines, observation platforms, and institutional participants, and the same year span asthose for high-energy
physics (from 1973to the near present). SeeReport No. 2, Part A: Space Science Sedion 1: “Seleded Case
Studiesin Space Science’ and Part B: Geophysics and Oceanography, Sedion 1: “Seleced Case Studiesin
Geophysics and Oceanography” for information on the sdeded case studies.

B. Seledionof Individuals to belnterviewed
Genuth spent most of three months contacting leaders of the dosen projeds through phone,
e-mail, and correspondenceto coll ed the information needed to define interview programs. In order to understand
later stages of the projeds (experiments, oceanographic legs, etc.), it wasfound necessary to include interviews on
the infrastructure and records creation during the formative (pre-funding) stage. This formative stage of projedsin
space science and geophysics has typically been lengthy, politi cal, multi-institutional, and often multi national.

We planned to conduct the same number of hoursof interviewsonour 12 casestudies awe did for those in high+
energy physics (over 400hours); this translates into roughly 200interviews. Ten of thes interviewswere esrved
for spedal perspedive interviewswith key poli cy-makersin these disciplines, to give an overview of the discipline
which might be missed during the casestudy interviews. The remaining interviewswere dalicated to the 12case
studies. The study of contracting to industry involved another roughly 25 interviews. What appearsto be a
luxury—all owing an average of 16 interviews per case study—is a necessty for the fields of space scienceand
geophysics. Even with this many interviews, we usually had to define some kind of sub-set of the projed for
detail ed examination, in order to be able to cover bath high-level administrative issues and working-level detail s.
For example, our interview program on Voyager concentrated on four of ten experiments (instruments), and our
program for the Degp Sea Drilli ng Projed (and its successor, the Gcean Drilli ng Program) focused on two o the
more than 100legs that have been conducted.

C. Devdopment of Question Sets for Interviews
Prior to the November 1991 meding of the Working Group, draft interview question setswere drawn up, with the
help of our consultants, and distributed. After discussonsby the Working Group, the question setswere further
revised to refled the differerces in terminology among the sveral fields and to capture the different range of
practicesthat appear to be prevalent in space ience and geophysics. These question sdswere still primarily
applicable to interview subjeds close to activiti esrelated to instrumentation. Because a goad fraction of the
interviews would be with poli cy makers and administrators, we produced several variations on the question setsto
capture the broad range of roles and spedalti esamong our interviewees. Two question sets (one for space science
and the other for geophysics and oceanography) were developed to interview principal investigators and their
teams. Additional question setswere prepared for interviews with scientists and enginee's at NASA Headquarters
and flight centers and with other policy makers and administrators. A copy of the question set for policy makersis
in Attachment C-2.

D. Interviewing Activities on Seleced Projects
Between March 1992and May 1994 we made 24 major field trips, in addition to nearby visits. Appointments were
made whenever posshle with the archivists at each of the intervieweé singtitutionsto discussthe projed’s
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documentation goals, the particular situation of the interviewe€ sfil es, and the aurrent policies of the institutional
archives.

Transcribing of the tape-recorded interviews, under the diredion of the AIP Center’ s administrative assstants,
continued throughout the projed.

E. Historical andArchival Analysis of Interviews
Work began on the historical and archival analysis of interviews during the fall of 1992 To index interview
transcripts, we developed a form covering historical themes and archival issites With help from a graduate gudent,
Martha Keyes, projed staff were able to index interview transcripts quickly and efficiently. Projed historian
Genuth was also aided by graduate studentsin his historical aralysisof the indexal transcripts. All 192 transcripts
were indexed and analyzed for their historical and archival content. A copy of the indexing form is in Attachment
C-3. For further information, seeReport No. 2, Part A: Space Science, Sedion 2; “Historical-Sociological Report”
and Sedion 3: “Archival Findingsand Analysis’ and Report No. 2, Part B: Geophysics and Oceanography, Sedion
2: “Higtorical-Sociological Report” and Sedion 3: “Archival Findings and Analysis.”

F. Saiological Analysisof Interviews
Lynne Zucker, professor of sociology at UCLA, carried out a sociological analysis of the interviews with the aid of
her graduate students. For further information, seeReport No. 2, Appendix A: “Sociological Analysis of Mullti-
Ingtitutional Coll aborationsin Space Science and Geophysics.”

VI. PARALLEL STUDY OF THE EUROPEAN SPACE AGENCY

A parall e study of the CERN laboratory in Geneva, conducted during our work on high-energy physics, proved
useful; therefore we repeated this approach for space ienceby doing a arallel study of the European Space
Agency (ESA). Two historians of science, John Krige and Arturo Russ, who are airrently under contract to write
a history of ESA, helped to develop strategiesto study threeprojeds. one ESA-sponsored coll aboration and two
coll aborations jointly sponsored by ESA and NASA. One of our originally seleded space science @se studies, the
International Ultraviolet Explorer, was expanded to include study of the European participation, while @ase studies
were added of the Giotto projed and the International Sun-Earth Explorer. Krige and Rus conducted about one-
half of the interviews for Giotto and | SEE coll aborations; the AIP projea staff conducted the balance and arnalyzed
all the transcripts.

VII. STUDY OF SUBCONTRACTING

The Center for History of Eledrical Engineeing of the Institute for Eledrical and Eledronic Engineeas joined with
usin supporting Frederik Nebeker to conduct a study of contracting to industry. It was dedded that the Quanterra
Corporation and the devel opment of Very-Broad-Band Seismography should be the focus of the our investigation
of industrial research. Nebeker prepared a general report based on the AIP Study’s interviews and conducted
interviews of principals at the Quanterra Corporation, a mgjor provider of eledronic componentsfor seismological
research. Nebeker’s general report on contracting has been drawn on fredy in various of these reports; his focused
report, “The Development of Very-Broad-Band Seismography: Quanterra and the IRIS Collaboration,” is in Report
No. 2, Appendix B.

VIIl. PERSPECTIVE INTERVIEWS

We monducted perspedive interviews, outside of the flecedcasestudies, to supgy missng pieces from the
broader viewpoints of community leaders such asadministrators at funding agercies and international
organizaions. Altogether 11 formal perspedive interviews were mnducted along with informal visitsto aher
administrators and scientists.

IX. ARCHIVAL AND PRESERVATION ACTIVITIES

A. Basic Activities
There are anumber of stepsthe projed hastaken during the study of space science and geophysics in order to have
an impact on the records-keeping practices of archivists and scientists. From the start, our interviews with
scientists were onducted at their home institutions so that we @uld review their files and also med with asmany
asposshle of the institutional archivists or recordsofficersto talk about projed goals and their current archival
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programs. These medings with scientists were, virtually without exception, the first time anyone had discussd
with them the potential historical value of their papers. Based on previous experierceof the AIP Center, we kelieve
these discussonswill have a positive impact on care of records. The medings with those responsible for records
strengthened the AIP Center’s cooperative ties, gave us “grassroats’ information on the likelihood of saving
records of multi -ingtitutional coll aborative research, and in return let us provide information and encouragement.

More spedfically, the question sets used for interviewswith senior physicists and other members of the

coll aborations were designed with archival goalsin mind. The question set in Attachment C-2 shows how each
step of the @ll aborative processwas covered, from pre-funding initi atives through publi cation of research results.
There was considerable enphasis on organizational and social isaues that impact onrecords, such as
communication patterns, delegation of responsibiliti es, degreeof bureaucratization, impact of computer
technology, role of internationali sm, and the use of subcontracting to industry. Further issuesrelating diredly to
archival matterswere those of recrds creation, use, and reuse for scientific purposes. We were particularly keen to
capture information about eledronic recrds, espedally the use of e-mail . Information spedfic to records was
entered into a database for analysis by Anthony Capitos.

B. Archival Information Database
The Working Group advised during itsfirst meding that we would gather more information on the record-keeping
practices of our interview subjedsif we left them with a questionnaire formto fill out. Unfortunatdy, the
questionnaire approach was far lesssuccessul than we had hoped. In addition to the fact that many subjedsfail ed
to send in their questionnaires, those that were recéved were inconsistent in their coverage. The return rate of
these questionnaires was 47.4% (37 .8% response for our space €ience @sestudies and 62% for geophysics).
Although thisis close to half, switching to the questionnaire format lost the personal description and in-depth
answersto inquiries during interviews that the previous phase enjoyed. The interviews proved to be essential for
the archival information databese. Its close to 200 records include information concerning the interview subjed’s
personal reaord-keegping practices aswell as information about the location and types of records the wllabaation
produced. In summary, information in the archives database was drawn from bath questionnaires and interviews. It
was used to help identify trends or locate gaps in the documentation of our case studies. A copy of the archival
database form is in Attachment C4.

C. Archives Ste Visits
The mgjor ingtitutional settings we have encountered for projedsin space science and geophysics have been
academia, government laboratories (including aceflight centers), government-contract labaatories, and
corporate laboratories. Because of the ammplexity and variety of the ingtitutional settings that we would encounter
in this phase of the projed, we dedded to devel op question setsfor our medingswith archivists and records
managers at the various institutional settings. We ceveloped three \ersions. one to be used for medingswith an
archivist, one for medingswith arecrds manager, and one for medings at which bath an archivist and arecords
manager of the ingtitution are present. A copy of the questionnaire for combined archivists and records managersis
in Attachment C-5.

To suppdement the informaion from the interview subjecs concerning the administration and planning of NASA
space science projeds and the functions of various offices, Warnow-Blewett and Capitos visited several individuals
in managerial positionsat NASA. Theseincluded NASA discipline scientists, division chiefs, and projed
scientists. Medings were also held with recrds managers at bath the Headquarters and fli ght center levels as well
aswith managers of the NASA History Office Discusson concerning the new NASA Reaords Retention Schedule
gave insight into the diredionof NASA remrds management.

Along with these NASA medings, Warnow-Blewett, Capitos, Genuth, and Anderson visited records managers and
administratorsin various agencies associated with our geophysics case studies including the NSF, National
Oceanic and Atmospheric Administration, and Joint Oceanographic Ingtitutes, Inc. These medings were foll owed
by visitsto the National Archives appraisal archiviststo discussthe arrent recordsretention palicies of the
government agenciesinvolved with our projeds.

D. Archival Analysis
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Our archival analysis covers awide range of information on recrds. The topicsinclude patterns of records
creation, use, and reuse by the allaboration aswell as patterns of recrds retention and destruction. We also report
on the locations where valuabl e sets of records are likely to be found, which will provide opportunitiesfor
preservation recmmendations that appear “natural” to our records creators.

The archival analysis has been based on all asped of our work—the historical-sociological analysis of interviews,
site visits; questionnaires from scientists, archivists and recrds managers; and our archival database. “Archival
Findingsand Analysis’ for spacescienceis Report No. 2, Part A: Space Science, Sedion 3 and for geophysics and
oceanography, Report No. 2, Part B: Geophysics and Oceanography, Sedion 3.

E. Appraisal Guidelines
The appraisal guiddineswere developed initially out of analyses of the structures and functions of the muilti-
ingtitutional collaborations and policy groups. First drafts prepared by Anthony Capitos and Joan Warnow-Blewett
were based on the interview transcripts; further additi ons and refinements were derived from Genuth’ s historical -
sociological findings. Site visitswith records officers, scientists, and administrators provided key insights and
guidance After areview by projed consultants Smith, Oreskes, and Day, the revised appraisal guidelineswere
distributed to the projed’s Working Group for further comments and corredions. The “Appraisal Guidelines’ for
records of collaborationsin spacescienceare in Report No. 2, Part A: Space Science, Sedion 4; for geophysics and
oceanography, Report No. 2, Part B: Geophysics and Oceanography, Sedion 4.

F. Catalog of Souce Materials
Throughout the long-term sudy, we have aimed to preserve the valuable documentation we ertountered, working
in coogperation with ingtitutional archivists. These recrds, along with our oral history interviews, will be catal oged
for the AIP International Catalog of Sources for History of Physics and Alli ed Sciences and shared with RLIN-
AMC, the major online archival database. Accesshility of information on resource materials will help to foster
research on aspeds of multi-institutional coll aborations by historians, sociologists, and other scholars.



APFENDIX C: PROJECT ACTIVITIES 243

PHASE lll : GROUND-BASED ASTRONOMY, MATERIALS SCIENCE,
HEAVY-ION AND NUCLEAR PHYSICS, MEDICAL PHYSICS, AND
COMPUTER-MEDIATED COLL ABORATIONS

. INTRODUCTION

Support for Phase Il of the AIP Study of Multi-Institutional Coll aborations came from the Amelican Institute of
Physics, the Andrew W. Méell on Foundation, the National Historical and Publi cations Commisson (NHPRC), and
the National ScienceFoundation (NSP. Work on Phase lll wasinitiated in September 1994 but did not become
active until the following June when our reports on Phase Il were ready for Working Groupreview. Activity
highlightsinclude: work with consulting sociologists to draft, test, and revise the projed’ s question set for
interviews; seledion of collaborationsfor case studies; conducting the interview program; indexing transcripts
acoording to historical themes; historical, archival and sociological analysis of interviews; surveys of academic and
corporate archives; medingson archival policy issueswith key administrators at federal science agercies and the
National Archivesand Records Administration (NARA); meding of the Phase Il Working Group; development of
policy reommendations for the long-term study; and disseminationof projed findings at national and
international conferences. Two final reports were prepared: areport spedfically for Phase Il and another covering
the entire long-term projed (Phasesl, 11, and 111) .°

II. THE INTERVIEW PROGRAM

A. Question Set
Projea staff first drafted the question set for Phase lll in September 1995 it was examined with our consulting
sociologists and a flow chart was used to put questionsin an order that would make sense to interviewees. The
question set went through major revisionsin response to the test inteviews and ongang experience Unlikethe
Phase | and Il question sets, fully half of the Phase Il questions were dosed-ended to improve prospeds for
ohtaining datafor sociological analysis. Initsfinal form, the guestion set includesfour mgor sedions. Thefirsis
a short open-ended introduction that coversthe general background of the interview subjed and the origins of the
collaboration. The seamnd sedion is closed-ended and fully covers the llaboration’s activities; it is designed to
elicit easily codable information for the sociologists. Next is ashort open and closed-ended sedion which deals
with archival issues not covered previoudy. The final, fourth sedion is open-erded; here we return to maost aspeds
of the projed, thistime with more depth and decription to aid the historical aralysis. Restructuring of the
questionnaire was compl eted before the start of the full interview program. Thefinal question set is in Attachment
B-2.

B. Seledion of Case Studes
For Phase lll, we proposed to study uses of accderators outside high-energy physics, ground-based astronomy,
materials science, and medical physics and clinical medcine. Wereviewedrelevant programs of federal funding
agencies and held medings with agency program managers to ascertain the prevalence and significanceof multi-
ingtitutional coll aborationsin the four fields. A total of eight visits were made to four agenciesincluding the
Department of Energy (DOE), the National Science Foundation (NSP), the Defense Advanced Research Projeds
Agency (DARPA) of the Department of Defense, and the National Institutes of Health (NIH) and its National
Cance Institute (NCI). The agency program managers provided numerous suggestionsfor spedfic collabaations
whose leaders, in their judgments, possessed valuable perspedives on coll abarative activities. We also oltained a
wealth of programmatic documents outli ning the activiti es of several research faciliti esthat are (more or lesg
frequently used by multi-institutional coll aborations.

In general, we determined that the interview program for Phase Il should include some aurrently operating
coll aborations so that the AlP Certer could gain some wnderstanding of the types of structures coll aborations might

%Joan Warnow-Blewett and Spencer R. Weart served as Principal Investigator and Co-Investigator. Staff
included Projea Historian Joel Genuth, Projed Archivist until April 1997 Anthony Capitos, sociological
consultants Wed ey Shrum and Ivan Chompalov, and research assstants Martha Keyes and Drew Arrowood. AlP
provided substantial support staff, primarily R. Joseph Anderson, but also including Sandra Johnson, Kiera
Robinson, and Rachel Carter.
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take in the near future. In addition, we cnducted interviews on testbeds for the National Coll aboratory—not a
field, but rather a new technique for multi-ingtitutional coll aborationsto form around, which appearsto be a major
advancein conducting coll aborative research. Our particular focusin this category was the Upper Atmospheric
Research Coll aboratory (UARC), an international venture of researchers conneded via computer link-up to each
other and to instruments located in Greenland. The scope of the “miscdlaneous’ category of coll aborations was
expanded to include interviews on the Center for Research on Parall e Computation and the Grand Chall enge
Cosmology Consortium; we later dubbed this category “computer-mediated” coll aborations.

Considerable time was spent collecting information an suggested coll dborations in order to winnow down the
posshiliti es to a manageable number. Projed staff chedked bodk and journal databases and Web sites, spoke with
laboratory administrators, and—most importantly —spoke with participantsin the suggested projeds. The
purpose was to ascertain whether the projeds were multi-institutional in more thanname, wheter the projeds
were recent enough to be a plausible indicator of current trends (but not so new as notto have dedt with the
administrative issues that affed the cieation and retentionof records), and to identify the most sgnificant
participantsin the research. 24 projedswere ®leced.

We agreead with the sociologists that we should interview threeor four participants per collaboration. A list of 90
interview candidates was compil ed; 78 were interviewed. One @ll aboration, comprised principally of
corporations, had to be dropped because interview candidates encountered too many difficulti es obtaining
permissonsto speak with us. Also, our coverage of medical physics coll aborations suff ered because of the
reluctance of physiciansto maketime for full-scale interviews.

. ARCHIVAL WORK

A. Archival Findings
Throughout thefirst half of Phase Il , interview transcriptswere aralyzed for archival information. Theresuts,
entered into a custom-designed database, were @wmhined on the projectleve to develop archiva descriptions of
each of the @ase studies. The @seswere then combined to form descriptions by discipline. Thisinformation, along
with data acquired through a repository questionnaire, provided the basisfor the report on archival findingsfor the
four fields covered in Phaselll.

B. Suveysof Academic and Corporate Archives
Projea staff continued to Visit archives at institutionswhere we onducted interviews and where the AP History
Center had littl e or no prior contact. During thislast phase of our long-term study, we also developed two formal
questionnaires (for academic and corporate archives) to probe the size, stability, and willi ngnessof these archives
to accept reaords of multi-ingtitutional coll aborations.

The questionnaire for academic archivists was sent to 42 academic repostories. The list was compiled from the
top quarter of the National Research Council’s rated list of academic departmentsin physics, astrophysics and
astronomy, geosciences, and oceanography. 38 responses were recéved. The survey instrument for research
corporations was designed with the help of AIP sociologist Roman Czujko (diredor, AIP Education and
Employment Statistics Division). A listing of 37 corporationsthat, taken together, employ nearly half the
physicistsin the private sedor was the basis of our target group; phone allsidentified 27 archivists, records
managers, librarians, or other staff to beincluded in our corporate survey. Werecaved atotal of 19 responsesto
our 15-item questionnaire. Projed staff plan to draw on these surveysfor an assessnent of strengths and
weaknesses of the archival community that will be included in the forthcoming report covering the long-term AIP

Study.

C. Archival Variables
AlP staff developed archival variables and coding schemes on the basis of information AlIP compil ed for each of
the mllaborations examined in the curse of the entire long-term study. The six variableswere: geographical
dispersion of coll aboration teams, quality of records retained, geographical dispersion of core records, sedors
involved with the projed, federal status of records, and the use of the World Wide Web as a communicationstod.
Products of thiswork appear in the sociological aralysis sedion of the Phaselll final report and the achival
analysis sedionof the forthcoming report covering all three phases of the AIP Sudy.
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D. Archival Palicy Issues
Sincethe AIP’ s move in 1993to Coll ege Park, medings of AIP Center staff with staff of the National Archives
and Rerds Administration (NARA) have become far more frequent. At our invitation, John Carlin, Archivist of
the United States, visited the AP and discussed preservation of science da@umentation. Warnow-Blewett
participated in Carlin’s medings on the draft strategic plan of NARA and shared AIP sinformation on attitudes
and practices of scientific agercies.

Throughout Phase Ill Warnow-Blewett and Anderson met frequently with administrators at federal science
agenciesand NARA. Thelong-range purposes of the medings were to learn how the AIP History Center can: (1)
persuade science agencies to upgrade their record schedules, (2) help improve relationships between thes agercies
and NARA, (3) get NARA to be more active with resped to scientific reards, and (4) feed informaion from AIP
field work more dfedivey to scienceagenciesand NARA. Projed staff also needed to learn impli cations of recant
NARA administrative restructuring, involve NARA administratorsin the devel opment of the AIP Study’s policy
recmmendations, and formulate plans for an archival subgroup of the AIP projed’s Working Group. Toward the
end of Phase lll, weinitiated joint AIP-NARA visitsto key science agency sitesto explore ways agency procedures
could be improved to the benefit of seauring significant documentation.

The new DOE R&D records schedule—approved by NARA in August 1998—wasa ngjor breakthrough. At the
request of NARA, Warnow-Blewett, Weart, and Anderson criti qued the schedule DOE had submitted for NARA’s
approval. The new schedule was a thorough revision that incorporated virtually all of the recmmendations of

AlP searlier study of DOE National Laboratories and its current study of coll aborations, Warnow-Blewett joined a
DOE committeein making final changesto its R& D Reaords Schedule.

IV. HISTORICAL ANALYSS

The AIP Study employed its list of historical themes as atod to indexthe transcripts ofits oral history intewiews.
Using these indices, Genuth, with the help of Keyes, analyzed interviews; Genuth next prepared summaries of
individual casesin each field and then combined them into summary reportsof historical findingsfor each of the
fields covered in Phase Ill ; ground based astronomy, materials scierce, usesof accekrators, and medical physics.
Genuth's essays provided the basis of hisreport to the Phase Il Working Group; the essaswere further revised
and correded in response to the Working Group's criticisms and suggestions. During the processof the analytical
work, we saw the value of dividing the field of ground-based astronomy into the two areas of tel escope buil ders and
telescope users and of transferring a number of case studies from the uses of accekrators category to the materials
science ategory.

Genuth also prepared a paper presenting a classfication scheme for coll aborations based on all threephases of the
AlP study. Overall, he found five forms of collaborations: technique-integrating coll aborations, platform-driven
coll aborations, coaliti on coll abarations, facilit y-creating coll aborations, and facilit y-commandeeing coll aborations.
Subsequent work will constitute a sedion of the forthcoming report covering all threephasesof the AIP Study.

V. WORKWTH SOCIOLOGISTS

Warnow-Blewett led projed eff ortsto identify and devel op relations with an organizationa sociologist to serve asa
consultant for Phase Il work. Our inquiries|led us to Wesley Shrum of Louisiana State University and to his
graduate student, lvan Chompalov. Most of the sociologists work was carried out in Baton Rouge, but there were
regular medings of the whole projea staff at the AIP. The owerall style of our staff medingswasfor Shrum and
Chompalov to present suggestions based on their expertise as sociologists and for projea staff at AIP to critique
their suggestions based on their knowledge of projed field work and/or expertise as historians.

Early on Shrum suggested the projed use qualit ative mmparative analysis, a technique which can generate enough
datafor quantitative analysis from the smal set of selecedcasestudies that the AIP will be comparing
qualitatively. Chompalov prepared a discusson paper on various analytical techniques. He also coded the
interviews after chedking for intercoder reli ability with Genuth and Capitos.

The sociological team created out of the 78 interviews a“collaborationsfile€” with 23 cases. All importantandyses
were performed on thisfile. Data analysiswas mainly oriented to the goal of producing atypology for
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multi-institutional coll aborations. With typologies of coll aborations identified, we began using these typologies as
independent variablesin one-factor analyses of variance (ANOVA) against important degendent (outcome)
variables. Finally, qualitative cmparative analysis (QCA) was performed with archival variables as outcomes.

Chompalov and Shrum re-examined their early bivariate resultsto highlight for the Working Group their three
most important findings: (1) that field of research was unrelated to the organizational features of coll dborations;
(2) that the magnitude of coll aborationswas positively related to the formdity of their managenent; and (3) that
the levd of formality was positively related to conflict and inversely related to trust. They also refined and revised
the paper they had submitted to Science, Techndogy, And Human Values for presentation to the Working Group.

VI.  PHASE IIl WORKING GROUP
Warnow-Blewett oltained commitments from distinguished representatives of the four fields under study to serve
on the Phase Il Working Group. (See over 3 of thisreport for alist of the Working Group.)

The Working Group met on 29 May at the AIP in College Park, Maryland (exceot for the medical physicists, who
met at alater date). Reports on research activiti es and draft findingswere distributed in advance. The purpose of
the meding wasto evaluate the historical and sociological analyses of Phase Il work. Overall, the meding was
enormously beneficial for the projed staff and consultants, and we dare say the Working Group members also
profited.

Genuth summarized his reports and call ed the Working Group' s attention to their weakest points. Among the
congtructive aiti cismsthe Working Group offered in response, two stand out. First, our seledion of ground-based
astronomy coll aborations did not include any cases of collaborationsinvolving any of the national observatories,
which insist that coll aborations they participate in have more unified management than the oneswe studied. This
fact placed the organizational choices of the @llaborationswe studied in anew light. Seaond, our Phase | analysis
of high-energy physics so well matched the situation in heavy-ion physics, which we includedunder the heading
“uses of accderators,” that we restructured our Phase Ill reports so that the heavy-ion physics collabaations are a
unit to themselves and the other accekrator-using coll aborations are included with maerials science
collaborations. Consulti ng sociologists Shrum and Chompal ov reported findings of their research. The Working
Group questioned the sociologists methodology. 23 casesseamed low to them asa basisfor claiming robust
statistical relationships, and they questioned our relianceon using only scientific and administrative leaders &
informants, given that othersin the wllaboration could have much different views on whether a coll aboration had
serious conflicts.

Two senior administrators at the National I nstitutes of Health (NIH) provided our Working Group expertise on
medical physics. When we met with them on 1 Decenber they confirmed our depictions of the individual case
studies and provided projed staff with valuable insights on the NIH and its menber ingtitutes. They also expessed
their belief that multi- institutional coll dborationswill bemme more important in the aeaof medcal physics.

There were no aher revisionsto our reports as aresult of the meding.

VII. DISEMINATION

A number of papers and sesgons on the AIP Study were presented during the period of the Phaselll work. Five
papers were given by Warnow-Blewett at annual meeings of the American Library Asociation (1995, the
Department of Energy (DOE) Reaords Manegers (1995, the Society of American Archivists (1995, NAGARA
(National Association of Government Archives and Reards Administrators) (1996, and DOE Reards Managers
(1998. Threesessons on the AIP Study were organized for annual meetings: the Society of American Archivists
(1997, the 4S (Society for the Social Study of Science) (1997, and the History of Scierce Society (1998. Two
sessonswere organized for international medings. the International Council on Archives (1995 and the
International Congressfor History and Phil osophy of Science (1997). For more detail s see Attachment B-1.

Oncethe long-term study is completed, articleswill be submitted for publication in such scholarly journals as
Historical Sudiesin the Physical andBiological Sciences; Science, Techndogy, and Human Values; and the
American Archivist. To kroadcast projed findings to the scientific community, we will submit articles and news
itemsto a number of magaznes, such as Physics Today and Science.
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Articlesreporting on progressand plans of the AIP Study were piepared for four isswes of the Certer’'s semiannud
Newsletter. A final newdetter article will summarize projed findings and recmmendations.

Sinceits spring 1994 baue, the History Certer hasbeen including the full contents of its semiannud Newsl etter on
its Website (http://www.ai p.org/history); through thisvehicle, information on progressand plansof the AlIP Study
of Collaborations, along with other news, has had wide distribution. Also avail able on the Websiteis Report No.
1: Sunnary of Projed Activities and Findings/Projed Recommrendations for the AIP Study Phases | (High-Energy
Physics) and Il (Space Kierce& Geophysics). Wewill also isaue the reportsfor Phase Il and the forthcoming
report covering the long-term study (Comparisons and Conclusions) in a simil ar fashion.

Aswith the dissemination of final reportsfor Phases| and Il, the final report for Phase 11l will be distributed to
direcorsand key administrators at the science ayencies and reseach faciliti esfor the disciplinescovered in the
particular phase of the AIP Study. Once againwewill take caeto include key offices and institutions of the
archival community.

The AIP Sudy of Multi-Ingtitutiond Collabarations: Conparisonsand Gnclusions—as the summary compil ation
of the findings, appraisal guidelines—and policy recommendationsof all three phases, will be considered by many
readersto be the definitive report of the AIP Study. The distribution list will span thefull range of scientific
disciplines covered in the long-term study and will includediredors and administrators of the federal and private
funding agencies and scientist-administrators at academic and other research institutes, aswell as national and
international policy groups. A second list will focus on archivists and others responsible for records; it will range
from the Archivist of the U.S. to headquarters and field site archivist-records manegers at science agercies at home
and abroad, archivists at major sciernce universiti es, and those responsible for records of national and international
academies and other poli cy-making bodies.

VIII. FUTUREACTIVITIES

It neeads be noted that an important asped of the AIP Study will be @ontinued. NSFapproved aproposal by
Genuth, Shrum, and Chompalov to integrate information from Phases | and Il into the data devel oped for Phase
III. With this support for another year’ swork, part of the projed staff remains intact and will build on the work of
the AIP Study. They will code interviewsfrom Phases | and Il inorder to create a data set that truly cuts acrossall
fields of research covered in the AIP Study. Their findingswill be presented in abodk aimed at bath scholarsin
the history and sociology of contemporary scienceand at poli cy-makers and administratorsin research institutions.

Other future activities are long-term efforts. We have begun to refer to projeds such as this study of collabaations
as“documentation strategy research projeds’ for the very goad reason that, oncethe projeds are cmmpleted, the
AIP Center and such agencies asthe National Archiveswill bein a position to incorporate the new-found
understanding (of coll aborations, in this case) into an ongoing documentation strategy. We have focused on two
categories of documentation: thefirst includes the summary records that should be saved for all multi-institutional
coll aborations and the seaond is concerned with the greater depth of documentation that historians and other
scholarswill need for those few very significant coll aborations.

Wewill build on our knowledge that leaders of the sientific community are in the best position to identify multi-
ingtitutional collabarations of high importance—in terms of the significance of their scientific findings or their
impact on the diredion of scientific research. Consequently, we have taken the initial stepsto arrange for medings
with disciplinary committees of the National Academy of Science- National Research Council for the purpose of
identifying a sample of the most significant coll aborationsin recent years. With thisinformation in hand, the AIP
Center will make ewry effort to locae the records and arrange for their preservation at appropriate repostories.

DECADE-LONG AIP STUDY OF COLL ABORATIONSCOMPLETED
by Joan Warnow-Blewett
Publi shed in the AIP History Newdletter, volume XXX I, No. 1, Spring 2000
Article also avail able online at http://www.aip.org/history/spring2000coll abs.html
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The AIP Study of Multi-Institutional Coll aborations that was launched in 1989comes to completion this spring.
Initi ated by the AlIP Center because of the increasing importance of large-scal e research projeds and the many
unknowns and compl exiti es of documenting them, the AIP Study was the first systematic examinationof the
organizaional structuresand functions of multi-institutional coll aborations. Readers of this Newsl etter may recll
that we @vered research projedsinvolving threeor more institutionsin physics and related fields: high-energy
physics (Phase I), space science and geophysics (Phase 1), and ground-based astronomy, heavy-ion and nuclear
physics, materials scierce, and medical physics (Phase IIl) . Throughout the study our field work consisted—on the
one hand—of structured interviews with scientists who participated in coll aborations seleced to serve asour case
studies, and—on the other hand—of site visits to numerous archival and records management programs. The
interviews provided dataonorganizational patterns, recrds creation and use, and the likdy locations of valuable
documentation. The archival site visitsto academia, federal scienceagencies, the National Archives, and e sewhere
provided dataon existing records policies and practices and the likelihood of collabaations being documented
under current conditions. Reports were isaued at the end of each phase of the study and are available from the AIP
Center (with summary reports also avail able on our Web site at http://www.aip.org/history/pubd st.htm.)

Sinceour last acoount of the AIP Study (seethe Spring 1999 saue of this Newsletter), the final reports on Phase Il
work have been fully revised and are now avail able. The reportsinclude historical and archival findings,
sociological analysis, records appraisal guiddines, and projed recmommendations directed to academic archives, the
National Archives, federal scienceagenciesand other institutions.

Other major efforts of the past year have been aimed at the development of final reports covering the cecade-long
study. We drafted comparative historical and archival findings and appraisal guidelines, devel oped a typol ogy of
coll aborations, analyzed our surveys of practicesin academic and corporate archives, held meeings, and revised
projed remmmendations. Draft reports were aiti qued through a maili ng to archivists. Thefinal report, The AIP
Study of Multi-Ingtitutional Coll aborations, will be ready for distribution in late spring. The publication will
consist of a summary report (highlights of findings and projed recmmmendations) and a man report in which
readerswill find arich harvest of the decade-long study.

The last assgnments of projed staff are to write articles for newdetters and journals that will bring the study and
itsfindingsto the attention of archivists, historians, and—perhaps, most importantly—to physicists and a broader
audienceof scientists. A bodk summarizing and discussng key conclusionsis in preparationby projed consultants
Ivan Chompalov, Jod Genuth, and Wesley Shrum, supported by a new grant to AIPfrom the National Science
Foundation.

Meanwhil g, the AIP Center will begin to implement the knowledgegained through its study of multi-institutional
collaborations. The formal effort will be on two levels. We will work with scientists (discipli ne by discipline) to
identify a seledion of significant coll aborations and then try to locate the val uabl e records and save them at
appropriate repositories. Equally important will be dfortsto improve the documentation of coll aborations more
generally by finding opportuniti es to support academic archival programs and upgrade reards programs at feceral
scienceagencies.

The long-term AIP Study of Multi-Institutional Collaborations hasbeen funded by the American Institute of
Physics, the Andrew W. Mell on Foundation, the National Science Foundation, the National Historical Public
Rewrds Commisson, and the Department of Energy. We are most grateful for their steadfast and gererous
support. | served as projed direcor, Spencer R. Weart as asociate projed diredor, and Joel Genuth as projed
historian. For further information, contact the Center or e-mail Joan Warnow-Blewett, jblewett@aip.org.
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