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1 Introduction

Pemle's curiosity will be sparked by the very notion of conducting a vag range and scope of scientific
resarch deepundergound in a mine-like ervironmert. The fields of study include physics, microbial
ecdogy, molecuar biology, gedogy, mining ergineering, chemistry, hydrology, to name a few of the
different disciplinesthat will be highlights at DUSEL. The unsolved sciertific mysterieswill feedtheir
fascination with and eagerness to learn more about natural phenromera. DUSEL presens an exceptional
opportunity to provide a unified program that integrates educaton and outreach (E& O) with multidisci-
plinary reseach. This project hasa greatpotertial to educate and mertor the next generaion of profes-
sional scientists and teactersand to expand the much-needed diversty in the workforce. The S-1 E&O
committee surveyed the sciertists, engineers educators and studerts participating in the S-1 DUSEL
workshops'. Many participarts noted anincreagd underganding of other disciplines enormous potertial
of other sciencescontributions at DUSEL, and a possibility for developing resarchpartnerships asgains
of the workshop. About half of the DUSEL usersindicated their involvemer in various E& O actvities
The DUSEL E& O staff will continue to erhance an edahllished pracice of researchcommunity participa-
tion in E& O efforts.

The following text is one of a number of detailed tecmical reports supporting the gereral argumerts for
DUSEL presnted in Deep Science. We discuss here the faciities and personnel needed to support an
amhitious educaton and outreachprogram at the DUSEL campus. The recanmerdations heren arethe
reault of DUSEL workshops held from 2004-2005 in Berkeley, CA, Blacksburg, VA, Boulder, CO, ard
Minneaplis, MN. Its goals areto: (1) promote science literacy (2) recruit, engage, and encourage stu-
dents toward scientific careers (3) foster interdsciplinary invedigations through integrated programs in
educafon ard resarch and (4) strengthen intermational collaborations that erhance the exchange of
ideas tecmology, and learring. To achieve thes goals, the DUSEL campus will require desgnated
above- and below-ground infragructure and personnel that is based on E& O programming and projected
audienceexpectations. E& O at DUSEL will contribute uniquely to the national effort to address the iden-
tifi ed critical needto erhance, expand, and strengthen science, technology, engineering, and mathematics
(STEM) educaion. The national needis well documented NSFO#ational Science Board’, in its report
Science and Engineering Indicators 2006 notes OS&Ejobs play a growing role in the U.S. ecaromy, but
U.S. S& E degreeproduction lagged growth in S& E occupations.O The report also remarks that OFoeign
studerts earred one-third of U.S. S& E doctorates and 55% of erngineering doctorates (in the 1990s),
whereasdoctorates earred by U.S. white males dropped sharpy.OThe National AcacemiesDCommittee
on Scierce, Engineaing and Public Pdicy? in its report Rising Above the Gathering Storm: Energizing
and Employing America for a Brighter Future states Olna world where advanced knowledge is wide-
spreadand low-cost labor is readly availabde, U.S. advantagesin the marketplace and in science ard
technology have begun to erode. A comprehensive and coordinated federal effort is urgertly needed to
bolster U.S. competitiveness and pre-eminence in these areasO

* Working Group members and contributors to the report, and their affiliation, are listed at the end of the document.
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E& O activitiesand campus facilitiesshould be incorporatedinto any DUSEL dedgn from the start. Infra-
structure and coordinated efforts arefundamental for the developmert of innovative formal, informal, and
outreachprograms. A campus that will accanmadate visitor and educaion programsmust be appropriate
for groups such ascommunity offi cials and legslators; visiting scientists (professors, postdocs, graduate
and undergraduate students) and staff sciertists; site staff (technicians and studerts), vendors and miners;
K-12 studerts and teacters; and the general public. For example, the DUSEL campus would be a place

where seminarsor weeklong O@mpsOcould be offered atall levels of educaion.

Table 1 givesanidea of potertial audiencesand suggests what eachgroup may wart to know, what they

cando, what challengesthey present, and particular strateg esto achieve the broad E& O goals.

Table1l. DUSEL E& O Audiences

Decision makers

Understand the importance of DUSEL

AUDIENCES MESSAGES/ACTIVITIES PARTICULAR CONSIDERATIONS
STRATEGIES
VIPs What we want them to know: Considerations:

Alwaysin ahurry

Sciertists from
otherfacilities

Sciertists and
engineersfrom
otherfields

Professors and
studerts

Be aware of current and future re-
searchand opportunitiesfor acackmic,
research ard educational mertorship

Learnhow they canbe involvedand/or
callaborate
What they can do:

Bring new, cadllaborative research
educafon, and development opportuni-
ties

Opinion makers | scienceard reseachatabadc level Strateges

LabVIPs How this laboratory, basedinthe US, | pplic website
ar_d its resarch proj ect advarce . Quick one-page informatonal handouts
science, have education and economic .

X ; X and/or hands-on displays to take to

berefits, ard provide a worldwide C
: ongress, etc
interacton S el J J
What they can do: ite tours including undergroun
Key for funding, ard legslation

Scienti sts What we want them to know: Considerations:

Limited by funding, time to operate
experimernt or project, and acces to
areasof study or equipmert

Strateges
Praecied website for data exchange
Site tours including underground

Resach and/or educational program-
ming particularly during the summer

School Groups

Elemertary and
secandary stu-
dents

Presrviceand
inserviceteach-
ers

Other educators

What we want them to know:

Understand and appreciate science and
reearchatabadclevel

Advancethatlevel of underdganding
with their studerts and cdlleagies

Be enthusiagic about scienceand en-
gineaing

What they can do:

Hold research interrships

Considerations:

Limited by the level at which they can
undergand and participate in the science

Cancomein large groups
Strateges
Educafion website

Grade-specific curriculum and profes-
sional developmert material
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Develop and teg educational matrials
for formal, informal or outreach activi-
ties

Disseminate materials and serve as
amhassadors for the laboratory

On-site and/or remote access to educa-
tional exhibits, studert invegigations,
web-basedinteractive communicaion

Coordinated programswith regonal
cdleges

General Public
Local resdents
Tourists

What we want them to know:

Understand and appreciate science and
researchatabadclevel

What they can do:

Disseminate matrials and serve as
amhassadors for the laboratory

Considerations:

Learnwhat their money is buying
May comein large groups
Strateges

Public welsite

Tours and Q& A sessions

Informational handouts

Visitor certer with hand-on activitiesor
interactve displays and take-away mate-
rials

Which strateges are adopted or emphaszed depends on the characeristics of the DUSEL environs. An
urbanlocaion, for example, will recuire different schemesthanwill a more rural locaion. Localand re-
gional minority populationsOwill needprogramstailored to their need.

2 Infrastructure

Integrated education and outreachprogramswill require facilitiesabove and below ground, a position in

DUSEL maragemert, and ded cated staff. At the labOOfrant door,Oa visitors and educaion certer canbe

located in a separae building or aspart of an OadhinistrativeObuilding. A good model is the visitorsO
center for a national park. Should the certer be located at a distance from the mine, having a small bus

would be a good ideato take the visitors to and from the laboratory.

Underground spacemust be available for staff, tour groups and for some resarchactivities While E& O
programsneedded cated space they also rely on access to gereral laboratory facilities Tabe 2 below
givesagereralideaof E& O spacerequiremerts; both dedcatedand in sharedfacilitiesabove and below
ground. All DUSEL campus facilities should provide acces for peole with disaklities visually, hea-
ing, or mohility-impaired. Occuparncy and the arearequired will be determined by acfvities proposed at
individual sites

Table2. DUSEL Education and Outreach Building-Requirements

I nfrastr uctur e Element Above Ground Below Ground
Dedicated Space
Lobby/Gathering Areaw. public facilities | X X
Theater X
Exhibit Fecilities X X
Classrooms X X
WetLab X X
CleanLabs X
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Computer Lab X X
Offices X X
Shared Facilities
Auditorium X
Conference Rooms X X
Housing X
Pemle-tracking X X
Computing Services X X
Machine Shop, Electical Shop X
Ultra pure water X
Storage X X
Load ng dock X X
Parkng X

21  Dedicated Space

Lobby/Gathering Area: The visitors and education certer will have a pleasn lobby with a recegion
desk and small store, ameritiessuch asbathrooms and coat racks, etc. and suffi cient spaceto gather atour
group or group of students. On average groups of 20 B 50 might be expected Middle school studerts
oftencomein groups of 120 ©160.

Theater: A small theatr areafor araund 25 pegple canserve asa placeto show short introductory videos
and projecteducaional medamaterials. (For large groups, E& O will needacaess to the labauditorium.)

Exhibit Facilities: The visitors and education certer exhibit floor needs suffi ciert space for a visitor to
gain an underganding of DUSEL science ard tecinology without going underground. This areashould
be a flexible space where traffic flow, lighting, access to power and CCTV, etc. can be controlled ard
changed. Underground, placesto display posters artifacts, etc. should be incorporated into the tour route
along with placesto view working areas

Classrooms: Up to threeflexible classrooms with tablesand chairs that canbe arranged for more formal
lectures small discussion groups or hands-on actvitieswill meetthe needs of auwdiencesranging from
young studerts to adults. Prgperly desgned and outfitted, one classroom could serve asa library, study
areaand meeting room.

Wet Labs: One on the surface and one underground will be usedfor reqular lab work, for example mak-
ing a chemical stock solution. These labs will be used by studerts, facuty and teaclersinvolvedin re-
searchexperiences and by studernts and teactersin other educaion programs For example, the below
ground wet lab might contain a fume hood, laminar flow hood and anaerabic glove bag The wetlabmay
serve asa samging assembly area

Clean Labs: Thes labs, to be used by students, facuty and teaclersinvolvedin resarchexperiences
will needto be sizedand desgned specffically for the science activity they serve, for instance assembling
aphysicsdetecor or extracing DNA.

Computer Lab: E&O programs will needa dedcated computer lab and servers for a web site and data
sets. Pariciparts in research experiences will needacces to computers and network systemsused by
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researchers Issuesof secuity may require special consideraion for some of these systemsto be avail-
able to OaitsidersO A set of at leasg 30 laptops for summer programswill assure that all studerts have
adequate computer acess. E& O will also needa visual meda setup with a variety of medaN CCTV,
DVD, VHS, remate sersors and camerasetc.N both above and underground.

22 Shared Fadilities

E& O will needacces to such shared campus facilitiesasan auditorium, conference rooms, and housing.
Activitieswill rely on the lab pegple-tracking system and computing servicesaswell asultra pure water
in the surface labs. Shop facilitiesand tecmical staff will be neededto construct and maintain exhibits.
It is also essertial that the E& O program have dedcated spacein a shared campus facility for storage,
both underground ard on the surface

23 Dedicated Personne

E& O represertation on the DUSEL OsPrgect Advisory Committeewill be necesary to support the labo-
ratory asa multidisciplinary reearchand educaton facility and to provide evaluation and assessmert of
its E& O programs

Director of Education and Outreach who will administer all of the E& O programs will report direcly to
the DUSEL direcbor. The E& O director will needa strong background in both science and educaion ard
experience as an effective administrator to marage the scale of the program and work with pegple from
DUSEL, funding agercies schools, local agernciesand other organizaions. Someae who is a visionary
will be abe to guide the programinto fruitful direcions, and someme who is knowledgeal e about suc-
cesful E& O programswill learnfrom and apply the best of these programsto the DUSEL program.

Administrative assistant Will facilitate the day-to-day taks of the E& O director and assist program coor-
dinators.

K-12 coordinator will marage the desgn, developmert, and implemertation of K-12 education programs.

Research experiences coordinator will marage the desgn, developmert, and implemertation of programs
for teachers undergraduate, graduate students, postdocs, and visiting sciertists.

Tour coordinator Will marage programsfor the gereral public. With the assistance of reach sciertists,
this person will be regponsible for training docerts and will needto rely on lab staff to keepexhibits up
and running and to provide new researchreallts and projecs.

Web developer will creat arnd maintain the E& O web site and work with resachers to provide accurate
and timely informaton on events and scierce.

24  Group Size

Estimatesof group size areimportart to determine the spacerequiremerts for dedcated areasaswell as
in the sharedfacilities The ratio of docerts to visitors could range from 1:10 to 1:20 deperding on who
has underground acces ard what areas the underground acces are available to the different auwdiences
Basd on the experience at Fermilab, a middle school group canbe up to 160 students. High school, col-
lege, and gereral public groups terd to be much smaller, say from 20 to 40-50. Y ounger children often
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come asa class of 25-30. Two to five resarch experience programsfor undergaduates or for teachers
might be running concurrertly. Gererally, thes resarch programs have 10 mertors, 10 studernts or
teaclers and some additional support staff. Thus, it would be ertirely possible to have 100 visitors at
DUSEL participating in summer programs.

3 Implementation

The NeSS@ report” stressed that one of the core missions of a DeepUnderground Science and Engineer-
ing Laboratory should be to develop and support a venue for accesible acivitiesthrough which educa-
tors, students, and the public canexperience and, in some cases participate in working scierce resach
facilitiesin ways that further their knowledge about, underganding of, and positive attitudestoward sci-
ence ard tecmology, ard that the needs of this program should be addressed at the dedgn stage of the
facility. Based on individual site dedgns, existing infragructure or facility resources availabe on- ard
off-site, it should be articipated that mary educational and public outreachactvitieswill occur before
construction begns and will continue once the facilities are constructed and the underground laboratories
arein operaton. Numeraus educational opportunitiesand acivitiesfor DUSEL have been suggeged ard
de<cribed in previous studiesand reports, such asthe NUSL 2001°, NeSS 2002, and EarthLal’. The on-
going educaional outreachprograms, such asQuarknet’ and EarthScope®, provide additional ideas

Evaluation and assessment of science researchand E& O projects asdefined in NSF guidelineswill pro-
vide valuade guidance as programsare implemerted. This evaluation may be formative or summative.
Formative evaluations assess initial and ongoing activities while summaive evaluations assess the im-
pactof afully implemerted project NSF hasprovided a handbook on projectevaluation for STEM edu-
caion”.

4 Conclusion

Both the final report of the International Workshop on Neutrinos and SubterraneanScience [NeSS 2002]
and the EarthLab Plan [2003] emphadze the unigue opportunity a deepunderground laboratory preserns
for developing and fostering a verue for accesible resourcesin which educators, studerts, and the public
canexperierce actve working-science facilitiesin ways that advance their knowledge and underg¢anding
of science and technology, and change their attitudestoward learring. From the start of the projed, coor-
dinated, funded educaion ard outreach infragtructure and efforts are fundamertal for the developmert of
integated programs.

DUSEL will create an exemgdary 21st certury multidisciplinary teaching, learring, and sharing commu-
nity for offi cials, legslators, sciertists, studerts, teacters ard the public. Programswill include formal
and informal education for K-12 and junior-callege studerts, and professional developmert for their
teaclers In-reach and exchange activitiesfor undergraduate and graduate studerts and sciertists actvely
participating in the resarchwill erhance multidisciplinary science ard cultural exposure. DUSEL will
build educaional partnerships with universties minority-serving institutions, schools, industries local
populations, and other local and national orgarizations. Increasng diversty in science and educaion and
improving public outreachare critical goals for DUSEL. The possible locaion of the DUSEL campus(e9
in less-developed parts of the country and/or close to Native American communitieswill erhance the im-
pactof the E& O programs. Outreachto the public will integrate research and education through the use
and developmernt of digital meda (website, virtual tours, operations and experimentations), visitor center
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or museum, on- or near campus housing, and telecanmunicafons to expand remote science education and
joint science experimerts. Both surface facilities and supervised underground acces are essertial, and
flexibility must be keyin DUSEL desgn and operaions to allow for E& O growth and future adustments
asDUSEL developsin decadesto come.
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