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Sandia Scientists
Enhancing K-12 Education:
How We've Done lt and What We've Learned'

Kenneth H. Eckelmeyer

Candia National Ldboralories became seriourly involved in the
J>cience education reform movement in loSq irt  respon.e to a
Depdrtment ol Energy diJe( tive:

'nve must expand our involvement in science education to
inspire the youth of America to either ente. or feel more com-
Iotable in the fields of math, science, and engineering. With
our labs and facilities we are uniquely well positioued to
provide major assistance in strengthening science and engi-
neering motivation and educatior! making it "come alive' for
the main body of students who too often fear these disciplines
or who cannot relate to them" (Admiral James D. Watkins,
U.S. Seqetary of Energy, September, 1989).

Sandia's initial effort, the School Partnerchip Proiect, contibuted
Sandid technical  s laf f  members to :everal  p i lot  cchools in
Albuquerque for the purpo\e of improving studenl attitudes Loward
science. Scimtists and engineers with experience in coaching, scou!
ing, and other t'?es of youth work werc selected for this prcject.
They conducted monthly in-class science demonstrations and
hands-on activities with students on topics currently being covered
by their teacherc. In additiorL they provided tutorials for teache$,
assistance with science fairs, and tours at Sandia.

The impact oI this eifort was assessed by giving identical ques-
tionnaires to about 700 participating students (in grades one
through seven) before and after one semester oI School Partnership
activities. The resulls showed lhe following:

1. Incoming student attitudes toward science are very positive
in fust and second gmdes (more than 90 percent Iavorable), but
declined steadily Irom third to seventh grade (less than 35
percent favorable by seventh grade).

2. Student attitudes improved substantially as a result of one
semester's involvement in the School Partnership Project (the
percentage of fourth through seventh grade students with gen-
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erally favorable attitudes toward science increased from 42
percent to 65 percent).
Based on these encouraging results, a decision was made to

greatly expand the Sandia effot. The next step r4/as to involve more
schools with the more potent goal of system-wide reform o{ ele-
mentary and middle school science education in Albuquerque and
su[ounding New Mexico communities. In addition, the locus of
this expanded eIIort shifted lrom students to teachers for the fol-
lowing reasons:

1. Levemge - each teacher works with many students, resulting
in greater impact.

2. Duration of benefits - enhanced teachine skills would con-
linue bevond the period o[ Sandia's direct inaervention.

3. Ease of communication - Sandia scientists and engineers are,
for the most part/ more adept at communicating with other
adults than with children and adolescents.
A high percentage of Albuquerque public elementary and

middle schools, as well as rural and Bureau of Indian Affairs
schools in the northwest quadrant of New Meico, indicated inter-
est in beinS part of this Science Advisors Project. Over 150 Sandia
sfaff memberc were recruited, and a master science teacher was
engaged to help preparc them for their task. These individuals were
given pre-service training in the hands-orL inquiry-based approach
to science education that we wanted to foster. and to helD them
understdnd how to interact effectively with students, teachels, and
adrllinistratoIs.

ln addition, a Sandia Science Education Resource Center was
established to provide access to activity ideas, supplies for vanous
topic areas, and exha Sandia equipment that could be loaned to the
schools. Each Science Advisor (or SCIAD, as they came to be
known), was then assigned to a school, and authorized to spend up
to one day each week at the school.

The SCIADS were directed not to eo out to their school with "a
suggested program or solution," but rather with the question,
"How can we help you?" SCIADS met with teachers, principals,
and counseloG to learn about the strengths, dreams, and problems
of their schools, and to develop plans for how Sandia and their
SCIAD might heip.

Because initiatives were tailored to the erplessed needs of each
particular school, individual SCIADS adopted different approaches.
Many presented in-class activities with students. similar to those
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done in the School Partnership Prcject. Others lamiliarized teachers
with hands-on activity ideas, served as liaisons to help teachers find
activity liLs, or developed their own adivrties. Some helped orga
nize, repair, and update science supplies and computers at their
schools. Others organized science nights for parents, provided
science tutorials for teachers, organized and judged science compe-
titions, or served their schools in a host o{ other wavs.

In the foltowing year, addit iondl inrt iari \e. $ere added. I he
Science Advisor Project expanded to include in-service and summer
workshops in handsrn science activities for elementary and middle
school tedchers. Alterschool proiecls were begxn in which African
Ame cary Hispanic, and American Indian rniddle and high school
students engdge in exciting <, ience activities $ ith ethnic;inoniy
memb€rs of the Sandia stafI. A high school speakers prograrn was
initiated. Efforts werc begun to help other communities begin their
own Science Ad\ i9or5 froje(ts, some \ ia (elecommunication" and
distance learning for remote Ame can Indian communities Ircm
Maine to Arzona.

Substantial el{orts have been made to assess and improve each
of these projects. Questiotulaires were given to the Sandia project
paticipants and their school "customets." External assessment
groups were hired to conduct in-depth interviews and to make rec-
ommendations for project modification and improvement.

Several findings stand out regarding the overall impact of the
Sandia K-12 Pro$am:

1. Teachers, particularly elementary school teachers, now feel
much more comfortable teaching rience than they had previously.

2. Teachers are increasingly engaging their students in hands-on
inquiry-based science. Loans by out Resource Center have
increased substantially each yeat toppint 10,000 in tire 1993-94
SCnOOl yeat

3. Students exposed to positive t€\clmical prcIessional role models
have developed much more positive attitudes to\^/ard science.

4. Following several yeats of Sandia activit ies in most
Albuquerque elementary and middle schools, Albuquerque
third, lillh and eighlh grade15 scored tugher in screnre than Jny
other subject area in the 1993Iowa Test of Basic Skills.

5. ln a broad survey of communiiy attitudes ioward Sandia, 70
percent of Albuquerque residents indicated that Sandia was
having a positive effect on schooling and education.
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What We Leamed
Through our experiences of the past five yearc, we have leamed

a number oI important lessons about science education. First and
foremost, we leamed that technical prolessionals can make sub-
stantial contdbutions to K-12 science education, provided thev are
supporled by their employer dre appropriately haired, and have
access to high quality educational resoutces.

Second, we Ieamed that, in order for education programs to be
effective, local teachers and DrinciDals must have a sense of owner-
ship that comes from having a significant rcle in establjshing the
program directions and approaches.

Third, we leamed that the characteristics and needs of students
and teachers, as well as the degiee to which technical professionals
can be effective, all vary substantially with grade level in a variety

Elementary schools (especially third through sixth grades)
provide particularly good oppoftunities for interventions conducted
by scientists and engineels. These are the years during which studmt
inter€st typically dedines mo6t precipitously. But prograrns like those
outlined above can make a significant difference.

Elementary students are enthusiastic, respectful, and easy to work
with, making it possible for adults without a great deal of haining or
experience in youth work or education to interact quite eflectively
with them. tn addition, elementary school teachers fr€quendy know
very little about science and are in great need of help. They are tlpi-
cally open and eager for any help that prcves to be useful.

Perhaps most importantlt only a very basic level of science
content knowledge is r€quired at the elementary school level-virtu-
ally anyone with a science or engineering background can provide
helpful assistance with tlP' mtire range ol lopics berng covered, i.e.,
physical science, Iife science, and earth science. This facilitates reparf
z,isifs and the estabfishment ot cofttittuing relotiarsfttls between partic-
ular scientists, teachers, and students. It would be difficult to
overestimate the deeree to which effectiveness increases as these
relationships develop-.

Middle school students and teachers also have gEat needs, but
are much more challenginS. Student interest continues to decline,
and the onset of adolescence makes workine with them more diffi-
cull. A si8nificantly higher level of undersianding and erperience
with the youth culture js required. They are seu-conscious and very
concemed about their standing in their peer group. They begin to
"try on" altemative behaviors and positions, and often alternate
between fairly mature and outrageously irunahne behaviots sud-
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denly and frequently. Despite being botslerous and unruly, they
have great needs foi posit ive adult-role models who simPly l ike
them-the most important question they'r€ askinS is, "Am I O.K.?"

Middle school teachers vary widely in their knowledge of
science. Some have been certilied in elementary education and may
have very little science backgrourd. Others are cerhfied in secondary
education and have substantial science backgrcunds Regardless,
they are idendfied as scr'.ence teachers, imPlyi^'lhat they sho'Lld be
knowledgeable in science. This makes them signilicantly more
guarded. Unfo unatel, those who most need helP are often the
most defensive.

The level of content and aPPlications knowledge rcquired of the
scientist is somewhat tleater than in elementary schools, but
remains basic enouqh to enable the same individual to assist with
all topics rrtthilt a given ar€a. A Physician, nurse, microbiologist, or
game and fish worker would be best qualified to assjst throughout
the life science topics. A g€'ologist, oceanograPher, civil or mining
engineer, or met@rologist could assist thrcughout the entire earth
sciance course. Because working with middle school students and
teache$ involves additional challenges, the establishment of contin-
uing relationships is even more imPortant than at the elementary
school level.

High sclool programr are considerably di(erent, dnd require diJ-
ferent obiectiveiand approaches than elementary and middle school
efforts. Student interest tends to be bi-modal. Some stLldents dre
beginning to develop serious inlercst in science dnd need Posihve
roi"e modils and me;lors to encourage them and helP them deePen
their level of understanding. Others are turned_off to science and
math-it is very difficult to ragenerate their interest.

Teacher knowledge of subject matter is usually adequate, but
they frequently need motivational examPles of how science is
apilied 6 inte;e"dng real world problems. ferhaPs most siSnif!
cantly, a higher level oI specialized llowledge and e\Perience is
requhed, making it much more difficult to develoP continuing rela-
tionships. Within a given course, Physics for example, a mechanical
engineer might be well qualified to agsi<t in lhe dred of force and
ac:eleration. but a la"er Dhvsicist would be much better in lhe area
of optics, and an acoustial sPecialist better in the area of sound.

Finally, \ e have leamed several ley princiPles which scientists
and encineers need to lnow and follow in order to either conduct
or promote quality science education activities. These arc fisted in
Fiqure l. Sptce constrdints do not permit lhese to be discussed in
detai l  here, but these points have been f leshed out in a ttdining
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guide, which can be obtained by contacting the author.
To date, we at Sandia have made significant inroads in introduc-

ing a hdnds-on approa(h lo science in many New Mexico schools,
an? engaging the iechnical Professional community in the science
education prbcess. Buitding on this, we nov/ hoPe to work with
others towards a national movement of technical Professionals
enlancing science education in their local communities.

The key organizational units in this movement should be Iocal
Local alliances should serve as focal Points to bring together all com_
munity staLeholders in the science education Processr teachers,
princi;als, teclnical professionals, museums, businesses, and others'
ihroueh these alianies, local needs can be assessed, and goals and
methois established for addrcssing them. The commrmirys tedmi-
cdl prolelsionals, an intedisciPtinary grouP of Physi'jsts, engneers,
mdical workers, and otlers, can then be hained and equiPPed for
their roles in the educational Process.

While the kev oreanizational units will be local, national SrouPs
also have impoitani roles to play frofessional societies can make
tleir membeis awdre of lhe needs dnd oPPortunities for involve-
ment, publicize the activities being (onducted by lheir members,
recruit interested volunteers, connect them with the aPProPriate
local alliances, and Provide suPPort for K-12 effots by their local
chapters.

There will also be a strong need for a suPPort structure to
provide thing,s that are iointly needed by all of the local allidnces,
such at: advice on local dlliance formation and maturation/ iiJor-
mation on national reform initiatives, training materials to helP
techmcal pro{essionals interact effectively v/ith students and teach-
ers. oublicitv and recruiting malerials, inJormdtion to help win
empioyer support for emplo-yee involvement, and access lo educa-
honal resources and acfivrty lqeas.

We have found that the technical community can make a posi
tive difference in scimce education in our sahools. We have seen it
happen in Albuquerque. We now stand r€ddy and eager to helP the
naiional commrnity of technical Professionals become productively
involved in enhancing science education in other communities
aqoss the country.

' rhis worl wd per fomed r l Sandjd N dtioM l Lrbod Lori6 wtnclt is oPqdh'd for

the t niled 9la;' Depdrhenl ol Energy sdsContra.t DE-AC0+a4ALa5O00
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Strategies for Quality Science Education Activities

. Suppoft and collaborate with teachers
Don t be arrogant
Do activities that integrate with and enhance curriculum

. R€cognize your need for planning and preparation
Technical knowledte isn t enough-plan to engage students
Take advantate of existinS materials and resources

. Employ sound learning piinciples
Include excitement and tun
Involve students in hands-on activities
lrovide opportunities for discovery e\periences
Use applications to stirnulate interest in pdnciples

. Do ag€-appropriate activities
Confiete ve$us abstract
Applications relevant to age group
Consistent with student background and vocabulary

. Engage numerous semes and l€arning modalities oI hearing,
s€ein& touchin& kinesthetic, rh)'thm, group interaction, and
problem solving.

. Balance science prc€ess and content

. Hypothesize and te3t by experiment--develop critical think-
in8 skils and ability to reason logically

' Demonslrat€ concem for saf€g and envircnment

. Build relationships
Be excited and fuIl
Demonshate that you like them
Give lots of positiv€ I€edback
Avoid one-shot visits

. Solicit (eedback lrom teacher and stud€ntr

Figurc 1


