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Introduction
The National Science Foundation Center for Ultrafast Optical Science (CUOS) mission for K–12
and Community Outreach is to support community coalitions in order to provide educational
opportunities in science and mathematics for all children. Our programs are, in the end, aimed at
producing more scientists and engineers, particularly from underrepresented minority groups, so
we must begin by thinking about the reasons why we do not have them now.

There will always be a tiny pool of well-qualified minorities available for graduate and profession-
al schools to fight over; we do not see our purpose as becoming better fishers in this pool. Rather,
we wish to enlarge the pool, which has several implications: we must work with K–12 children and
teens to see that they get prepared for our later recruitment, and we must address all the factors
that affect that preparation. These would include—surely among other, unstated influences—
poorly equipped schools, under-trained or poorly motivated teachers, ineffective instructional
methods, lack of support for learning at home, poor student motivation, cumulative skill and
knowledge deficits in higher-grade learners, and the narrow horizons and lack of confidence that
can choke off ambitions prematurely.

None of these factors is under our control, and not all of them are even amenable to our influence.
Moreover, none of these potential problems, it is important to emphasize, can be fixed quickly or
easily. They must be chipped away at, repeatedly, consistently, and with increasing skill—we hope.
They can’t be fixed by an outside do-gooder, either. Only people with a real stake in the outcome,
working together cooperatively and over a period of several years, will be able to make measur-
able change. This is why, if we want to approach factors under someone else’s control, we must
move in with them, figuratively speaking, and become insiders. We cannot make them change—
and cannot even influence them from the outside. As collaborators, though, we can help them
through a process of analyzing how they might do things differently and can support them in
doing so. We can only offer programs that they also see the importance of, that they can come to
believe in strongly enough to adopt as their own. When that happens, we can move on to a new
area of the community to start the process over again.

The CUOS mission for K–12 and Community Outreach is to support community coalitions in order
to provide educational opportunities in science and mathematics for all children. Our outreach
goals for children are to

1. promote systemic educational reform by helping communities build coalitions to leverage and
link science and mathematics educational resources and career information for all children;

2. ensure all children have access to hands-on and discovery-based learning experiences
promoting scientific and mathematical literacy; and

3. provide all children opportunities to explore careers within science, mathematics, technology,
and engineering fields.

More important than these goals may be the means by which we pursue them—building learning commu-
nity coalitions. We are convinced that a breakdown in community is a common root for a host of
problems, such as dysfunctional families, overburdened and ineffective schools, poor student
motivation and achievement, and the psychological isolation and anomie that lead to violence.
Rebuilding community, therefore, can be expected to relieve all these symptoms and to bring
people together to focus on and address the needs of their youth.

Our children suffer particularly from this breakdown: many have only one parent, few siblings,
little or no contact with extended family, severely curtailed informal socializing (yes, we mean
“play”!), and rigid age segregation in schools, churches, and child-care arrangements. Because they
don’t play outside with neighbors every day as we did, they have problems with physical fitness
and they miss out on a lot of socialization. (We may have spent more time arguing over the rules
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than actually playing, but that’s how we picked up “conflict resolution” skills.) Because they have
few or no siblings and are confined to spending time only with age-mates elsewhere, they miss out
on the opportunity to give and receive the kind of informal mentorship we Baby Boomers could
take for granted in our larger families. Because their parents are so busy working and their older
relatives may live hundreds of miles away, they just don’t get the amount of adult contact and
guidance they need.

Children simply do not have enough human connection—people to listen to them, to read to them,
to converse with them, to pass on games and other child lore, to suggest creative or productive
cures for boredom, to teach them life skills such as cooking and household jobs, to assist them in
exploring their world and picking up an experiential knowledge of “everyday” science, to simply
care about them. This must be why we hear over and over and over from our outreach volunteers
that they feel their most important accomplishment has been to touch, to play with, to converse
with, to serve as role models for the same children over an extended period. Children are hungry
for relationship—and that craving takes precedence in their hierarchy of needs over any academic
learning we may want for them. Once they have such relationships, they are open to other input—
but not before or in the absence of that human connection.

While we have, in the past, stressed the need for more adult contact
for children, we have come to realize this year that the community of
children themselves must also be rebuilt. A generation of “day-care”
children has little unstructured time and few healthy opportunities to
develop leadership skills. Our elementary-school-aged science and
technology “wizards” have demonstrated to us how resourceful chil-
dren can be in one another’s learning. They derive real, if unquanti-
fiable, benefits from being teachers—just as “big” brothers and sisters
always have. Their sense of empowerment and responsibility could
easily spell the difference between wandering through or purpose-
fully planning their lives. The next step will be to formalize cross-age
mentoring among younger children just as we have between college
and high-school-age young people.

Yet another factor that forestalls or short-circuits the career planning
of young people is their pervasive sense of victimhood: too many act
as if they are at the mercy of forces beyond their control. That is to
say, they often do not “act” at all, feeling powerless to affect their
fate. An important and intended consequence of our hands-on
science programs is to turn children into actors. By observing pro-
cesses and intervening in them to affect outcomes—applying the Scientific Method by theorizing
and then trying to validate theories through experimentation—children are also absorbing the
whole notion of cause and effect. They are learning that they can do things that will change out-
comes. This realization and the sense of empowerment it engenders are vital to their ability to plan
and take charge of their lives.

We are often asked whether we think that all our “science play” programs are having any worth-
while consequences. We believe that this question rests on the unspoken assumption that the only
worthwhile outcomes are higher science achievement test scores. While we hope for those, we
assert that changed attitudes—about what science is and who can do it, about the ability to control
one’s own destiny—must come first and may be even more important to the process of enlarging
the pool of potential scientists.

Another aspect of our work that we do not stress enough is its real and intended effects on our
volunteers and coordinators, who benefit in ways they may not expect. We have goals for these
young adults, as well. We want to encourage University of Michigan (UM) students to be involved
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in their community, to acquire leadership and community development skills, and to experience
making an important difference in others’ lives.

“Community,” after all, cannot be a one-way relationship; in coming to care about their children
and to feel a part of their community, volunteers find an emotional home and a network of friends
themselves. The experiences and beliefs developed by their work with us will have an impact long
after they have left Ann Arbor. We hope they carry a sense of empowerment and responsibility, a
commitment to community service and to societal equity, and an advocate’s role with them as they
become employees, parents, and community leaders. In the long term, this may be our most
important outcome of all.

As a community with disparate elements working in concert, we are all happier and more pro-
ductive. Learning community development is the kind of systemic change we are after, as well as
the evidence we look for in evaluating our programs. We know this works.
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I. Science Clubs

A. Program Description and Goals
Hands-on science clubs are nothing new for our outreach program, but the 1998–99 year saw a
huge increase in the number of them. In addition to the clubs at Peace Neighborhood Center and at
North Maple Estates in Ann Arbor, five new clubs were established in classrooms during the
school day at George Elementary School in Ypsilanti, and the program at Community Church of
God (CCoG) Opportunity Center in Ypsilanti was broken down into seven separate, age-specific
clubs so as to better match the skill and knowledge base levels of the participants to the planned
activities and to embrace the existing structure and staffing there. At Owen School in Pontiac, more
children volunteered and were trained as Science Wizards, bringing hands-on experiments into
classrooms at teacher request, very capably demonstrating and supervising the activities. In Ann
Arbor, Reach Out! University of Michigan (UM) students piloted a summer day camp for
youngsters from public housing sites. As always, our goals were to capture and keep children’s
interest in science through exciting, discovery-based activities. There were 15 Clubs: Community
Impact at North Maple Estates, 7 at Community Church of God Opportunity Center, the Peace
Neighborhood K–2 club, 5 classroom clubs at George Elementary School, and one home-school
group. Overall, an average of 5 volunteers met with an average of 18 participants in a total of 95
sessions. It was an exhausting but productive year!

Every year, we develop a deeper understanding of
the process of infusing more hands-on science into
children’s lives while rebuilding learning commu-
nities around them. Just like physical or intellectual
development, it is a developmental process with
specific stages in a fixed order, which cannot be
circumvented or short-circuited. While we can in-
fluence, encourage, and support the other adult stakeholders with whom we work, we cannot
make them change. Instead, we are shepherding them through a process. We recognize that we will
face the same hang-ups, barriers, and roadblocks at each new site, with some variation due to the
varied human element—but that’s okay! Understanding this keeps us from getting discouraged:
even though we have been through the same problems repeatedly, each of our collaborators need to
go through them, too.

To illustrate, the first year we bring hands-on science to a new site, people have the same concerns:
it’s too messy, the children are too loud, it looks too much like play and not enough like learning.
Their unspoken assumption is that learning happens only in a traditional, orderly, lecture-based,

“school-like” setting. There tends to be much more concern
with which facts the children are absorbing, rather than with
their attitudes and approaches. This is perfectly natural:
parents and teachers are worried sick about low achievement
test scores. Our aim, however, is not to improve those
scores—it is to teach children how to think like scientists, to
be unafraid of science, to have confidence in their own ability
to do science. We do not intend for them to go through a
traditional science lab experiment, working toward the one
right answer or the expected results. Instead, they should be

becoming better observers, data recorders, question-askers, and theorizers. They should be think-
ing about what happens in the physical world and why, about how they might experiment to
explore or to demonstrate theories. This process will be messy; it will be exciting—and therefore
loud; it will end with unexpected or far-from-identical results for different children. And, most
importantly, they will be learning a great deal!

Our aim is not to improve test
scores—it is to teach children
how to think like scientists,
to be unafraid of science, to
have confidence in their own

ability to do science.

Every year, we develop a deeper under-
standing of the process of infusing more
hands-on science into children’s lives. It
has specific stages in a fixed order, with
the same roadblocks at each new site.
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After the first year or two, the on-site adults are generally convinced of this—and they close doors
against the noise, buy cleanup tools and tarps for the carpets, and look forward to the science fun
as much as the children do. This is when the activities themselves can change to the slightly more
structured and curriculum-aligned experiments they had expected in the first place. Both adults
and children are ready for that, once they have experienced and accept that hands-on also means
minds-on, that they cannot just follow a recipe and call it hands-on learning. Both groups will also
be ready to continue with less direct guidance from us.

B. Program Implementation at Peace Neighborhood Center
The science program at Peace has been evolving for years, but it seems to have reached a new level
this year. Where it once competed with martial arts and computer games for children, who then
worked in a cramped space, this year it served all of the K–2nd graders in the largest room at the
center. Six–seven volunteers served 19–20 children at each of 13 sessions. Club volunteers learned
to choose simpler activities and to prepare more appropriate strategies for the younger group. The
one writing-intensive activity was difficult, as the children were simply unable to read and write
well enough; on the bright side, seven additional center volunteers (from Eastern Michigan
University and from Ann Arbor high schools) pitched in to give the kind of one-on-one help
needed. These volunteers eventually mingled, shared in our activities, and helped with cleanup—
acting like real stakeholders. As always, we learned that the fact of this personal interaction with
the children is more important than its content. As one participant put it, “Each week was better as
we began to get to know the children and they got to know us.” Another said,

I think that, as college students, we sometimes lose focus on the surrounding people and
environment, and programs like this remind us of our duty to help others and keep us in touch
with the people of the community.... I also think that sometimes we are very rushed and don’t
spend enough time with the children or give them enough individual attention.

We find the participation from other center volunteers and personnel, plus the increased space of-
fered for the program, to be encouraging signs of its acceptance as worthwhile. Coordinator
Debbie McCartney, with a core group of friends and Arnold Air Society members, handled the
year’s activities with practiced aplomb. Things really can go quite smoothly after the initial
learning curve!

➤ Plans for Next Year

Next year, this site will be handled by Stephanie Steele, a
regular volunteer there this year. She has already recruited
her own group of volunteers and is planning specific
activities. She is anxious to expand the program toward a
mentoring model. Accordingly, we are planning to in-
crease the number of volunteers to allow for each child or
pair of children to have the same helper during a home-
work and basic skills work period before the science
activities. It is evident that the children need more help
with such skills and concepts; we will try incorporating it within our club framework. Where once
we were very clear—almost dogmatic—about what could and could not bring to a site, we are
inevitably drawn from our path to try to meet the needs of the whole child we serve. Time will tell
whether this is an evolution toward a better model or another example of our being led astray in
our desire to help. We are  open to new ideas but wary of taking on more than we can sustain. And
it undermines the whole idea of learning community if we allow our volunteers to supplant efforts
and assume responsibilities that more properly belong with parents and teachers.



9

C. Program Implementation at North Maple Estates’ Community Impact Club
This club was started and run by a UM professor, Bill Schultz, with some advice, assistance with
materials, and occasional volunteers from Reach Out! With Prof. Schultz on sabbatical this year,
there were many fewer activities and we don’t have much detail to report. Four volunteers met
four times with 16 children each time last fall. Obviously, a committed coordinator is required for
continuous club activity; we hope this club will revive in fall 1999 with Bill’s leadership.

D. Program Implementation at George School
Reach Out! staff coordinator Aarti Raheja oversaw the activities at George this year: she solicited 40
volunteers campuswide and 11 from Pi Kappa Alpha; organized them and others from the Office
of Academic Multicultural Initiatives (OAMI); created, adapted, or located appropriate activities;
procured materials and equipment; pretested the activity when necessary; and collected feedback
from participants for our databases. OAMI provided five student coordinators and volunteers, a
university car for transportation, and partial financial support for the program. Participating
classrooms were Ms. Williams’s and Ms. Winters’s 1st and 2nd grades (as a multi-age group), Ms.
Brown’s 2nd grade, Ms. Archbold’s 3rd grade, Ms. Hubbard’s 4th grade, and Ms. Bortz’s 5th grade.
One group alternated serving the Brown and Bortz classrooms; the others met weekly. In each of 41
meetings, an average of 28 children were served.

These enthusiastic volunteers reminded us again just how much more
there is to such clubs than just having fun with science. There are at
least two other important dimensions to these clubs: continuing
relationships allow for (1) evolving and steady improvement in the
activities themselves, as we develop, record, and share suggestions,
and (2) profound personal effects on both the children participating
and the volunteers that would not be possible among strangers. There
is also, of course, some incidental influence on the teachers and some
generalized change in the perception of the university in the school
and in the community.

Additionally, Learning Community Coordinator Sherri Ahearn, before taking a full-time tech-
nology position with the school district in August 1998, had trained four junior Science Wizards
among George School’s students, like those at Pontiac’s Owen School. They have been a
continuing resource to the school, but there is no one to train successors at this time. Principal
Sharine Buddin hopes to hire a parent part-time in 1999–2000 for such duties.

➤ Evidence of Systemic Change

CUOS had provided a halftime staff person at George School to oversee the Science/Learning
Community Resource Room, but she was hired full-time by the district in Fall 1998 in another
capacity. Although her new job description did allow for continued promotion of hands-on science,
she was not able to find a great deal of time to devote to it, given all her other duties. Her enthu-
siasm, communication with school staff, and consistent organization were missed. Also, given the
ongoing renovation of the building, the Science Resource Room was closed for a time and moved
elsewhere, and the materials were in some unavoidable disarray for the year. In addition, George
School had a new, first-year principal who was understandably preoccupied with many other
concerns. Things did not go as originally planned at this site, yet we are thrilled at the
development that has taken place. Both CUOS personnel and George staff have gone through
some significant changes in attitudes and beliefs.

Originally, we at CUOS had thought that our goal should be to facilitate hands-on science activities
by providing lessons and materials and by using a coordinator for a few years to help teachers inte-
grate these activities into their classroom instruction. We specifically did not intend to bring volun-
teers into the building to run the activities because then it is an “outside program” that is likely to
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disappear when the volunteers leave. We wanted to demonstrate
the ease and effectiveness of doing hands-on science, provide plenty
of materials, train teachers to access many more activities on the
Internet, and then let them take over.

What with the loss, for most purposes, of our coordinator, we tried
to fill the vacuum with a part-time coordinator not on staff in the

building (Aarti Raheja, a veteran Reach Out! volunteer and recent UM
graduate who agreed to work on stipend for a year before going on to medical school). She
engineered a collaboration between Reach Out! and the UM’s Office of Academic Multicultural
Initiatives to bring undergraduates into the building to run weekly science clubs like those we run
at community centers outside of school.

This format was born partly of necessity, but it would not have been possible without a shift in
attitude: staff members have come to believe that non-certified teachers—parents, college volun-
teers, children themselves—can teach children, and that learning can happen in other than tradi-
tional classroom situations. Part of the Learning Community philosophy is that we are all respon-
sible for helping our children learn—and they are all “our” children. We are operating more as a
team now, with less friction over invading one another’s turf. George teachers now want to do
more long-term projects and want to continue hands-on activities after our eight-week programs
are through for the semester. They are planning where children could store projects-in-progress,
and are thinking of having a Share Fair to showcase such research and experimentation efforts in a
noncompetitive way. The Learning Community room has evolved to include a new computer lab
and a publishing center along with the science area. These are the areas for which community
volunteers are most often recruited, so it makes sense to group them.

Another sign of an emergent learning community at George is the postmortem done on this year’s
programs. Little time was spent on reviewing what went wrong or how we all feel about not doing
as much as we would have liked; instead, the focus was on improving things for next year. This
sounds simple but is actually quite profound: when credit and blame issues are minimal, it means
you are all working on the same side.

Early in the year, we felt that our purpose was sometimes misunderstood: some teachers thought
of our volunteers as like the pre-service teachers in their building from Eastern Michigan Univer-
sity (EMU) who practice methods by designing and teaching their own lessons. Eventually, we
believe it became clear that we are partners, facilitating hands-on projects to introduce or reinforce
concepts that they are teaching.

It is important to note that tracking of George student participants is not an issue: we do not track
their progress because we do not plan to take any “credit” for it.
Pursuit of this kind of pseudo-accountability, we strongly believe,
distorts, hampers, or even cuts off the process of change in a
school. Looking aggressively for “results” during such an
evolution—which can look quite unimpressive at discrete points
along the way—introduces defensiveness, blaming, and us-
versus-them arguments. We are satisfied in knowing that we are
on the right track.

➤ Plans for Next Year

We know that we cannot sustain the same level of activity within George School next year, without
our UM coordinator (who is now in medical school) or the transportation and materials funding
from OAMI. We will return to our original model, as Principal Buddin plans to find funding for a
halftime Learning Community Coordinator, who can be mentored by our experienced coordinator
in Pontiac. She will be able to oversee the resource room, suggest hands-on activities and materials
to teachers to complement their lessons, help older children to teach younger ones (as Science and

We are all responsible
for helping our children
learn—and they are all

“our” children.

This sounds simple but is
actually quite profound:
when credit and blame
issues are minimal, it

means you are all working
on the same side.
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Technology Wizards), and perhaps help in coordinating the EMU AmeriCorps students in the
building. We believe that these students, who do not face the same transportation and transit time
barriers as our UM students, may make more natural partners and community members for
George School. Another, unexploited category of learning community members is George alumni
now in middle school, whose earlier schedule would allow them to contribute at George after they
are dismissed in the afternoon. Such genuine stakeholders will stay, given a bit of encouragement
and organizational help.

E. Implementation at Community Church of God Opportunity Center
The science club program at the Community Church of God (CCoG) Opportunity Center has been
evolving, as well. This past year, it was organized as six separate clubs by age/grade level: K–1st
grade, 2nd, 3rd, 4–5th, 5th, and secondary. The intent was to tailor the activities a bit more to
participants’ abilities and to provide a calmer atmosphere with more individual attention from the
same few volunteers in each group. Veronica Cottingham and Reulonda Norman of Reach Out!
(with help from CUOS staff member Faye Booker-Logan) coordinated the elementary clubs, with 5
volunteers from the Black PreMed Association, 6 from CCoG, 6 from the PreMed Society, 6 under-
graduates from Eastern Michigan University, and a few unaffiliated UM students. CUOS research
scientist John Nees and graduate student Fritz Weihe organized the biweekly secondary club.
Overall, 2–3 volunteers served an average of 6–7 young people at each of 35 sessions.

➤ Evidence of Systemic Change

The change to several clubs was made possible by the Center’s volunteer tutors allowing science
activities in their rooms. The center’s organizers used to be more school- and homework-oriented
and did not value what they saw as just “play.” The science activities were used as a reward for
applying oneself to homework. After the tutors were asked to stay on and help out with the science
activities, though, we believe they came to enjoy and to value them as learning opportunities, too.
Where we once perceived discomfort that there was not a specific enough target outcome to these
activities, we think people now understand that that is really the point. If children are to explore
and experiment, the outcome cannot—and should not—be preordained. For example, when we do
a taste-bud–mapping activity, the adults usually ask for an “answer key” showing where on the
tongue one tastes sweet, salty, bitter, or sour objects. We never provide one, because the object of
the exercise is not to get the “right” answer but to observe and
discover particular answers for yourself.

➤ Plans for Next Year

It is difficult to discuss the program at the Opportunity Center in
isolation: many of its participants are George and Chapelle School
students and George Principal Buddin has been an organizing force
behind the center for many, many years. This is wonderful, of
course, because blurred boundaries are also an indication of a true
learning community. Since George has just had a computer lab
installed as part of a technology bond issue program in Ypsilanti
Public Schools, Ms. Buddin is proposing that we move the two Internet-capable computers that
CUOS had provided for George over to the Opportunity Center. While great progress had been
made over the last two years in installing and getting a lab up and running at the center, plus in-
stalling a phone line for Internet connectivity, its donated computers are painfully slow for any-
thing but simple word-processing. We agree that these newer Power Macintoshes could make a
real difference at CCoG.

Students from the psychology classes of UM’s Prof. Scott Paris will be working at the Opportunity
Center, as a practicum course experience. Center organizer Beverly Tyler is also pushing for more
long-term projects and promising storage area for these works-in-progress. Beverly, who also



12

teaches at another Ypsilanti elementary school, was a participant in our first Research Experiences
for Teachers program this summer. This experience introduced her to the optical science we do
here at CUOS, to many research-based theories on teaching and learning, and to a variety of CUOS
personnel who can be resources to her and the Opportunity Center in the future. The new volun-
teers should offer the kind of consistency and stability needed for the planned multipart projects.
Also, while the church will continue to pay for university vans to transport volunteers, we are
hoping to get CUOS personnel out of the loop of procuring and returning those vans; a church
member who works at UM may be able to take over this task. We will be working to transmute our
science programs at CCoG into mentoring, including EMU and church folks with us. We will coach
and model so as to put ourselves out of a job there, in favor of people from the local community.

F. Implementation at Owen School
Given Owen’s substantial distance (well over an hour’s drive) from our mostly Ann Arbor–based
resources, Learning Community Coordinator Susie Shoemaker conceived the idea of training
Owen elementary students as Science Wizards. During the 1997–98 year, she trained three students
to lead hands-on science lessons for their peers. She ran the program as a weekly club, during
which students explored quite a few activities until each settled on one or two of particular appeal.
They then practiced presenting the activities to one another, before taking them to classrooms,
where they also acted as assistants to each other. This program was a great success.

For the 1998–99 year, four of the five new Wizards were Title I students, who qualify as “at-risk”
students. They began meeting, before school, in January; they explored a dozen activities before
choosing their favorites. Each of the five taught all of the third- and fifth-grade classes and all of
the Title I students in grades 1–5. Ms. Shoemaker summarized her reaction:

At the beginning of the year, we were skeptical of whether or not [the Title I students] could do
this. They have proven us wrong and they are very much in control of their lesson and the
students.... It has been a very successful program for the second year in a row. I have seen proof
of this, in grades and attitude in the classroom.

Two students received the AAA Award—for Achievement (an A in class work), Attitude, and
Attendance—for the second consecutive time. They all grew in confidence, as well as knowledge,
and the Title I students especially were seen by both classmates and teachers in a new light. We are
only now realizing how much more this kind of participation makes students stakeholders in their
learning community. They don’t just receive services from others—they can also be providers.

Additionally, during the second half of 1997–98 (and therefore not mentioned in our last compre-
hensive evaluation in February 1998), Susie ran a Lunch-Time Science Club for six Title I students.
Over several weeks, they built rockets, and much of the school came out to watch the launches.
The positive experience with this group is a major reason why the first year’s teacher-selected
Wizard candidates evolved into mostly at-risk Wizards this year.

➤ Evidence of Systemic Change

The building’s Curriculum Leader, Janet Lewis, took it upon herself to incorporate the Wizard pro-
gram into the Title I plan and to implement it herself  this year, with Ms. Shoemaker merely assist-
ing her. While Ms. Lewis’s position as Curriculum Leader has been removed at the district level
and she will be going into the classroom next year, she would like to continue the program.

Besides the enthusiasm in the building for the Science Wizards program, the librarian has taken
over the training of Technology Wizards, who guide other students in using computers and doing
research via the Internet. She has also introduced Tech Wizards in the other elementary school
where she works.

Owen’s Community Resource Room has become integrated into the building, serving as the gath-
ering place for all their science resources, which are being used—both in the room and checked out
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for classrooms. Special Education teachers use the resource room with students who are restless,
bringing them down to do a science kit with them. For example, they did the salt volcano kit.

The children made predictions and discussed what actually happened. The students got the
materials together and cleaned it all up afterwards. They had a lot of fun.

The school purchased shelves to hold all the science materials in the entire building in the room.
Because things are out on display, usage increased dramatically. One side of the room is science
and math materials and the other is all language arts. Mondays the room was used as a lab for
classrooms to come and do science; Tuesday, Wednesday, and Thursday mornings were for Title I
language arts and the afternoons were for science and math. Computer usage was available
throughout the day by sign-up. The resource room is truly part of the building culture now.

➤ Plans for Next Year

The school’s Target Projects for 1999–2000 include a Wizards program in which pairs of Title I
students would adopt at least four classrooms and teach lessons supporting the curriculum to their
rooms each month. Susie plans to bring the Wizards to campus every month for science enrich-
ment and tours with the scientists she met during the RET program (see section V of this report).

We hope the integration of our programs into the building continues through its complete reor-
ganization for the coming school year, when nearly all the rooms
will be reassigned as the student population changes and the
building reverts from year-round to traditional scheduling.

G. Lessons Learned from Science Clubs
When asked to evaluate the club experience, participants repeat-
edly emphasized the value for the children of caring relation-
ships with young adults and role models. Some of the common
themes and lessons of that feedback follow.

• Volunteers got better with experience (there were fewer calls
for “more structure,” more comments such as “Finally found a good way to do this one!”). They
eventually learned to handle disasters well: “Experiment did not work at all. However, instruc-
tors were able to use other learning materials” to hold students’ interest. We believe this proves
the importance of extended programs with the same leaders rather than one-shot affairs.

• Record-keeping allows improvement in presentation: many specific suggestions were made—
and used—on how to improve certain lessons; others were recorded as “Do not do again” when
found to be unsalvageable. For example, volunteers suggested bringing more staplers, or testing
markers before arrival, or using different containers, or making sure the caps are really tight—all
the sorts of things that are learned through hard experience but need not be repeated by the next
group of volunteers!

• Reaction reinforced our belief about how hands-on activities engage students in learning. There
were many variations on “Kids were very excited and involved, showed interest in how and
why” things happened. They particularly like make-it-and-take-it-home activities.

• “Need more time” was a frequently reiterated complaint: at least a full hour is required to do
most activities well. Volunteers noted repeatedly that all children need to be able to participate
actively, doing all the steps individually; time constraints often prevented this. We expect to
move, next year,  to more long-term projects that do not need to be completed in a single meet-
ing. This allows for more cooperative work and is more analogous to the way real scientists
work. Extra time will keep us from taking the obvious shortcut of pre-preparing materials—thus
depriving the children of needed experiences with measuring and cutting. This evolution also a
natural progression for science clubs: from overtly “fun” activities the first year, to curriculum-
correlated experiments the second year, to more open-ended and long-term explorations in the
third.

We expect to move, next
year,  to more long-term
projects. This allows for

more cooperative work and
is more analogous to the
way real scientists work.
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• “Need more volunteers for individualized attention and to make sure children understand the
lesson” was a common reaction. Since volunteer-to-participant ratio tended to be 1:4, it is
obvious why teachers don’t do more hands-on experiments on their own! Our undergraduate
volunteers are not the only potential source of such extra hands, however; we need to foster
more community involvement.

• Some of the most profound effects were unrelated to instructional objectives; were, instead, a
function of continuing relationships, we believe. For example: “[One girl], an autistic child,
usually hates the science lessons we do (doesn’t like to get her hands dirty). But her teacher said
she really enjoyed pouring the vinegar into the volcano and watching it erupt. [The teacher] is
really amazed at how different the children become when the volunteers come for science, that a
lot of the lads come out of their shells (those usually very reserved in class become extremely
social with us).” Nor were the personal effects confined to the young participants. One volunteer
experienced a traumatic death in his family, which caused him to miss a science club session.
“His” children asked after him and worried about him. Later, he testified that working with
these children had been like a lifeline to him in a time of great turmoil. He had never expected to
be receiving as much as giving in his volunteer role.

• There were competing pulls between “need to have more ‘lesson’ to the lesson” and “children
just didn’t understand the concept.” A writing-oriented lesson brought home to volunteers
“what a low reading/writing level most of the kids are at.” Even in the teen group, a coordinator
noted that, “Students won’t read instructions—need to simplify!”

• The most satisfying  experiments were those in which students were encouraged to predict what
would happen and to change the conditions slightly to see the effects—real Scientific Method
basics! Students also understood more and were more interested when the lessons were expli-
citly correlated with what they were studying in school at the time.

➤ Overall Plans for Science Clubs Next Year

We can discern a progression or mutation of our science clubs into more explicit mentoring pro-
grams. All of our experiences underline the same lesson: that children need more sustained, adult
contact and support. Our science programs are much more
effective when the same volunteers work consistently with the
same one or two children for several months. The volunteers
enjoy it more and are more reliable under these circumstances,
and the children have time to get past the getting-to-know-you
stage and to reach a trust and comfort level that allows them to
focus more on content. Our plans for next year, therefore, em-
phasize mentoring as much as science fun in the clubs. Before
anything else, children need to know—viscerally, through
experience—that they are worth someone’s time.

As to specific program changes, we hope to be overseeing new science clubs at the six public
housing sites in Ann Arbor. This is a deepening of our collaboration with Mike Conboy and the
Serendipity Reading Clubs he has established at these sites. We created a Web site for them in order
to assist in recruitment of retired volunteers. Mike selected club participants for the Reach Out!–
sponsored Camp Discovery this summer. We hope to serve more as an organizing force, resource
provider, and adviser—in the person of work-study Debbie McCartney—than an “owner” of these
new science club programs. We know how to do this now and are comfortable helping, rather than
doing it all ourselves. The objective is to involve more local community members in the learning
communities surrounding these centers, with CUOS and Reach Out! supporting the stakeholders in
the beginning years.

Children and teens need
connection, care, and

support in all areas before
they can be free to develop

their academic potential and
technical capabilities.
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➤ Science Clubs by the Numbers

Two trends are apparent in the historical data on our science clubs: we are offering more minds-on
science activities and many more of them are done within the context of long-term relationships.
The same group of volunteers works with the same group of children for an extended period of
time. The target for clubs is generally eight meetings per semester and four–six per summer.

As this chart illustrates, our number of clubs went from 5, four years ago, to 17 this past year.  In
1995–96, two were of an extended nature and three met only once or twice; in 1998–99, 15 (that is,
88% of the total) offered a continuing personal relationship. We are practicing what we preach
about the importance of such long-term commitments.

Number of Science Clubs 1995-99

3 4
2 2

2

6 1 0

1 5
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1 9 9 5 - 9 6 1996–97 1997–98 1998–99

No. Long-Term

No. Short-Term

Because of this, it is difficult to graph the numbers we are so often asked for. The next two charts
are two ways of looking at the same data. The upper one illustrates overall numbers for our hands-
on science programs: counting each participant at each session. Since the same groups met several
times, however, these numbers can be deceptively high. The lower chart shows numbers of partici-
pants when each individual was counted only once, regardless of how often each participated.
Since many volunteers—and even more children—were repeaters, these numbers can be decep-
tively low. One child, for example, may have participated in a fall-semester club, an after-school
community center club, a spring semester club, and a summer club. We are unable to conceive of a
clear way to combine both kinds of data, so we’ve simply put them in two formats. The “truth” lies
somewhere in the middle!
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Note to readers:
Early versions of this report went out with incorrect numbers on these two charts.

The correct versions were posted 1 Dec 99.
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II. Mentoring Programs

A. Program Description and Goals
All of our programs, it seems, gradually evolve into mentorships. This should not surprise us,
since we preach the importance of rebuilding learning communities in order to reach our more
specific goals of attracting children to and supporting them in the study of math and science. It is a
simple matter of hierarchy of needs: children and teens need connection, care, and support in all
areas before they can be free to develop their academic potential and technical capabilities.

While our tutor-mentoring programs certainly provide academic support, they also increasingly
focus on the whole person—on personal needs, interests, skills (social, study, organizational,
subject-oriented), and hopes for the future. This kind of coaching through life—true mentoring—
can only occur within a continuing relationship of mutual trust and respect. Where we have not yet
achieved that ideal, we are working toward it!

B. Program Implementation at Chapelle Elementary School
Cherita Hunter, of UM’s National Society of Black Engineers (NSBE) chapter, organized the recruit-
ment and carpooling of 12 NSBE volunteers and an unaffiliated UM undergraduate to visit
Chapelle Elementary School in Ypsilanti for weekly, after-school tutor/mentoring of fourteen first
and second graders. They helped with homework, played games, and read with their charges. At
the principal’s suggestion, the children’s teacher was available for questions during these sessions
about assignments and such, which all participants found to be very helpful.

We are disappointed that the program seemed more one of tutoring than of mentoring but will
continue to pursue improvements. Transportation to this neighboring town can be a problem, but
it does not seem an insurmountable one; car pools have worked adequately.

➤ Plans for Next Year

The program at Chapelle is also evolving. Principal Tulani Smith has long been associated with the
CCoG Opportunity Center; she and Sharine Buddin from George Elementary and Beverly Tyler
(who teaches at Adams School in Ypsilanti), share the long friendship and trust requisite to a learn-
ing community. They also share overlapping custody of children at the three schools and the
Opportunity Center. They have been making mutual plans about how to better serve all those
children, with no jealousy over one another’s programs. They are a model of how informal com-
munication and cooperation can synergistically combine to improve children’s lives.

Tulani is actively encouraging her school’s children to attend the CCoG Opportunity Center. She
has two mothers who volunteer and love science; we will share our resources and the concept of
the Wizards program with them.

C. Program Implementation at Pioneer High School
It is hard to believe that we have just finished a third year at Pioneer: so much has happened and
the program has become so established that it seems as if we’ve been there much longer. During
the 1998–99 school year, 65 mentees, including our first hearing-impaired student, were served by
54 mentors. There were at least three changes in the program this year:

• In 1997–98, we were still trying to refine the mentoring program model, to get it to work in an
optimal way; in 1998–99, our major emphasis was on integration into the school culture and on
building a true collaboration among equal stakeholders. In other words, we are no longer going
into the school as outsiders and providing a service. Instead, the school administration and staff
have come to feel that it is their program, too, and have backed that feeling with concrete (mone-
tary, logistical, and service) support.

• We added an explicit career exploration component this year. See section II.C. of this report for
details.
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• Required and more formal orientation for all mentors, even repeaters, was a good change. It
started us all on the same page, made certain assumptions explicit, allowed them to anticipate
possible problems and learn how to approach them, and provided an opportunity to place faces
with names and to lay the groundwork for future sharing of mutual problems and successes. It
gave us the beginnings of some collegiality to ward off the sense of isolation that can come with
working in pairs. Mentors clearly want more interaction with each other.

➤ Evidence of Systemic Change

• We saw many signs of our acceptance and integration into Pioneer High: provision of office
space, which is in short supply and much coveted by other school-related groups; partial mone-
tary support for on-site parent coordinator Doris Calvert; leave to use Career Center and Media
Center computers with students for career exploration, with generous and cooperative support
from staff; and the intangible but important backing signified by having the principal stop by
repeatedly this year. Student Coordinator Karyl Shand reports that Joyce Williams of the Career
Center was especially helpful.

• We usually look for systemic change in the institutions in which we work. Instead of just coming
into someone else’s territory to help them, we want to see that our strong beliefs in the impor-
tance of individualized support of students and hands-on opportunities to learn science are
being adopted by the on-site adults. We hope to work ourselves out of a job, as teachers, parents,
and other community members take over our programs. This year, however, we saw glimmer-
ings of systemic change in us, in the attitudes and beliefs of program staff and volunteers. It is
easy for outsiders to be critical of institutions; coming in once a week, we can clearly see what
they don’t do or do wrong. It is much harder to grasp the complete milieu: what they do all day,

with what intentions and motivations, and under
which constraints and handicapping conditions.
One reason a high school mentoring program
was difficult to establish was that its very
existence can be taken as an implied criticism of
teachers. Teachers are common scapegoats in
America today, so it is no wonder that many
initially resisted the program, nor that plenty of

mentors were quick to fix on poor teaching as the
problem. But just as teachers slowly learned to trust and appreciate mentors, however, so do
mentors come to realize that the problems of individual learners—and of the American high
school as an institution—are not nearly that simple. As long as we treat one another as poorly
intentioned or lazy or incompetent or arrogant, we will never be part of the same team pulling
in the same direction. How wonderful it was, then, to hear one of our undergraduates say, “We
just have to keep loving and encouraging them!”—and to know that she was speaking not of the
high school students but of their teachers.

• We consider it a sign that the university community is a stakeholder in this program that we
were able to keep some mentors and to recruit a few new ones to bridge the gap for some stu-
dents between the end of UM’s school year and that of Pioneer High. We will never completely
reconcile our different schedules but are glad that some accommodations can be made.

➤ Problems at Pioneer High School

• Because our parent coordinator had to ease out of her work at Pioneer after the first cycle of
matching students and mentors, the UM student coordinator had to spend considerable time
becoming known to the staff and showing herself to be a reliable replacement. She will not be
able to put in so much time on site in the coming year—but neither should that be necessary.
Just as CUOS staff learned to let go and allow Reach Out! coordinators to take on more responsi-
bility, so those coordinators are learning to delegate and empower their volunteers.

How wonderful it was to hear one of our
undergraduates say, “We just have to keep

loving and encouraging them!”—and to
know that she was speaking not of the high

school students but of their teachers.
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• Our tutoring has not yet consistently become mentor-
ing, which we believe branches out from the academic
subject to encompass motivation, organization, learn-
ing styles and strategies, and other seemingly peri-
pheral yet actually vital parts of the teaching-learning
process. Such “full-service” mentoring happens now,
but in more of a random than intentioned way. We
know that, while many of our high school mentees
have appalling deficits in basic skills, they all need
much more than subject-matter tutorials. “More than
anything, I find they need support, a network of
people who care and advocate for them.” They need
help with analyzing their motivational problems, with
learning to set study schedules, with devising strate-
gies to get out of the deep holes in which they find
themselves. Many have no clue, for example, how to
deal with being in over their heads except by denial:
ignoring homework, cutting classes, and flunking out.
They need to be led through determining what can be

salvaged, and negotiating with teachers and counselors over the best step to take next: intensified
tutoring, makeup work, alternative assessments, changes in sections or entire classes. They need to
become convinced that they are not just victims, that there are things they can do to improve their
situation. Moreover, they need to learn that only they can rescue themselves. Mentors can diagnose
and work on gaps in basic knowledge, can provide hand-holding and confidence-building, but the
students must internalize the fact that no one can pour knowledge into them. They are the only
ones who can guarantee their own learning.

➤ Plans for Next Year

Karyl wants to bring our Pioneer mentoring program to what she calls “Phase 3: intentional men-
toring.” This calls for stronger relationships, more commitment, and broader services to teens. Our
volunteer recruiting will emphasize becoming true stakeholders; we will be suggesting a commit-
ment of more than an hour per week next year, since nearly all evaluation respondents felt more
time was needed. Also, for the second year, we will solicit new mentees only in the fall, to allow for
longer-term relationships. We find that recruiting through school personnel, rather than at the fall
open house, gets us fewer mentees but more of the teens we want to serve: those who really need
help rather than the high-achieving students. Accordingly, we expect to work with Student Success
Specialist Tanya Padgett, Student Support Services Coordinator Dee Booker, and coaches to recruit
mentees.
• We hope to put together, with help from school psychologist Jim Swaggert and from mentors, a

study and test-taking workshop for the fall, to empower both mentors and their students.

• We would love to see a math diagnostic test done on each student we work with, if Math
Department Chair Jennie Lombard can arrange for our mentors to facilitate that.

• We want to intentionally incorporate teachers into the mentoring process by having mentors
introduce themselves, as well as by encouraging mentees to go to them for clarification of
concepts not understood in class. This is another way of empowering teens to deal with their
own difficulties instead of feeling like victims.

• Evaluation responses from participants this year showed that mentors’ expectations were often
mismatched with their mentees’ capabilities—and that part of the problem is differences in
learning styles. Most of our mentors are University of Michigan undergraduates; the vast
majority of them were and are successful in the typical left-brained, memorization-heavy,
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lecture-oriented classroom. It can be difficult for them to understand why their mentees don’t or
can’t learn in the same way. We are considering, therefore, a trial week of doing on-line persona-
lity inventory and learning style diagnosis activities to see whether our proposed pairs are a
good match. We suspect that, even if they are quite different, awareness and some understand-
ing of those differences may short-circuit the kinds of misunderstandings and confusion that
were reported to us.

• We plan to directly assist and encourage mentors in helping their mentees with career explora-
tion, using the instruments and resources we have gathered. Not only is this an unfilled need,
but it is also crucial in motivating the high schoolers to apply themselves to difficult tasks. There
is nothing like an attractive career goal to lighten the inevitable drudgery of some course work.
Karyl demonstrated (see section III.C.) that this can be done; now we need to empower our
mentors to take it on. Not so incidentally, we hope that awareness of and familiarity with these
tools will benefit the college volunteers, as well, in plotting their own futures.

• Also, since many mentors and mentees expressed a desire to have more non-study-oriented,
personal interaction, we will encourage small-group social outings to local parks, climbing
gyms, and appropriate university activities.

Finally, we plan to orient mentors to a specific, suggested structure for their meetings, including
these elements: (1) a feelings check at the beginning of each session; (2) a career exploration day
once a month; (3) an emphasis on responsibility and accountability; (4) the establishment of free
e-mail accounts for mentees, via the Web and using library computers, to facilitate more communi-
cation among mentors, mentees, and coordinators; and (5) a learning styles inventory at the first
meeting.

D. Program Implementation at The Neutral Zone
This is an Ann Arbor area teen club formed by teens, parents, and other concerned community
members and organizations. It provides a safe place for young people to gather, to have various
kinds of fun, and to learn things they need to know. We collaborated with the Zone in three
arenas—the creation of a Web site, the launching of an academic mentoring program, and some
guidance in career exploration.

The Web site still resides on our server, at http://www.eecs.umich.edu/mathscience/nzone/
home.html, but should be moved to another server and taken over by the teens themselves soon.
They want very much to publicize all of their “garage bands” and other activities; we can’t possi-
bly keep up with this. Our boost got them started but now we will ease out of this area. Similarly,
we provided training, written materials, and a database system for tracking tutor/mentoring of
teens by community volunteers. We have learned a lot over the past few years about how to make
this work and were happy to provide guidance. Finally, we brought materials to a Career Night at
the center, sharing how teens can use our Web-based resources to explore their own strengths and
interests and the career fields that would suit them. In all three cases, the major organizing was
done by Neutral Zone folks, with CUOS outreach people serving in a consultant role. In this way,
we could reach more teens and they could do more, more quickly, by building upon our experi-
ence. This is a true collaboration of partners each bringing their specialized expertise. Our program
is shifting more and more to this kind of “consultant” model.

The volunteer mentors were adults recruited by word of mouth, undergraduates who could not
meet at our late-afternoon times at Pioneer High, and young adults who read about the center and
its programs in the local newspaper. They did not require much training, just reassurance. For
example, one man was worried and put off by the surface persona of teens (“the cynicism and the
cursing”) but delighted to find what they are really like below that tough and cool exterior—very
like himself but younger and less sure of themselves. “I love this a lot!” he said, letting us know
how important and worthwhile he considered it to work with two students and, intermittently,
two of their friends. The mentors decided, after discussion during their training session, that all
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they really needed to focus on was “What are they trying to learn?” and “Why do they need my
help?” Mentors soon discovered that their teens lack the concrete experience to help them under-
stand concepts. After drawing and using manipulatives to work on fractions, one mentee saw the
light: “Oh, this is like dividing!” This is an example of the kind of basic knowledge gaps that are
impairing teens’ performance in high school; they need a patient soul to guide them through what
they should have learned years earlier. This certainly alleviated the concern of some mentors about
whether they’d be able to handle the subject matter. All of the mentees did improve their grades
during the year.

While our planning anticipated problems with commitment from the teens, and we emphasized
their responsibility to show up when volunteers were coming to help them, it turned out not to be
a problem; they rose to meet that expectation. Jeannine LaSovage also helped the mentors organize
to run small study groups during the summer, when a demand for that was expressed by teens
attending summer school.

➤ Plans for Next Year

In the fall of 1999 we expect to provide mentor training sessions, data entry and reports generated
from the databases we maintain for them, and ongoing support such as sharing new methods, on-
line resources, and strategies for teaching things like study skills. Once the center achieves stability
in administration (it has had three directors in two years), we expect the mentoring program to be
taken over by Neutral Zone employees and volunteers.

E. Program Implementation within the HOPE Program
The Health Occupations Partners in Education (HOPE) Program is a five-year, grant-funded edu-
cational program to support middle and high school students in the Ypsilanti Public Schools with
the goal of substantially increasing the number of African American, Latino and Native American
students interested in and academically prepared for pursuing careers in the health professions. It
is part of the national Health Professions Partnership Initiative, with matching funds provided by
the local partner schools at the University of Michigan and from Parke-Davis Warner Lambert. An
essential element of the program is the pairing of secondary students with adult mentors.

We collaborated in the early implementation phase by spending a lot of discussion time with the
program director, Linda Cunningham, by creating and hosting a Web site for the program, at
http://www.eecs.umich.edu/mathscience/HOPE/home.html, and by helping to recruit potential
mentors and career presenters in health-related fields. We were so taken with this program’s
potential that two CUOS outreach staff members, Joyce Sutton and Faye Booker-Logan, moved
over to the Medical School to work for the HOPE program instead of or in addition to CUOS.

We no longer have any direct connection with the program but feel that it is an example of how,
acting in a consultant capacity, we can share our expertise with others who share our goals.

F. Program Implementation within
 the Serendipity Reading Clubs

This is another example of a “limited partner-
ship” collaboration. Mike Conboy, a retired
professional, took it upon himself to organize
community-based reading instruction for under-
achieving minority children in Ann Arbor Public
Schools. He now has reading clubs in each of the
five public housing sites in the city, sponsored by

the Community Academic Success Team. The Serendipity Reading Clubs proceed from the
assumptions that (1) reading ability at the third-grade level is the key to academic success, econo-
mic security, and lifelong learning, and (2) one mentor can help a child to overcome academic and
social difficulty with a single year of reading training. Our only contribution to the Clubs’ success
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has been to create and host a Web site for them, which assists in recruiting the parents, retirees, and
other community members willing to make such a commitment.

Children from these clubs were chosen by Mike to attend the free summer day camp created and
run by two of our Reach Out! women (see section F just below). In the coming year we plan to
branch out into organizing science clubs at the same sites (see the end of section I of this report). We
consider this overlapping of programs to be a wonderful example of community and stakeholder
development, as it brings together retirees, public housing managers, parents, and UM students.

G. Program Implementation in Camp Discovery
This summer day camp is a new program for us, conceived of, planned for, and completely run by
Reach Out! members Aarti Raheja and Debbie McCartney. They raised funds, arranged tours and
demonstrations, recruited volunteers among their friends and trained them, solicited food and
material donations, and designed and had T-shirts and name badges made. They deliberately chose
to work with youngsters from the Serendipity Reading Clubs at Ann Arbor public housing sites,
who were picked by coordinator Mike Conboy and chauffeured by Mike and his wife Madelaine—
who also personally contacted every parent. A slightly rotating cast of a dozen volunteers—who
worked around summer jobs and classes—helped to provide plenty of supervision. For one week in
June, a dozen third-graders were treated to seven hours a day of a tremendous variety of enriching
experiences. They toured the Kelsey Museum of Archaeology and wrote their names in hierogly-
phics; went to the UM Marching Band’s Revelli Hall and played some percussion instruments;

toured Michigan Stadium and met some UM
athletes; went canoeing in Gallup Park, watched a
demonstration of obedience training with CUOS
administrator Linda Owens’s show dogs; had a
cookout on Island Park, visited the petting zoo at
Dominos Farms and discovered where milk comes

from; watched and learned from the Juggling Arts Club; toured the Marine Hydrodynamics Lab;
hiked through the Nichols Arboretum; climbed one of the UM bell towers and spoke with a caril-
lonist while she performed; toured the Artificial Intelligence Lab; played in Maya Lin’s Wave Field;
toured Central Campus, the Aerospace Lab, and a wind tunnel; got instruction in swing dancing;
checked out a Huron Valley Ambulance close up; played with kites, Frisbees, water balloons, and
magnifying glasses; did some crafts and science projects; learned lots of silly camp songs and
games; and recorded their experiences in their own memory books and with their own disposable
cameras. Two of them even celebrated their ninth birthdays during the week.

There was enough variety for everyone to have a good time. The weather cooperated spectacularly.
The children were terrifically well-behaved, even when understandably excited; the volunteers
were completely exhausted! But, even before
the week was over, the Reach Out! folks were
talking about how they really needed to fol-
low up with some outings during the school
year with their campers. The relationships
formed are the reason we categorize this
program as “mentoring.” The intent was not
to teach specific facts to the children but,
rather, to open many windows on the world
for them. They do not have the richness of
experience to draw upon that upper-middle-
class youngsters enjoy. Camp Discovery was
a pronounced success at providing them
with good times, congenial company, and
plenty of new experiences to think, talk, and
write about:

The intent was not to teach specific
facts to the children but, rather, to open
many windows on the world for them.
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We walked thousands of miles around the football stadium—and it was so hot—but I loved it!
I’ve never been inside there. It is so big!

Adria had to stay home today to talk to her college people. She’s going to college next month.
She said she’s excited and a little scared. I would be, too.

We had a picnic today. Rich (and he’s going to marry Debbie!) cooked for us.

Dogs need lots of care, you know that? Just like kids. You wouldn’t believe what Linda has
taught her dogs to do. It’s cool.

You know Aarti? She’s going to be a doctor. I’m going to go to her. She’s nice.

Ann Arbor is so big, I can’t believe it. We’ve been everywhere—and Reulonda said we haven’t
even seen half of what is around here. Go figure.

Roselle is quiet, but she is smart. She knows lots of stuff, just ask her. Ask her anything. She
knows something about anything.

Me, tired? No way! We're going to the Bell Tower and see all over Ann Arbor from up there.

Karyl is so pretty. She might be an astronaut! And she flies planes!

Every child and counselor went places and did things that were new to them. This was by design:
if children are to learn to think like scientists, they need plenty of real, physical experiences, along
with guidance in observing, predicting, and asking questions about how the world works. Camp
served as an informal laboratory for this process. For example, while canoeing, participants had to
theorize about why they were going in circles, about exactly what their oars were doing to propel
them, about how they could change their technique to improve their control. We could theorize
about the reasons for it but, whatever the explanation, these children need to be prompted to ask
“Why?” and to actively think about how and why things happen. Whether they become scientists
or not, this habit of mind will surely affect their lives for the better, if only because an understand-
ing of cause and effect opens the mind’s door to the whole notion of personal power and responsi-
bility. If things happen for predictable reasons and they can alter the terms of an experiment, that
means they can also take active steps to control their own lives—rather than living as powerless
victims.

➤ Program Evaluation

All counselors gave the following consistent
feedback, that they (1) thoroughly enjoyed the
overall program; (2) believe we made a differ-
ence in the children’s lives even though it was
just one week; and (3) gained an appreciation
for children’s intensity, their need to be con-
stantly active, their challenging nature, their
sensitivity (i.e., easily having hurt feelings), and
their immense need for attention all of the time.

Six counselors shared realizing that they had
become overly concerned about the children
having a good time. At the last day, all were
surprised when several children picked as their
“most fun” activities things that they had
appeared not to enjoy at the time. Children are not predictable—their faces or words may not
express their real feelings. Most rated canoeing and swing dancing as “awesome,” for example,
when several had been very reluctant participants. We think it is good that there was such a

“This is what I call a bell!”
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diversity of activities, as all children were exposed
to things that met their interests and likes and also
to things that weren’t high on their list but were on
someone else’s. Children who celebrated their
birthdays during the week loved the fuss made
over them, of course.

Mike was surprised that all 12 children came each
and every day. Three children consistently arrived
at least 15 minutes earlier than they needed to at
their pickup spots. The children loved this camp—
and their counselors, too. Many had never been at
a day camp like this; eight shared that they hoped
they could do this next year. Three had other plans
for the summer, such as sports camps; the remain-
der had no plans “anymore.” Several of these
eight- and nine-year-olds were the oldest in their
families and shared that they would be baby-
sitting the rest of the summer.

The two directors dealt with typical program planning obstacles and difficulties: the weather, disci-
pline problems, respect and attitude problems, partners who changed their minds about contribu-
tions, liability issues, medical care concerns, and general health and safety issues. They developed
daily assessment and program evaluation components. Taking on great responsibility, they learned
a lot. This camp was also a learning experience for the K–12 Outreach staff, who bit their tongues,
stifled their pessimism, and let the Reach Out! team go to follow their ambitious dream. Once again,
it was driven home to us just how capable and responsible young adults can be. The changes
wrought in them by working with children and by taking on increasing responsibility are so
edifying. Their service makes them better people and assets to their community. They now have a
relationship with the five public housing sites, the Serendipity Club leaders, and many children and
their parents. They are moving to expand our science clubs and mentoring programs at these sites.

Overall we saw how needy these children are—how much they want to do things with adults,
spend time with them, hang onto their hands, be touched. Three children shared they were sur-
prised the adults didn’t get paid to do this; we think that this was an important difference for all.

➤ Plans for Next Year

Aarti has started medical school and Debbie will graduate from
UM next spring, so a second camp is by no means certain to
happen, but they did a careful evaluation to help in planning if
we do try this again. Their major recommendations:

• Shorten the day from seven hours to six. All adults shared that
the day was too long for them. Most of the children seemed to
have the energy and capacity to keep up, but the adults were
exhausted!

• Schedule fewer activities and more “down time.” Although
the children seemed to love it all, adults often felt rushed
doing and seeing so much.

• Two who had worked with children a great deal reinforced the
need for all counselors to “lighten up” and play with the children. One shared, “They are kids
and this is a camp. We really need to let them have fun, run around. We aren’t in schools and
classrooms—and that is no doubt an adjustment for all of us.”

Aarti & Debbie
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We learned a great deal from this pilot program that is applicable to others, but the effect on
providers may be as important as anything it did for the child participants. These coordinators and
volunteers reached new levels of commitment and resolve to better their communities, now and in
the future; they obtained a visceral understanding of some of the obstacles faced by children of
another economic class; and they gained assurance in their ability to plan and run programs of real
responsibility.
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III. Career Clubs

A. Program Implementation at Owen Elementary School
We have been nudging and supporting our partner schools for some time to give children more
explicit help in exploring careers. At the Fall 1998 meeting of the Southeastern Michigan Math-
Science Learning Coalition, hosted by the Detroit office of Wayne County 4-H Extension Service,
we all became aware of the terrific materials already developed by 4-H. Combining these curri-
cular materials with the human capital we have built up for career presentations, tours, and job
shadowing seemed like a natural marriage.

In spring 1999, Owen School paid coordinator Debbie Shoemaker, a Pontiac Public Schools parent,
to run a Career Club in collaboration with Oakland County 4-H and with Learning Community
Coordinator Susie. Susie helped with planning and materials; Debbie supervised two clubs of ten
children, each meeting twice a week for about 12 weeks. They explored some 30 possible careers,
including two in-person presentations, one tour, and two job shadowing experiences.

The students visited a home-based glassblowing business to see a demonstration and to talk about
starting one’s own business. A cartoonist came and talked about how he got into it as a sixteen-
year-old by taking his drawings to the editor of the Oakland Press, where he is still published
every week. He is in college right now studying engineering, so he could share how one dream can
be used to support another (and how one is not stuck for life in the first career track chosen). Stu-
dents, along with their parents, went to City Hall and were able to participate in the live taping of
a Substandard Housing Hearing involving the city council. (Susie Shoemaker is also a City Coun-
cilwoman.) They were able to ask questions, to run the cameras, and to learn what an administra-
tor for cable television does. They were fascinated and stayed a lot longer than expected.

Finally, club members—joined by the technology club—toured the
television studio of UPN-50. They were able to see a video on the
studio itself and to walk through the studios where different shows
are taped. Meteorologist Jim Madaus spoke about his career and
what he does in weather reporting. Students thought it was cool to
know his office is located right in the news studio so that, at any
given moment, he can go right on the air to broadcast an emergency
weather report. The students were extremely well behaved and
asked a lot of great questions.

During fall 1998, Susie had planned the Careers Theme Week. Theme weeks were the intersessions
during the year-round schedule that Owen used until the end of the 1998–99 school year. First
through fifth grades went to City Hall and to the 50th District Court. Students experienced a mock
trial with the Chief District Judge Leo Bowman. The students learned about the three branches of
government at City Hall with Mayor Walter Moore, Councilwoman Shoemaker, and Judge-elect
Preston Thomas, and they toured City Hall. The fire department shared fire safety and explained
their job to the K–2 grades. The 4–5 grades learned about Pontiac Landfill through a presentation
done by Director Claudia Filler. Students went to the landfill that
afternoon and learned about composting.

On Election Day, as part of the civic careers theme, K–5 grades came
down to the Learning Community Room to vote. Susie developed
lesson plans and printed out sample ballots; the City Clerk’s office
provided a voting machine, voting booths, ballot pens, official ballots,
and gifts for every child. The children in 3–5 grades filled out their
application to vote forms, received their ballots, voted in the booths,
and fed their ballot to the machine. At the end of the day, the winners
were announced over the P.A. system.
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The Police Department allowed students in the third grade to come and tour the police station.
Children loved the presentation and tour and loved being with Officer Mike Daves. Officer Daves
visited school on Thursday and presented to each of the K–2 grades on what a police officer does
and on personal safety. He ate lunch with the children and came down to participate in the voting.
The children really came to know him and to appreciate what he does.

It was wonderful to see how so many community resources and people could be pulled together in
a thematic way to expose children both to potential careers and to the lore of citizenship they will
need as adults.

B. Program Implementation at Slauson Middle School

➤ Program Description & Goals

A match was made between the Ann Arbor Kiwanis Club and Ann Arbor’s Slauson Middle School,
through Health teacher Doris Sprentall. CUOS K–12 Outreach Director Jeannine LaSovage, a
Kiwanis member, piloted a career exploration program with a class of 25, guiding them through a
process of self-analysis designed to discover what kinds of work and fields they would be happy
and productive in as adults. Then, Jeannine facilitated planning and execution of a five-week
program in April and May 1999 with the following goals:

1. Establish a partnership between Slauson and Kiwanis to renew the Builders Club (a Kiwanian
community service club for middle schoolers)

2. Provide pairs of children with a mentor to help them explore their talents, gifts, learning styles/
strengths, and skills.

3. Help them research appropriate career fields, including at least one on-site job shadowing/
informational interview experience

The program proceeded from several assumptions: (1) it is too much to ask schools and teachers to
take on one more task such as this; (2) organization within the framework of an appropriate class,
such as health, allows controlled entree to the children, which can be followed by as much after-
school and weekend meeting time as necessary; (3) implementation within a school allows for
access to the wealth of career exploration resources and self-analysis tools available via the World
Wide Web; (4) such a program must allow for consistent contact with the same adult so that rela-
tionships can be formed; and (5) the program must be “customer-driven”—flexible enough to
follow the interests and imperatives of the young people planning their own lives and also com-
mitted to finding them shadowing experiences directly related to what they want to do.

The last proviso stems from our analysis of traditional
Career Days as well-intentioned but usually only margin-
ally successful, both because children do no preliminary
analysis of their talents and career options, and because
they are logistically forced to spend time in presentations
on fields that do not interest them. Such shortcomings are
an inherent and unavoidable aspect of any such large-
group, one-shot attempts to meet children’s career explor-
ation needs. Our experience with college undergraduates
has convinced us that almost no teens have a real concep-
tion of what career options are available to them—and even
fewer have done the hard work of self-analysis that is required to hone in on fields truly suited to
their abilities and interests. Our longer term Career Clubs are meant to systematize their inner and
outer explorations over a longer term with help from a caring adult guide, making use of person-
ality, temperament, and character analysis tools, plus the vast amount of specific career informa-
tion available on the Web.

Almost no teens have a real
conception of what career options
are available to them—and even
fewer have done the hard work
of self-analysis that is required
to hone in on fields truly suited
to their abilities and interests.
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➤ Program Implementation and Results

Eight Kiwanis mentors (Letitia Byrd, Wes Colmery, Lynne Lande, Burt Lamkin, Jerry Hartweg,
Tom McFadden, Jerry McMahon, and Peter Schork) were coordinated by Gene Parola of Kiwanis
and Doris Sprentall of Slauson to work with pairs of children from Doris’ Health class for five
weeks. Jeannine LaSovage of CUOS prepared materials and provided training for the mentors.
These small groups met, found islands of calm in a crowded school, and did the following: got to
know one another, completed at least one individual personality/aptitude survey, explored iden-
tified career fields, examined multiple intelligences and learning styles, related these individual
strengths to possible careers, found and arranged at least one individual shadowing experience,
and wrote both thank-you notes and short papers describing what they had learned about them-
selves, about possible career fields, and about next steps they could take to further explore these
fields.

What did we learn? Number One would have to be that children loved this experience! They were
initially dumbfounded by the question, “What do you like to do?”—and soon realized that many
of the things they do are done to please or meet the expectations of someone else. They had diffi-
culty thinking of what makes them happy, independent of the plans and expectations of parents,
teachers, and other significant adults.

Second, we reinforced our conviction that young people are generally clueless about careers
available, other than those they’ve seen in their families or in the media. Even if they have some
idea of what they’d like to do vocationally, they have none about the variety of arenas in which a
specific skill can be applied. Further, they were universally relieved to learn of the now-standard
“serial careers” that imply they do not have to decide right now what they want to do for the rest
of their lives. They were delighted to learn about both gradual transitions to new skills and abrupt
career changes that adults routinely and successfully negotiate.

We were exceptionally pleased to see the serious role staked out by the Kiwanis volunteers, who
had to go beyond their circle of friends, family, and coworkers to acquaintances of this inner tier in
order to find people in the right fields to match with their children. It was such a learning and
growing experience for the volunteers, too. Some were initially a bit apprehensive about working
with the children and were sometimes hesitant to make “cold calls” to strangers to help arrange
shadowing experiences. But  they pushed through this anxiety to do wonderful things with those
they mentored. Why did they do it? Not just because they are altruists, we’re convinced. Beyond
the enjoyment of helping children in a direct and personal way, they seem to have a common con-
cern for righting a wrong or filling a hole in the education of children for life. Perhaps they hope to
have such programs in place for their own children or grandchildren, and several expressed a
concern for making a positive and personal mark on the world. The point is that they could over-
come discomfort and worries about the ability to pull this off because they were passionate about
the need for it: they share a visceral conviction that children really need this, they aren’t getting it,
and that they, personally, could change that.

➤ Plans for Next Year

The Kiwanians do not just want to continue this program, they want to expand it to every middle
and high school in Ann Arbor Public Schools, simultaneously reviving their Builders Clubs and
Key Clubs at those schools. In addition to doing community service, members would receive ser-
vices, as well. The plan is to bring in Circle K (the college version of Kiwanis) members from UM to
help in this expansion. Contacts have been made and funding requested for Circle K coordinators
at each site. We will probably begin more modestly this year, while planning for this broad a pro-
gram in the fall of 2000. We are all excited at the prospect of bringing disparate elements of the
community together in this way.
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C. Program Implementation at Pioneer High School
Our mentoring program at Pioneer piloted an explicit career exploration component this year,
which was very individually tailored by UM student coordinator Karyl Shand for each of the six
high school students who tried it. We think of this as prototyping for how mentors can be guided
to do the same things with their mentees: help them think about their abilities and interests (using
such tools as personality and type indicators, learning style inventories, and multiple intelligences
surveys), brainstorm an array of possible career interests, narrow down choices by researching
those fields, and find an individual in a specific field of great interest with which to discuss details
of preparation for that field and various arenas in which the particular skills could be applied—
and to see firsthand the parameters of the job. We envision this as a significant enhancement of the
mentoring program, for both mentor and mentee, since both will be made aware of the self-
analysis and career exploration resources available and will put real time and thought into such
matters. We believe that our undergraduate mentors are just as much in need of such reflection and
research as the high schoolers. In fact, our
coordinators, all of whom feel they were
“pipelined” into engineering, are adamant
that we should be focusing on the whole
person and helping each of our mentees
become complete and successful human
beings, rather than “feeding fields that
need bodies.” Instead of shunting anyone
with brains into a technical field, they be-
lieve we should be assisting people in dis-
covering who and what they were meant to be. As one impassioned undergraduate put it: “No one
should graduate with a 2.5 [grade point average]! If you do, you’re in the wrong field—and will be
neither happy nor productive.” If you can find your own passion and learn how to pursue it, on
the other hand, these young women are certain that it will be better for you, for schools and col-
leges, for employers, and for entire fields and industries.

➤ Plans for Next Year

The plan is to help mentors guide their teens through some self-analysis, using tools available
through our Web site; research fields of potential interest; and then explore a few more directly
through job shadowing, tours, or an e-mail relationship with a professional in that field. Only a
few, from Karyl’s experience, will be ready to go through this entire process, but all should find at
least an introduction to it useful. Our orientation for mentors will, accordingly, be much longer and
more formal than in the fall of 1998. We expect this requirement to reduce the number of our
mentors, but feel the trade-off in the quality of the mentoring relationship will be worth it.

Our coordinators, all of whom feel they were
“pipelined” into engineering, are adamant that
we should be focusing on the whole person and
helping each of our mentees become complete

and successful human beings, rather than
“feeding fields that need bodies.”
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IV. Technology

A. Program Implementation at Owen School
Just as Owen School has empowered
elementary-age children to teach one
another science as Science Wizards,
so they have pioneered the training
and use of children as Technology
Wizards to teach peers to use com-
puters and the Internet.

By January 1999, one Technology
Wizard in each fourth- and fifth-
grade room was trained in how to
use a computer, how to type cor-
rectly, how to log on and off the
Internet, and how to search the Web
for information on specific topics. These children could then coach or train others in their rooms.
By the end of the year, over a hundred students were capable of searching the Web for information
for reports, for science activities, for support materials for their teachers, and just for fun.

B. Program Implementation through Coalition Web Site
Our Web-site resource base continues to grow and to be used heavily for instructional purposes,
career exploration, personal planning, and learning community development. At user request, we
added a section of 392 Quick Activities for groups who do not have the time to do complete science
lessons. The site also carries 309 hands-on lessons, 13 Science Wizards, 108 career presenters, 47 job
shadowing opportunities, and 90 tours. Recently added self-help resources assist mentors and their
students—as well as parents and their children—with college and career planning, academic ques-
tions, personal problems, and study skills.

➤ Sites Created for Collaborators

We created and hosted basic Web sites for several collaborating partners during the past year:
Serendipity Clubs: http://www.eecs.umich.edu/mathscience/serendipity/home.html
Ann Arbor Kiwanis:  ../mathscience/careerclubs/kiwanis.html
The Neutral Zone:  ../mathscience/nzone/home.html
HOPE:  ../mathscience/HOPE/home.html

We also maintain Web pages chronicling our science clubs at
five sites, our mentoring programs at five sites, and general
school pages for our partner elementary schools in Pontiac and
Ypsilanti—although we are having a tough time keeping up!

➤  Usage Statistics

Our Web site has recorded about 62,000 hits since fall 1996.
About 400 users have contacted us by guestbook or e-mail,
from at least 17 countries and 43 states. Nearly half wanted
help of some kind—most often with a science fair project or in
finding a particular kind of curricular element. So far, the
site’s “webmaster” has almost always been able to provide
that help in a brief amount of time. As these demands in-
crease, however, the responses may get less complete. Mean-
while, though, she delights in “teaching people to fish”—
providing, along with an answer, an explanation of how she
found it, and how they could do so themselves the next time.

Numbers Web-Trained 1997–99
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V. Research Experiences for Teachers Program
In July 1999, we held our first Research Experiences for Teachers (RET) program, with nine partici-
pants—four teachers, four undergraduate teachers in training who coordinate children’s science
clubs for us, and another undergraduate club coordinator who does not intend to teach. The first
eight were funded by a National Science Foundation RET grant and the last  by CUOS. A large
group of professors, researchers, graduate students, and visiting undergraduate students from the
center’s Research Experiences for Undergraduates (REU) program collaborated to plan and imple-
ment a two-week series of lectures, demonstrations, and hands-on tutorials for participants on op-
tics and the major themes of the center’s research. But this was only half of the program; the after-
noons were spent with CUOS K–12 Education Outreach Director Jeannine LaSovage and Program
Associate Martha Toth exploring pedagogical research (on multiple intelligences theory, learning
styles, cooperative and project-based learning, recent brain research, etc.) and how it could be
applied to teaching young people about light and optics—or about anything else.

The two parts of the program complemented one another extraordinarily well. Since none of the
participants was an expert on optics, the morning sessions served as laboratories for us to observe
how we ourselves learn. The variety of teaching styles and methods allowed us to experience and
reflect upon different ways to approach, grasp, and integrate new material.

A. Things We Learned

➤ The nature of science—and the license it gives to
admit your ignorance

An important part of the CUOS mission is to attract more
young people to scientific research as a career; it seemed
important, therefore, to ask our “providers”—all the
scientists helping us—what had drawn them to careers in
research. Nearly all related anecdotes about a relative or,
occasionally, a special teacher who had turned them on to
the excitement and wonder of science through simple
experiments that helped them to understand scientific
principles and that left them with more questions than
when they started. For them, particularly the older respondents already established in and com-
mitted to their careers, the whole point of science is not to learn what we already know but to find
explanations for what we cannot yet understand. They are puzzle-solvers, people who have
learned to accommodate partial and temporary truths. They can live with not knowing the one,
right answer because they know that the scientific method and view of the world is all about
constructing, testing, and endlessly refining theories.

They have been mystified, bemused—even stunned—by popular debate about whether the theory
of evolution should be taught in public schools, given that it is “just a theory.” Similarly, they
quickly realized that RET participants came in looking for an established body of knowledge:

The RET participants seemed to want scientific truths, facts, and laws, when the reality is that
science is all about mysteries. Just when we know something, something else pops up that we
don’t know.

People seem to have the wrong idea about science and scientists. We toy and tinker, explore and
experiment. When we come to know something, that something always opens many doors to
other things we don’t know.... We should all be in awe of what we don’t know, won’t know,
couldn’t begin to know.

I wanted to tell them and show them some truths. But the reality is we are about coming up
with truths all the time. I really had a jolt of comprehension when it hit me: I work every day to
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comprehend more about what I don’t know. And when I do know something, it just leads me to
more I don’t know.

The scientists all emphasized to participants that science is more than a collection of facts that they
have not yet learned. It is a search for understanding, in which even the experts don’t and never
will know everything. Much of the educators’ intimidation and fear of being perceived as ignorant
was lost in the realization that, in this field of all others, it is okay not to know.

➤ Scientists are not made by good, traditional teaching—but in spite of it

It was a revelation to teachers that most scientists became what they are in spite of, not because of,
their formal training. Across the board, the CUOS scientists, graduate students, and REU’s shared
that what intrigued them and got them into science was hands-on and fun learning, in informal
situations (not classes), with adults who loved and cared about them. In these experiences, they
were nurtured, they didn’t worry about not knowing, and what they tinkered with or built had no
pre-designed answer or outcome.

Their formal education was not a satisfactory experience for most, even though these people are
almost all very capable traditional learners, able to memorize well, to digest lectures, and to teach
themselves from textbooks. Four shared that they had nearly left their field of study because they
so disliked the teaching methods, learning experiences, and pressures for grades and test scores.

Twelve CUOS people shared that the further along they went in the educational system, the more
pressure there was to give the professor what he or she wanted, to focus on short-term memoriza-
tion rather than building understanding, and to compete with peers. Eight graduate and REU
students noted that, typically, one person rose to take charge of a lab team or study group; they
had never been exposed to the developed lore about roles and skills that make partnerships and
small groups work effectively for all.

Three providers said that they were shifting major paradigms of thought about teaching and learn-
ing; one professor shared, “We tend to roll into the groove of ‘teach them what I know; expect them
to tell me what I know.’ And when I step back, that certainly didn’t engage me in learning and it
isn’t what I want for my students. In the labs, we get more of a chance to engage in true learning
and exploration. But how many students get that opportunity? How many undergraduates, or
teens for that matter, are we losing because they think science is about lectures, quick labs with
predetermined answers, and producing what the instructor wants them to produce. This experi-
ence has made me really pause to think about our educational system—and what we do here for
undergraduates and graduate students. One of my REU students shared that the time spent here in
our lab and working with the RET program made a world of difference to her. We need to think
more about these cross-age, cross–educational-level kinds of learning experiences.” Another pro-
fessor shared, “The level of respect we all purposefully gave to one another and to the RET people
really struck me. So often, we get into a class mentality here [at the university]. I watched before
me how we each brought something to this party, how we each honestly grew from interacting
with one another, and how diverse we are in degrees, interests, jobs!”

The K–12 teachers, of course, took away the message that, rather than doing what they have
always done better, they need to be doing things very differently. We cannot let the joy of discovery
get lost in the pursuit of achievement test scores.

➤ There is art and science to teaching and learning, too

Reflecting upon what they had enjoyed and detested in their
own educational experiences guided providers in planning
experiences for us—and made them think about how their
current or future teaching methods might be improved. We
believe they were surprised to learn how widely their own
dissatisfaction with the system had been shared.

The K–12 teachers took away
the message that, rather than
doing what they have always
done better, they need to be
doing things very differently
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K–12 teachers also tend to come from the portion of the population that does very well in a tradi-
tional school, yet most of us were unhappy with our school experiences, too. Just as scientists were
inspired by their early experimentation, we were often motivated to replicate the great learning
experiences we had had—and to improve upon the terrible ones. The differences among even our
small group were startling and brought home to us in a visceral way that an inability to learn
something in one way does not equate to a complete inability to learn it. We all know the “gospel”
that “all children can learn,” but now we truly believe it
because we’ve seen among ourselves that a different approach
can work where others have failed. When asked to identify a
learning experience during these two weeks that had been
particularly productive, almost every participant identified a
different one. Every presenter was someone’s favorite—so why
do we act as if a single kind of presentation will reach all of our
students?

The labs were key—I need to see the lectures put into action
and to participate in my own learning to really learn.

I already knew most of the information presented from my
science and math classes. However, it is important to note
that the hands-on activities helped me connect the dots of
information better than lectures ever have. And I gained a
much greater depth of understanding about things I have
thought I already knew. I learned a lot from listening to
others think about and ask questions, too. There is a big
difference between learning to get the facts and information
and learning for understanding.

So many times, I think teachers aren’t in love with what they are teaching, and they aren’t
really making an investment in the individual students. I had the feeling that each CUOS
person cared and wanted each of us to go away understanding more than when we came into
their labs. They were very open when they didn’t know an answer, and they each stressed the
importance of learning more and more—and that there is never an end to what we will learn.

So often in lectures, I feel panic—to keep up, to understand the terms, to think about what will
be on a test. [One presenter] took away all of that. He is so patient and persistent in the delivery
of his knowledge. I truly felt like he was totally invested in me and my learning.

None of ever felt dumb or like we were asking a bad question. We need to make this kind of
openness happen when we are with our kids this year.

I was ready to feel totally intimidated by them, what they do, what they know, where they work.
All of these barriers were torn down within the first few days. Working with them totally took
away the notion that only “brainy and nerdy” people do science and lab work.

CUOS providers had been worried about teaching us, because they knew that in the afternoons we
were dissecting how we had been taught in the mornings and how well we had learned. They
were anxious to be good presenters, to have “classroom participation” among us, and so forth—
just as we were anxious about revealing our ignorance to them. All shared that after our first
encounter, they felt safe and at ease with us. Eight confessed that they learned a lot about their
own teaching styles and strategies from preparing for and working with us. Several graduate
students realized, in preparing to teach us basic concepts, that they had more memorized than
understood them, themselves. They proved the  adage that the best way to really learn something
is to teach it to someone else. A greater appreciation for us as educators and as researchers in our
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own field evolved. Two professors, four research scientists, and three REU’s believe that they will
be better teachers themselves as a result of interacting with us.

➤ Learning community is not just something we help others to create elsewhere

The CUOS K–12 Outreach Program has spent years helping to develop learning communities in
Ypsilanti, Pontiac, and Ann Arbor, but we have neglected our own. The RET program was the
catalyst  and vehicle for deepening our own learning community here at CUOS and for expanding
it beyond the center. Four scientists were rather surprised at how much they and their graduate
and REU students enjoyed planning and preparing for these experiences. Relationships deepened
among them, as well as between them and the RET participants. It is entirely possible to work at
the center for years without really knowing more than a few colleagues or being truly aware and
appreciative of what each does.

I have worked with CUOS for 5 years, and I finally feel like I know what CUOS is about and I
really know the professors, scientists, and students. I feel confident about calling and working
with them now. We are more alike than I would have thought.

The theme that recurred most often in feedback was how refreshing and liberating mutual respect
is; at times, we all slip back into the competitive habits in which we have been so well schooled.

Their sincere concern for our learning and the respect they had for us made us feel comfortable
to learn and to ask questions.

[The presenters] were so excellent. They love to teach and were so open to interact with us, to
share, to make our understanding the most important thing. I want to become more like that
when I work with children and teachers—to put them as number one and to respect them.

I really learned to trust new people, which is not usual for me, and to risk sharing my ideas and
feelings about learning and teaching.

The K–12 participants were invigorated and renewed their excitement for science learning from
being with each other. They shared how important it was to bounce ideas off of each other, to share
their strengths and weaknesses, to work together, to share resources. Too often, they feel all alone
in their teaching, planning, and working with children.

Each of the program participants added significantly to the dynamics of this project. As the new
person, I really felt that every person was very accepting and open to me. The level or intimacy,
truth, and sharing among those that already knew and worked together was at first hard for me.
It isn’t what I am used to.

I have a real life experience now for “learning community” and the “village” that it takes to
raise and nurture a child. I was anxious about this program, I felt kind of like an outsider and I
wondered if I would “fit.” I now feel confident about my role this year, I have friends and
colleagues to turn to for advice and support, and I know we will help each other and share ideas
and resources.

➤ Respect for different learning styles, multiple intelligences, hands-on learning

Given that a major aim of our RET program was to improve science teaching and learning through
an exploration of current research in pedagogical methods, we spent about half our time studying
and reflecting upon learning styles, multiple intelligences, project-based learning, and cooperative
learning. [This is hardly the place to go into these theories and research in detail, but when we post
this evaluation on our Web site, we expect to add a list of appropriate Web links for those who are
interested.] While most of us were familiar with the terms, a thorough examination of the theory
behind these methods made us realize that we often go through the motions without truly imple-
menting these practices. When you have time to digest and internalize the reasons why you should
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teach—or, more accurately, allow learning—in certain ways, you’re much more likely to get it right.

In this situation, we were not applying some theory to someone else’s learning; rather, we were
examining our own. Eight of nine participants developed a greater appreciation for how they learn
and could see more clearly when they were set up to fail or to be frustrated in formal classes, given
the lack of match between the teacher, his/her methods, the experiences for learning, and the
modes of evaluation, as compared to their own strengths.

Regarding science and math, all nine shared that, sadly, those who teach in these fields are reach-
ing those who learn their way—and so it becomes accepted that only “those kinds of students” are
can do well in science, math, and engineering. All participants shared some pretty major changes
in their own beliefs and attitudes about themselves and science.

I was conditioned and schooled to think that I wasn’t good at science and math. My parents and
family also had bought into thinking that our family just wasn’t good at those subjects. Now, I
can say that I love science, and I love teaching it, and I feel confident about helping children
and teachers enjoy and experience science. We have to keep battling for a change in this
perception of what is science, who teaches it, and who learns it.”

All felt they had some misconceptions about learning styles and had come to believe that teachers
and professors seem to think that “smart” students learn one or two ways—and that everyone else
who doesn’t learn that way isn’t as smart or as capable. Eight of nine believe that we all need to do
much more to help children, teens, college aged students, parents and teachers learn more about
their own learning styles so they can make better choices about classes, teachers, schools and col-
leges. We were all amazed at how different we are in our learning styles, and eight of nine think
that we each learn more when with others who learn differently then we do. Suddenly, we really
understood what the fuss about “diversity” is about: individual differences in learning can enrich
the experience for all.

Most now believe that teachers need to be more facilitators than imparters of wisdom, that learners
need to be actively engaged, and that learners must understand how they learn in order to be suc-
cessful. Seven of nine shared that there are serious points to consider in how we evaluate learners:
if we buy into learning styles and multiple intelligences, then we have to not only provide oppor-
tunities to learn in these different modes, but also allow students to demonstrate what they learn
and understand in ways other than the usual papers and tests.

A majority of participants had come to the
program subconsciously believing that
those who learn in a hands-on way are not
as smart as book learners. It was
profoundly surprising to them, then, that
the best learning experiences and the
nature of the research jobs of our scientist
presenters were and are hands-on. We tend
to think of hands-on workers as auto
mechanics—when they could just as well
be neurosurgeons.

When we went to all the different labs,
every single person was doing something
hands-on: mixing, setting up, observing,
analyzing, listening to others ... taking
apart and putting back together. Yet they
are such big-picture thinkers and
integrators.
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Our programs simply must encourage our children and teens to get in touch with their own learn-
ing styles, and give them opportunities to learn the ways they learn best and to demonstrate that
learning in many ways.

We must realize that we all learn differently. Knowing this, we should try to cater to these
different styles so our children will all be able to learn what we are teaching. And, we must help
our children realize that one learning style is not better than another one.

Now that I am aware of different styles, I see evidence all the time of how my friends and family
and even new acquaintances learn. Sadly, I think few of us realize that there are different
learning styles and that we are all capable of learning just about anything if allowed to learn the
way we process and understand best.

We each must keep recognizing our own learning styles, because we too easily push these styles
on our children and even friends and family members. I am growing and growing on how and
when we learn and finding myself more and more capable of investing in my children and
teachers, taking them where they are, helping them realize how they learn best different things,
and then helping them learn and giving them resources. I can’t begin to say how excited I am
about this.

➤ Deeper understanding of cooperative and project-based learning

We have all had enough experience with contemporary American education to know that a cooper-
ative learning strategy is part of the orthodoxy now, yet many of us had negative feelings about it.
Discussion and study made us realize that what we disliked were really ineffective, superficial
implementations of an essentially good theory. Across the board, everyone shared bad personal
experiences with “cooperative learning”; the key points:

• teachers didn’t give enough time for these experiences
• neither teachers nor students understood the roles needed among the group to make things work
• one person usually took over; several dropped back and let others do it all
• groups were not formed so as to honor and utilize different people and their knowledge, skills,

learning styles, etc.

Eight out of nine participants want more time to study models of effective cooperative learning so
that we might incorporate more in our classrooms and clubs. We realize we need more under-
standing ourselves, more experiences of it when it really works, to help make it happen in the field.

When we really step back and look at what we are doing, I dare say we rarely are doing it so it is
effective and worthwhile for the students. Many times we say we are doing cooperative learning,
but how much real cooperation is going on? How much valuing one another’s ideas and ways of
thinking and learning? We need to do more cooperative learning ourselves to feel it and under-
stand how to facilitate it. I think we had many examples of great cooperative learning in these
last two weeks.

Current and recent undergraduates among us shared that cooperative learning takes a sincere
respect for one another and appreciation for people thinking and learning differently from oneself
—not competition within the group or with other groups. Our society and our educational system
are structured to encourage or enforce selfishness and competition, though.

We tend to be very selfish, self-motivated, competitive with each other, wanting things to happen
fast—and we don’t value and respect one another.

All agreed that we must model cooperative learning and promote it in our communities. Often,
what is called cooperation, isn’t.

Similarly, we all have had experiences with so-called project-based learning that undermined the
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very theory behind the strategy. The most common implementation errors were having projects
assigned by a teacher or selected by a parent, and having a project with a predefined outcome,
model, or answer. We believe that the whole point of project-based learning experiences is to
emulate how people work in the real world—and no one does research to confirm a thoroughly
proven answer. Nor do they spend their lives (we hope!) investigating matters of no interest to
them personally. So, what would we expect children to get out of going through the motions, aping
research with all the adventure and interest excised? Not that we think children must be doing
completely original research: if the results are unknown to them, then it is original to them.

Most project-based learning among children tends to be scientific (although it needn’t be, of
course), either science fair projects or science laboratory experiences. The single most common
mistake we have seen is expecting the “right answer”—and grading them on it!—instead of valu-
ing the careful procedures, documentation of process and results, theorizing about the explanation
for results, and designing or at least suggesting follow-up experiments to further refine the devel-
oping theory. This is how real scientists work. And the unexpected results are the most exciting!

This strategy could truly encourage students to assimilate what they know, find something of
real meaning and relevancy to themselves to do and learn, and give them the open-ended time
and encouragement to get very engaged in their own learning.

Eight of nine felt strongly that this should be a primary way of learning science and of doing inte-
grated or theme-based learning. It offers many advantages:

• Project-based learning promotes individualism, self-confidence, and self-efficacy—the feeling
that students can do things of real importance to the world and of interest to them.

• It helps them link and connect experiences and learning.
• It can promote learning community: e.g., the

teacher helping children meet to learn with
and work with people in the community who
share their interests.

• It honors individuality and promotes respect
for others.

• It allows and encourages learning far beyond
one teacher’s expertise.

• It lessens competition, since there isn’t one
project everyone should do, only one way to
do something, or only one answer.

There are, of course, constraints and roadblocks
to implementing project-based learning:

• This strategy requires a sincere commitment
from the teacher to invest in and trust the
learner, to be student-centered, to let go of
control, to promote children learning and
building on their own experiences and
interests.

• It takes a lot of time, both with each child to help ponder the possibilities and to define personal
interests and for the child to execute the project.

• It requires storage space for materials, since projects are ongoing rather than quickly finished.
• It is very labor intensive, as each child or teen really would need a mentor for support and

encouragement. But, this necessity would promote learning community, since it would require
getting adults involved with children.

Susie plays with her cow’s eye
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Participants noted that teaching is very much project-based learning, as we devise, design, imple-
ment, and evaluate programs for children. Maybe it will help our morale to know, then, that there
is no one, right answer in our line of work, either!

➤ Deeper commitment to hands-on science

All of us came into the RET program with some degree of belief that hands-on is a great way to
teach science. We all left it with an even stronger belief that it is the best way to learn science. We
have let ourselves get too wrapped up in the kinds of knowledge that are evaluated in
achievement tests, without assigning enough value to harder-to-measure knowledge and to skills
for future learning, such as critical thinking, careful observation, creativity, recognizing and
learning from mistakes, and plain old joy in learning. It is a trap to think and act as if children only
learn what we teach and if we present it to them. Just as they all learned their native language
without lesson plans, there is a great deal they can learn every day in every field when the
conditions are right. Hands-on, open-ended experiences are a good example of the right
conditions.

We must commit to being open to the ideas of the kids, must believe in the process and not be
selfish about what we want them to learn and how we want them to learn ... our way.

B. What Comes Next
The summer weeks at CUOS were just Phase I of our RET program. We knew that we would not be
able to cover everything we wished to in two weeks. Participants went home with thick notebooks
of materials related to what we had studied and discussed, both science- and pedagogy-related.
Several have visited or been in touch since then to discuss ideas and get help with particular
aspects of their planning. All are developing instructional plans, modules, and/or kits designed to
implement some of what we learned about the best practices for teaching and learning. Most have
an optics- or laser-related content.

• Three participants are working as a team on activities related to light, eyes, and vision-related
health concerns for our Ypsilanti programs to use during the winter 2000 semester.

• One is working on methods and activities for mentors at Pioneer High School to help teens
understand their multiple intelligences and learning styles, and to explore careers. This will, we
believe, complete the evolution of our program at Pioneer from tutoring, to tutor/mentoring, to
true, intentional mentoring. Karyl is willing to provide training and support for other sites who
want to provide this service for their children in winter semester.

• Another is working on 8 simple machines projects and hands-on activities for elementary-aged
children, which will be shared among all Pontiac, Ypsilanti and Ann Arbor sites. She hopes to
provide orientation and training for lessons in the fall for all site coordinators; they, in turn, will
provide the same for their volunteers and teachers.

• One is developing laser and communications lessons for upper elementary and middle school
ages, which will also be shared with all of us. She may also do a music activity related to lasers.

• Susie Shoemaker is forming a partnership with CUOS scientists John Nees and Herb Winful to
bring a group of 10–12  of her wizards from Pontiac to campus once a month to do experiential
learning about water, waves, and light. She will then continue with a related learning experience
at home. Then the children will take these experiences and develop a hands-on activity to take
to Owen School students in the primary grades. The plan is to pair wizards with teachers for the
year to bring hands-on science into their classrooms once a month. Owen's principal has already
pledged support in terms of school bus transportation for the group.

• Another participant is creating 3–4 take-home family science kits aimed for elementary or
middle school ages. This is a way of expanding learning community back into the home. She’ll
share these with us in November so we may replicate and use them elsewhere.
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• And finally, our new medical school student has received approval to do hands-on health
lessons with children in Detroit as a 70-hour practicum. She will share these with us.

Jeannine and Martha will continue to support participants however possible and requested, and
will be visiting people at their sites to see them implement some lessons and projects. We will get
together before the end of the year with a broader coalition meeting to share what we are all doing.
Once-a-month team meetings will include a continuation of study and discussion of pedagogy,
methods, and strategies as desired by the group. Five individuals have shared specific methods or
strategies they want to learn more about and use with their children this semester.

We believe that having this RET program for our participating teachers and undergraduate science
club coordinators has been an extraordinary opportunity. It gave us a chance to know one another,
to learn and experience some common things, and to develop our own learning community so we
can utilize one another during the year. We hope to continue to offer this RET program with our
folks in the future. We will strive to continue learning about and practicing best practices and
methods for teaching and learning science. We will continue to forge relationships and to pool
efforts, making us all more effective at what we do for and with children.
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VI. Conclusions and Recommendations
Since our ultimate aim is the re-forming and strengthening of learning communities, we naturally
operate in a coalition framework. This organization allows diverse groups to cooperate on
common pursuits, in ways that honor our individual passions. Voluntarism thrives only when the
volunteers are doing what they love and working toward something they care about. We each
contribute the piece we feel competent at, rather than duplicating one another’s efforts and trying
to perform where we have no true stake in the outcome. If this theory is implemented, we should
see an increasing number of “limited partnerships,” where different groups collaborate with us on
particular projects. Indeed, we have succeeded in this endeavor. We have helped a number of
organizations with starting up programs or projects in which we have some experience or
expertise, all of which are ultimately aimed at serving children and teens.
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Veronica C.,

Reulonda N., Doris C.

CCoG Secondary
Beverly T., John N.
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Sharine B.,
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Ypsilanti Programs

Other

Family
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Carol J.

Owen Elem. School
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Tech Wizards, Career Clubs,
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Susie S.

SciClub Web Pages
Serina B., Tim H.
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Form & Brochure Design
Martha T.

Lessons, Web Updates
Roselle H., Tara L., Jane K.
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VII. Appendix B. Coalition Partners List, 9/99

Partners Listed by Organization Type and by Contribution
Everyone in our coalition is part of the virtual village trying to raise all our children. Many of us
have never met but we are all part of this common enterprise. We list as partners anyone whose
resources we use or link to from our Web site. This does not mean that they provide funding for
the coalition or that we are trying to take credit for their work. Today’s technology allows us to
access resources all over the world, so why reinvent or replicate the good work of others?

Organization Last Name Contribution Elaboration

Business Subtotal: 89

1. 3M: Newton’s Apple lessons

2. Anesthesia Associates Rivard job shadowing

3. Ann Arbor Area Chamber of Commerce Leslie job shadowing, tour

4. Apple Computer, Inc. technical info

5. Apple Learning Exchange lessons, extension info Mars Polar Lander

6. Arts & Scraps tour

7. Auto Vision Art Studio Whitfield job shadowing

8. Big Boy Central Kitchens tour

9. Birder.com extension info

10. Bowbeer Orthodontics Bowbeer presentation

11. Cable News Network extension info CNN Weather

12. Center for New Discoveries in Learning college/career info Personal Learning Style Inventory

13. Chelsea Milling Co. tour

14. Citizens Commercial & Savings Bank Williams, M. presentation, tour

15. Consumers Energy lessons In Concert with the Environment unit

16. Daimler-Chrysler: Proving Grounds tour

17. Detroit Edison Vandekerckhove job shadowing

18. Detroit Edison lessons, In Concert with the Environment unit
computer donations

19. Detroit Edison: Fermi 2 Power Plant tour

20. Detroit News & Detroit Free Press tour

21. Detroit Receiving Hospital Fleming presentation

22. Discovery Channel Online virtual expeditions,
extension info

23. Evergreen Project, Inc. interactive research, Biome Exchange,
lessons, extension info Road Scholars Online

24. Family Counseling Svcs.-Teen Ranch, Inc. Walden presentation

25. First Indepence National Bank Mann job shadowing,
presentation

26. First of America Harris presentation

27. Ford: Dearborn Tool & Die Plant tour

28. Ford Motor Co. Kpeglo presentation

29. Ford: Spirit of Ford Science Center tour



43

30. Fourmilab Walker extension info Earth & Moon Viewer, Solar System
Live, Your Sky

31. Frank Potter’s Science Gems extension info

32. Genentech Natl. Health Museum lessons Access Excellence lessons

33. General Motors: Flint Truck Assembly Plant tour

34. GLP & Associates Goldman presentation

35. Golfside Shell Ahearn tour, job shadowing

36. Heavens-Above.com extension info Satellite, space station, and shuttle
spotting

37. Houghton Mifflin Company lessons, virtual field trips

38. How the WeatherWorks interactive research National Sky Awareness Week

39. Humorous Design Group Swift presentation

40. Huntington Management Wiley job shadowing, tour

41. Huron Valley Child Guidance Clinic Carter presentation

42. Intel Corp. lessons, extension info Inside the Computer

43. International Cosmetics Graham presentation

44. Jerry’s Painting McMahon job shadowing,
career mentoring

45. Jones Telecommunications technical info

46. Keirsey.com college/career info Keirsey Character & Temperament
Sorters

47. Lakeview Manor Garcia job shadowing, tour

48. Learn the Net technical info

49. Majher Communications Majher presentation,
job shadowing

50. Maturo Pediatric Dentistry Maturo job shadowing

51. Media Station Stinson tour, presentation

52. Merit Network, Inc. technical info

53. Mervyn’s Dept. Store Shoemaker, G. job shadowing

54. Metaltec Wood presentation

55. Monash Information Services Barlow technical info Spider’s Apprentice

56. Mountain Travel-Sobek and on-line activities, Terra Quest Virtual Expeditions
WorldTravel Partners extension info

57. MSX International Navarro presentation

58. National Geographic extension info Virtual Autopsy

59. Nomads Adventure & Education interactive research Qimuksiit 2000 Online Classroom

60. North Oakland Med. Ctr. Living-Hawley presentation

61. Northwest Continuing Care Center Tolliver presentation

62. Nye Labs Online lessons Bill Nye the Science Guy lessons

63. Olen Publishing extension info Food Finder

64. Pacific Bell Knowledge Network lessons Filamentality

65. Parke-Davis Bristol job shadowing

Organization Last Name Contribution Elaboration
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66. PDRS Computer Systems extension info, lessons School Page science sites, including
Ask an Expert

67. Princeton Review college/career info Birkman Career Profile

68. Private Eye lessons, extension info

69. Project Development Services Porter presentation

70. Quill Graphics extension info Cells Alive!

71. Rader’s Kapili.com lessons

72. Ross Periodontics Ross, S. job shadowing

73. Scholastic, Inc. lessons, extension info,
on-line projects

74. Science Applications Internatl. lessons, extension info
Corp.: Athena Consortium

75. Sea World presentation,
extension info

76. Sobbry’s Towing Sobbry presentation,
job shadowing

77. Sterling Software extension info EarthWatch Weather

78. Studio360 tour Journey through Tikal Virtual Tour

79. StudyWeb lessons

80. Sunesis Financial Svcs. Harrison job shadowing

81. Sure-Flo Fittings tour

82. Untamed Tan Williams, C. job shadowing

83. Up at Six Aviaries extension info

84. Video Source Spensley tour, presentation,
job shadowing

85. Web Development, Workshops, extension info BioChemNet
& Consulting Services

86. WebDirectory.com extension info

87. WKBD-Channel 50 tour

88. Yahoo Yahooligans

89. Yucky.com extension info Bug World, Worm World

Community Nonprofit Subtotal: 22

90. AIMS Foundation lessons

91. Amer. Lung Assn. of Michigan Ross, T. job shadowing

92. Arbor Hospice Reading-Smith presentation,
job shadowing

93. Catholic Social Svcs. Lande tour, job shadowing,
presentation

94. Earth Island Institute extension info Projects and References

95. Franciscan Sisters of the Atonement Hackett presentation

96. Howard Dell Community Center Martinez job shadowing, tour

97. Howard Hughes Medical Institute extension info Seeing, Hearing and Smelling the World

Organization Last Name Contribution Elaboration
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98. Huron Valley Ambulance Jackson presentation, tour,
community ed. progs.

99. Kellogg Foundation Odden, T. presentation, tour

100. Kiwanis Club of Ann Arbor career mentoring

101. McAuley Commons Osayimwese presentation

102. Missouri Botanical Garden extension info

103. National Audubon Society tour, extension info, Corkscrew Swamp Virtual Nature
lessons, interactive Walk, Heading North migration-
research project tracking, Audubon Online

104. National Public Radio extension info, lessons, Science Friday
on-line activities, on-line
science mentors

105. Oregon Museum of Science & Industry lessons Air Travelers lessons

106. Ozone House Lee presentation

107. Project Grow Asher presentation

108. SAFE House Frederick-Toure presentation

109. Twin Cities Public TV: Newton’s Apple lessons

110. Ventura County Science Fair extension info Science Fair Ideas

111. Yankee Air Museum tour

Educational Nonprofit Subtotal: 33

112. American Optometric Association lessons About Your Eyes lessons

113. Bear Den Middleton extension info

114. Earth & Sky interactive research

115. Eccles Institute of Human Genetics extension info Natural History of Genes

116. Ecology Center of Ann Arbor extension info, lessons

117. Educational Software Cooperative technical info

118. EdWeb Carvin technical info

119. Electronic Privacy Information Center technical info

120. Franklin Institute Science Museum extension info BioPoint Hotlists of Biology Resources,
Earth Science Resources, Rocks &
Minerals, EarthForce

121. FrogLand extension info

122. Global Earthquake Response Center extension info

123. Global Schoolhouse technical info

124. Grand Canyon Explorer Ribokas on-line activities,
extension info

125. Gulf of Maine Aquarium extension info

126. Internet Public Library lessons, extension info Science Fair Project Resource Guide

127. Inventure Place extension info

128. Miami Museum of Science extension info, on-line Hurricane: Storm Science
activities, lessons

129. Midwest Public Garden Collaborative extension info, on-line Partners for Growing
activities, lessons

Organization Last Name Contribution Elaboration
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130. National Speleological Society Bunnell extension info Virtual Cave

131. National Wildlife Federation extension info Animal Tracks On-Line

132. North Central Regional Educ. Lab technical info

133. Online Safety Project Magid technical info

134. Paleo Ring extension info Dinosauria On-Line

135. San Francisco Exploratorium Museum extension info,
lessons, on-line activities

136. SETI Institute extension info

137. Song of the Whale extension info

138. Southern California Earthquake Center extension info

139. Teacher Education Research Center research projects project ideas for improving education

140. Teachers.Net lessons

141. Tech Corps technical info webTeacher

142. Tech Museum of Innovation lessons, extension info DNA: Instruction Manual for Life

143. Think Quest extension info Living Africa

144. Whales in Danger Information Service extension info Whales on the Net

Government Subtotal: 52

145. Ann Arbor Fire Dept. Scarbrough tour, presentation

146. Ann Arbor Materials Recovery Facility tour

147. Ann Arbor Township Fire Department tour

148. BIOSIS interactive research Virtual conference on genetic
screening

149. Calif. Energy Commission lessons Energy Quest lessons & science
projects

150. City of Calgary college/career info nextNET

151. City of Pontiac Cantu job shadowing

152. City of Pontiac Cayton-Grigsby job shadowing

153. City of Pontiac: Collier Road Landfill tour

154. City of Pontiac Fire Dept. Hilborn presentation, tour

155. City of Pontiac Police Dept. Daves job shadowing, tour

156. Detroit Police Stables tour

157. Eddy Geology Center tour

158. Eisenhower Natl. Clearinghouse extension info, lessons
for Math & Science Education

159. Environment Canada extension info, lessons,
on-line activities

160. FrogWeb interactive research

161. High-Energy Astrophysics lessons, extension info, Imagine the Universe, Star-Child
Learning Center on-line projects

162. Lake Orion Police Dept. Standal tour, presentation

163. Lawrence Berkeley Natl. Lab lessons ABC’s of Nuclear Science,
Interactive Tour of the Atom

Organization Last Name Contribution Elaboration
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164. Louisiana Challenge Grant lessons

165. Michigan Historical Museum tour

166. Michigan State Capitol tour

167. Military Service Information Station college/career info Interest Finder Quiz

168. NASA Earth Science Enterprise on-line activities,
extension info

169. NASA Passport to Knowledge interactive research Live from the Sun 2000, from the Storm,
from Antarctica, from the Hubble Space
Telescope, from Mars, from the
Rainforest, from the Poles

170. NASA Quest presentation, extension K-12 Internet Initiative, Mars Team
info, lessons Online, Space Team Online

171. NASA SEGway lessons, extension info Science Education Gateway

172. NASA Shuttle Web Wolf extension info Letters from Space

173. NASA Solid Earth & Natural extension info Disaster! Finder
Hazards Program

174. NASA’s Observatorium extension info

175. National Biological Information extension info
Infrastructure

176. National Science Foundation major funding, lessons, National Science & Technology Week,
extension info, Arthropods of La Selva, Science
interactive research Learning Network, Whale Net

177. NOAA/Forecast Systems Laboratory interactive research GLOBE

178. North Carolina National Estuarine tour Estuary Virtual Tour
Research Reserve

179. Oakland County Commission Causey-Mitchell presentation

180. Pontiac City Council Seay job shadowing

181. Smithsonian Institution lessons, extension info Seeds of Change Garden, Gem &
Mineral Collection, Natural History
Museum Virtual Tour

182. Thomas Jefferson National extension info Interactive Table of Elements
Accelerator Facility

183. Toledo Zoo lessons, extension info, EdVenture Outreach Programs
kits, visits to your site

184. US Army Corps of Engineers extension info
Detroit District

185. US Army ROTC Blanton presentation

186. US Army ROTC McGuire presentation

187. US Dept. of Defense Defense Odden, R. presentation
Logistics Agency

188. US Fish and Wildlife Service extension info

189. US Geological Survey lessons, extension info Learning Web, Ask a Geologist,
Cascades Volcano Observatory,
Earthquake Info Center, Maps of
Geological Hazards

190. US House of Representatives Rivers presentation
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191. US Navy ROTC Riordan presentation

192. US Navy ROTC Ringle presentation

193. US Postal Service Frey presentation,
job shadowing

194. USDA Agricultural Resource Service extension info, Science4Kids
on-line activities

195. Utah State Office of Education lessons UtahLink

196. Washtenaw County Parks & Rec. Heumann presentation,
job shadowing

Higher Education Subtotal: 83

197. Abilene Christian University lessons Geography lesson collection

198. Assn. of Universities for lessons, on-line projects Amazing Space
Research in Astronomy

199. Center for Improved Engineering interactive research Global Sun/Temperature Project, Global
and Science Education Water Sampling Proj.; Human Genetics

Proj.; Internatl. Boiling Point Project

200. Cornell Laboratory of Ornithology extension info Library of Natural Sounds

201. Cornell University extension info Math and Science Gateway,
Mycology Resources

202. Earth Science Australia extension info

203. Eastern Michigan University tour

204. Helsinki Institute of Physics extension info Whale Watching Web

205. Illinois Institute of Technology lessons, extension info SMILE

206. Indiana University of Pennsylvania extension info Pennsylvania Elk Herd,
The Searching Wolf

207. Mankato State University Morano lessons, extension info Science Projects

208. Marietta College extension info Bibliographic Searching of Cell and
Molecular Biology on the Internet

209. Michigan Institute of Aeronautics Robinson tour, presentation

210. Mississippi State University extension info, lessons O. Orkin Insect Zoo

211. MSU 4-H Extension Yohalem presentation, Tree Identification Guide
extension info

212. NASA Hawaii Space Grant Consortium lessons, extension info Exploring Planets in the Classroom

213. North Carolina State University Felder college/career info Index of Learning Styles

214. Pennsylvania State University extension info, college/ Weather Page
career info, lessons

215. Princeton Plasma Physics Lab lessons, extension info Interactive Physics site, Ask-a-Scientist

216. Swarthmore College lessons, extension info

217. Syracuse University technical info Kids Web

218. Syrcuse University Goldman extension info Dinosaur Illustrations

219. Texas A & M University tour, lessons Big Bend Natl. Park Virtual Tour;
School Gardens

220. UM Aerospace Engin. Dept. Powell presentation

Organization Last Name Contribution Elaboration
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221. UM AOSS Dept. tour Weather Underground

222. UM Artificial Intelligence Lab Kopmanis job shadowing

223. UM Biomed. Engin. Dept. Goldstein presentation

224. UM Biomed. Engin. Dept. Hill presentation

225. UM Center for Research on college/career info
Learning and Teaching

226. UM Chem. Engin. Dept. Colarossi presentation

227. UM Chem. Engin. Dept. Ingall presentation

228. UM Chemical Engin. Dept. tour

229. UM Chemistry Dept. tour

230. UM Ctr. for Ultrafast Optical Science Nees presentation,
job shadowing

231. UM Ctr. for Ultrafast Optical Science tour

232. UM EECS Dept. Wait presentation

233. UM Exhibit Museum of Natural History tour

234. UM Hospitals Hayes job shadowing

235. UM Hospitals tour

236. UM Human Genetics Dept. tour

237. UM Kelsey Museum of Archaeology tour

238. UM Med. Science Training Prog. Humke tour, presentation,
job shadowing

239. UM Medical School Myers presentation, job shadowing

240. UM Medical School tour

241. UM Medical School Colligan tour, job shadowing

242. UM Memorial Phoenix Project Reactor tour

243. UM Museum of Anthropology tour

244. UM Museum of Zoology tour, extension info Animal Diversity Web

245. UM Naval Arch. & Marine Eng. Dept. tour

246. UM Nichols Arboretum tour

247. UM Off. of V. P. for Univ. Relations Clarke presentation

248. UM Photo Services Goings presentation

249. UM School of Dentistry May presentation

250. UM School of Public Health Artis job shadowing

251. UM WUOM Radio Station tour

252. Umea University, Sweedn lessons, extension info Chemistry Teaching Resources

253. Universities of Kansas and Minnesota extension info, lessons, Monarch Watch
interactive research

254. University California, Irvine lessons Web Quests

255. University California, San Diego, extension info EarthRISE
Supercomputing Center

256. University of Alaska Space Grant Consortium extension info, lessons

Organization Last Name Contribution Elaboration
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257. University of Antwerp extension info Arachnology Hub

258. University of Arizona lessons Biology Project lessons,
Marine Discovery

259. University of California, Berkeley lessons, demos, Physics Lecture Demonstrations,
technical info Finding Info on the Net Tutorial,

Intro to Fungi

260. University of California, Berkeley, interactive research SETI at Home
Space Sciences Laboratory

261. University of Chicago tour Yerkes Observatory Virtual Tour

262. University of Colorado lessons, extension info Interactive Physics 2000,
Visible Human databases

263. University of Connecticut extension info Biological Collections, Orthoptera
Species File Online

264. University of Illinois, Urbana-Champaign lessons

265. University of Michigan Herbarium extension info UM Fungus Collection

266. University of Michigan Space extension info, lessons,
Grant Consortium on-line activities

267. University of Minnesota lessons, technical info Rainbow Lab in optics and calculus,
Web66

268. University of North Dakota extension info, on-line Volcano World
activities, lessons

269. University of Oklahoma Carr presentation, lessons Ctr. for Analysis & Prediction of Storms

270. University of Pennsylvania Arnett extension info, college/ Nine Planets Multimedia Tour,
career info Self-Assessment

271. University of Queensland extension info Nanoworld Image Gallery

272. University of Tennessee, Knoxville lessons, extension info Math Archives

273. University of Virginia extension info Interactive Frog Dissection

274. University of Virginia Center interactive research
for Biological Timing

275. University of Washington Chudler lessons, extension info Neuroscience for Kids activities

276. University of Waterloo college/career info Career Development Manual

277. Washtenaw Community College tour

278. Western Michigan University lessons Cellular and Molecular Biology Labs

279. Wheelock College extension info Whale Net

Individual (most are listed elsewhere under their work places) Subtotal: 12

280. Roberts job shadowing

281. Lamkin, S. job shadowing, presentation

282. Bartlett presentation

283. Brown presentation

284. Lamkin, B. presentation, job shadowing

285. Hartweg tour

286. ExploreScience.com Pfaff interactive demos

287. Froggy Page Loosemore extension info

Organization Last Name Contribution Elaboration



51

288. mycoElectronica Dhabolt extension info

289. New-teacher site Renard extension info, lessons,
chat area for teachers

290. T.W.I.N.K.I.E.S. Project Gouge, Stadler projects

291. Wildlife Web Knight extension info

K–12 Education Subtotal: 17

292. Athena Earth & Space Science for K-12 lessons, extension info

293. Cariboo Hill Secondary School, Canada lessons, extension info Visual Physics

294. Carminati Elem. School, AZ tour Desert Botanical Garden Virtual Tour

295. Chelsea Schools: Chelsea HS Ott job shadowing

296. Great Lakes Collaborative extension info, lessons Explorer Educational Resources

297. Hockinson School District Kramer extension info, Black Hole Gang
on-line activities

298. Pontiac Schools: Alcott ES Bastuba job shadowing

299. Pontiac Schools: Bd. of Educ. Causey-Mitchell presentation

300. Pontiac Schools: Northern HS Staab presentation,
job shadowing

301. Pontiac Schools: Owen ES Hightower job shadowing

302. Pontiac Schools: Owen ES Smith, B. job shadowing

303. Pontiac Schools: Rogers ES Kotcher presentation

304. Pontiac Schools: Whitmer MacQuarrie tour, presentation,
Human Resources Ctr. job shadowing

305. Science Resource Center Gormley lessons, extension info

306. Shady Hill School. MA tour Rainforest Virtual Tour

307. Target Science tour Los Angeles River Virtual Tour

308. Wayne RESA Outdoor
Environmental Educ. Ctr. tour

Professional Organization Subtotal: 7

309. American Association for the extension info,
Advancement of Science on-line activities

310. American Chemical Society lessons, extension info Chemistry in the Community lessons

311. National Academy of Sciences Natl. Science Standards

312. National Cable Television Association technical info

313. National School Boards Association technical info Electronic School

314. Natl. Council of Teachers of Mathematics extension info, prof.
publications, standards

315. Natl. Science Teachers Assn. extension info, lessons

Organization Last Name Contribution Elaboration
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