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Abstract 
 
Previous student scientific programs on materials 
properties and processes in space have shown 
great benefit to the educational development of 
students. This paper presents a model and 
methodology for implementing an international 
program utilizing a broad spectrum of space 
carriers that include the Space Shuttle, Mir station, 
unmanned satellites with re-entry capability, 
sounding rockets, and the International Space 
Station. Key features in this methodology are: 
interactive participation of student teams around 
the world; extensive use of modern 
communication technology including e-mail, 
Internet databases, and Internet teleconferencing; 
and student meetings at the launch sites. 
 
Practical implementation aspects are illustrated in 
a scenario that addresses selection of experiments, 
financing of experiment expenses, formation of 
international teams, procurement or building of 
apparatus, ground control testing, preparation of 
flight samples, interaction with the flight crew in 
manned experiments, post-flight analysis, and 
dissemination of scientific results in widely 
accessible data bases. Other aspects include the 
potential participation of research organizations 
and scientific industrial firms worldwide. 
Experience gained by Instrumentation Technology 
Associates (ITA) in previous student space 
experiments will be beneficial in the planning and 
execution of this program. 
 
Examples are presented concerning the 
implementation of a student space education 
program in Brazil. 

 
 
 
 
 

Introduction 
 
We are facing one of the greatest challenges in 
education today. Clearly, education is on the top 
of the priority lists of many politicians. How do 
we train the next generation of technicians and 
space engineers? How do we motivate the next 
generation to learn, and have them effectively 
work together in multi-cultural environments? 
Space can be one answer to facilitating students 
to achieve those goals. 
 
Clearly, Space is international and today many 
other endeavors are global in nature. Young 
people need to learn how to work together in 
different cultures in teamwork situations in 
order to be effective later on in life. 
 
Youngsters are naturally curious about space 
and its wonders. Space education can be an 
important motivator for students of all ages to 
learn about our universe. With the negativity in 
today’s culture, a real-life hands-on project such 
as space research can have a positive impact on 
their lives. 
 
Following is a scenario with various facets in 
the implementation of a student educational 
program. 
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Students watch as their payload lifts off on 
Space Shuttle mission STS-95 

 

 
 

Students of the Vero Beach Florida High 
School, measure radish sprout height of ground 

control experiments for STS-95. 

 
 

The Scenario 
 
Student Activities 
 
Materials processing and biological 
experiments in space are ideally suited for 
hands-on education because they deal with 
tangible experiments where students 
themselves prepare the materials, biological 
organisms and experimental equipment for 
flight and receive them and analyze them after 
exposure to the microgravity environment. 
These projects involve many stages: planning, 
research, procurement, preparation, ground 
controls, analysis, etc. They also deal with 
practical aspects concerning challenging 
environments such as launch/reentry 

acceleration and vibration, microgravity, cosmic 
rays; reliability; safety precautions; low-cost; 
and low-weight accommodation. By its very 
nature this type of experimentation—although 
necessarily simple in scope—requires team 
effort, cooperation, and a systems 
multidisciplinary approach; which parallel the 
way most projects in science and engineering 
are conducted in our technological era. 
Following I would like to discuss some 
important aspects and phases of the student 
experiments, thus outlining a model of a 
program that is not only possible, but some 
elements of which have been implemented in a 
small scale. 
 
Potential Types of Experiments 
 
Materials processing experiments teach students 
about the effects of the space environment—
primarily microgravity—upon certain 
substances. He or she learns that the structure of 
some materials differs when grown in space as 
compared to that grown on earth. Figure 1 
shows typical differences of crystals of tin 
formed under both environments.  
 

 
Figure 1. Ground (left) vs. Space (right) crystals of 
Tin grew 10 times larger in space -- student 
experiment of Miami-Hialeah Lakes High School 
flown in ITA’s payload on STS-52. (Photos: B. 
Perlman, both at 450X magnification). 
 
 
Protein crystal growth, a valuable process in 
medical applications, is a simple type of 
materials experiment that benefits from the lack 
of thermally induced convection in 
microgravity. Other types of solidification 
investigations can involve collagen formation, 
low-melting-temperature metals, and film 
formations. Cell biology experiments 
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demonstrate the differences in cell formation 
due to absence of the gravitational vector. 
Small fish and insect studies in space have 
been among favorites with students, and the 
prospect of long-term experiments in the future 
promises to make them even more popular. As 
in the case of biological plant germination and 
development experiments, these small 
biological organism studies examine their 
unique behavior and growth in space. Student 
experiments in physics can include fluid 
behavior—as in the case of the vibrational 
dynamics of droplets—and liquid or gas 
diffusion studies. The creative power of the 
young will be evident in the new types of 
experiments they will conceive; that will be a 
valuable source of innovation, not only for 
educational purposes but also potentially for 
science and technology. 
 
The Experiments 
 
Students of various age groups (from 
elementary to University levels can conduct a 
wide variety of experiment types). Only a 
limited set of student microgravity experiments 
will be discussed here as examples. 
 

Seed Experiments 
A large number of schools have performed 
seed experiments successfully. The simplest 
experiment consists of flying dry seeds in 
microgravity, bringing them back for 
examination, planting the seeds and comparing 
them with plants grown by the students in their 
school laboratory. This is an excellent 
experiment for very young children. See Figure 
2 below. 

 
Figure 2. Ground control seed pot for “Strawberry 
Seed” experiment on STS-95 
 
Another option is to germinate the seed in 
microgravity. This is a challenge due to the 
surface tension problems that are present in 
microgravity. How does one get the water 
and/or nutrient solution to mix with the dry seed 
in order for germination to occur?  
 

 
Figure 3. Alfalfa sprout germinated by students of 
the University of Boulder-Colorado on STS-37. 
 
 

 
Figure 4. Sweet Potato stem cutting investigations 
performed onboard STS-95 by students of the 
Tuskegee University. 
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Brazilian Planaria 
Experiments on Brazilian Planaria worms, as 
shown in Figure 5 are being carried out by 
researchers and students at the Universidade do 
Vale do Paraiba (UniVap). The experiment 
flew onboard the CIBX-1 (Commercial ITA 
Biomedical Experiments) payload of STS-95 
(9-day Shuttle mission) in ITA’s 
(Instrumentation Technology Associates) LMA 
(Liquids Mixing Apparatus) vials, shown in 
Figure 11.  
 
Planaria were also sent onboard the Brazilian 
VS-30 sounding rocket (VS-30 sponsored by 
the Brazilian CTA/IAE (Centro Técnico 
Aeroespacial and Instituto de Aeronàutica e 
Espaço) rocket program, and provided 
approximately 3 minutes of low gravity. A 
special thermal enclosure was constructed by 
the CTA to maintain the required 20 degrees 
centigrade environment for the live Planaria. 
 
Planaria have the unique ability to regenerate 
body parts that have been cut. In both missions, 
head regeneration was observed. On the Space 
Shuttle the regeneration process took longer 
than the control group and alteration of the 
pigmentation was also noted. On the VS-30 
flight, there was no alteration of the 
pigmentation and the regeneration process 
occurred faster than the control group. 
 

 
Figure 5. Ground Planaria versus Flight.  
Photo: N.V. Campos 
 
 
 
 
A partial list of other experiments conducted in 
the ITA’s student space education program 
follow in the matrix. 
 

Experiment School Mission Year 

Tin Crystal 
Production 

Hialeah-Miami 
Lakes High 
School, Florida

STS-52 1992 

Mushroom Mycelial 
Growth 

Unionville High 
School, 
Pennsylvania 

STS-56 1993 

Brassica Rapa 
Seed (Mustard 
Seed) 
Reproduction 

J.P. McCaskey 
High School, 
Pennsylvania 

STS-52 1993 

Brine Shrimp in 
Space 

Hazel Green 
High School, 
Alabama 

STS-67 1995 

Human Red Blood 
Cell Morphology 

International 
Space 
University 

STS-56 1995 

Osteoblast Growth 
in Microgravity 

International 
Space 
University 

STS-80 1997 

Biofilm 
Formation in 
Microgravity 

Southwest 
Texas 
University 
withTravis 
Middle 
School, 
Texas 

STS-95 1998 

Diatoms in 
Microgravity 

University of 
Alabama-
Huntsville 

STS-95 1998 

Planaria Worm 
Regeneration 

Universidade 
do Vale do 
Paraiba, 
Brazil 

STS-95 and 
VS-30 
Brazilian 
Rocket 

1998 
and 
1999 

Strawberry Seed 
Germination 

Manatee 
County 
Florida 
Schools 

STS-95 1998 

Crystallization of 
Pharmaceutical 
Products 

University of 
Sao Paulo 
(USP), Brazil 

VS-30 
Brazilian  
Sounding 
Rocket 

1999 

Lipase Emulsion 
Stability 

Faculty of 
Industrial 
Engineering 
(FEI), Brazil 

VS-30 
Brazilian  
Sounding 
Rocket 

1999 

Photography 
Film Emulsion 

Compagnia 
Espacial 
Portuguesa 
(CEP), 
Portugal 

VS-30 
Brazilian 
Sounding 
Rocket 

1999 

Table 1: Partial List of Student Experiments 
 
 
ITA University Among the Stars Program 
 
ITA pioneered a hands-on student space 
experiments program in 1991. Starting on 
Shuttle mission, STS-52, several US elementary 
and high schools performed their own space 
experiments in part of ITA’s commercial 
microgravity payload. 
 

Ground Flight 
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The most recent ITA education experiments 
were performed onboard STS-95 in ITA’s 
DMDA hardware, as shown in Figure 6. 
 

 

 
Figure 6. Above - CIBX-1 Mission patch showing 
student schools and institutions. Below – CIBX-1 
Payload carrying 16 separate student experiments 
onboard STS-95. 
 
One of the greatest outcomes of the program 
has been the increased motivation of the 
students. Having a real life hands-on 
experience really worked and in some cases 
changed the students for the better. One student 
reported that the experience had led him to 
change his career major. 
 
 
Carriers of Student Experiments 
 
The types of vehicles where student 
experiments will be carried will depend on the 
nature and duration of the investigations. 
Figure 7 shows a correlation of time in 
microgravity with the type of carrier, including 
aircraft (for conducting parabolic flights), 
sounding rockets, reentry vehicles, the Space 

Shuttle, and space stations such as Mir and the 
International Space Station. 

 
Figure 7. Microgravity Time versus Carrier 
 
Invariably the carriers will be multipurpose 
vehicles not dedicated to educational missions. 
For instance, a May 1999 flight, Operation São 
Marcos, of the Brazilian VS-30 sounding 
rocket shown in Figure 8, carried 5 education 
microgravity experiments. One of the primary 
missions was a prototype of an optical 
gyroscope developed and manufactured by the 
CTA in Brazil. 

            

 
Figure 8. Brazilian VS-30 Mission Operation São  
Marcos, Launch and recovery. 
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In the International Space Station the 
experiments that require astronaut access and 
activation will be accommodated within the 
pressurized modules. Many ISS experiments 
are planned to be accommodated in externally 
mounted containers similar to the Get Away 
Specials, which have been used extensively 
since the early phases of the Space Shuttle 
Program. With the extension of the Mir Space 
Station activities there is ample opportunity for 
educational experiments within Mir’s Priroda 
module. 
 
 

Program for Mir 
 
The Mir station has been utilized for 
educational purposes and will continue to do 
so. The first lessons from space were 
conducted on Mir in 1990 by Cosmonaut 
Alexander Serebrov. Simple and complex 
student experiments and activities will now be 
a regular part of the newly renovated Mir 
station. Now that the Mir is commercially 
operated by MirCorp, we could envision 
educational activities with commercial 
possibilities as well as scientific and 
educational. 
 
A space education program specifically 
targeted to the MirCorp 2nd quarter 2001 
mission is planned which would encompass 
simple microgravity experiments on Mir and at 
grade and high schools involving different 
countries, many of which will also be flying on 
ISS in the next 5 to 6 years.  
 
The experiments would be geared from the 
very simple and graphic to demonstrate that 
processes and ordinary devices that work here 
on earth, will not work and perform in 
microgravity. We would utilize a series of 
categories, which would show instant 
differences via a TV downlink between the Mir 
experiment and an identical one at schools 
around the globe, to long-term experiments that 
would change slowly. TV coverage could be 
downlinked weekly and split screened to show 
slight differences which would ultimately show 

large differences as a function of time (weeks to 
months). 

 
 

 
Figure 9. Above - Mir station in orbit. Below – 
Cosmonaut onboard Mir during the first privately 
funded manned space mission (MirCorp Mission 1). 
 
The Mir station offers the perfect platform for 
such student education activities because of the 
possibility of long duration activities and data 
downlink. 
 
 
Although the great majority of materials 
experiments in space will require recovery of 
the samples—either after vehicle return or 
through recovery capsules deployed during the 
flight mission—there will be some experiments 
that will not require recovery. These are 
investigations where the experiment equipment 
can be monitored via Internet link from student 
control centers on the ground. There will be 
capability for “teleoperated” experiments 
where important parameters can be activated 
and controlled from the ground. These 
capabilities will be economically feasible if a 
group of experiments shares the cost of the 



7 

telemetry, video, or remote control link. One 
of the most important developments in 
progress is the advent of educational 
microsatellites, as presented in other papers in 
this IAF session. Microsatellites—some of 
which could carry materials and biological 
experiments—potentially will involve students 
in a wider spectrum of engineering activities, 
including those associated with experiment 
installation and satellite launching.  
 
The space education program would identify 
flight opportunities and space allocated or 
donated for student experiments. 
 
Apparatus for Experiments 
 
Even though most of the experiments will be 
relatively simple, there is always the 
consideration of equipment development and 
qualification cost, particularly when dealing 
with those in manned vehicles such as ISS, 
Mir, or the Space Shuttle. An approach used 
in student education programs sponsored by 
companies such as ITA, is to utilize available, 
already-qualified equipment. An example is 
the Dual Materials Dispersion Apparatus 
(DMDA), shown in Figure 10, which is 
capable of housing up to 150 individual 
experiments for mixing nominal liquid 
volumes of 120 microliters each. In addition, 
consignment and licensing agreements may be 
established with organizations such as NASA, 
the European Space Program, and many 
international space companies that have 
patents for qualified experiment equipment for 
space. Figure 10 shows the DMDA hardware 
(flown on the Space Shuttle several times and 
the Mir station once). This device is ideally 
suited for educational experiments because it 
allows for a wide array of experiment types, 
large number of data points and room for 
trying different experiment parameters. 
 

 

Figure 10. Left, DMDA schematic of block 
operation. Right, DMDA hardware pre-flight 
 
Figure 11 shows the Liquids Mixing Apparatus 
(LMA) hardware already flown on the Shuttle 
and scheduled to fly on Mir in the first or 
second quarter of 2001. The LMA is a hand 
operated device capable of mixing 2 or 3 fluids 
together with a system of triple containment for 
hazardous fluids. 
 

 

 
Figure 11. Above - ITA Liquids Mixing Apparatus 
(LMA) vial. Below – STS-67 Astronaut William 
Gregory activating LMA vials containing student 
experiments. 
 
 
One of the functions of the space education 
program would be to catalog this equipment and 
the conditions under which they can be made 
available to its international subscribers.  
 
Student Activities 
  
The demand for flying student experiments in 
space will often exceed the available resources; 
thus requiring selection, setting of priorities, 
and scheduling of experiments based on merit. 
Typical criteria include feasibility, scientific 
merit, background research or ground 
investigations, and planning. The sponsoring 
organization establishes or delegates a panel to 
judge the student experiment proposals. 
Contests are used in cases where a specific 
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accommodation resource, such as a locker in 
the pressurized portion of the Space Shuttle is 
intended to be devoted to a single experiment 
type or category.  
 
The apparatus for conducting the experiment 
is selected and the necessary arrangements are 
made in cases where the equipment has to be 
licensed or obtained under consignment. In 
cases where the equipment needs modification 
or new design, the students will perform the 
design under expert supervision. The student 
experiment program will provide guidance in 
maters concerning rules, especially safety 
requirements that have to be met in manned 
spacecraft. 
 
Experiment success depends to a large extent 
on the amount and quality of research that is 
conducted in the laboratory before the flight. 
The procedures for loading the samples into 
the equipment and the operation or activation 
of the equipment in microgravity are based on 
these ground trials and ground-control testing. 
Written procedures are prepared for sample 
loading, astronaut training, astronaut 
operation, and recovery. Guidelines based on 
past experience are provided by the student 
education program, including provisions that 
need to be made during transportation of the 
experiment equipment to and from the launch 
site, and precautions in case of a delay during 
launch countdown. 
 
Students may participate in the experiment 
pre-flight preparations at the launch site 
(Figure 12), but often these preparations are 
performed in the school’s laboratory and the 
equipment is consolidated with other payload 
elements by a payload subcontractor. In 
previous programs students have prepared 
experiment samples such as biological 
specimens and witnessed their loading into 
flight containers such as the Liquids Mixing 
Apparatus vials. Some student team 
representatives then have witnessed critical 
phases of installation of equipment into the 
payload, right at the launch site. (Of course, 
space vehicle launches are always favorites 
with the students, especially if there is a lot of 

noise involved.) Customarily the samples are 
shipped or hand-carried to the schools after 
post-flight recovery, but in some instances 
student representatives receive the samples at 
the flight recovery site. 
 

 
Figure 12. Left - Canadian student performing 
ground controls pre-flight Shuttle-Mir mission 
Increment 6. Right – Student watches Astronaut Lacy 
Veach demonstrate the Materials Dispersion 
Apparatus (MDA) hardware for a Shuttle flight. 
 
 
The important phase of experiment post-flight 
analysis is conducted by the students 
themselves, with supervision by their science 
teachers. It is essential that the results and 
conclusions are documented and this constitutes 
a requisite in the original granting of the flight 
opportunity. Abstracts of those reports are 
published by the student educational program, 
listing the addresses where the full reports may 
be procured. International space conferences 
may be conducted to bring together a significant 
number of students, hear papers and exchange 
ideas on space experimentation. These could be 
performed as adjunct sessions to other 
conferences of societies such as the American 
Institute of Aeronautics and Astronautics; 
UNISPACE, Brazil’s NBEE space education 
nucleus, or even the IAF itself. 
 
Communications within the Student Space 
Education Program 
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The Internet will play a significant role in the 
integration and communication of the program, 
with its goals summarized below: 
¨  To disseminate experiment equipment 

availability information to educational 
institutions and individual students. 

¨  To allow the formation of international and 
intra-national student teams who 
corroborate on an experiment or series of 
experiments. 

¨  To permit e-mail and digital conferencing 
communication between the team 
members, the Program coordinators, and 
scientific/engineering experts on subjects 
related to the experiments. 

¨  To facilitate transmission of documentation 
on materials safety, procedures, interim 
reports and post-flight reports. 

¨  To publish abstracts of the final reports to 
add synergism to the experiment programs 
and avoid duplication of experiments 
where it is not desired. 

¨  To permit posting of ideas for new types of 
experiments and seek/enroll new partners 
in conducting certain experiments. 

¨  To perform classes or conferences between 
students and astronauts or cosmonauts, 
both on the ground and during flight 
missions. 

 
As an example, during a previous Shuttle 
mission, STS-95, French High School students 
and teachers communicated with students and 
teachers of a French school via the Internet to 
organize meetings at the launch site. 
 
We envision a site in the Internet dedicated to 
the Program, and accessibility to translation 
software where it is needed within international 
communications.  
 
 
Financing of the Program 
  
Even though many scientists, engineers, and 
other technologists are willing to donate some 
of their time to a worthy cause such as student 
education, there will be expenses that must be 
covered. The concept here would be to obtain 

national and international grants that would 
cover the Program coordinator’s expenses and 
the access to space and the lease of the 
hardware. It would appear that the countries that 
wish to participate in this unique space 
education program would have sufficient 
resources to fund the equivalent of a luxury 
automobile. We suggest one less limousine at 
each country’s US embassy. This could provide 
sufficient funds to make the program a success, 
and also pay for the services it utilizes. A small 
fee could be charged for Program services in 
coordinating each experiment or set of space 
investigations. Another approach is to have 
several aerospace corporations or educational 
institutions such as the International Space 
University donate employee time to these 
endeavors as part of their outreach to the 
community, nation, or international cooperation. 
The educational institutions or experiment 
teams, in turn, obtain funding from corporate 
contributions, government funding, or other 
fund-raising sources. 
 
 

Practical Aspects for Implementation of a 
Program in Brazil 

 
Most of the space faring countries such as the 
US, France, Russia, Germany, and Japan have 
strong Space Education Programs. They are 
aware of the importance of space education in 
the 21st century. Brazil still doesn’t have it’s 
own Space Education Program. It is necessary 
and urgent that Brazil makes an investment in 
human resources by increasing it’s space 
education efforts. 
 
In 1998 NAEE (Núcleo de Atividades Espaciais 
Educativas) under the auspices of the IAE 
(Instituto de Aeronautica e Espaço) initiated 
jointly with ITA and three Brazilian 
Universities, (FEI, UniVap, and USP), a 
microgravity mission aboard a Brazilian 
sounding rocket flying three separate 
experiments. In addition, a Planaria experiment 
of UniVap was flown onboard the Space 
Shuttle, mission STS-95, in 1998, as previously 
discussed in this paper. 
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In 1999, Basilio Baranoff created the Núcleo 
Brasileiro de Eduçacao Para o Espaço (NBEE), 
Brazilian Space Education Nucleus in São José 
dos Campos, Brazil, to provide a center for 
Brazilian space education activities. 

 
 
Figure 13. NBEE Logo 
 
 
Goals of a Brazilian Program: 
 
¨  Develop Brazilian youth space activities 

from the first to the University level. 
¨  Stimulate student creativity by having 

extra-curricular activities giving them basic 
knowledge about space exploration and 
show them the benefits for human 
civilization. 

¨  Prepare teachers by giving them 
information about space research areas that 
apply to their field. 

¨  Continue hands-on activities such as 
student space experimentation and mini-
rocket building and launching. 

 
It is proposed to use the NBEE to organize 
these space education activities within Brazil 
as well as internationally. 
 
 

Summary 
 
There is an urgent need to gain the interest of 
the young and train our next generation in high 
tech areas. We need a new generation to 
continue to carry on the experimentation and 
exploration of space. Student space activities 
will grow in the future, and a coordinated 
program such as the one we are presenting here 
would enhance these efforts by integrating and 
facilitating them, and allowing them to be a 
tool in promoting international cooperation. 
We welcome your inputs and suggestions; 

together we will make it happen, for the good of 
students worldwide.  
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