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SFOS model makes clear the distinctions that identify science, science communication, science education, 
and science literacy in the midst of science learning by bringing together graduate student scientists and 
science teachers to engage students in the two world’s dialogue in the midst of the school science 
classroom. The graduate student scientists and the science teachers worked as a team throughout the school 
year and became effective science communicators as they narrowed the gulf between the two worlds. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 Science literacy is a major goal of science educational reform (NRC, 1996; AAA
Act, 2001). Some believe that teaching science only requires pedagogical content kn
(Shulman, 1987). Others believe doing science requires knowledge of the methodolog
inquiry (NRC, 1996). With these two mindsets, the challenge for science educators is to c
bring the two together. The common ground between those who teach science and those w
science communication, an interactive process that galvanizes dialogue among scientis
learners in a rich ambience of mutual respect and a common, inclusive language of discourse (St
2001). The dialogue between science and non-science is reflected in the polarization that
who do science and those who teach science, especially as it plays out everyday in the sc
You may be thinking, why is this important? It is vital because, altho

ntists, all K-12 students are expected to acquire science literacy, especially with the im
the No Child Left Behind Act of 2001 (NCLB). Students are expected to acquire the ability to
discourse of science as well as connect the world of science to the context of their everyday
on moving to the next grade level, and in some states, to graduate from high school.  

This paper posits that science communication is highly effective in providing the m
K-12 students’ cognition in science and their attainment of science literacy. This paper w
“Science For Our Schools” (SFOS) model implemented at California State Universit
(CSULA) as a project of the National Science Foundation’s GK-12 program, (NSF 2001) 
huge success in bridging the gap between those who “know” science and those wh
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Science Communication versus Science 

 The Graduate Student Scientist as a K-12 
Classroom Resource 

 
Most of the fundame al ideas of science are essentially simple, 

and may, as a rule, be expr n a language comprehensible to everyone. 
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1987); whereas, 
 Many scientists 

arized, similar to 
o do is science 

significance of 
cience. Science 

sence of science 
lvanizes dialogue among scientists, teachers, and learners in a rich ambience of mutual 

respect and a common, inclusive language of discourse (Stocklmayer, 2001). Each perspective brings its 
own unique contribution to the table. The challenge is to create models of this multi-tiered dialogue that 
brings scientist, science teacher, and science learners together in the practical settings that exist in today’s 
learning environment. This paper posits that science communication is highly effective in providing the 
missing link to a student’s cognition in science and attainment of science literacy. While several avenues 
exist for this concept of science communication to be included within the classroom environment, this 
paper will focus on the National Science Foundation’s GK-12 program, (NSF 2001) and more specifically 
the “Science For Our Schools” (SFOS) project model implemented at California State University, Los 
Angeles (CSULA). 

Education: 

 

nt
essed i

                                                                                         -Albert Einstein  
 
 

A little less than fifty years ago, novelist and scientist C.P. Snow (1959) postul
Lecture that ‘The whole of western society is increasingly being split into two pola
scientists at one pole and non-scientist literary intellectuals at the other he observed that 
there was a vast “lack of understanding” (p.4). This is analogous to the problem o
communication. Like two cultures separated by a vast ocean, each polar group develops i
discourse. Reconciliation of Snow’s two worlds requires science communication. While t

te still rages --unresolved-- there is a similar schism between those who do science
teach science. There exists a venue that stands directly in the middle of this dialectic: th
classroom. As students enter the classroom, they step from their everyday non-science wo
different culture of science content, language, history and thought. The national goal to
literacy resolves this two-worlds split. For some the transition is easy, but for others the str

Scientists are involved in doing science and exploring the unknown (Valiela, 
science educators are involved in teaching science content knowledge that is already know
into national and state standards, as a foundation for science literacy and entry into scienc
Students are involved in learning school science, typically responding to questions and 
answers that will appear on the test. For ma

en “hands-on activities” and step-by-step “cookbook labs.” Unless these students are in
or Advanced Placement classes, the experience of authentically doing science, trul
unknown, is not usually part of school science. That is, students are not usually encourage
their own qu

 significant results, or publish their own writings in peer-reviewed journals— s
sufficiently engaged in the dialogue of doing science. 

Teaching science requires pedagogical content knowledge (PCK) (Shulman, 
doing science requires knowledge of the methodologies of scientific inquiry (NRC, 1996).
and science teachers have both capabilities, but in general, these two roles tend to be pol
Snow’s two worlds. The common ground between those who teach and those wh
communication.  

Science communication is the explicit intercultural discourse that explains the 
scientific research, the nature of science, the doing of science, and the content of s
communication is an interactive process. When science communication occurs in the pre
learners, it ga
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technology into the classroom and make it an integral tool for learning within the context of science and 
science education” (p.1). In other words, teachers must use technology in the classroom if they want to 
provide their students with the skills necessary to be a scientifically literate adult. 

Changing students' perception of who can be a scientist will also be a difficult task. As recently as 
1998, S. Patrina concluded a ten year examination of The Journal of Technology Education, and found 
disturbing, yet familiar, patterns with the literature published therein. Ninety percent of the articles were 
written by men and at least two thirds of the articles used adults (teachers, university students) as their test 
subjects, not children (A. Odom et.al. p.7). With data such as this, it is not difficult to understand the survey 
results of SFOS high school science teacher, Tom Lau of Baldwin Hills High in California. Mr. Lau asked 

 Need for Science Educators and Scientists to Come Together 
 

Science literacy is the ability to follow scientific discourse and to connect the wo
the context of everyday life – the ability to make science personally relevant (American As
Advancement of Science (AAAS), 1998). For example, common meanings of words su
“law,” “evidence,” and “proof,” differ from their precise meanings in the context of scie
Science literacy includes the ability to relate and connect these two worlds with com
facilitate students’ understanding. The goal of K-12 science education is to ensure that a

nce literacy and to prepare those who wish to pursue science careers. Not all science
professional scientists, but all K-12 students are expected to be able to understand the ba
principles and be able to interpret science writing and understand basic scientific explanati

 Due to the new science testing requirements mandated by the No Child Left Beh
(NCLB 2001) and in line with previous calls for reform, there is national consensus that sc
needs to be reformed if all Americans are going to become science literate (NRC, 1996; AA
collaboration of science education and science communities working together was the 
National Science Foundations GK-12 programs. The goal of the program is to for
partnerships between universities and local public schools using graduate level science 
student scientists). These graduate student scientists go out into the public schools and 
communicators in order to “narrow the gulf bet
scientists” (Thompson, Metzgar, et.al, 2002). In the exchange, the graduate student sc
resource for the science teacher whose job it is to achieve scientific literacy among K-1
experience in the classroom simultaneously increases the scientists’ understanding o
education (p. 7). As such, both parties benefit from the union.  

There is ample evidence that the call for science literacy isn’t relegated only 
political agendas, or the halls of academia. People in general are fascinated by science, phy
engineering, and technology. In 1976 author Gary Zukav attended a conference of physicists at Esalen
Institute in Big Sur California. It inspired him to write The

 Physics because he saw that between the physicists and the non-physicists t
communication problem between the two groups” (Zukav, 1979). This book is still in pr
five years later and enthralls novices to professional physicists alike. Zukav is one of a
authors writing about science topics. Pulitzer Prize winner, John McPhee, has written co
geology. Brian Greene wrote Elegant Universe and popular authors like Carl Sagan and S

ame a few, all wrote enormously popular books about science topics. 
It is not just the erudite who are fascinated by science. In the article, “The Science

Science News, Janet Raloff (1998) tells how the Smithsonian’s Hall of Geology, Gems and
5 million visitors annually to see the most viewed museum object in the world- the 
diamond. She goes on to say, “Collectively, U.S. science and technology centers bring i
million visitors each year” (p.184). In that same article this is credited to ‘visitor reaction’ 
much as budgets and planning on part of the museums. 

Understanding the relationship between science and techn
 Odom recently wrote about the need for teachers to develop technology skills.  He st

inquiry is parallel to technology as design, (2002).” Once you begin to “do science”, you
much of science involves process skills like observation, measurement, monitoring and o
rely on technology. Consequently, due to the importance of technology skills in the teac
science educators must keep pace with the rapid changes in technology and learn ho
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his students to draw their idea of a ‘scientist’. For the most part, the students drew a whit
lab coat. These results were consistent with the results of a national study that assessed s
and perceptions about science (Barman, 1997). It is obvious that changing students’ minds
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 their students. However, this missing piece can be put into place. The SFOS GK-12 program 
is an example of the kind of model “in a practical setting” where the two-world dialogue can take place! 

ure updated science degrees, but in order to 
advance their own science literacy, they can benefit from scaffolded dialogue with more expert science 
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experience (p.7). Helmer, (1997) researched this particular model and concluded that the laboratory model 
was effective for “exposing preservice teachers to science research and transferring that experience to the 
classroom.” Both aforementioned models presuppose that preservice teachers know that they want to teach 
science or that the already employed teachers were willing to be reeducated at some level into newer 
scientific pedagogy.  

There is an existing alternative that has proved efficient in enhancing scientific literacy.  The 
pedagogical paradigm is to use manifold avenues of approach to communicate and educate to promote 
scientific literacy in the classroom. The program is the Science For Our Schools (SFOS) project housed at 
CSULA. The program is funded by the National Science Foundation (NSF) as part of its GK-12 Program. 

cannot be a scientist must be a priority of science teachers. Unfortunately, until this h
difficult to motivate students to choose a career in the sciences. 

Learning cycles and other science inquiry-based teaching models seek to connect t
world of doing science. This is accomplished by engaging students in “minds-on activiti
scaffolded dialogue that challenges and elevates learners to new levels understanding (Marek an
1997). Jerome Bruner, commenting on the concept of the Zone of Proximal Development (
that in Vygotsky’s view, understanding is catalyzed when scaffolded dialogue occurs be
teacher and a less expert learner. “Once a concept is explicated in dialogue, the learner is e
on the dialogue. Then the learner can use its distinctions and connections to reformulate h
(Bruner, 1987, p.4). In the classroom, the job of the teacher is to create a zone of guided 
students toward a deeper understanding in the context of doing science. But unless teach
the world of science themselves—and most do not—something will be missing. While th
is an expert in relation to the student, it is the scientist who is an expert in relation to the t
piece of the whole puzzle is to ensure that teachers explicitly communicate an accurate pic
of science to

Teachers, by and large, are not going to return to college to sec

communicators.  
 

Existing Models for Enhancing Teachers’ Science Communication Skills 
 

Various avenues exist for introducing pedagogy and methods into the classroom th
science literacy. As instructors and professors in colleges of education and in the natu
authors are aware that we can now successfully implement many of those models at
teacher’s level. With 82% of 12th graders nation-wide not proficient in science (McLoughl
and Strauss 2005) it is obvious that we must attack the issue of science literacy on multi
pre-service level one such program is “Better Educated Science Teachers” (BEST), a se
teacher preparation program at California State

ent and pedagogy in a single degree plan. The BEST program was piloted as an altern
California single subject teaching credential beginning in 1999. Because the program blen
in Natural Science with a single subject teaching credential, students must carry unit loads 
in a strictly prescribed sequence beginning in the freshman year. However, recruitment is a
– few entering freshman are committed to secondary science teaching careers. This coul
their lack of confidence in their own science background. 

Another model that has been given much study, practice and attention is the appre
In “Preservice Secondary Science Teacher Apprenticeship Experience with Scientists” (Br
al 2001) the authors detail a number of ways in which this model can enhance the science
skills of pre-service teachers and inservice teacher alike. The program placed preservi
teachers in a one or two-week summer research experience where the teacher/students 
experiments w

othesize on science questions, collect and analyze data and present that data to their g
worked on developing inquiry based lessons to take into their classrooms when they begin teach
the teachers/students were paired with their partnered inservice teacher to reinfo
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 for high school 
students to understand the phenomenon of nuclear magnetic resonance, he would need to follow up with 
activities that connected to the students’ base of prior knowledge. He disappeared into the science 
storeroom and came back with a variety of hands-on contraptions for students to experience other examples 
of the effect of magnetic fields. The teacher was aware of the pedagogical necessity to scaffold instruction, 
that is, to build from the students’ existing understandings—prior knowledge—toward the level of expert 
science understanding communicated by the SFOS fellow. The actual process in this case is called 
“backmapping” (AAAS, 1998). From the advanced scientific discourse about nuclear magnetic resonance 
provided by the graduate student scientist, the science teacher mapped back toward the high school 
students’ level of conceptual understanding in order to guide them toward a deeper understanding of the 

 
The Science For Our Schools (SFOS) project was designed to place fulltime gradu

students from the Physics/Astronomy, Chemistry, Geology, and Biology departments into
senior high school classrooms as a resource to the public school science teacher. The part
are, by design, minority serving institutions. Once in the classroom, the graduate s
experiments, create lab projects and make presentations that are aligned with the Californ
Standards specific to the class and grade level they are assigned to aid. This project is j
funded by the NSF and is individually designed by each grant’s Principal Investigators. Dr
from the Physics/Astronomy Department and Dr. David Mayo from the Geology Depart
designed the SFOS project to allow the GK-12 fellow to enter the clas

her but as a student scientist who can communicate to the students a deeper unde
science concepts that the students are actively studying and engaged in researching. This m
effective on several levels, for the GK-12 fellow, their partner-teacher and the students. 

One of the main motivations for creating these programs is the NSF’s desire to su
level science students with fellowships to allow them to focus on science rather than the
associated with obtaining a Masters of Science or Ph.D. degree in a scientific field. B
financial boost, the grant allows the fellow an intimate knowledge of K-12 science educati
weaknesses, and the level of science understanding of students in the public schools; this
not only benefit the fellow, but society as well. Should the fellow continue on, acquire 
teaching at the college level, most likely he or she will teach entering freshmen straight ou
an audience they will now be intimately familiar with causing them to have a better ra
students. If the fellow decides to go into a position at an industry, they will also be famil
level(s) of the average worker, which helps them better communicate science in a market d

The partner teachers benefit from the student scientist by having a science 
available ten hours per week who can communicate and explicate the more demandin
science curriculum to students in that way that integrates the fellows’ “real life” expe
science teachers, the benefit of the presence of the student scientist will continue years beyo
per week. As the student scientists are in the classrooms answering questions, the teachers are also learning 
the answers, which they will in turn be able to share with their present and future students. The teache
benefits financially. For participating in the SFOS program, partner teachers receive a su
money for travel to professional development conferences and monies for classroom suppli

Ultimately it is the K-12 students who benefit the most from this arrangement. A
science communication, one of the SFOS fellows, a physics student, took on th
communicating to the high school students the nature of his research in nuclear magnetic re
not a topic that is normally addressed at the high school level, although related topics of
and atomic theory are standards-based. He spent time working out an explanation that enga
by having them act out the measurement of the magnetic moment
their seats. He asked them to imagine that they were the nuclei of the molecules being me
they were to stretch their arms pointed in random directions. At the signal, he would intro
field, which would cause them to snap into an orientation all in one direction that woul
relax. The students were able to act out the story of the nuclear magnetic resonance m
successfully. The SFOS fellow went on to show slides that described the technical detail
This graduate student scientist was not “teaching” the high school students. He wa
modalities—verbal, visual, kinesthetic—to communicate a science phenomenon.  

The science teacher, on the other hand, recognized immediately that in order
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phenomenon presented by the SFOS fellow. This became achievable because the stude
been truly piqued by the dynamic style of science communication. As a team of science
the student scientist and the science 

nts’ interest had 
 communicators, 

teacher helped the high school students attain a higher level of science 
an would otherwise have occurred. 
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S, 1998). Questions such as “Is science literacy for all high-school graduates a major goal of the K-
12 p lasses?” or “Are 

ledge?” and “Is 
 these questions 

institutions. The 
dents. From an 

mmunity of 
 to break down barriers and encourages the classroom student 

ublic school that 
graduate student 

ns lines of 
course among a 

ekers, learners and explorers!  
         The success of the SFOS project as part of the larger NSF-funded GK-12 program makes it clear that 
science communication advances the national effort to achieve science literacy. Yet, even so, it is difficult 
to carry successful projects beyond the initial seed money phase of funding. Sustaining these successes 
requires that communities encourage policy-makers and stakeholders to notice the importance and value of 
science communication, and find ways to continue bringing those who do, those who teach, and those who 
learn together into one world.  
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literacy th

clusions 
 

Science communication evokes the thrill of discovery, aims at telling the 
significance of research results, and includes everyone in the world of science. Doin
investigate the unknown and to explain natural phenomena in terms of the evidence exam
of scientific inquiry. Science education applies pedagogical knowledge to the task of 
toward meaningful understanding of the nature of science, science content, and the practic
doing science. Science literacy is the ab

nce to the context of everyday life – the ability to make science personally relevant. B
overlapping yet distinct vantage points clearly in mind science communication mediates
between the non-science and science worlds.  

This reconciliation needs to happen daily in the midst of school science. The AA
lists “Ten Questions to Ask Your Neighborhood School About Local Science Education”
(AAA

rogram?” or “What proportion of females and minorities are enrolled in advanced c
teachers given encouragement, time and to resources to update their own skills and know
learning active?” Having a student scientist in the classroom addresses and fulfills many of
head-on. 

The SFOS project is designed to work with schools that are minority serving 
fellowships have been awarded primarily to women science students and minority stu
institutional standpoint the program involves student scientists who are more like the co
students they are serving. This helps instantly
to identify with the fellow, and to change their perceptions of who can be a scientist. Any p
participates in a GK-12 program by its design encourages and gives the resource of a 
scientist to their teachers. This in turn allows for active learning to take place, ope
communication and creates a science learning environment that encourages rich dis
community of science se
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