
  

 

 
 
 

    
    

 

    

    
 

  

   

     
    

    

      
     

   

    

 

    

    
    
    

     

    

     
     

     

Kenneth W. Miller, Kathleen M. Sindt 

Computer Technology in the Science 

Classroom
 

Specific to the parameters of the National Science Education Standards
	
and the National Educational Technology Standards, this article examines
	
the role of constructivism as a philosophy to incorporate technology into
	

Within the last two decades, 
there has been considerable dis-
cussion regarding the appropriate 
use of computers in the classroom. 
Though most of this conversation 
seems to support and encourage 
the use of computers and multime-
dia in the classroom, there seems 
to be some debate as to whether 
computer use can promote student 
achievement and enhance problem-
solving skills. In effect, few efforts 
todetermine thepedagogical appro-
priateness of the computer exist. 
As schools continue to expand their 
technology budget each year, and 
at the same time the instructional 
budget decreases, this uncertainty 
of pedagogical appropriateness 
becomes paramount.  
Seriousquestionsexist regarding 

software programs accompanying 
the computer and their application 
in the science classroom. Research 
agendas have for some time tried to 
evaluate learning as a result of com-
puter use (Kulick, Bangert, & Wil-
liams, 1983; Clark, 1983; Roybler, 
Castine, &King,1988;Clark, 1994; 
Jonassen,Carr, &Hsui-Ping,1998). 
Yet, even with presidential procla-
mations and several million dollars 
spent that provide for computers in 
theschool, studiescertainlyquestion 
the ability of computer software to 

the science classroom. 

actually enhance anything other than 
rote memory. Many researchers seem 
to be concerned with the wrong ques-
tion. Perhaps the question should not 
bewhetherornot learningis improved, 
but “how can we facilitate the learning 
of students using computers as tools?” 
Essentially, the use of the computer in 
the classroom should juxtapose the 
standards in both science and educa-
tional technology. 

National Science Education 
Standards 

The National Research Council 
(1996) suggests that the primary role 
of technology in science classrooms 
is to enhance methods of inquiry and 
discovery.Thesestandards are rapidly 
becoming the guidelines for science 
curricular development and design. 
In the vision of science education 

portrayed by the Standards, effec-

Computer software 
programs utilized 
in the teaching of
science that promote 
constructivist learning
techniques are a rarity. 

tive teachers of science create an 
environment in which they and 
students work together as active 
learners.Whilestudentsareengaged 
in learning about the natural world 
and the scientific principles needed 
tounderstandit, teachersareworking 
with their colleagues to expand their 
knowledge about science teaching. 
To teach science as portrayed by 
the Standards, teachers must have 
theoretical and practical knowledge 
andabilitiesabout science, learning, 
and science teaching. 
Certainly, the useof the computer 

can“createanenvironment inwhich 
teachers and students work together 
as active learners,” but simply hav-
ing a computer in the classroom 
or networked in a computer lab 
does not guarantee appropriate use. 
The Systems Standards D declares 
emphatically that policies must be 
in place to mandate an inquiry ap-
proach. Included in these policies 
is an implicit order to guarantee an 
adequate supply of “necessary print 
and media materials, laboratories 
and laboratory supplies, scientific 
apparatus, technology, and time in 
the school day with reasonable class 
size required by this approach”(p. 
232). More specifically, the technol-
ogy provided to the schools, from 
pencils to computers, must be used 
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The technology
provided to the 
schools, from pencils 
to computers, must
be used to enhance 
inquiry. 
in such a way as to enhance inquiry. 
Consequently, thesoftwareprograms 
utilized in the teaching of science 
must also be such that they promote 
constructivist learning techniques. 
These programs are a rarity in the 
public school libraries. 
The National Research Council 

(1996) also describes successful 
science classrooms, where “teach-
ers and students collaborate in the 
pursuit of ideas, and students quite 
often initiate new activities related to 
an inquiry. Students formulate ques-
tionsanddeviseways toanswer them. 
They collect data and decide how to 
represent it. They organize data to 
generateknowledge,and they test the 
reliabilityof theknowledgetheyhave 
generated”(p. 33). Specifically, how 
does the use of a computer or com-
puters in the classroom fit into such 
an open-ended strategy for student 
learning? The Standards do mention 
theuseofcomputer technology in the 
context of the pedagogical structure 
of the classroom. Though details are 
not given, essentially the NSES, as 
does the National Educational Tech-
nologyStandards (NETS),encourage 
teachers to utilize technology as a 
tool to enhance the curriculum. More 
importantly, the NSES suggest that 
“effective science teaching depends 
on the availability and organization 
of materials, equipment, media, and 
technology” (p. 220). The NSES 

continue with the fact that science 
inquiry is broader than first-hand in-
vestigation; hence, “print, video, and 
technology sources of information 
and simulation are also required” (p. 
220). The computer can provide these 
sources and can do it in an expedient 
manner. 
Statistical studies and national 

discourse support the generalized use 
of computers in the classroom, yet 
little effort has been made to define 
best practices regarding specific use 
of technology in the classroom, or 
research thatmorespecifically defines 
practice thataccentuatesstudent learn-
ing and student inquiry. Technology 
could be used to excite, engage, and 
instruct students beyond the limita-
tions of the textbook and into a global 
society. If we are to create changes 
in the classroom that juxtapose the 
NSES and the NETS, perhaps more 
research into the significant effects 
of computer use and inquiry learning 
should occur. 

Pedagogically Appropriate 
Instruction 

The NSES Standards are very clear 
about appropriate teaching strategies 
toenhancestudent learning.However, 
the integrationofcomputer technology 
with an inquiry approach to teaching 
is not as well established. As with 
any lesson plan designed to maximize 
learning,pedagogical soundness must 
be employed. The use of multimedia 
and computers is certainly no dif-
ferent. To better understand how the 
appropriate use of the computer can 
enhancelearning, letusfirstdiscuss the 
meaning of inquiry and constructivist 
techniques. 
Constructivism offers a sharp 

contrast to the view of traditional 
teaching. The theoretical framework 
for constructivism has its foundation 

in the work of Jean Piaget (1964). 
Piaget believed that the reason a five 
year old cannot not be taught higher-
level mathematics, for example, is 
that to receive and make sense of 
this information the child must have 
the cognitive structures to enable as-
similation of the information. Piaget 
continues with “it is only when they 
themselves are in firm possession of 
this logical structure, when they have 
constructed it for themselves, that they 
succeed inunderstandingcorrectly the 
linguistic expression”(p. 178). The 
key is self-constructionand individual 
understanding of the knowledge pre-
sented. It follows then, that individu-
als in the science classrooms, when 
presented with new information, will 
construct it in individual ways. 
The constructivist theory of learn-

ing allows for children to develop 
these structures on their own. This 
idea is illustrated by Piaget’s position 
that children create ideas about their 
world,andtheseideasarenotpassively 
received through their environment. 
Hence, theuseofcomputersandmulti-
mediaas tools thatwouldhelpchildren 
to create their own meanings, and not 
just tell them or tutor them, would 
be more constructivist-bounded, and 
certainly provide knowledge that is 
meaningfulandnotmeaning-less.The 
teachers involved in constructivist 
techniqueswoulduseindirectmethods 
of teaching that would foster social, 
moral, and intellectual development 
from the inside out. Children, in the 
world of the constructivist, are not 
simply empty vessels, but come to 
the classroom with a rich diversity 
of experiential knowledge. It is from 
this knowledge that the constructivist 
begins to individualize the child. 
Constructivists perceive a dif-

ference between information and 
knowledge. Information can be given 
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or easily transmitted through telling. theory and computers, might prove 
Information is all that is necessary to to benefit the student’s understanding 
achieve correct performance. Thus, of the concepts. It is not necessarily The emphasis should
when the purpose of instruction is the teacher’s interventions that influ- be on how to useto transmit information and get cor- ence the child’s constructions, but the 
rect performance, explanations meet child’sexperiencewith these interven- computers as tools.
the needs. However, knowledge is tions (Brown, 1996). Opportunities 

Along with being able to use tech-something that cannot be transmitted for prior knowledge, design of their 
nology proficiently, the NETS (1999) or given. Constructivists suggest that own problems, and the construction 
expect students to use technology as knowledge in the formofexplanations of meaning must be employed. To 
tools to construct their learning more willnotallowassimilationof informa- facilitate this learning,computersneed 
effectively and efficiently. According tion. Piaget’s writings, as discussed in to be used as knowledge construction 
to the Standards, students should:Blais (1988), show that the construc- tools, or “mindtools” (Jonassen, Carr, 
1. Use technology to enhance learn-tion of knowledge by the child is of & Hsui-Ping, 1998). Mindtools are 
ing, increase productivity, and utmost importance. He stated, “The “computer applications that, when 
promote creativity;goal of intellectual education is not to used by learners to represent what 

2. Use technology to locate, evalu-know how to repeat or retain ready- they know, necessarily engage them 
ate, and collect information from made truths. It is in learning to master in critical thinking about the content 
a variety of sources;the truthbyoneself, at theriskof losing they are studying” (p. 24). 

3. Use technology tools to process much time andof going throughall the 
data and report results; andNational Educationalroundabout ways that are inherent in 

4. Use technology resources for real activity” (624). Technology Standards 
solving problems and making In contrast to the constructivist The National Educational Tech- informed decisions (pp. 5-6).classroom, lessons in the traditional nology Standards (NETS) (1999) The emphasis of these Standards inclassroom give examples, model, and support the use of computers as tools technology is to effectively enhance assign work to be completed for the to enhance learning, in opposition to learning as it fits the constructivist next day. Under this context, the use usingcomputers todeliver instruction. approach to students’ learning. In a of the computer might not prove to Thegoalsof thesestandardsare tohelp constructivist environment, students enhance a student’s problem-solving students use technology to become willuse technologyasatool toenhance skills. Perhaps the problem is not with information seekers, problem solvers, their learning and the efficiency with the technology, but with the strategies and decision makers; effective com- which they construct their learning.that use the technology. If teachers municators, collaborators, publishers, 

use computers to provide the drill and and producers; and informed, respon- Research on Computers and practice to memorize, students are not sible citizens. The NETS are divided Student Learningallowed to assimilate the knowledge into six categories: basic operations 
Research in the area of enhancing and relationships. Instead, explor- and concepts; social, ethical, and 

student learning has been conducted atory activities, using constructivist human issues; technology productiv-
frequently in recent years. Histori-ity tools; technology communication 
cally, most of these studies compared tools; technology research tools; and 
the use of computers in a given topic, technologyproblem-solvinganddeci-
with not using computers for the same sion-making tools. These categories The keys to topic. For example, Kulick, Bangert, stress two areas of importance. The Constructivism are and Williams (1983) conducted afirst addressed is theabilityof students 
meta-analysis of the results of many self-construction to be proficient and responsible users 
of these studies. The results of the of technology. The NETS suggest that and individual meta-analysis showed that computers students need to “practice responsible 
enhance learning. However, Clark understanding of the use of technology systems, informa-
(1983) called these results into ques-tion, and software” (p. 4).knowledge presented. tion. Clark notes that when examining 
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The emphasis should
not be on whether 
computers enhance
learning, but on how to
use computers as tools
with the appropriate 
methodology for
the subject, to teach
more effectively and 
efficiently. 
theeffectsofdifferentmedia (comput-
ersvs.non-computer),only theaspects 
of the media can be different. All other 
aspects of the treatments, including 
subject matter content and method of 
instruction, must be identical. Clark 
points out that in the studies where 
differences were found, different in-
structionalmethodswereconfounding 
variables that could have influenced 
the results. On those studies where the 
methodology and content were kept 
constant, no significant differences 
appeared. 

During the latterpartof theeighties, 
however, the results of research on 
computer-based education (CBE) as a 
means to improve learning of students 
continued to be conducted. Roblyer, 
Castine, and King (1988) conducted 
a meta-analysis of the effects of CBE 
from 1980 to 1987. Results of this 
meta-analysis also showed that CBE 
is effective in improving student 
learning. 
More recently, Clark (1994) con-

tinued to maintain that the use of any 
specific media, including the com-
puter, will not improve learning. He 
believed that any media can be used 
to achieve the same amount of learn-
ing, and that it is the methodology, 
not the technology, that influences 
the learning. 
Given the concerns regarding the 

results of studies conducted on CBE, 
we need to quit being concerned about 
whether or not using the computer as 
a deliverer of instruction is effective. 
We need to concentrate on how to use 
the computer as a tool, together with 
the appropriate methodology for the 
subject, to teach more effectively and 
efficiently.Thecomputerbecomesone 
tool of a set of tools used to facilitate 

student learning.Theemphasis should 
not be on whether computers enhance 
learning, but on how to use computers 
as tools with the appropriate method-
ology for the subject, to teach more 
effectively and efficiently. 
The other area of emphasis should 

be on insuring that students become 
competent consumers of the technol-
ogy. Aconstructivist approach, where 
students use the appropriate technol-
ogy as tools in constructing their own 
learning, will allow the students to 
become the users of technology we 
wish them to be. In essence, we would 
want the instruction, philosophy, and 
methodology to move to the right on 
the continuum (see Figure One). 

Appropriate Science 
Classroom Computer Use 
The role of computer technology 

in allowing students to construct their 
knowledgemustnowbeconsidered. In 
the past, computers have been used as 
deliverers and quizmasters of instruc-
tion. To be consistent with Standards 
methodology, this approach needs to 
be changed by having the students use 
the computers as tools, and to match 
the learning tasks with the tasks that 
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computers can assist with or perform 
(Morrison, Lowhter, & DeMuelle, 
1999). Consider the ways the follow-
ing programs and computer functions 
can be used to help students construct 
their own meaning. 

Database Use 
Database programs are designed to 

store, organize, and manipulate large 
amounts of information, or data. The 
functions of databases are similar to 
the processes used to facilitate critical 
thinkingskills (Morrison,etal., 1999). 
In order to create a database, students 
need to think carefully about how to 
organize the information they have 
collected. Once the information is 
organizedintothedatabase, thestudent 
canuse thesortingandsearchingfunc-
tions of a database to solve problems 
relating to information. Increatingand 
usingdatabases,studentsareanalyzing 
and categorizing information, as well 
as manipulating information to solve 
problems. 

Multimedia Use 
Multimediapresentationsprograms 

are tools that allow students to create 
unique methods communicating their 
ideas via the computer (Morrison, et 
al., 1999). In order to produce multi-
media-based reports, students must 
synthesize their ideas to decide what 
information they want to tell others. 
While any form of report will allow 
students to synthesize their findings, 
multimediaallowsthemtoincorporate 
sound, graphics, and video into their 
reports. Students can then present 
their findings to fellow students in an 
interesting manner. 

Internet Use 
Assuming that we follow the 

standards in science and technology, 
perhaps we should identify the role 

Children come to the 
classroom with a rich 
diversity of experiential
knowledge; from this, 
the constructivist 
begins to individualize
the child. 
of the Internet in helping the teacher 
integrate the computer as a tool into 
existing pedagogical structure. Con-
sequently, use of the Internet in the 
classrooms can encourage teachers 
to move from instructionism (know-
ledge transfer) to constructivismmore 
closelyalignedwithknowledgebuild-
ing. Use of the Internet can encourage 
teachers to be more creative in their 
science classrooms, moving from a 
traditional lecture model to one that 
depends heavily on student collabora-
tion and peer teaching (Upgedrove, 
1995). 
Ebenezer and Lau (1999) suggest 

fourteenusesof theInternet thatwould 
correlate with the National Science 
Education Standards. 
1.		 Testing Personal Ideas 
2.		 Conducting Internet Labs 
3.		 Taking a Virtual Trip 
4.		 Conducting Research 
5.		 Participating in a Joint 
Classroom Project 

6.		 Communicating Ideas 
7.		 Asking Experts 
8.		 Collaborating with Scientists 
9.		 Sharing Classroom-Based Work 
10. Creating an Electronic Portfolio 
11. Using Time Efficiently 
12. Learning in a Relaxed Environ-
ment 

13. Motivating Students 
14. SimulatingDangerousandCostly 
Experiments 

For example, students can test 
their “personal ideas” by searching 
the Internet for a multitude of activi-
ties designed to test their ideas. Con-
structivist techniquesallowstudents to 
engage in learning that follows from 
the questions they ask. In this way, 
students might ask about the speed 
of sound at different temperatures. 
Searching the Internet, they might 
find this site: 
(http://www.glenbrook.k12.il.us/ 

gbssei/phys/Class/sound/ull12c. 
html), that would provide the frame-
workfor theirexperimentation to learn 
the answer. From this site, additional 
questions might also be answered. 
Similarly, the site: (http://wwwitg. 

lbl.gov/vfrog/) provides a good ex-
ampleof thepossibilityof“conducting 
laboratoryactivities”over theInternet. 
At this site, students are taken through 
thedissectionofafrogataverysophis-
ticated level.Using thisprocedurecuts 
classroom costs and enables students 
toparticipateandquestionat theirown 
pace. By accessing this site: 
(http://www.sandiegozoo.org/zoo/ 

homepage.php3), students are able to 
visit the San Diego Zoo. Students can 
interact with scientists, view pictures 
and video, and access information. 
Similar to the zoo virtual trip, students 
can access the Jason Project sites 
(http://www.jasonproject.org) and 
visit a rainforest, manipulate scien-
tific equipment and/or participate in 
exploring the oceans. Other Internet 
sites are available in each of these 14 
teaching strategies. 

Conclusion 
Care must be taken to provide for 

appropriate pedagogical strategies 
based upon inquiry and discovery 
techniques.Withappropriateattention, 
the teacher can provide for a more 
constructivist classroom through the 
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useof thecomputerandmultimedia. If 
providing for a more standards-based 
classroom can be accomplished with 
thecomputerasacritical tool, teachers 
and supervisors can monitor its use 
and budget for its availability to the 
students in each school. 
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Richard A. Huber, Christopher J. Moore 

Educational Reform Through High 

Stakes Testing—Don’t Go There
 
High-stakes testing is seen as being inconsistent with the Standards’ goals 
regarding what students are taught about the nature and purposes of science. 

Given the current state ofknowl-
edge about the negative impacts of 
standardized testing, it may seem 
reasonable to conclude that science 
education supervisors need not be 
overly concerned about how such 
tests are employed within educational 
policies and initiatives promulgated 
by state and federal agencies. After 
all, a rich literature base documents 
the risks and potential pitfalls of 
standardized testing, and a number 
ofwell-researchednational standards, 
such as the National Science Educa-
tion Standards (National Research 
Council, 1996) provide unambiguous 
guidance based upon that literature. 
Beforewegrowcomplacent,however, 
we should take a careful look at what 
is going on in at least some of the 20 
states that have begun implementing 
“high-stakes” accountability testing 
programs. In this paper, we outline 
the impacts of one such state program, 
North Carolina’s New ABCs of Public 
Education, on K-8 science instruc-
tion and reform efforts. The evidence 
presented indicates that the North 
Carolina ABCs Program, which was 
held up by President Clinton in his 
1999 State of the Union Address as 
a model for the nation, has derailed 
efforts to implement Standards-based 
reforms in many of North Carolina’s 
classrooms. We believe that science 
educationsupervisorsacross thenation 
should view North Carolina’s ABC 
Program like a warning alarm from 

a coal miner’s canary. 
In a 1997 article, Time Magazine 

referred to “high-stakes testing” as, 
“the latestsilverbulletdesignedtocure 
all that ails public education” (Kunen, 
1997). Unfortunately, as pointed out 
by Robert Shaffer of FairTests, an 
advocacyorganizationconcernedwith 
equity issues in standardized testing, 
this trend demonstrates a disturbing 
disregardfor thescientific literatureon 
testing. Shaffer states, “every profes-
sional guideline says, ‘don’t use these 
test scores as a sole criterion to make 
decisions.’ But this is guidance that 
is widely abused and ignored” (CNN. 
com, 1999). 
The admonition to use test results 

cautiously is highly consistent with 
the National Science Education 
Standards. While the Standards does 
recognize accountability testing as 

High-stakes testing 
programs are a 
product of the growing 
movement to improve 
public education by
ensuring that schools
more fully reflect and 
conform to the needs of 
business and industry. 

an acceptable practice (National 
Research Council, 1996, p. 89-90), 
the Standards also stresses that such 
testing should be conducted in accor-
dance with rigorous quality assurance 
safeguards--whichareconsistentwith 
Standards-based reform practices and 
goals. For example, the testing should 
utilize (1) authentic assessment tasks, 
(2) unbiased assessment tools, and (3) 
sound sampling and analysis strate-
gies. Additionally, the programs or 
initiatives that give rise to the assess-
ment should be sound and supportive 
of broader educational reform efforts 
and goals, including those within the 
Standards-based reform movement. 
Importantly, the Standards specifi-

cally addresses the need to be wary of 
policiessetbyelectedorpoliticallyap-
pointed leaders. Within the discussion 
of System Standard C, which calls for 
coordinationamongreforminitiatives, 
the Standards explain that, 
Newadministrationsoftenmake 
radical changes in policy and 
initiatives and this practice is 
detrimental toeducationchange, 
which takes longer than the typi-
cal 2- or 4- year term of elected 
office. Changes that will bring 
contemporaryscienceeducation 
practices to the level of quality 
specified in the Standards will 
require a sustained effort (Na-
tional Research Council, 1996, 
231-232). 
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The Standards strongly 
emphasizes that the
process of increasing 
the authority and
control afforded to 
teachers will be very
slow because the 
changes in teachers’
roles will occur only as 
substantive reforms are 
made throughout the 
educational system. 
These concerns are echoed in the 

literature on testing-based reform 
initiatives. For example, Corbett and 
Wilson (1991) discuss how “reform 
by comparison” initiatives, suchas the 
NewABCs, lack“the inherentpatience 
needed to nurture better educational 
results over the long run” (p. 3). 
System Standard F of the National 

Science Education Standards directs 
science education supervisors to ad-
dress concerns such as those noted 
above. System Standard F calls upon 
thescienceeducationcommunity tobe 
vigilant in reviewing new educational 
initiatives and policy instruments that 
mayhavenegative“unintendedeffects 
on the classroom practice of science 
instruction”(NationalResearchCoun-
cil, 1996; p. 233). As explained within 
the discussion of System Standard 
F, “Even when as many implica-
tions as possible have been carefully 
considered, well-intentioned policies 
can have unintended effects. . . . un-
less care is taken, policies intended 
to improve science education might 
actually have detrimental effects on 
learning” (National Research Coun-

cil, 1996). This standard is perhaps 
nowhere more important than in the 
caseof“silverbullets,”whereprogram 
implementationtendstoprogressmore 
rapidly than does program evaluation 
and validation. 

Overview of the New ABCs 
as an Example of High-

Stakes Testing 
High-stakes testing programs are a 

product of the growing movement to 
improve public education by ensur-
ing that schools more fully reflect 
and conform to the needs of business 
and industry and the criteria used to 
judge success and effectiveness in 
business and industry. Towards this 
end, the New ABCs and other high-
stakes testing programs emphasize 
the importance of holding teachers 
and schools accountable for student 
learning as measured by students’ 
performances on standardized tests. 
In order to ensure that these personnel 
are adequately motivated, substantial 
rewards and hefty sanctions are linked 
to testing outcomes. The central role 
of accountability testing in the New 
ABCs is demonstrated by the fact that 
the letter “A” in the “ABC” acronym 
stands for “accountability.” The other 
two core objectives of the program 
are to increase the emphasis placed 
upon the “Basic” subjects and to 
provide an increased level of “Con-
trol” of program implementation and 
pedagogy at the local (school) level 
(North Carolina Department of Public 
Instruction, 1996). 
The “control” component of the 

programappears tohavebeenintended 
to help mitigate known or predicted 
problems associated with standard-
ized and/or accountability testing. 
In theory, the increased local control 
would ensure that personnel working 
close to the students--teachers and 

school-level administrators--would 
keep the students’ best interests in 
mind when making decisions about 
how to implement the program. Un-
fortunately, this component of the 
program does not appear to have been 
successful (Jones, 1999). 
As suggested above, the poor per-

formanceoftheNewABCswithrespect 
to its “control” objectives could have 
been anticipated had attention been 
paid to warnings in the Standards and 
in theprofessional literature regarding 
theneedfor“long-haul” (rather than2- 
or4-year)perspectives.The Standards 
strongly emphasizes that the process 
of increasing the authority and control 
afforded to teachers will be very slow 
because the changes in teachers’roles 
will occur only as substantive reforms 
are made throughout the educational 
system. Thus, it is unreasonable to 
hold teachers accountable for execut-
ing such authority effectively prior 
to having successfully completed the 
prerequisite substantive systematic 
reforms necessary to support teachers 
in their new roles. 
Additionally, some researchers are 

concerned that the typesofhigh-stakes 
utilized within the accountability 
component of the New ABCs program 
undermineefforts to increasecontrolat 
the school level. For example, Wildy 
and Wallace (1997) discuss how it is 
particularly important in science edu-
cation that accountability programs 
follow professional models that (1) 
maintain long-term perspectives (2) 
promote a culture of trust and sup-
port, and (3) emphasize professional 
development. Unfortunately, such 
approaches appear incompatible with 
the high-stakes accountability agenda 
of the New ABCs. As stated by Jones 
(1999), “when the State Board of Edu-
cation has the power to shut the doors 
of the school based on end-of-grade 
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test scores, there is no local control 
of education.” 
The stakes associated with the 

accountability component of the 
New ABCs are substantial. In North 
Carolina schools, teachers receive 
bonuses when test scores are high 
(schools receive as much as $1,500 
per teacher). Severe sanctions are 
applied when schools fail to meet 
their “expected growth” standards, 
especially for schools that “earn” the 
“low-performance” label.Thesesanc-
tions include the following: 
•		 publication of performance mea-
surements (the distinctions range 
from “school of distinction” to 
“low performing school”), 

•		 mandated assistance from state-
provided teams (comparable to 
a hostile takeover in the business 
world), 

•		 competency tests for teachers 
(teachers are given three chances 
to pass the test before being dis-
charged), and 

•		 removalofprincipalsandteachers 
who are “not willing to improve 
their practice.” 
The stakes continue to rise as the 

Proponents and 
critics of high-stakes
testing both advocate
that the high-stakes
have a powerful
impact on motivating
teachers and school 
administrators to do 
what is neccessary to
bring about higher 
scores. 

programis implemented.Forexample, 
recent legislationinNorthCarolinahas 
simplified the procedures for dismiss-
ing teachers by “streamlining” the 
appeals process. Additionally, test re-
sults are playing an increasingly more 
significantroleindecisionsconcerning 
student placement, advancement, and 
retention. 
Proponents and critics of high-

stakes testing both advocate that the 
high-stakes have a powerful impact 
on motivating teachers and school 
administrators to do what is necessary 
tobringabouthigherscores.However, 
there is less agreement about what 
can be inferred from those test scores. 
Proponents advocate that the results 
demonstratesuccess.Consider, forex-
ample, the meaning North Carolina’s 
Governor Hunt attributed to data 
showing a rise in test scores for the 
1997-98 school year: 
The results show us that North 

Carolina’s schools are working. . . . 
Through the ABCs of Public Educa-
tion, our schools are working like 
never before to put children and their 
education first (North Carolina Public 
Schools Infoweb, 1998). 
In contrast, critics question the as-

sumption that high scores equate with 
improved schools. Additionally, the 
literatureonstandardizedtestingraises 
concerns about the desirability of 
programs that may motivate teachers 
and administrators to do “whatever is 
necessary”tobringabouthigherscores 
(Jones, 1999; FairTest, 1999a; CNN. 
com,1999;Shapiro,1998;Neill,1998; 
Darling-Hammond, 1991; Haladyna 
et al. 1991; Madaus, 1991; Neill and 
Medina, 1989; Brandt, 1989; Smith, 
1991a; Smith, 1991b). In fact, for at 
least adecade researchers haveargued 
that using standardized test scores as 
the primary basis for any policy deci-
sion-making is “reckless,” given what 

is known about the limited validity, 
accuracy, and reliability of the tests 
(Neill and Medina, 1989). In a survey 
of state programs used to establish 
accountability in the public school 
systems (not all of which were high-
stakes programs), FairTest concluded 
that2/3of theprogramsimpededrather 
than promoted educational reform 
(FairTest, 1999a). In this study, North 
Carolina’s ABC program received the 
lowest possible rating (1 on a scale of 
1 to 5), which distinguishes it as a pro-
gram “requiring a complete overhaul” 
(FairTest, 1999b). 

The New ABCs and 

Standards-based Reform 


Goals
 
In assessing the New ABCs in terms 

of the Standards, this paper considers 
the two areas of emphasis in the Stan-
dards--equity and excellence. 

Equity Issues 
System Standard E of the National 

Science Education Standards states 
that, “science education practices 
mustbeequitable”(NationalResearch 
Council, 1996; p 232). In explaining 
this standard, the Standards empha-
size the need to ensure that programs 
overcome, rather than compound, 
“well-documented barriers” to learn-
ing science for selected groups of 
students, including those from eco-
nomicallydisadvantagedpopulations. 
Oneof theobjections toaccountability 
testing is that the testing may promote 
such inequities. As stated by Darling-
Hammond (1991): 
Applying sanctions to schools 
with low test scores penalizes 
already disadvantaged students. 
Having given them inadequate 
schools to begin with, society 
now punishes them further for 
failing to perform as well as 
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students attending schools with 
more resources (p. 222). 
A number of other serious equity 

issueshavebeenraised in the literature 
on standardized testing. For example, 
there is evidence that the tests are 
biased to middle class, white, male 
worldviews (CNN.com, 1999; Dar-
ling-Hammond, 1991; Neill, 1998). 
As the high-stakes testing movement 
builds momentum, the legal implica-
tions associated with these issues is 
drawing increasing recognition and 
attention. For example, the U.S. Edu-
cation Department’s Office for Civil 
Rights has recently begun the process 
of developing a policy that would re-
strict testing practices. A draft policy 
statement, which is being circulated 
within the educational community for 
comment, would ban “the use of any 
education test which has a significant 
disparate impact on members of any 
particular race, national origin, or sex. 
. . unless it is educationally necessary 
and there is no practicable alterna-
tive form of assessment” (CNN.com, 
1999). 
The New ABCs program purports 

to address these issues by using a 
“complex formula,” which focuses 
on improvements, to determine each 
school’s required performance goals. 
Proponents of the program claim that, 
“the decision to focus on progress 
removes the nettlesome problem of 
unfairly expecting poor rural schools 
or inner-city schools to do as well as 
theircounterparts inwealthysuburban 
areas” (Simmons, 1997). 
Given the complexity of equity 

issues of concern, the efficacy of this 
relatively simplistic solution is less 
than self-evident. For example, there 
isno reason to assume that thepractice 
of focusing on improvement would 
remove racial or cultural biases in 
tests. Additionally, concerns have 
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been raised that schools may have 
difficulty in recovering from a “low 
performance” rating because the 
label might scare away highly quali-
fied personnel--including principals 
and teachers who might otherwise be 
recruited to help turn around schools 
in disadvantaged districts (Kurtz, 
1998). We believe that education 
supervisors should be wary of “silver 
bullets” in the details of high-stakes 
testing programs, such as the practice 
of measuring improvement discussed 
here,whichpurport toresolvecomplex 
issues through strategies that appear 
to be relatively simplistic and largely 
invalidated. 

Excellence Issues 
The National Science Education 

Standards outlines numerous changes 
in emphasis that will occur as the 
Standards’ vision is realized, some 
of which are summarized in Table 1. 
The evidence reviewed here indicates 
that high-stakes testing programs ap-
pear to drive changes in the opposite 
direction of those envisioned in the 
Standards. 
As shown in Table 1, the Standards 

envisions a shift of focus away from 
one in which instruction and assess-
ment focus on a broad body of discrete 
knowledge. Instead, the Standards 
advocate a narrower focus on key 
concepts directed towards deeper, 
richer understanding. The central 
role of inquiry drives a shift of focus 
from lower-level thinking to problem 
solving and other higher-order think-
ing skills. Importantly, the changes 
envisioned in the Standards call for 
substantial increases in the amount of 
time allocated for science instruction. 
Without exception, the New ABCs 
appears to be driving science instruc-
tion in North Carolina’s elementary 
and middle school classrooms in the 

Within the arena of 
the tested subjects,
teaching practices
appear to have been 
degraded to strategies
focused on “teaching to
the test.” 
opposite direction as advocated by 
the Standards, that is, away from 
inquiry. 
High-stakes assessments programs 

in general, and the New ABCs in 
specific, clearly are antithetical to 
the Standards’ goal of decreasing the 
emphasis placed on “standardized 
assessmentsunrelated to Standards-
based programs and practices.” One 
consequence of this shift is that teach-
ers are spending more time teaching 
the tested subjects, at the expense of 
other subjects. In grades K-8, where 
the testing focuses on the “basic” 
subjects of mathematics, reading and 
writing, scienceoften ismarginalized. 
Additionally, teachers are spending 
more time teaching test-taking skills 
and having students take “practice 
tests.” 
The changes in how instructional 

time is allocated can be substantial. 
For example, in a survey of North 
Carolina elementary school teach-
ers, Jones (1999) reports that 80% of 
the teachers indicate that they spend 
over 21% of their total teaching time 
practicing End-of-Grade (EOG) tests. 
Additionally,over28%of the teachers 
indicate that they spend from 61% to 
100%of their teaching timepracticing 
for the tests. The mean amount of time 
devoted to science instruction among 
these teachers is 99 minutes per week. 
The teachers also report that science 

instructionwasoftenradicallymargin-
alized as test time grew closer. 
There is reason to doubt science 

instruction would be aided by the ad-
dition of a science test to the testing 
schedule.Within thearenaof the tested 
subjects, teaching practices appear to 
have been degraded to strategies fo-
cused on “teaching to the test,” which 
are antithetical to Standards-based 
practices.Forexample, inmathematics 
instruction, at least one county system 
provides teachers with a database of 
math questions representative of end-
of-grademath testquestions.Teachers 
are also provided with a breakdown of 
the questions that organizes them by 
objectiveand identifies thepercentage 
of questions per each objective that 
were present in previous EOG tests. 
We have observed teachers being in-
structed (pressured) by county-level 
and school-level administrators to 
adjust the emphasis of their instruc-
tion to match the pattern of emphasis 
identified on past years’ tests.  
Although evaluative literature on 

the New ABCs is just beginning to be-
comeavailable,questionablepractices 
such as those described above appear 
to be prevalent (Jones, 1999; Jones, 
1997; FairTest, 1999b). Additionally, 
concernshavebeenraised in the litera-
tureabout the tendencyforhigh-stakes 
testing programs to encourage school 
administrators and teachers to engage 
in practices that are questionable in 
termsofbothpedagogyandethics.For 
example, the literatureonstandardized 
testing raises substantial concerns 
about the how widespread practices of 
“teaching to the test” lead to unethical 
teaching practices that invalidate test 
results (Haladyna et al, 1991). The 
insidious nature of these problems 
and the evidence to date on the New 
ABCs suggests that numerous unde-
sirable practices might well follow in 
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the wake of a science accountability 
test, should one be implemented in the 
future. We believe that science educa-
tion supervisors should be proactive 
in addressing high-stakes testing and 
that they should not wait for mandated 
science testing to reach their schools 
before taking action. 
High-stakes testing in general, and 

theNewABCs inparticular,alsoappear 
to work against the Standards’ goals 
involving affective domain learning. 
Test anxiety replaces an open atmo-
sphere of exploration where diverse 
ideas are respected and risk-taking 
is valued (Hill and Wingfield, 1984). 
Competition flourishes at the expense 
of community (Shapiro, 1998). Alove 
ofscience--andof learningingeneral--
is anything but nurtured. For example, 
Jones (1999) found that teachers were 
six times more likely to report that 
the New ABCs program resulted in a 
negative impact on students’ “love of 
learning” than a positive impact. 
Finally, the New ABCs appears 

inconsistentwith the Standards’ goals 
regarding what children are taught 
about the nature and purposes of sci-
ence itself. The Standards calls for a 
shift of emphasis that de-emphasizes 
scienceasabodyof factualknowledge 
and emphasizes science as a way of 
structuring and using inquiry to an-
swer real questions and investigate 
real problems. This shift of emphasis 
is a move away from science as the 
accumulation of factual knowledge 
separate from exploration and experi-
mentation(withexperimentationoften 
limited to theclosing activity foraunit 
of study). The shift of emphasis is a 
move towards a model of science as 
“argument and explanation,” involv-
ing ongoing, repeated, and public 
investigation and experimentation in 
which students “combine process and 
scientific reasoning and critical think-

ing to develop their understanding of 
science” (National Research Council, 
1996; p. 105). 
It seems unlikely that high-stakes 

testing programs, such as the New 
ABCs, will further these goals for at 
least two reasons. First, as suggested 
above, high-stakes testing tends to 
promoteanemphasisonteachingwhat 
iseasilymeasuredwithobjective (e.g., 
multiple choice) tests. Objective tests 
are a poor tool for testing the ways 
in which a student has developed the 
valuesandattitudesconducivetobeing 
able to truly apply scientific inquiry to 
real world problems. Secondly, once 
again the realization of the Standards’ 
vision takes time,which isall toooften 
a scarce resource with end-of-grade 
tests only a matter of a few months 
or weeks ahead. 

Conclusion 
As a case study, North Carolina’s 

New ABCs of Public Education 
provides compelling evidence that 
high-stakes testing is not a “silver 
bullet” that will cure all the ills that 
beset our schools. In fact high-stakes 
testing is problematic. Nonetheless, 
it is reasonable for the public to 
expect that schools and teachers be 
held accountable to high professional 
standards. Further, as recognized in 
the Standards, assessments of student 
learning can be used as a valid tool 
for establishing such accountability. 
However, such testing will only be 
effective if it is implemented properly. 
Towards this end, The National Sci-
ence Education Standards is a useful 
guide in that it provides a model and a 
vision of recognized best practices. 
Importantly, the Standards also 

providesaguidetopotential falsestarts 
and pitfalls in educational reform. For 
example, one major weakness of the 
New ABCs appears to be that it has 

been implemented under a cloud of 
urgency. Also, many of the concerns 
raised here may well stem, at least in 
part, from failures of the New ABCs to 
accomplish its objective of providing 
increased control of educational poli-
cies to local schools and teachers. As 
a consequence of these shortcomings, 
teachers may have had less, rather 
than more, control in ensuring that the 
sweepingchangeswroughtbythe New 
ABCs are instudents’best interests.As 
noted above, the Standards provided 
warnings relevant to both of these 
apparent shortcomings. 
There are no simple solutions to 

the complex problems associated 
with accountability testing. However, 
researchandstandardsofbestpractice 
can inform decisions about how to 
move towards viable solutions and 
sound practices. Science education 
supervisors can play an important 
part in helping to guide research and 
policy development. It is the profes-
sional educator’s responsibility to 
helpensure theestablishedknowledge 
base on assessment practices is not 
disregarded. 
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Mário E. C. Vieira 

Pre-college Outreach and Cooperative 

Programs in Oceanography at the US 


Naval Academy
 

The Oceanography Department of the United States Naval Academy (USNA) 
has embarked upon a vigorous effort to support the advancement of education 

Introduction 
The United States Naval Academy 

(USNA) is an undergraduate educa-
tional institution of the United States 
federal government, charged with the 
preparation of officers to be commis-
sioned in the United States Navy and 
MarineCorps.TheAcademyis located 
in Annapolis, the capital of the state 
of Maryland, on the west bank of the 
Chesapeake Bay, the largest estuary 
in the country. 
At the conclusion of a four-year 

program the students (midshipmen) 
receive a Bachelor Degree in one 
of nineteen major areas, including 
Oceanography. The Oceanography 
Department is the second-smallest 
at the Academy, with a total of six 
civilianprofessors, sevennavalofficer 
instructors and three technicians. Ap-
propriately enough, Oceanography is 
consistently the most popular major 
in the Division of Mathematics and 
Science, graduating every year 70 to 
90 midshipmen. 
The Oceanography Department 

operates a fully equipped thirty meter 
long vessel, as well as several wet 
and dry laboratories; oceanographic 
researchcanbeaccomplishedutilizing 
a full complement of state-of-the-art 

in Oceanography. 

instrumentation. Given the ultimate 
destination of its students, the fleet, 
the Oceanography Department places 
a large emphasis in the study of physi-
cal oceanography in general. Coastal 
and estuarine studies are also part of 
the elective curriculum, including 
“hands-on” experience with short 
cruises in theChesapeakeBay.Athree- 
week summer research cruise in the 
Chesapeake and Delaware estuaries 
has been offered to interested students 
since 1989. 
The Oceanography Department 

actively supports the advancement of 
education inOceanographybysharing 
its resources and expertise with the 
academic and scientific communities. 
Three main venues have channeled 
this effort: the Mentorship Program, 
the Maury Project and Cooperative 

The overall objective
is to provide a creative 
environment for the 
students while exposing
them to the working
world. 

Research Projects. What follows is a 
discussion of each of these endeavors. 
It is hoped that readers may find in 
these paradigms the inspiration to 
develop similar programs at other 
institutions. 

The Mentorship/Internship
Program 

This program is a partnership 
between the Anne Arundel County 
(Maryland)public schoolsandseveral 
institutions, including the USNA. It 
serves as a catalyst in the formation 
of mutually beneficial relationships 
between mentors and high school stu-
dents. Applied learning opportunities 
areoffered toparticipantswho, in turn, 
provide valuable human resources. 
The overall objective is to provide a 
creative environment to the students 
while exposing them to the working 
world. 
The mentor is a professor or in-

structor interested in supervising the 
participation of the student in support 
tasks and research projects. The pro-
grammatches the mentor’sneedswith 
agiftedand talentedhighschool junior 
or seniorstudent. Students receiveone 
half high school credit for 66 hours of 
volunteer serviceper semesteror sum-
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mer session. Participating students 
follow their normal school schedule, 
providing their volunteer service after 
school hours on a prearranged time 
frame for about five hours per week; 
mentorsareexpected toprovidedirec-
tion and guidance in assignments that 
challenge the students’ abilities. 
The program is administered by the 

Gifted/Talented/Advanced Programs 
(GTAP) office of the Anne Arundel 
County Public Schools, 2644 Riva 
Road, Annapolis, MD 21401; every 
year it contacts several local institu-
tions and solicits faculty and staff 
volunteer mentors. 
Student candidacies are accepted 

each year in March and consist of the 
following (GTAP, 1999): 
1.		 Submission of a completed ap-
plication by the due date 

2.		 Attendance of a scheduled ori-
entation session presented by the 
GTAP staff 

3.		 Signed parental authorization 
4.		 Guidance counselor verified 

grade point average (GPA) 
5.		 Teacher recommendation 
Fromalistofavailablementorships 

and summer internships, the student 
picks a first and a second choice in 
the application. GTAP staff reviews 
theapplicationsand schedules student 
interviews with the mentors. Students 
accepted into the program must make 
a firm commitment to carry it through; 
applications of students not selected 
remain open during the school year in 
case an opening may appear. 
In order to qualify for the Mentor-

ship/Internship program a student 
must: 
1.		 Be a high school junior or senior 
2.		 Have a GPA average of B or 
higher 

3.		 Have a recommendation from 
a professional who knows the 
student in the academic sense 

4.		 Show commitment, capacity to 
learn independently, and ability 
to follow directives from adults 

5.		 Provide own transportation 
The student is expected to meet the 

following requirements: 
1.		 Keep a monthly project log 
2.		 Pass a satisfactory evaluation by 
the mentor at the end of the 
project 

3.		 Submit to on-site visits by 
GTAP staff 

4.		 Notify the mentor of any chang-
es in schedule 

5.		 Complete the project in a time-
ly, responsible, and mature 
fashion 
One example of the participation 

of the Oceanography Department in 
the program involved a high school 
senior testing a new piece of equip-
ment, designed to measure and record 
surface waves. The student installed 
the sensor in the Severn River estuary 
(a small tributary of the Chesapeake 
Bay), testeditsperformance,andwrote 
simple instructions for its use. In this 
instance the mentor’s time was freed, 
and the student learned about waves 
andtheirmeasurement. Inanothercase 
a student generated a computer data 
base, dealing with estuarine literature 
and technical papers. This has been a 
ready source of reference materials 
for the mentor in the execution of re-
search and course preparation, while 
the student became acquainted with 
oceanography through close contact 
with the literature and the statement 
of oceanographic problems. 

The Maury Project 
The motto of this enterprise is 

“Exploring the Physical Foundations 
of Oceanography.” This teacher 
enhancement program is funded 
by a National Science Foundation 
grant which began in 1994. This is 

a partnership between the American 
Meteorological Society, the USNA 
and other US Navy agencies, with 
assistance from the National Oce-
anic and AtmosphericAdministration 
(NOAA). The purpose of the Maury 
Project is the improvement of teacher 
effectiveness in generating interest 
and understanding in oceanography 
(particularly physical oceanography) 
among precollege students (kinder-
garten through 12th grade). Whereas 
the Mentorship/Internship Program 
acted on a one-to-one basis, the active 
principle of the Maury is a grassroots 
approach with a multiplicative effect. 
This strategy works by training a core 
of teachers, who in turn extend their 
knowledge to a larger number of col-
leagues able to reach an even wider 
student population. 
Major components of the Maury 

Project are: 
1.		 Identification and training of a 
cadre of master oceanographic 
education resource teachers. 

2.		 Creation of a national oceano-
graphiccommunicationsnetwork 
to promote the flow of science and 
pedagogical information relating 
to pre-college physical oceanog-
raphy education. 

3. 	 Developmentofscientificallycor-
rectandpedagogicallyappropriate 
instructional materials for teacher 
use. 
Teachers from all over the United 

States apply to this program in re-
sponse to announcements; there has 
been also an effort to recruit teach-
ers from abroad (Australia, Canada, 
South Africa and the United Kingdom 
have been represented). The teachers 
have their travel, lodging expenses 
and tuition paid, and receive a small 
stipend and all didactic materials. The 
selection criteria for acceptance into 
the program include (AMS,1999): 
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1.		 Being a pre-college science 
teacher 

2.		 Havinghadsufficientcollegelevel 
training 

3.		 Beableandcommitted topromote 
the teaching of the physical foun-
dations of oceanography in their 
home areas. This includes orga-
nizing and presenting a minimum 
of two training sessions for home 
area pre-college teachers. 

4.		 Consideration of national geo-
graphic distribution, as well as 
school environment (inner city, 
urban, suburban, rural). 

5.		 Consideration of groups under-
represented in the sciences. 
A central component of the Maury 

Project is a series of two-week work-
shops, which have been held at the 
USNA since the summer of 1994. 
These workshops mobilize the human 
resources, as well as the facilities of 
the Oceanography Department, and 
focus on the physical foundations of 
modern oceanography. The faculty is 
involved in preparing and delivering 
seminars,assistingwithdemonstration 
projects, and taking the teacher-stu-
dents on short data collecting cruises 

...the active principle
of the Maury Project 
is a grassroots with a 
multiplicative effect...
training a core of 
teachers, who in turn 
extend their knowledge 
to a larger number of 
colleagues able to reach 
an even wider student 
population. 

in the Chesapeake Bay aboard the 
department’s researchvessel. Included 
are field trips and visits to relevant in-
stitutions intheWashington-Baltimore 
area.During theworkshop instruction 
guides developed especially for the 
project are supplied to the students, 
while demonstrations are done of 
simple activities and exercises that 
the teachers can take back to their 
classrooms . The titles of the teacher’s 
guides prepared so far are: Coastal 
Upwelling,Deep-WaterOceanWaves, 
El Niño: The Atmosphere-Ocean 
Connection, Density-Driven Ocean 
Circulation, Measuring Sea Level 
from Space, Shallow-Water Ocean 
Waves, Ocean Sound, Ocean Tides, 
Ocean Tides on the Web, and Wind-
Driven Ocean Circulation. 
Each summer a group of about 

25 teachers has participated in this 
program, for a total of 122 since the 
onset in 1994. All participants in the 
program are required to execute at 
least two peer-training sessions in 
their home states. This multiplicative 
feature of the Maury program, i.e. 
“teachers teaching teachers,” is quite 
apparent: intheacademicyear1994-95 
there were a total of 82 peer training 
sessions were organized by the first 
graduates of the program, reaching a 
total of 1600 teachers throughout the 
country (Smith et al., 1996). Since 
1994 the total number of peer train-
ing sessions approaches 600, and the 
total number of teachers trained is ap-
proximately10,000(McManus,1999). 
The efficiency rate of this approach is 
truly remarkable. These peer-training 
sessionshaveanapproval rate of99%, 
while 96%of thosewhohaveattended 
indicate that they will use the Maury 
teacher’s guides in their own classes 
(Smith et al., 1998). It must be noted 
that seven Maury Project participants 
have won the coveted Presidential 

Award foroutstandingscience teacher 
from the National Science Teachers 
Association in their states. 
For further information on the 

Maury Project and the names and ad-
dresses of the trained master teachers 
in a state or region, contact The Maury 
Project,AmericanMeteorologicalSo-
ciety, 1701 K Street, NW, Suite 300, 
Washington, DC 20006. 

Cooperative Research 

Projects
 

Thethirddirectionofsharedactivity 
by the Oceanography Department of 
the USNA encompasses the area of 
scientific cooperation. At this upper 
technical level the department’s fac-
ultycollaboratewithoutsideagencies, 
lending their expertise and equipment 
to a common goal. Typically, a memo-
randum of understanding is signed 
between the institutions, detailing 
the degree of participation and the 
responsibility of each partner. 
Onerecentexampleofthisapproach 

wasacollaborativeprojectbetweenthe 
USNA’s Oceanography Department 
and the United States Environmental 
ProtectionAgency(USEPA).Thegoal 
was to carry out the first-ever study 
of the dynamics of the Severn River 
estuary, the waterway on whose bank 
the Academy stands. In this case the 
USEPA provided a radio telemetry 
buoy, one conductivity, tempera-
ture and depth (CTD) recorder and 
technical support; the Oceanography 
Departmentprovided themooring, two 
currentmeters, maintenance of the 
system and oceanographic expertise. 
This mooring was deployed in the 
Severn for three months at a time, in 
the autumns of 1994 and 1995. The 
mooring relayed in real time some of 
the data to the USEPA ground station 
where it was publicly displayed in a 
monitor. The data acquired have been 
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analyzed as part of a major honors 
student project (Irwin, 1997), and 
several oral presentations at profes-
sional conferences have resulted. This 
is the first study of the oceanographic 
regime of this small tributary of the 
Chesapeake Bay and a contribution to 
an understanding of the mechanisms 
of estuarine destratification that fol-
low the highly stratified summer 
conditions. 
Aside from the strictly scientific 

interest of such collaborations, there 
were sizeable benefits for the USNA. 
First, the involvement of the oceanog-
raphy and ocean engineering students 
in the experiment: planning, logistics, 
diving, data collecting. Secondly, the 
availability of the data not only for 
facultyresearchusebutalsoforstudent 
researchprojects, laboratoryexercises 
and classroom use. The opportunity 
for student participation in scientific 
endeavors of this caliber, with all 
the advantages of hands-on activity, 
is by itself enough of an incentive 
to continue this type of institutional 
collaboration. 

The opportunity for
student participation
in scientific endeavors 
of this caliber, with 
all the advantages of
hands-on activity, is 
by itself enough of an
incentive to continue 
this type of institutional 
collaboration. 

Summary 
Three different venues were pre-

sented to illustrate how the resources 
ofanoceanographyorientedacademic 
institution can be managed to offer 
valuableopportunities tootherprofes-
sionalcommunities.Asdemonstrated, 
humanresourcesareessential in terms 
of providing the technical expertise; 
providing instructors and technical 
personnelcanbeaccomplishedduring 
the regular academic year with mini-
mal disturbance, if the involvement is 
limited to small periods of time (case 
of theMentorship/InternshipProgram 
and Cooperative Research). For more 
intense contact time (such as required 
by the Maury Project), it is suggested 
that academic down time be consid-
ered, such as the summer period (typi-
cally non-salaried); this will normally 
implyobtainingfinancialsupport from 
grant dispensing organizations. 
Logistical facilities,equipment,and 

instrumentation can be shared with 
the cooperating entities in different 
ways. As shown in the case of the joint 
study with the USEPA, a collabora-
tive arrangement where each partner 
provides part of the needed resources 
is perhaps the most successful, since 
each “gives” to the common project, 
thusavoidinga“donor”and“receiver” 
type of relationship. 
Finally, it is desirable to let the 

academiccommunityknowofsuccess 
stories such as those described here. 
Institutions which have the means 
should be encouraged to realize the 
practical value of sharing their re-
sources:betterpreparedstudents,more 
enlightened teachers and more effec-
tive scientists. Intangible side benefits 
comeintheshapeofreputationasgood 
neighbor, patron, supporter and other 
positive evaluations. It is hoped that 
the initiatives suggested in this article 

may serve as a catalyst for outreach at 
other institutions. 
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Kathleen Sillman, Tiffani Smith 

Creating a Professional Development 

Opportunity Within the Supervisor–


Student Teacher Relationship
 

Reflection through metaphor can be a means by which preservice teachers and 
practicing teachers can share the development and constant modification of their 

personal philosophies of learning and teaching science. 

I was a cooperating teacher return-
ing to the classroom after finishing a 
year long educational sabbatical at 
the university. Tiff was a prospective 
elementary teacher of science pre-
paring to begin her student teaching. 
While we were both entering a sixth 
gradescienceclassroomwithdifferent 
expectations, we had one in common; 
togrowprofessionallyfromourshared 
experiences. To guide our journey, 
we chose some strategies and tools 
for collaborative reflection. First, we 
agreed to share the development and 
constant modification of our personal 
philosophies of learning and teaching 
science. To accomplish this, we com-
mittedourselves tobecritical listeners 
and to question and discuss deeply 
any observed disagreements between 
philosophyandpractice. Inparticular, 
we chose metaphor as a tool for our 
purposeful, collaborative reflection. 
Previous studies have suggested 

that until extant beliefs about learning 
andteachingsciencearemadeexplicit, 
it is unlikely that they will mature 
(Treagust, Duit, Fraser, 1996). For 
bothprospectiveandpracticing teach-
ers, reflection can help make beliefs 

and ideas about science teaching and 
learningexplicit.Dewey(1933)called 
reflection the hallmark of intelligent 
action and suggested we learn more 
fromreflectiononourexperiencesthan 
we do from the actual experience. 
One vehicle to prompt and assist 

reflection is metaphor. Lakoff and 
Johnson (1980) concluded that the 
value of metaphor is in understanding 
a new experience in terms of a more 

...We committed 
ourselves to be critical 
listeners and to 
question and discuss
deeply any observed
disagreements between 
philosophy and
practice. In particular, 
we chose metaphor as a 
tool for our purposeful 
collaborative 
reflection... 

familiarone.Severalstudieshaveindi-
cated that reflection throughmetaphor 
can be a means by which pre-service 
teacherscometotermswithexperience 
(Bullough&Stokes,1994;Tobin,Tip-
pins, & Hook, 1994). However, the 
extent to which prospective teachers 
put theirbeliefs intoactionwithinfield 
experiences seems largely dependent 
on their perceived safeness of the 
learning-to-teach environments as in-
fluenced by their cooperating teachers 
(Sillman, 1998). 
Greater communication between 

a student teacher and a cooperating 
teacher could also result in perceived 
safenessof the learning-to-teach envi-
ronment for the student teacher, open-
ing the possibilities of increased risk 
taking and growth. Working closely 
with a cooperating teacher who is vis-
ibly continuing to learn about learning 
and teaching science could also assist 
the prospective teacher in becoming a 
lifelong learner of learning and teach-
ing science and all content areas. 
Since reflection through metaphor 

could also help practicing teachers 
make sense of experiences (Tobin et 
al., 1994), the collaborative reflection 
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Tiff—Week Four: 
...I have been 
considering another
metaphor: Teacher 
as bridge...the idea of 
this metaphor is that 
teachers are a bridge 
they invite children to 
cross. 

between a student teacher and a coop-
erating teacher could lead to deeper 
understandingsofpersonalbeliefsand 
actions about learning and teaching 
for both prospective and cooperating 
teachers. Collaboration is one way 
to take teacher development beyond 
personal reflection to a point where 
teachers are learning, sharing, and 
developing their expertise together 
(Lieberman & Miller, 1984). 
Collaborative reflection is a theme 

found throughout the standards for 
professional development for teach-
ers of science (National Research 
Council,1996).Opportunities forself-
reflection, collegial reflection such 
as peer coaching, and collaboration 
among all involved in a program is 
encouraged. Learning experiences 
for teachers of science should: “use 
inquiry, reflection, interpretation of 
research, modeling, and guided prac-
tice to build understanding and skill in 
science teaching,” (NationalResearch 
Council, 1996). Workingwith student 
teachers in this manner can become 
one way to achieve the standards 
about professional development for 
all learners involved. 
Upon successful completion of 

student teaching, Tiff would be 

graduating from a large university in 
the northeastern section of the United 
States with a Bachelor of Science de-
gree in elementary education. Prior to 
her student teaching, she had experi-
encedasemester longsciencemethods 
course for elementary educators held 
concurrently with a pre-student teach-
ingexperiencewhichincludedvisiting 
a thirdgrade self-containedclassroom 
in a rural school near the university, 
twodaysaweekfor tenweeks. Forher 
student teaching, she entered a sixth 
grade science classroom in a middle 
school (grades 6 – 8). The sixth grade 
students went to different classrooms 
for each of their subject areas. As 
teachers, this resulted in our teaching 
science to four different classes of 
students a day. On the average, thirty 
students were in each class. 
As my student teacher and I jour-

neyed through the first half of the 
school year together, personal pro-
cessing of events occurred for both 
of us constantly as we discussed and 
questioned incidents each day during 
and between classes, and during plan 
timethatcouldbesparedfor this reflec-
tion. It was especially during sacred 
reflection timesheldweeklywherewe 
probed into our beliefs about learning 
and teaching science and children. It 
was during this time of reflection on 
our journalwritings,whenusingmeta-
phor as a tool to help us understand 
our changing personal philosophies, 
that we realized our personal profes-
sional growth and development about 
learningandteachingscience. Wealso 
gained a deeper respect for the point 
in time that each of us was within our 
own individual journeys of profes-
sional development. 
The record of our experiences is 

divided into three sections. First, 
Tiff’s journey over the semester is 
explained through her changing phi-

losophy about teaching and learning 
as described with metaphor. My de-
veloping philosophy is described next 
as I examined, through metaphor, my 
role as a teacher of learning but also 
my own personal learning. The last 
section is devoted to the growth we 
experienced together through collab-
orative reflectiondiscoveringwewere 
both teachers as learners. 

Teacher as Bridge: Tiff, 

Prospective Teacher
 

I feel most strongly about teacher as 
bridge. Now that I have taught full 
time, I can really appreciate the value 
ofpreparingstudentsandthenallowing 
themtoconstruct theirownknowledge. 
When they are given this opportunity, 
they learn. I can’t stress enough how 
talking about my ideas and metaphors 
has helped me establish my personal 
philosophy.  I can easily state it now. 

Week One  
Philosophy: A safe environment 

that includes encouragement and 
praise is needed for students to learn 
and feel successful. 
After her first week of student 

teaching, I asked Tiff to consider her 
philosophy of learning and teaching 
usingmetaphor. Even thoughTiffwas 
doingmoreobservingat thispoint than 
teaching, she created metaphors for 
each of the four science classes that 
she would eventually be teaching. It 
was interesting that shesaweachof the 
four classes as separate entities when 
considering her role as teacher.  
For one class, she was teacher as 

facilitator: “When a teacher is a facili-
tator, I think students learn more. My 
experience is that students feel relaxed 
andconfidentunderthesecircumstanc-
es.” Foranotherclass, shewas teacher 
as learner: “Whenteachersarewilling 
to learnandshowthat theyarelearning, 
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I think students view teachers as less 
threateningandauthoritativeandmore 
like themselves.” Tiff was a prospec-
tive teacher with language arts as her 
area of concentration. She felt very 
weak in science content and said she 
was learning science concepts daily. 
Instead of being discouraged with her 
lack of science content preparation, 
her perception was that her position 
as a science learner helped her role 
as a science teacher. For the most 
academically diverse and energetic of 
the four classes, Tiff crafted teacher 
as monitor: “Students in sixth grade 
need and want to have rules. There is a 
needforclosemonitoring. Someof the 
students have conflicting ideas; some 
are egotistical and self-centered.” 
Another science class included a high 
number of special needs students. For 
them, she was teacher as motivator: 
“The students need encouragement 
and praise to feel successful.” Tiff 
felt that without that support right 
from the beginning, these students 
had little chance of ever taking risks 
to learn. 

Week Four 
Philosophy:Ateachercanonlyhelp 

students construct their own learning 
methods that meet their individual 
needs. 

Tiff—Week Twelve: 
I respect each student 
as an individual, and 
as a result, they respect 
me. Due to this respect, 
our classroom is very 
friendly and relaxed. 

After one month of student teach-
ing, Tiff had begun to switch focus 
from her teaching to that of her stu-
dents’learning. Stofflett and Stefanon 
(1996) contend it is through the meta-
cognitive activity of reflection that 
the focus moves from self or teacher 
behaviors to students and learning; 
however, that process can take some 
time to occur. For some prospective 
teachers, this doesn’t occur until 
they have become full time practic-
ing teachers. Others have concluded 
that transitions from learner to teacher 
were greatly facilitated when student 
teachers worked closely with their 
colleagues (Gunstone,Slattery,Baird, 
& Northfield, 1993). 
For Tiff, the switch in her philoso-

phy became apparent as she collapsed 
her series of metaphors for her role 
into one, teacher as bridge. She 
explained: 
Although my metaphors from before 
still hold, I have been considering an-
othermetaphor: teacherasbridge. This 
metaphor was brought to my attention 
via a short story, and I was very moved 
by this. The idea of this metaphor is 
that teachers are a bridge they invite 
children to cross. Once teachers have 
facilitated students in crossing this 
bridge by introducing topics and ways 
of learning, they collapse as a bridge 
and encourage students to build their 
own bridges. 
For Tiff, her role as a teacher was 

to help individual students in their 
individual knowledge constructions. 
Tiff continued to explain how the 
teachers’ actions were important in 
helping students become independent 
learners: 
Therefore, teachers aid students in 
learning new topics and teaching them 
ways to learn, and then teachers ‘back 
off’ and allow the students to explore 
learning on their own. Often times, 
students learnmoreat thispointbecause 

their method of learning has personal 
meaning or value. Not everyone learns 
the same way, so students learn by con-
structing their own ways of learning. 
Teacherasbridgeseemstobeapositive 
teaching method because it enables 
teachers to facilitate the learning of 
different types of learners. I feel I use 
this metaphor often with all of my stu-
dents. I introduce topics to the students 
and assign projects or assignments, but 
our cooperative learning groups allow 
children to ‘build their own bridges.’ 
Through talking and experimenting in 
their groups, the students are able to 
construct learning methods that meet 
their individual needs. 
Tiff was discovering for herself the 

value of a constructivist approach to 
learning and teaching. This included 
not only helping individual students 
learn concepts and learning strategies 
for themselves, but also helping chil-
drenlearntogetherandfromeachother 
within a social setting. This shift is 
supported by the standards for science 
teaching which include an emphasis 
on creating a classroom community 
where there is a cooperating, shared 
leadership, and respect (National Re-
search Council, 1996). 

Week Eight 
Philosophy: Hands-on activities 

are important in all content areas and 
there isnodifferencebetweenteaching 
science and other subjects. 
As Tiff’s teaching load increased, 

shebegan to focus on teaching science 
specifically. 
Tiff began to articulate the im-

portance of hands-on experiences in 
the meaningful learning of science 
concepts within children. Following 
a simulation game involving macro 
invertebrates, she returned to a meta-
phor she had crafted earlier, teacher 
as facilitator; however, this time, her 
metaphor held a richer meaning: 
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After being actively involved in the 
game, the students were able to use 
our class data to determine the water 
qualityofour imaginarystream.During 
the lesson, I felt I acted as teacher as 
facilitator. I organized the game, set 
the rules, and monitored; however, I 
allowed them to use the data from the 
game to determine the water quality 
of their stream. I encouraged them 
to think, but did not give them the 
answer. As I facilitated, they explored 
and learned. 
Tiff was genuinely surprised at 

the value and necessity of the game 
experience in helping students more 
fully understand the concepts of eco-
logical habitat. 
At this point in the semester, I 

asked Tiff to consider the difference 
between learning and teaching sci-
ence and other subjects. After some 
thought, she responded, “I am a strong 
believer in hands-on learning and 
inquiry; therefore, I feel this learning 
and teaching method should be used 
in all subject areas. Students learn 
by doing in science and all subjects.” 
Like most prospective elementary 
teachers, Tiff approached teaching as 

Kate—Week Four: 
Learning occurs in
students when they are 
inspired or motivated 
through relevant 
activities which 
engage them on the
task, and when they
have the confidence to 
participate in their own 
learning processes... 

a generalist and saw little difference 
in the learning and teaching of various 
content areas. With little shared dis-
cussion about how inquiry in science 
was different from inquiry in other 
subject areas, Tiff interpreted inquiry 
as raising questions. This is typical of 
elementary teachers who are prepared 
as generalists and often embrace a 
more generalized inquiry orientation 
(Boardman, Zembal-Saul, Frazier, 
Appel, & Weiss, 1999; Zembal-Saul, 
Dana, Severs, & Boardman, 1999). 

Week Twelve 
Philosophy: Relating to students in 

a safe and comfortable environment 
helps students learn constructively. 
As Tiff completed her full time 

teaching load, she returned again to a 
metaphor she had developed earlier, 
teacher as bridge: “Now that I have 
taught full time, I can reallyappreciate 
the value of preparing students and 
then allowing them to construct their 
own knowledge. The students are 
creative and impressive. When they 
aregiven this opportunity, they learn.” 
With this philosophy and metaphor, 
she also felt she learned at the same 
time as the teacher. 
When asked to identify her 

strengths, she responded: “I respect 
each student as an individual, and as 
a result, they respect me. Due to this 
respect, our classroom is very friendly 
and relaxed.” Tiff also felt that the 
ability to think on her feet was another 
strength of hers: “Mainly because our 
classroom is so friendly and relaxed, I 
am not afraid to stray from my plans 
to ensure student understanding. I 
am constantly thinking of examples 
and making changes as I teach.” The 
safe and comfortable environment 
not only helped her students learn, it 
helpedTiff feel able toexperimentand 
learn to teach. 

For her future classroom, she had 
established certain goals for herself: 
“I hope to create a safe and friendly 
classroomforhands-onlearning. . .and 
always stay informed of my students’ 
likes and dislikes. Relating to the 
students on several levels produces 
remarkable results.” Tiff had come 
to realize the importance of a student-
centered classroom to the learning of 
individual students. 

Week Fourteen 
Philosophy: Students need a safe 

learningenvironmentwithencourage-
mentandpraise tofeelconfident totake 
risks. To learn, theyalsoneedrelevant, 
hands-on activities to provide them 
an opportunity to construct their own 
knowledge and their own meaning. 
AsTiffbegan todecrease her teach-

ing load, she increased her time for 
reflection and revisited and modified 
her metaphors for teacher. She began 
to consider the wider learning com-
munity of which the students were 
a part. As a result, Tiff crafted some 
additional metaphors, showing her 
flexibility in conceptualizing her role 
as a science teacher.  

Teacher as architect or safety in-
spectoror temporarybridgeexpressed 
her modified role of teacher. Tiff 
felt teachers were to guide, protect, 
and provide guidance and support as 
needed in varying degrees by indi-
vidual students. Since Tiff saw the 
students as constructing their own 
knowledge, she crafted the metaphor, 
students as construction workers. 
Tiff also began to view the parents 
as an integral part of the knowledge 
construction process. They were the 
parents as the bridge building board 
or building committee, with a voice 
that indicated their authority in the 
learning processes of their children. 
Tiff also recognized learning itself 
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through a metaphor. Learning as the 
bridge was knowledge constructed by 
students for their own use. 
As Tiff completed her student 

teaching field experience, she had, 
through reflection with metaphor, 
become more student-centered and 
holistic in her perspective. As she ex-
plicitly stated her beliefs, she became 
able to articulate with confidence her 
philosophy of learning and teaching 
science. In addition, Tiff realized her 
philosophy would be ever changing as 
she continued to grow professionally 
through the reflection of her experi-
ences. This insight might have come 
from the professional development 
journey she was sharing with me, her 
cooperating teacher, as I modeled my 
own professional growth process. 
With no extensive conversation about 
the difference between teaching sci-
ence and teaching other content areas, 
Tiff maintainedageneralistviewpoint 
toward teaching science and the other 
content areas. 

Teacher as Researcher: Kate, 
Cooperating Teacher 

Being teacher as researcher is what 
separates teacherswhocare todobetter 
from those content to do less. Being 
motivated to try to do one’s best at a 
profession is what results in effective 
teachers who care about students as 
humans in need of love and as children 
in need of the opportunity to learn. 

Week Four 
Philosophy: Learning occurs in 

students when they are inspired or 
motivated through relevant activi-
ties which engage them on the task, 
and when they have the confidence 
to participate in their own learning 
processes. 
As I returned to the classroom 

experience after being on a yearlong 

sabbatical, I found myself concentrat-
ing on meaningful learning, both as a 
teacher of learning and as a learner 
myself. Iwasdrivenbythereminder 
not to fallpreyto ‘naïveconstructiv
ism’which is the tendency to equate 
doingactivitywith learning (Prawat, 
1992, p. 357). In addition, I kept 
Novak’s perspective of conceptual 
change in mind (Mintzes & Wander-
see, 1998a) which considers humans 
as meaning makers who create their 
own unique knowledge constructions 
by consciously forming connections 
between new concepts and those part 
of their existing frameworks of prior 
knowledge. 

Teacher of Learning 
One of the first things that came to 

my immediate attention upon re-entry 
into the classroom was the pervasive 
low self esteem within a large num-
ber of our sixth grade students. In 
response, I constructed the metaphor, 
teacher as builder of confidence: 
I am surprised by how low the self es-
teem of our students really is. Students 
need to be encouraged over and over 
again that they can and are thinking 
– which encourages more thinking. 
It seems to come down to a lot of 
positive encouragement which builds 
confidence so they are more apt to take 
risks, talk, and learn. 
I felt that addressing their confi-

dence seemed to be a prerequisite to 
their learning. At the same time, I real-
ized the importance of the teacher in 
motivatingstudents to learn. Iwasalso 
teacher as inspiration for learning: 
“Unless ideas or concepts are relevant 
to students, they just go through the 
motions. It is not meaningful learning. 
When ideas are relevant, students are 
immediately engaged and interested. 
It can be a challenge to capture their 
interest, however.” While I realized 

I was driven by the
reminder not to 
fall prey to ‘naïve 
constructivism’ which 
is the tendency to
equate doing activity
with learning. 
how essential it was to inspire and 
motivate students, I also realized how 
difficult it was to accomplish that. 
As I started the school year, I also 

realized the importance for hands-on 
experiencesnot justasmotivators.Stu-
dentsalsoneededtheseexperienceson 
which to build their knowledge about 
certain concepts. Experiences alone 
were not enough, but they did help 
students think more deeply or criti-
cally about scientific ideas, so I was 
also teacher as encourager of think-
ing. I commented on the importance 
of hands-on learning after listening to 
students: “I’ve heard students say, ‘I 
know what you mean. I did a project 
in third grade. . .’ I have never heard 
a student say, ‘Oh, I remember that 
word from a study guide I had to do in 
fifth grade.’” Students reveal amazing 
truths and when we as teachers listen, 
we realize some of those truths and 
can respond accordingly. 

Personal Learning 
As I began the year with both a 

classroomofsixthgradestudentsanda 
student teacher, I approached teaching 
andmentoringthroughthemetaphorof 
teacher as scientist or problem solver. 
Concerning the students, I comment-
ed: “As a scientist or problem solver, 
I have approached one challenging 
class of23 students which includes six 
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I crafted the metaphor, 
teacher as researcher, 
as I contemplated the
transition between my
former role as teacher 
with prospective 
elementary teachers
at the university level,
and my current role as 
teacher of sixth grade 
students at the middle 
school. 
special needs students, with the idea 
that I can make learning happen here. 
It is just a matter of figuring out how.” 
AfterayearlongsabbaticalwhereIhad 
concentrated on how children learn, I 
now had to deal with how to get chil-
dren ready to learn. This classroom of 
some potentially volatile students had 
to be well managed to keep students 
focused on learning. The metaphor 
of scientist or problem solver seemed 
appropriate to me. 
When working with my student 

teacher, I remembered the lessons 
I had learned from my dissertation 
project with prospective teachers 
(Sillman,1998). I crafted the meta-
phor, teacher as researcher, as I con-
templated the transition between my 
formerroleas teacherwithprospective 
elementary teachers at the university 
level, and my current role as teacher 
of sixth grade students at the middle 
school. I commented: “When you 
are working with students, children 
or prospective teachers, and when 
teaching is for learning, teaching is 
an ongoing research project.” I had 
combined all of my metaphors into 

a larger, more encompassing one, 
teacher as researcher, as I considered 
the role of teacher from a broader 
perspective. 
For my sixth grade students, I fo-

cused on the meaningful learning of 
science concepts and for my student 
teacher, the meaningful learning of 
teaching science. In both cases, I used 
a constructivist approach to learning 
and teaching. This was challenging 
for me: 
It has been difficult for me to be so 
watchfulandcarefulofhelpingstudents 
to construct on their own with less 
‘telling’ from me. Also, having Tiff is 
keeping me focused on providing for 
her what I found sixth grade students 
need-–a safe, risk free learning envi-
ronment where they can feel safe to 
experience and problem solve with me 
as their sounding board. I am also the 
confidence builder for Tiff as I praise 
her then marvel at what creativity and 
enthusiasm results in her actions. 
I was now using metaphors I had 

originally developed for my sixth 
graders with Tiff as I tried to provide 
a safe learning-to-teach environment 
for her. 

Week Fourteen 
Philosophy: To learn, children (or 

prospective teachers) need to feel 
loved, respected, confident, and safe. 
To learn science, children (or pro-
spective teachers) must experience a 
concept, either before or during class, 
and make meaning of that experience 
through questioning. 
I started theschoolyearconcentrat-

ing on helping students learn science. 
As I got to know their real life situ-
ations better and began to see them 
as individual humans, I commented: 
“Now I am thinking about helping 
children feel loved and confident so 
they can learn science and other dis-
ciplines.” Iwas reminded that learning 

does not occur in isolation; rather, it 
occurs within a unique human being. 
As I worked with my student teacher, 
I realized the same applied to her as 
a learner. 
Included in viewing students more 

holistically was a blending and inter-
dependence of my metaphors. I wrote 
in my journal: 
More than ever, I believe in teacher as 
confidence builder because students 
need to feel confident to even begin to 
think our loud and learn. As a science 
teacher, one of the most important 
roles is helping students build an un-
derstandingofkeyconcepts in science. 
When students think and put concepts 
together, they become more confident. 
One way to help build confidence in 
students is to help them realize they 
can think. 
Thissynergismbetweenconfidence 

and thinking seemed to apply to learn-
ers in general, sixth grade students, 
and prospective teachers. 
To determine how to reach a bal-

ancebetween building confidenceand 
encouraging thinking, the metaphor 
of teacher as researcher is essential. 
I explained: 
Playing this role makes teaching excit-
ing. Finding ways to help individual 
children feel loved so they can begin 
to feel confident and to open up the 
possibilities within them to think, feel, 
have opinions, and learn is a challenge 
like no other (second only to parenting 
which I think is full time teaching). It 
is this role of researcher that separates 
mediocre teachers from those attempt-
ing to reach their potential within a 
profession. 
I used this metaphor to subsume 

my other ones with the students as 
central to all metaphors constructed 
for teacher. 
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Collaborative Reflection: 
Tiff and Kate as Learners 
As we journeyed through the se-

mester together, we discovered that 
we were both teachers as learners. 
As a prospective elementary teacher, 
Tiff was aware of her growing beliefs 
of learning and teaching science, us-
ing metaphor as a tool for purposeful 
reflection with me as her cooperating 
teacher. Because we both shared our 
growing and developing philosophies 
and reflectiveprocesses,weexamined 
learning and teaching from different 
perspectives. This evolved into a 
learning experience for us both as we 
broadenedouroutlookandgrewinour 
professional development as teacher 
researchersandlifelonglearners.After 
all, if prospective teachers are intro-
duced to the power of teacher research 
through modeling by cooperating 
teachersandexperience it themselves, 
chances are greater that the student 
teacherwouldmore likelybe involved 
in it within their own future practice 
(Kincheloe,1991). 
Part of my goal for my student 

teacher was to help Tiff feel safe so 
she could be creative, experiment, and 
develop the confidence to become an 
independent, lifelong learner of learn-
ing and teaching. Reflection through 
metaphor seemed to provide a way of 

Kate—Week Fourteen: 
More than ever, I 
believe in Teacher as 
confidence builder 
because students need 
to feel confident to even 
begin to think out loud
and learn. 

helping Tiff focus on teaching from 
a more student-centered perspective. 
In addition, Tiff felt the experience 
of this reflective process had helped 
her develop a clarity to her thoughts 
about learning and teaching. As a re-
sult, she was better prepared for her 
job interviews and obtained employ-
ment shortly after the completion of 
her student teaching field experience. 
Likewise, the collaborative reflection 
process served as a way for me, a 
practicing teacher, to realize reasons 
behind actions taken for granted and 
possibly modify those beliefs. 
However, if we as teacher educa-

tors / science supervisors are going 
to help develop within prospective 
elementary teachers an understand-
ing of how children learn science so 
that all learners have an opportunity 
to succeed, more is required beyond 
a safe, learning environment. The 
cooperating teacher or supervisor 
mustexplicitlyengage theprospective 
teacher in conversation about what 
makes teachingsciencedifferent from 
teaching other content areas. It seems 
that given the little understanding of 
and experience with scientific inquiry, 
elementary teachers are at a particular 
disadvantage when it comes to sup-
porting children’s scientific inquiry 
(Boardman, Zembal-Saul, Frazier, 
Appel, & Weiss, 1999; Zembal-Saul, 
Dana, Severs, & Boardman, 1999). 
All in all, it is essential that pro-

spective teachers first feel safe within 
their learning-to-teach environments 
so they can begin to experience and 
experiment with putting their beliefs 
into action. Constantly reflecting both 
individually and in conversation with 
others througha tool such as metaphor 
can help prospective teachers feel 
safe and comfortable to begin to align 
their beliefs and actions, monitor their 
changing beliefs, and construct their 

ownmeaningsabout thisphenomenon 
of learning to teach science. If they 
leave the field experience with the 
confidence to learn and the experience 
of exploring and articulating their be-
liefs with others, they will be on their 
way to becoming lifelong learners of 
learning and teaching science and all 
content areas. 

References 
Boardman,L.A.,Zembal-Saul,C.,Frazier, 
M., Appel, H. and Weiss, R. (1999). 
Enhancing thescience insciencemeth-
ods: A collaborative effort between 
science education and entomology. 
Paper presented at the Annual Meeting 
of the Association for the Education of 
Teachers of Science, Austin, TX. 

Bullough,R.V.&Stokes,D.K.(1994).An-
alyzingpersonal teachingmetaphorsas 
a means of encouraging professional 
development. American Educational 
Research Journal, 31. 197-224. 

Dewey,J. (1933).Howwethink: Arestate-
mentof reflective thinking to theeduca-
tive process. Boston, MA: Heath. 

Gunstone, R.F., Slattery, M., Baird, J.R., 
& Northfield, J.R. (1993). A case 
study exploration of development in 
preservice science teachers. Science 
Education, 77, 47-73. 

Hole, S. & McEntee, G.H. (1999). Reflec-
tion is at the heart of practice. Educa-
tional Leadership, 56, 34-37. 

Kincheloe, J.L. (1991). Teachers as re-
searchers: Qualitative inquiry as a 
path of empowerment. Philadelphia, 
PA: Falmer. 

Lakoff, G. & Johnson, M. (1980). Meta-
phors we live by. Chicago, IL: Univer-
sity of Chicago. 

Lieberman, A. & Miller, J. (1986). 
Teachers, their world, their work: 
Implications for school improvement. 
Alexandria, VA: ASCD.   

Mintzes, J.J. & Wandersee, J.H. (1998). 
Reform and innovation in science 
teaching:Ahuman constructivist view. 
In J.J. Mintzes, J.H. Wandersee, & J.D. 
Novak (Eds.), Teaching science for 

Spring 2000 Vol. 9, no. 1 25 

http:Bullough,R.V.&Stokes,D.K.(1994).An


 

    

    

    
 

   

  

  
    

  

  

 
  
    

    

   

     
    

      
 

 

      

      
    

     

     

understanding: Ahumanconstructivist 
view. New York: Academic. 

National Research Council. (1996). Na-
tional science education standards. 
Washington, DC.: National Academy 
Press. 

Prawat, R.S. (1992). Teachers’ beliefs 
about teaching and learning: A con-
structivistperspective.AmericanJour-
nal of Education, 100, 354-395. 

Sillman, K.A. (1998). Metaphor: A tool 
for monitoring prospective elementary 
teachers’ developing metacognitive 
awareness of learning and teach-
ing science. Unpublished doctoral 
dissertation, The Pennsylvania State 
University, University Park, PA. 

Stofflett, R.T. & Stefanon, L. (1996). El-
ementary teacher candidates’ concep-
tions of successful conceptual change 
teaching. Journal of Elementary Sci-
ence Education, 8, 1-20. 

Tobin, K., Tippins, D.J., & Hook, K.S. 
(1994). Referents for changing a sci-
ence curriculum: A case study of one 
teacher’s change in beliefs. Science 
and Education, 3, 245-264. 

Treagust, D.F., Duit, R., & Fraser, B.J. 
(1996). Overview: Research on stu-
dents’ preinstructional conceptions-
-The driving force for improving 
teaching and learning in science and 
mathematics. In D.F. Treagust, R. 
Duit & B.J. Fraser (Eds.), Improving 
teaching and learning in science and 
mathematics. New York: Teachers 
College. 

Zembal-Saul,C.,Dana,T.M.,Severs,M.J. 
andBoardman,L.A.(1999).Web-based 
portfolios: Avehicle forexaminingpre-
service teachers’emerging developing 
ideas about science teaching. Paper 
presented at the Annual Meeting of the 
National Association for Research in 
Science Teaching, Boston, MA. 

Kathleen Sillman is a sixth grade science 
teacher on leave from the Bellefonte Area 
MiddleSchool,Bellefonte,PA.She iscurrently 
a Professional Development Liaison and 
Science Education Instructor at the Penn-
sylvania State University, University Park, 
PA 16802. 

Tiffani Smith is a sixth grade teacher in the 
WestShoreSchoolDistrict, NewCumberland, 
PA 17070. 

Science educator 26 



  

   
   

   

     
      

  
      
     

     
   

    

     
    

    

    
      

 

 

    

  

   

    
      

     

   
   

Richard H. Audet, Linda K. Jordan 

A Professional Development Model 

for Exploring the National Science 


Education Standards
 

A process is outlined for a professional development workshop whose intent is 
to help preservice and inservice science teachers gain an initial understanding 
of how the National Science Education Standards can be integrated into their 

teaching programs and practices. 

The National Commission on 
Teaching and America’s Future’s 
report, What Matters Most: Teaching 
for America’s Future, recommends 
that those involved with education 
“get serious about standards for both 
studentsandteachers”andmaketeach-
ersandteachingthelinchpinsofschool 
improvement (1996, p. vii). But, the 
standards-driven reform movement 
hasgeneratedageneralwaveofuneasi-
nesswithin theK-16educationalcom-
munity as its members struggle with 
the attendant implications on teaching 
practice and curriculum content. 
Because the final fate of most 

educational reform initiatives rests 
squarely among teachers who serve 
as the ultimate agents of classroom 
change (Bybee, 1997; Decker 1999), 
we propose that standards become 
the cornerstone of their professional 
practice. In order to accomplish this 
goal, teachers must first develop a 
keen understanding of the history 
and philosophy underlying systemic 
reform, thengainaworkingfamiliarity 
withstandardsdocuments, andfinally, 
engage in experiences that lead to 
personal meaning or internalization 
of the standards. 

This paper describes a professional 
developmentworkshopwhoseintent is 
to help both preservice and inservice 
audiencesgainaninitialunderstanding 
of howthe NationalResearchCouncil 
(1996) and American Association for 
the Advancement of Science (1993) 
can be integrated into their teaching 
programs and practices. Throughout 
this paper, the terms standards and 
benchmarks will be used interchange-
ably. Through a knowing in action 
approach (Schon, 1983) participants 
develop a practical understanding of 
thepurposes,history,and instructional 
ramifications of standards. The meth-

Teachers must first 
develop a keen
understanding of the
history and philosophy
underlying systemic
reform, then gain a 
working familiarity
with standards 
documents... 

ods that we apply model elements of 
instruction that are consistent with 
effective professional development 
practices (Loucks-Horsley, Hewson, 
Love, & Stiles, 1998). We believe 
that the workshop’s combination and 
sequence of activities is readily adapt-
able for considering standards in other 
disciplines. 

Workshop Description 
Our essential premise is that direct 

experience within the context of a 
widely practiced instructional model 
creates an optimum environment for 
exploring how to use standards for 
making effective decisions about 
content, instruction, and assessment. 
Hammrich (1998) applied a similar 
approach in dealing with standards by 
givingpreserviceteachers theopportu-
nity to learn, reflect, applynewknowl-
edge, and demonstrate proficiency. To 
establishabackdropfor theworkshop, 
we begin by listing our assumptions 
about educational standards: that 
standards-driven reform of educa-
tion is here to stay; that every teacher 
should comprehend the fundamental 
relationship between standards and 
the conduct of their professional lives; 
that the most effective way to learn 
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Standards assure that 
key learning goals are 
met by appropriate 
grade levels in a
student’s career. 
about standards is by using them; and 
that implementing standards-based 
education is a long-term process. The 
workshop format follows a five stage 
learning cycle, based on the Biologi-
calSciences CurriculumStudy(1993) 
model. (Figure 1). 

Engagement 
The workshop package given to 

every participant contains a puzzle 
piece that consists of a section from a 
laminated cover of a major standards 
document. One of four different color 
dots is affixed to the back of each 
piece. To launch the workshop, teach-
ers must locate the three other people 
having the pieces needed to assemble 
the complete puzzle. This randomized 
grouping activity defines work teams, 
andthecolor-codeddotsystemassigns 
individual task responsibilities. 
As small groups exhibit their as-

sembled covers, the workshop leader 
givesanoverview of standards-driven 
reform,usingaconceptual framework 
borrowedfromBybee(1997).Accord-
ing toBybee, thechronologyof reform 
includesstatementsofpurpose,policy 
development, program alignment, 
and changes in teaching and learning 
practices. Each of these elements of 
reformis illustratedbykeydocuments. 
We use covers taken from: A nation at 
risk (National Commission on Excel-
lence in Education, 1983), Science for 
all Americans (AAAS, 1989), Bench-
marks for scientific literacy (AAAS, 

1993), National science education 
standards (NRC, 1996), Blueprints 
for reform (AAAS, 1997), Pathways 
to the science standards (NSTA, 
1996, 1997, 1998), and Resources for 
scientific literacy (AAAS,1997).This 
engagementactivityquicklyandeffec-
tively creates a working atmosphere, 
organizesgroups,delegates teamroles, 
and produces an authentic context for 
reviewing the background and impli-
cations of systemic reform. 

Exploration 
In the exploratory phase, a scav-

enger hunt provides the learning tool 
for reviewing the general features of 
the National Science Education Stan-
dards (NSES) document and website 
(Figure 2). Fifteen questions divided 
amongseparate teamsencouragesmall 
groupinteraction.Thissimpleexercise 
enables participants to examine prior 
knowledge, explore personal beliefs, 
and gain a preliminary understanding 
of theNSESorganizationalframework 
and philosophy. The concept explora-
tion stage also serves as the advance 
organizer for the more focused activi-
ties that follow. 

Explanation 
Conceptual development occurs 

during phase three as teachers analyze 
existing curriculum materials and 
videotaped examples of instruction to 
identify points of alignment with the 
content and teaching standards. We 
adopted Kesidou’s (1999, p. 3) notion 
that to be considered aligned, an activ-
ity or instructional approach should 
“address the substance rather than the 
general topic” of the standard. The 
goalofhaving teachersgainaworking 
familiarity with standards is anchored 
in an activity in which they assume the 
role of curriculum consultants. Their 

task is to measure the congruence of 
representative science curricula with 
the content standards. Programs de-
veloped with National Science Foun-
dation support are ideal to examine. 
For this basic analysis, teachers use a 
curriculum review instrument devel-
oped by the National Association of 
Biology Teachers (1996) because the 
tool is clear, concise, and informa-
tive. If a more thorough study were 
the desired end, then Project 2061’s 
curriculum analysis tool would be 
ideal to employ (Roseman, Kesidou, 
& Stern, 1996). 
Following this curriculum in-

vestigation, workshop participants 
review videotaped case studies of 
teaching. A scoring rubric grounded 
in the Standards for Teaching Science 
is applied to examine pedagogical 
practices (Table 1). Only those stan-
dards for which evidence can be 
directly observed are referenced. We 
use SourceView videotapes from the 
American Chemical Society’s Chem-
Source Project (1992) for this pur-
pose. To encourage in-depth analysis, 
teachers identifyspecificperformance 
indicators that illustrate their conclu-
sionsabout teachingstandards that are 
being satisfied. Teachers report that 
videotapes provide a nonthreatening 
atmosphere forevaluativediscussions 
about instructional methodologies. 
Other observation protocols could be 
adapted for this purpose (Cummins & 
Good, 1998; Horizon Research, 1998; 
Ingle & Cory, 1999). 
These combined activities focus 

attention and stimulate reflection on 
specific aspects of curriculum and in-
struction.Participantsbegintodevelop 
a knowledge base about how content 
standards relate to science programs 
and how teaching standards connect 
with classroom practice. 
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Figure 1 - Five Stage Learning Cycle 

Engagement: history of standards-based reform 

• Goal: to establish an interactive context for reviewing the history of 
science standards. 

• Activity: use "puzzles" to kick off workshop, form groups, and assign 
roles. 

• Grouping strategy: make color copies of major standards documents' 
cover pages. Laminate copies and cut into 3-5 pieces to create a jigsaw 
puzzle. Randomly distribute pieces. Have participants mingle and form 
groups by completing the puzzle. Color dots on back side of pieces to 
designate roles. 

• Performance objectives: participants will be able to identify the major 
standards documents and describe the history of the standards-driven 
reform movement. 

Exploration: overview of NSES 

• Goals: to activate prior knowledge of standards and to become familiar 
with the NSES text and website. 

• Activity: participants complete the NSES scavenger hunt. 
• Performance objectives: participants will be able to use the NSES text 

and navigate the NSES website to know the content and organizational 
features of the standards. 

Explanation: standards alignment 

• Goals: to gain knowledge of Content and Teaching Standards by 
analyzing examples of practice and apply standards to evaluate 
curriculum and instruction. 

• Content Standards Activity: participants use NABT or AAAS Content 
Analysis Instruments to evaluate science materials for alignment with 
content standards. 

• Teaching Standards Activity: participants apply a scoring rubric 
focuses on teaching standards to examine a classroom videotape. 

• Performance Objective: participants will be able to use their knowledge 
of contents and teaching standards to evaluate curriculum materials and 
instruction. 

Extension: science as inquiry 

• Goal: to gain a working understanding of inquiry standards by 
analyzing and adapting traditional lab activities. 

• Activity: participants take traditionally formatted labs and modify them 
into activities that apply inquiry based approaches. 

• Performance objective: participants will be able to apply their 
knowledge of inquiry standards to create more open-ended learning 
experiences. 

Evaluation: reflections upon practice 

• Goals: to reflect upon the workshop, to self-assess knowledge of 
standards, and to affirm commitment to outcomes gained from the 
workshop experience. 

• Activity: participants compose the "I hereby resolve" letter. 
• Performance objective: participants will be able to describe the 

potential impact of standards on their professional lives. 

Figure 2 - National Science Education Standards 
and Internet Scavenger Hunt 

Purpose: to help educators .... 

• become familiar with the content and organization of the NSES book 
and website; 

• develop a personal understanding of the NSES; 
• appreciate the impact of the NSES on teaching practices. 

References 

• National Science Education Standards (1996). National Research 
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• NSES website: www.nap.edu/readingroom/books/nses 

Instructions for Completing the NSES Scavenger Hunt 
Each group will be given five questions to answer or tasks to complete. 
After you finish each item please make note of your specific sources of 
information. 

Group! 

I. What exactly are the National Science Education Standards9 
(Source:___J 

2. What are the eight different Content Areas for which Standards are 
developed9 (Source: ___ ) 

3. What does "scientific literacy'' mean and how is this issue related to 
equity for students9 (Source: ___ ) 

4. What does the NSES say about '·authentic assessmenf'9 
(Source:___J 

5. What are the Physical Science Content Standards for grades K-49 
(Source:___J 

Bonus: What is the relationship between a Standard and a Performance 
Indicator9 (Source: ___ ) 

Group II 

I. Who participated in developing the NSES9 (Source:___J 

2. What are the grade clusters into which the Content Standards are 
grouped9 (Source:___J 

3. What is the meaning of the expression ·'inquiry based instruction"9 
(Source:___J 

4. What does the NSES say about the important issue of lab safety9 
(Source:___J 

5. What are the Earth and Space Science Content Standards for grades K-
49 (Source:___J 

Bonus: What is the relationship between the AAAS Benchmarks for 
Science Literacy and the National Science Education Standards 
document9 (Source:___J 

Group III 

I. What are the six different categories of Science Standards9 
(Source:___J 

2. Are the NSES the same as a science curriculum9 Explain. 
(Source:___J 

3. Give two examples of how the NSES will change science teaching. 
(Source:___J 

4. What does the NSES say about computer use in the classroom9 
(Source:___J 

5. What are the Life Science Content Standards for grades K-49 
(Source:___J 

Bonus: What is the percent correlation between the Benchmarks for 
Science Literacy and the NSESI (Source:___J 
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Table 1 - NSES Teaching Standards: Classroom/Videotape Observation Tool 

• STANDARDS JN ACTION 

• A.2 Selects content that addresses diverse student 
interests and abilities 

• A.3 Uses approaches that develop student 
understanding 

• A.3 Applies strategies that build a 
community of science learners 

• B.2 Focuses and supports inquiry 

• B.3 Orchestrates science talk among students 

• B.3 Challenges students to be responsible for their 
learning 

• B.4 Responds to student diversity 

• B.4 Encourages all students to participate 

• B. 5/E.5 Encourages and models skills, 
values, and attitudes of scientific inquiry 

• B.5 Encourages and models curiosity, openness, and 
skepticism 

• C. l Uses multiple methods to gather data about 
student understanding/ability 

• C.2 Analyzes assessment data to guide teaching 
understanding/ability 

• C.3 Guides student in self-assessment 

• D.2 Creates classroom setting that is flexible and 
supports inquiry 

• D.3 Ensures a safe working environment 

• D.4 Makes tools, materials, media, and technology 
accessible to students 

• E. l Respects diverse ideas, skills, and experiences 

• E.2 Requires students to be responsible for the 
learning of all class members 

• E.3 Encourages collaboration among students 

• E.4 Structures class discussion to reflect rules of 
scientific discourse 

• EXEMPLARY • GOOD • COMPETENT • NOT EVIDENT • NOT APPLICABLE 
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Expansion 
One underlying reason for speci-

fying standards is to assure that key 
learning goals are met by appropriate 
grade levels in a student’s career. 
Another is toassure that science teach-
ing is conducted in a manner that is 
inquiry-oriented and consistent with 
what is known about how children 
learn. Many traditional instructional 
materials have proven to be valuable 
resources but are not fully consistent 
with the standards for inquiry (Jansen, 
1996). There are several viable alter-

Demystification
of standards is a 
necessary first step
toward representing 
the collective wisdom of 
teachers, scientists, and 
science educators to 
create better conditions 
for science teaching. 

natives to discarding these activities 
(Caves,Herminghaus,Hurlburt,1998; 
McComas, 1997; NRC, 1999; Sut-
man, Hilosky, Priestley, & Priestley, 
1999). With an analytic scoring rubric 
(Table 2), participants rate the inquiry 
characterofexistinglearningactivities 
according to an inquiry criteria con-
tinuum.Then theyemploy a technique 
for making laboratory activities more 
open-ended. 
The concept expansion activity 

gives teachers an opportunity to ap-
ply their growing familiarity with 
inquiry-based instruction under con-
ditions that they can recognize. The 
exercise respects present practices but 
emphasizes the importance of inquiry 
as the central focus to teaching and 
learning about science. Participants 
often discover that current instruc-
tional materials may require only 
slight reconfiguration to becomemore 
carefully aligned with the guidelines 
for inquiry. In other instances, they 
conclude that a traditional learning 
activity is fundamentally incompatible 
with the inquiry process. 

Evaluation 
This workshop neither directly 

addresses the substantial quandaries 
surrounding the assessment of student 
performance under a standards-based 
systemnorasksparticipants todirectly 
evaluate the session. Rather, teach-
ers complete an “I hereby resolve...” 
activity developed by Silberman 
(1996). In this self-assessment task, 
teachers write a letter to themselves in 
which they describe specific learning 
outcomes drawn from their participa-
tion. 
Leaders collect these letters and re-

turn them to the writers after sufficient 
time has elapsed for participants to 
have reflected upon the salient points 
of the workshop experience. Some 
teachers report that a later reading of 
these letters reaffirmed their commit-
ment to lessons learned and helped 
them to incorporate these practices 
into their everyday teaching. 

Conclusion 
Many among the current genera-

tion of practicing teachers developed 
their craft under a very different set 
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Current instructional 
materials may require 
only slight modification
to become more 
carefully aligned with 
guidelines for inquiry. 

of guiding instructional and curricular 
principles than are presently espoused 
by reform movements. The reluc-
tance of some teachers to implement 
standards-driven reform seems to be 
associated lesswith intransigence than 
with other factors such as the tenacity 
of established beliefs and attitudes, 
the difficulty of making direct con-
nections between standards and the 
day-to-day job of teaching, and mis-
understanding the full implications of 
a standards-basededucational system. 
The concerns raised by Lynch (1997) 
bear consideration in this regard. She 
states that, 
a major reason for the difficulties of 
science education reform is that many 
educators simply do not understand its 
principlesand implications, rather than 
not buying into the goals of reform. 
Further, the apprehension is not so 
much because of a lack of intelligence 
or motivation as that this reform is 
complex or has been able to produce 
few, if any concrete examples of what 
reformed classrooms, school, K-12 
curriculum or science activities look 
like. (1997, p. 3) 
Our workshop rationale builds on 

Posner’s (1996) assertion that experi-
ence plus reflection equals growth. 
However, several essential features 
that promote teacher change are con-
spicuously absent (Guskey, 1988). 
Bellancacontends thatchangingone’s 
instructional style is as “difficult as 

learning to change one’s learning 
style” (1998, p. 659) and that such 
a shift requires more than the mere 
conveyance of technical information. 
Thus, a one day session is unlikely 
to challenge existing teacher beliefs 
and attitudes, provide sufficient op-
portunities for reflection, or allow 
for an in-depth review of the topic. 
Consequently, the workshop would 
have limited consequence if used as a 
stand-alone experience aimed at get-
ting teachers to adopt standards-based 
principles across their professional 
practice. 
This introductory workshop ex-

plores some fundamental concerns 
that preservice and inservice teachers 
haveaboutstandards.Demystification 
of standards is a necessary first step 
towardhavingthesebenchmarksserve 
asbeacons,dynamicguides represent-
ing the collective wisdom of teachers, 
scientists, and science educators that 
can help to create better conditions for 
science teaching and learning. 
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Kenneth R. Roy 

OSHA Laboratory Standard: Driving 

Force for Laboratory Safety!
 

OSHA’s Laboratory Safety Standards are seen as the major driving force 
in establishing and maintaining a safe working environment for teachers 

The 1990 OSHA Laboratory Stan-
dard established the minimal expecta-
tions upon which science laboratory 
safetyprogramsineducational institu-
tions must be developed. 
The National Science Standards, 

and national and state science cur-
riculum reforms of the nineties have 
created an atmosphere, which has 
promoted more of the doing of sci-
ence through hands-on activities. In 
addition, workspace problems for 
school science laboratories have been 
precipitated by increases in student 
enrollments and failure of increases in 
fundingsupport.Thisarticleaddresses 
the importanceof OSHA’sLaboratory 
Safety Standard as the major driving 
force for helping to establish a safe 
working environment for teachers 
and students during these times of 
change.Focusisplacedontheessential 
building blocks of laboratory safety 
programs for middle and high school 
science departments, based on the 
Occupational Safety and Health Ad-
ministration’s (OSHA) Occupational 
Exposure to Hazardous Chemicals in 
LaboratoriesorLaboratoryStandard. 
Additionally addressed is the critical 
needtogobeyondtheStandard’smini-
mal expectations in efforts to build an 
effective safety program. 

and students. 

I. Don’t Exceed the Speed
Limit! 

How often have science teach-
ers and leaders heard the following 
statements? 
“We don’t have enough money 

in the budget for a flammable liquid 
cabinet. Just put those chemicals in 
the storeroom on the shelf with ev-
erything else.” 
“I wouldn’t be concerned about the 

ventilation in your laboratory. They 
usually do smell.” 
“Idon’tcare ifyouthinkthatscience 

laboratory was built for 24 students. 
If I want to put 35 students in there, I 
will and you will teach them.” 
With increasing enrollments and 

shrinkingbudgets, these typesofstate-
ments have been made by principals, 
superintendents, board of education 
members, and other decision-makers 

“We don’t have enough 
money in the budget
for a flammable liquid 
cabinet. Just put
those chemicals in the 
storeroom on the shelf 
with everything else.” 

with increased frequency. In these 
types of situations, it is critical for sci-
enceteachersandleadershiptobecome 
knowledgeableaboutsafetycodesand 
laws, and be advocates to work with 
decisionmakersandhelpsupport them 
in keeping science laboratories safe 
for employees and students. 
This scenario creates a major 

stumbling block for science educa-
tors. On the one hand, they are being 
asked to provide for more hands-on 
activity based science, as supported 
by the National Science Standards. 
Additional impetus has come from 
national science curriculum projects 
such as AAA’s Project 2061 and 
NSTA’s Scope, Sequence and Coor-
dination Project. On the other hand, 
science educators are being told that 
class size, as well as funding for texts, 
materials, and other support materials 
are in jeopardy as a result of increas-
ing enrollments and declining fiscal 
support. 
A fact of learning is that doing sci-

ence in a laboratory costs more money 
andtakesmore timethanreadingabout 
science in a classroom. If we are to 
improve science education by moving 
in thedirectionsadvocatedbynational 
reform movements, science educators 
must take a greater role in helping 
decision-makers to better understand 
and support these initiatives. 
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One major area which needs to be 
targeted is laboratory safety. It is one 
thing to advocate the doing of sci-
ence. It is an entirely different thing 
to provide a safe laboratory in which 
these activities take place. To this end, 
it is critical for science teachers and 
their leaders tobecomeknowledgeable 
about safety codes and laws, and to be 
advocates toworkwithdecision-mak-
ers and help support them in keeping 
science laboratories safe for employ-
ees and students. 
Providing a safe working environ-

ment for teachers and students is 
a serious responsibility for school 
districts as employers. In efforts to 
provide direction, OSHA issued the 
Occupational Exposure to Hazard-
ous Chemicals in Laboratories or the 
Science Laboratory Standard (Fox, 
1999, p. 834-842) for employees 
working in laboratories (including 
academic laboratories such as those 
found in middle and high schools). 
OSHA defines the term “laboratory” 
as “a facility where the laboratory use 
of hazardous chemicals occurs. It is 
a workplace where relatively small 
quantities of hazardous chemicals are 
used on a non-production basis” (Fox, 
1999, p. 835). The term “hazardous 
chemical” means a chemical that can 
causeacuteor chronichealth effects in 
exposed employees. This claim must 
besupportedbystatisticallysignificant 
evidence in at least one scientifically 
basedstudy(Fox,1999,p.835).These 
types of chemicals include carcino-
gens, toxicagents, corrosives, irritants 
and a host of others. 
School employees protected under 

Federal OSHA or State Plan OSHA 
(see table 1) are covered by the 1986 
Hazard Communication Standard 
or HazCom/Right to Know law, 29 
CFR 1910.1200 (Fox, 1999, p. 823). 
However, because of the dangers and 

uniqueness inherent in laboratory 
work, employers under federal OSHA 
or state plan OSHA are required to 
cover laboratory workers (including 
science teachers) with the Laboratory 
Standard, 29 CFR 1910.1450 Subpart 
Z. Interestingly enough, with the in-
crease inuseofchemical technologies, 
other employees such as technology 
education or art teachers, can also be 
covered under the Laboratory Stan-
dard. This option is at the discretion 
of the employer. Minimally, science 
teachers must be covered under this 
standard. 
Private school employees are cov-

ered by either the federal or a state 
OSHAplan. Public school employees 
are covered under either a state OSHA 
plan or an alternative state govern-
ment safety agency program. Public 
school employees need to secure 
information concerning which health 
and safety standards protect them on 
the job site. 

II. Rules of the Road! 
The Laboratory Standard is perfor-

mance based. This statement means 
that OSHA provides the basic outline 
requirements, and then each employer 
writesaplantailoredto theirneeds.For 
example, plans may vary from district 
to district, relative to standard operat-
ing procedures. However, all plans 
must contain standard operating pro-
cedures.Thestandard requires that the 
employer (e.g., Board of Education), 
appoint a Chemical Hygiene Officer 
(CHO) to develop and implement a 
Chemical Hygiene Plan (CHP)(Fox, 
1999, p. 834). Some professional as-
sociations have provided guidance in 
establishing the qualifications of the 
CHO(Alaimo&Fivizzani,1996).The 
standard’s basic tenets (Fox, 1999, p. 
834-836) include the following: 
1.		 Scope and Application--This 

standard covers any employee 
who is engaged in the laboratory 
use of hazardous chemicals on a 
laboratory scale (as opposed to 
industrial level). Most science 
teachers, as employees in middle 
and high schools, are classified 
under this application. 

2.		 Definitions--This section de-
fines terms such as action level, 
employee, laboratory, hazard-
ous chemical, chemical hygiene 
officer, and more. These terms 
are critical points of reference 
in writing the CHP and standard 
operating procedures. 

3.		 Permissible Exposure Limits 
(PELs)--Employees are not to be 
exposed above the PEL specified 
in 29 CFR 1910, subpart Z. 

4.		 Employee Exposure Determina-
tion--This component requires 
employees’ measurement of ex-
posure to certain chemicals if the 
action level or PEL is exceeded, 
providing a monitoring standard 
has been established. If monitor-
ing is required, theemployeemust 
be notified of the results. 

5.		 ChemicalHygienePlan(CHP)--A 
written plan must be developed to 
protect employees from hazards 
associated with chemicals in the 
laboratory.Althoughgenericplans 

Teachers and their 
leaders must be 
advocates to work 
with decision makers 
and help keep science
laboratories safe 
for employees and 
students. 

Spring 2000 Vol. 9, no. 1 35 



 

    

 

 

 
   

    

     
    

 

   
   

   

    
    

   

  

  

 
  

     

  

  

 

    

   

    

   
    
  

 
 

    
   

 

  

 
   

   

 

    

 

    

 
  

 

    

    
    

    

    
   
  
  

 

are available, each plan must be 
unique to address the specific 
needs of individual workplaces. 
It is the responsibility of the em-
ployer to develop the CHP and 
enforce it. The CHO position is 
an appointment under the OSHA 
standard as opposed to a required 
new hiring. 

6.		 Employee Information and Train-
ing--Employees must be made 
aware of chemical hazards in the 
laboratory. The training must be 
provided at time of initial em-
ployment and when new chemi-
cals/hazards are introduced into 
the workplace. Information must 
include CHP contents and the 
Laboratory Standard, PEL’s and 
Threshold limit values, exposure 
signs,andlocationof relatedrefer-
encematerial.Trainingmustmini-
mally include methods to detect 
presence of hazardous chemicals, 
physical and chemical health haz-
ards in the laboratory/work area, 
procedures including emergency 
procedures, work practices and 
protective equipment. 

7.		 Medical Consultation and Medi-
cal Examination--Employer must 
provideopportunity foremployee 
medical support and follow-up 
examinations. 

8.		 Hazard Identification--Adopt a 
labeling system such as National 
Fire Protection Association label-
ing codes, maintain and make 
MaterialSafetyDataSheetsavail-
able. 

9.		 Use of Respirators--Procedures 
and equipment must be provided 
by employer when respirators are 
required, as per 29 CFR 1910.134 
(Fox, 1999, p. 219). 

10. Recordkeeping--Employersmust 
keep records of exposure moni-
toring, medical consultation and 
examinations of employees. 

11. Dates--CHP must have been de-
veloped and implemented by 31 
January 1991. 

12. Appendices--Non-mandatory 
recommendations are provided 
for consideration in the CHP. Al-
thoughthenotedreferencesarenot 
endorsed by OSHA, they address 
professional expectations and 
provide specific safety protocols 
in the laboratory situation. ACHP 
will be more effective if based on 
these safety protocols. 

III. Map Out Your

Destination!
 

The CHP components are pre-
scribed by the Laboratory Standard. 
Each plan must contain the follow-
ing minimum parts (Fox, 1999, p. 
835-836): 
1.		 Standard operating procedures 
(SOPs)--What are the standards 
for laboratory operation that all 
employeesare required to follow? 
For example, what is the protocol 
for testing showers in the labora-
tories? SOPs should be rooted in 
standards, codes, or other profes-
sionalexpectations.Onereference 
source often overlooked is the 
OSHA Standards Interpretation 
and Compliance Letters. Rela-
tive to testing showers, an OSHA 
position letter titled“Clarification 
regarding the frequency with 
which showers must be tested” 
is available (Donnelly, 1995). 

2.		 Criteria to determine and imple-
ment control measures to reduce 
employee exposure--What type 
of engineering controls, use of 
PPE, and hygiene practices will 
be required? 

3.		 Requirement that fume hoods and 
other protective equipment are 
functioning properly and within 
specific measures--Is there a 

Remember that OSHA 
covers employees, but
not students. 
preventive maintenance program 
in place, which fosters optimal 
performance of protective equip-
ment? 

4.		 Provisions foremployee informa-
tion and training--How often and 
what type of safety training is 
available where laboratory opera-
tion requires prior approval from 
the employer--What information 
will be provided for employees? 

5.		 Circumstances where laboratory 
operation requires prior approval 
from the employer--What is the 
protocol used to undertake a 
special laboratory activity or new 
procedure? 

6.		 Provisions for medical consulta-
tion and examinations--What 
procedure has been established 
to provide for medical assistance 
if an employee has a chemical 
exposure or incident? 

7.		 Designation of personnel respon-
sible for implementation of CHP, 
including Chemical Hygiene Of-
ficer (CHO) and if appropriate, 
Chemical Hygiene Committee--
Who is the employer-designated 
Chemical Hygiene Officer? This 
person must be qualified by 
training or experience to provide 
technicalguidance in thedevelop-
mentand implementationofCHP. 
This person usually is a chemistry 
teacher, departmenthead,or labo-
ratory technician. 

8.		 Provisionforadditionalemployee 
protection when working with 
particularly hazardous substan-
ces--What procedures are in place 
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for employees if they are to work 
with reproductive toxins, carcino-
gens? 
Any school involved in an OSHA 

inspectionknowsthat theOSHACom-
pliance Officer initiates the process by 
reviewing the employer’s Chemical 
HygienePlan.They then focusonplan 
implementationandpolicingduringan 
inspection. Can the OSHA Compli-
ance Officer, or any other observer, 
walk into a high school chemistry 
laboratory when the use of hazardous 
chemicals is takingplacewithoutbeing 
challenged by the instructor to put on 
goggles? This type of situation must 
be addressed in the CHP. 

IV. Improved Features for
New Models! 

OSHA standards represent only 

the minimum expectations for safety. 
Remember that OSHA covers em-
ployees, and not students. However, 
in order to maintain a safe working 
environment for employees such as 
science teachers, the CHP should also 
cover students. The rationale is that in 
order to maintain a safe working en-
vironment for teachers as employees, 
students must also be accountable for 
following standard operating labora-
tory procedures. 
Those working with the employer 

in the development of the CHP need 
toconsider additionalpolicies/regula-
tions to go beyond the minimal safety 
expectation. Included for consider-
ation should be items such as: 
•		 Use: The CHP should address 
policies on use of laboratories by 
non-certified instructors and non-

science students; e.g., assignment 
of study halls or English classes in 
science laboratories.Theemploy-
er will assume liability should an 
untrained employee or student be 
injured in a science laboratory. 

•		 Occupancy Load: Occupancy 
loads in science laboratories are 
restricted by the The National 
Fire Protection Association’s 
NFPA101 Life Safety Code (Life 
Safety Code 101, 1997, p. 97), in 
addition to the Building Official 
and Code Administrator’s BOCA 
Building Code (The BOCA Na-
tional Building Code, 1996, p. 
112). This restriction limits the 
number of occupants allowed in 
a science laboratory. Be careful 
to distinguish between the terms 
science laboratory and science 
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Science teachers 
making safety their
first priority will make
it safer for themselves 
and will instill a 
commitment on the 
part of their students. 
classroom. These designations 
have different ramifications, rela-
tive to code applications. 

•		 Security: Science laboratories are 
considered secured areas, given 
the inherent dangers from gas, 
electricity, hazardous chemicals, 
etc. Policies need to be written to 
foster security, relative toentering 
laboratories and storerooms. For 
example, only chemistry teachers 
might be provided with a key to 
the chemical storeroom. Science 
laboratoriesare to be lockedwhen 
they are not in use. 

•		 Special Needs: Policies for work-
ing with students or employees 
who are physically challenged or 
haveother specialneedsshouldbe 
addressed in the CHP. There are 
various options available to meet 
both the safety and educational 
needs of all students and employ-
ees in the laboratory (Cheney & 
Roy, 1999). 

Learner’s Permit! 
TheLaboratoryStandard isonly the 

foundation for an effective laboratory 
safetyprogram.Safetymustbe further 
developed as an ongoing attitude and 
a commitment that never takes a rest. 
Science teachers and leaders must 
be advocates for safe science in the 
laboratory or field. They must work to 
helpeducateschooladministratorsand 
boards of education, legislators and 
othergovernmentofficials, topromote 
and facilitate a safe working environ-
ment for employees and students. 
Science teachers who make safety 
the first priority for their students will 
not only make it safer for themselves, 
but will also instill a commitment on 
the part of their students as future 
employees. 
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Hans O. Andersen 

Tweaking Science Education
 

An experienced science educator discusses his views on science education. 

One is often asked to share a vision 
of the future that is based on past expe-
riences. I have often wondered about 
the validity of such predictions, and 
my skepticism has been intensified by 
the increasingly rapid increase in the 
quantity of innovation that has taken 
place and the suggestion that the rate 
of introduction of new technologies 
is more likely to speed up than slow 
down. When thinking about my own 
career, I frequently recall a former 
Dean who reminded his faculty that 
it was not good enough to simply be 
on the right track unless you were 
moving fast enough to avoid being 
run over by a faster- moving train. 
I’ve struggled to keep up in science 
education; I have never felt very far 
ahead. In fact, the train has always 
seemed to be about two ties behind 
me and closing the gap. 
I have always believed that looking 

back over one’s shoulder to examine 
one’s roots can be a useful exercise. 
Therefore, I begin this piece with 
a look back to the first edition of A 
Handbook for Science Supervisors, 
(Harbeck, 1967) which was produced 
by the National Science Supervisors 
Association and published by the Na-
tionalScienceTeachersAssociationas 
it is today. In 1967, J. Darrel Barnard 
writing in this book said: 
In tomorrow’s schools, supervisors 

will be expected to take more active 
roles in dealing with at least three of 
the pressing problems facing educa-
tion today: 

1.		 Development of more effective 
practices of inducting college 
graduates into teaching, 

2.		 Evaluation of curriculum innova-
tionsandevaluationof technologi-
cal innovationsas theyareapplied 
to teaching and learning, and 

3.		 Guidance in selection of both 
curriculum and technological in-
novations. (6). 
Many good solutions to Barnard’s 

problems have been found, but no 
one solution has been universally 
applicable. Hence, the challenges are 
as valid today as they were when they 
were first presented. 

Schools must commit 
to providing real-
time support for
clinical supervision
and mentoring
because universities 
and colleges do not
and will not have 
the expertise and 
resources to prepare 
teachers for the unique 
environments of 
individual schools. 

Inducting College Graduates 
Since I began teaching secondary 

science methods in 1966, more than 
3000 pre-service teachers have com-
pleted my class, graduated, obtained 
certification,andbeguntheircareersas 
science teachers.Someof theseformer 
students are now outstanding teach-
ers with over 30 years of experience. 
Some, I am sure, have had one year of 
experience 30 times, and many have 
dropped out of teaching. I am proud 
of those with 30 years of experience 
and remind them that I, with over 40, 
am still learning better ways to teach. 
I remain concerned about those who 
did not grow with the profession and 
wish they had dropped out. However, 
mygreatest concern is thestudentwho 
drops out of the profession early in 
his/her career. 
Someenternewprofessions;others 

find easier, higher paying jobs. Some 
claim the job simply burned them out. 
The administration, apathetic unmoti-
vatedstudents,uncooperativeparents, 
workconditions,or lackof recognition 
as professionals are blamed for their 
decision to leave the teaching field. 
Unlike some of my students, I 

fondly remember my first year as a 
high school teacher. The school was 
new, the facilities excellent, the ad-
ministration very supportive, and the 
parents wonderful; the kids loved to 
learn, and I was assigned to teach five 
classes inmymajor.Myclassroomwas 
loaded with teaching aids, class sizes 
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Preparation 
of a portfolio
demonstrating one’s 
teaching performance
should be an exciting
endeavor; however, 
for the over-burdened 
beginning teacher it is 
another huge task to be 
completed. 

were 20-24, and I was given a budget 
of $3,000 (1960) dollars to purchase 
whatever else I needed. Furthermore, 
my department chair was fantastic, 
and she immediately introduced me 
to a master biology teacher who 
volunteered to mentor me. That first 
year, teachers did not have any extra-
curricular assignments. 
Most beginning teachers are not 

so fortunate. Many have multiple 
preparations, teach from a cart that 
they push from room to room, or have 
the least desirable teaching load in the 
department. Frequently, in southern 
Indiana, the one beginning teacher 
is the entire science department. If 
they have a mentor, he/she may teach 
subjects other than science, and if the 
mentor is a department chair, release 
time may not be given to serve as a 
mentor. If the beginning teachers sur-
vive, they are considered successful. 
If they don’t survive, it is presumed 
that they were not properly prepared 
at the university. 
The education of a science teacher 

cannot be completed on the college 
campus. The National Council for 
Accreditation of Teacher Education 
(NCATE), which established The 

New Professional Teacher Project, 
argues that teacher preparation must 
be a three-phase continuum, consist-
ing of a minimum of four years of 
preservice preparation, blending into 
an extended clinical preparation and 
assessmentprogram(InternProgram), 
followed by continuing professional 
development. 
Similar concern of The Council 

of Chief State School Officers about 
the plight of the beginning teacher led 
to the establishment of the Interstate 
NewTeacherAssessmentandSupport 
Consortium(INTASC),whichcreated 
thePerformanceAssessmentDevelop-
mentProject (PADP)withthechargeto 
develop a way of assessing beginning 
teacher’sperformance through theuse 
ofportfolios.Portfolios illustrating the 
ability to perform as a teacher would 
bepreparedbybeginningteachersdur-
inga two-year internship immediately 
following the preservice preparation 
program.Completedportfolioswould 
then be submitted to the state for judg-
ing by teachers trained in portfolio 
assessment. 

Preparationofaportfoliodemon
stratingone’steachingperformance 
should be an exciting endeavor; 
however, for the over-burdened 
beginning teacher it is another 
huge task to be completed. Some 
serious questions must also be raised. 
As presently planned, the portfolio 
assessment would determine if the 
teacher would be: 
1.		 Given a regular teaching li-
cense, 

2.		 Provided, or required to engage 
in, extensive remedial training 
andeducationandsubmitasecond 
portfolio, or 

3.		 Advised topursueanotherprofes-
sion. 

Questions include: 
Will the student be able to obtain 

quality mentoring? 
Will the mentor have the same 

major? Another science major? A 
discipline other than science? 
Will thementorhaveportfolioprep-

aration or evaluation experience? 
Will students be disadvantaged if 

the beginning teacher is not teaching 
his/her major subject? 
Will schoolsprovidesupport for the 

portfolio development process? 
Will the student preparing the port-

folio be teaching in her/his major or 
minor area? If not, how will that affect 
the ability to prepare a portfolio? 
Will the portfolio rubric and other 

assessment materials be used reliably 
and objectively? 
Is it too much to expect a beginning 

teacher toproduceanextensiveportfo-
lio in the second year as a teacher? 
Requiring teachers to submit a 

portfolio for evaluation at the end of 
their secondyearof teachingwillplace 
a significant burden on them, and one 
or more of the problems suggested by 
the questions will be sure to exist at 
every school site. However, preparing 
the portfolio will force the student and 
his/her mentor to focus considerable 
attentionontwoveryimportant things: 
instruction and student learning. This 
intensive focus should facilitatematu-
ration as a teacher. 
Preparation of the portfolio can be 

ignoreduntil the internshipand left for 
the mentor and student to complete; 
however, students who experience 
portfolio preparation prior to this time 
willbeadvantaged.Studentsprobably 
should prepare a first-draft portfolio 
while in the science methods class. 
Materials produced by the INTASC 
Performance Assessment Project un-
der the direction of Angelo Collins of 
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VanderbiltUniversitycouldbeused to 
guide these efforts (1998). 
Inanattempt topreparemystudents 

for the future, I present the portfolio 
ideaas an authentic task for preservice 
teachers to complete prior to student 
teaching.This taskisauthenticbecause 
they can use the lesson sequence de-
veloped during student teaching, and, 
in three years, can submit it to meet 
theportfolio requirement forobtaining 
continuedteachercertification.Hence, 
on day one of my methods class, the 
students are presented with the fol-
lowing assignment. 
Select, with the advice and con

sent of your cooperating teacher, a 
cohesive instructional sequence (ap-
proximately8-12hoursof instruction) 
organizedaroundan authentic science 
idea, inquiry,orapplication.Thelength 
of your instructional sequence should 
bedeterminedby the time that itwould 
take you and your students to develop 
the idea, inquiry, or application. Your 
lesson sequence should include a 
description of the observations and 
assessment instruments you will use 
to determine the effectiveness of your 
instruction. Your instructionshouldbe 
consistent with the National Science 
Education Standards, the Indiana 
Science Proficiency Guideline, http:// 
www.doe.state.in.us/science, and/or 
the local curriculum guides. 
The prospect of preparing a port-

folio of lessons and assessments for 
a cohesive sequence of instruction 
is not very different from the older 
prepare a unit assignment. However, 
this assignment is different because 
the stakes are a lot higher, and when 
students learn they must have a good 
portfolio or change professions, the 
taskbecomes authentic andsomewhat 
frightening. In attempting to convince 
my students that preparing a quality 
portfolio is possible I remind them 

theywill beable to tryout their lessons 
whilestudent teaching, revise themfor 
use in the first year of teaching, and 
revise them again before they must 
submit them for evaluation by the 
trained state portfolio evaluators. 
In addition to preparing a portfolio, 

the students will be given instruction 
on portfolio evaluation including note 
taking, summarizing findings, and us-
ing a rubric to evaluate a portfolio. As 
the culminating activity, each student 
evaluates another student’s portfolio. 
The students will also be encouraged 
to share portfolio evaluation materials 
with their cooperating teachers, who 
are potential mentors. 
Admittedly, theportfoliowillbe im-

portant,perhaps too important insome 
instances,because theportfolio isonly 
an artifact representing the processes 
used in its development. It is hoped 
that reviewers will see the process in 
the portfolios developed. 
The first draft of the sequence 

of instruction can be developed on 
campus for use in student teaching. 
Preparing a portfolio that fully rep-
resents the science content and the 
processes used in delivering it involve 
foursteps:Development, Implementa-
tion, Assessment, and Revision. The 
success teachers have in the process 
will often be determined by the qual-
ity of their mentor because the mentor 
will guide the students through the 
steps of implementation, assessment, 
and revision. 
The term “mentor” is often used 

synonymously with “advisor,” but 
there is a fundamental difference 
between advising and mentoring: 
Mentoring is a personal as well as a 
professional relationship, developing 
over longperiodsoftime,duringwhich 
thestudent’sneedsandthenatureof the 
relationship tend to change. Mentors 
try to be aware of the changes taking 

place in thestudentandvary thedegree 
and type of attention, help, advice, in-
formation,andencouragementprovid-
ed. (National Academy Press,1997,1) 
Mentors try to become critical friends 
of the mentee; they stretch the mentee 
to articulate precisely their rationale 
and to see information fromadifferent 
perspective. (Fine. et al., 1997, 59) 
To be an effective mentor of begin-
ning science teachers, one needs to 
understand the sciencecontentand the 
best teachingpractices for thecontent; 
one must also know how to become 
a critical friend. Becoming a mentor 
and identifying suitable persons to 
serve as mentors should become an 
increasingly important function of 
science supervisor because only they 
have access to the knowledge needed 
to make these decisions. 
In addition to arranging for quality 

mentoring, new and more intensive 
relationshipsbetweensciencesupervi-
sors and university science education 
faculty are needed. As stated earlier, 
teachereducationcannotbecompleted 
on the college campus, nor can it be 
completed in a school setting that 
typically offers a marginal teaching 
facility, limited teaching resources, 

To be an effective 
mentor of beginning 
science teachers, one 
needs to understand 
the science content 
and the best teaching
practices for the 
content; one must also 
know how to become a 
critical friend. 
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I believe that the 
induction processes 
[of college graduates
as beginning teachers]
should be managed by
local expertise, assisted
by university faculty, 
and monitored by state 
licensing authorities. 
andaccess togood-heartedassistance, 
volunteered by already overloaded 
faculty and curriculum supervisors. 
Schoolsmustcommit toproviding real 
time support for clinical supervision 
and mentoring because universities 
and colleges do not and will not have 
the expertise and resources needed 
to prepare teachers for the unique 
environments of individual schools. 
Schools may have the expertise, but 
they often lack resources; e.g. money 
for real time support for science su-
pervisors and science mentors. 
As a university-based science 

educator, Barnard saw inducting col-
lege graduates into specific teaching 
environments as a major problem 
in 1967. Many courses designed for 
preservice teachers answered specific 
questions long before the inexperi-
enced preservice teacher asked them. 
This happened because university 
faculty were frustrated by the fact that 
they would not have the opportunity 
to answer these questions when prac-
ticing teachers began asking them. 
Likewise, university faculty were not 
familiar with every teaching situation 
and could not prepare students for 
each and every teaching environment. 
However, Barnard must have realized 
that science supervisors were in the 

best position to gain the specialized 
knowledge needed to make science 
instruction effective in their schools. 
Therefore, he stated that, “Rather than 
beingconcernedprimarilywith the in-
service improvementof teachers inhis 
school,he[thesciencesupervisor]will 
also be highly involved with develop-
ingandmanagingexperiences thatwill 
effectively inductcollegestudents into 
teaching” (Barnard, 1967, 6). 
I believe that teacher education 

must continue far beyond the walls 
of ivy. I also believe teacher educa-
tion should be in the hands of experts. 
Both experts and potential experts 
needed for guiding the induction to 
teaching process are frequently the 
overextended science supervisors and 
science mentors, located far beyond 
the shadows of academia. This does 
not mean that college teachers can’t 
be useful adjuncts; in fact teacher 
education could be vastly improved 
if university professors did serve as 
adjuncts to science supervisors and 
science mentors. I believe that the 
induction processes should be man-
aged by local expertise, assisted by 
university faculty, and monitored by 
state licensing authorities. Further-
more, the induction period should run 
on real, paid time, not on the backs of 
overburdenedsciencesupervisorsand 
mentor teachers. 

Evaluation of Curriculum 
and Technological 

Innovations 
“Rather thanbeingconcernedsolely 

with the implementation of a single 
curriculum in his school, he will also 
behighly involved indirectingexperi-
mental studies to evaluate promising 
innovations” (Barnard, 1967, 6). 
Barnard wrote this in the heyday of 
the alphabet science curricula (ESCP, 
BSCS, CHEMS, CBA, PSSC, and 

HPP), when there was considerable 
choice between the inquiry-oriented 
alphabet textsandtheconfirmationap-
proach of traditional textbooks. Some 
would argue that there is no choice 
today because all textbooks have been 
moreor lesshomogenizedbytextbook 
publishers, who are more interested 
in market share than engaging learn-
ers in exciting science exploration. 
Parents, too, often equate learning 
vast quantities of factual information 
with quality education and, indeed, 
the 1100-page science textbooks not 
only contain the facts, they illustrate 
them beautifully. 
The science educator, however, has 

a choice. The science textbook can be 
put in its proper place: at the back of 
the room and in the library, and the 
remaining textbook money can be 
spentondoingscience.“Fromthevery 
first day in school, students should be 
actively engaged in learning to view 
the world scientifically. That means 
encouraging them to ask questions 
about nature and seek answers, count 
and measure things, make qualitative 
observations,organizecollectionsand 
observations, discuss findings, etc.” 
(Project 2061, 6) Or, in the words of 
Louis Agassiz, our nation’s first great 
naturalist, “Study nature, not books” 
(Woodburn,1965, 200). 
One of my former students, a high 

school science teacher in a “Bible 
Belt” school, was assigned to teach 
an advanced biology course. He felt 
that a significant treatment of evolu-
tion had to be included in the course, 
yet knew that if he did he would be 
“raked over the coals” by parents and 
the local press. Dilemma? Yes! He 
started theclasswithaquestion,“How 
ought we teach evolution?” (Zimmer-
man, 1999, 2). Some of his students 
aspired to be lawyers; others, doctors; 
some, homemakers, etc. Groups were 
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who won’t believe it will work until Learning to use the technology, rather 
successfully experiencing it. Creating than the science content, becomes the 
situations in which tradition-bound priority; thus, the teacher’s objectives ...the induction period 
textbook teachers are successfully are subverted. It is important for the should run on real, implementingproblem-based instruc- teacher to ask whether the teaching 
tion isoneofourgreatestchallenges. It strategy selected is engaging the paid time, not on the 
calls for a paradigm switch, accepting students in meaningful dialogue and backs of overburdened a new definition of teacher. It calls scientific inquiries on the path toward 

science supervisors and for believing that teachers can only the achievements desired. 
facilitate; they cannot give. The World Wide Web can also be mentor teachers. 

a double-edged sword. One edge is 
 Selection of Curricular and the almost infinite quantity of correct arranged according to interest, and the 

and potentially useful information; Technological Innovations students were charged with the re-
the other edge is a blunt reminder that sponsibility to finding out how people “Almost2000studentsoffered their 
the web does not have any publishing in these respective areas of interest opinions. One of the findings: Many 
standards, referees,oreditorialboards. thought evolution should be taught of our students are just plain bored. 
Discovering inappropriate and abso-and then to present this information (Jacobson,1986,59).Mystudentscall 
lutely incorrect items on the web is an to the class. The class troublemaker, it “raging apathy” and worry exten-
everyday occurrence.who thoughthe mightavoiddoingany sively about ever engaging students in 
Another web problem is created by work, asked if he could research The serious studies of science. The apathy 

the mentality that seems to suggest Pope and his opinion on evolution. and boredom highlight the fact that 
that everything should be put on the He proved to be the busiest student we need to do some serious thinking 
web. One of my first assignments as a in the class, surprising everyone. The about the curricular and technologi-
college instructor was to serve as the student researchers learneda lotabout, cal innovations being placed before 
grader for a science methods course and the teacher receivedpraise instead students; this was the third point made 
offered through correspondence. Iof criticism. by Barnard (1967,6). 
worked very hard trying to establish Thequestionofhowoughtweteach A technique that has piqued much 
good interaction with the correspon-evolution is ill-structured; it is not interest is the practice of having stu-
dents; however, the quality of the well defined, and it has several cor- dents make content presentations to 
interactionnever reached theheightof rect answers (King, 1994, 11). Classes their peers. A small group of students 
my on-campus courses. Furthermore, organized around ill-structured prob- is assigned a textbook chapter or some 
because the correspondents were “out lems, like the example, are far more other area of study. They are assigned 
therebythemselves,” theydidnothave likely to engage students in learning the task of becoming experts on a 
the opportunity to interact with and than classes that proceed from chapter subject and given the responsibility 

to chapter. We must step away from for making hyper-card, power point, 
the “read a chapter, do the problems, or web-site presentations. I have en-
and take a quiz” mentality if we ex- couraged my preservice teachers to 
pect students to become scientifically involve their students as teachers. I ...there are situations in literate. Literacy comes from doing point out to them that they will learn which younger students science,not readingaboutscience,and more science during their first year of 
science can be done everywhere, with teaching than they learned in college, get so wrapped up
or without expensive equipment. and that their students will also learn in the technologyProblem-based instruction is a more if they are engaged in teach-
promising innovation. It’s really not and making of fancying. However, there are situations 
new; it is “classic 1896 laboratory in which younger students get so presentations that 
school Dewey.” However, problem- wrapped up in the technology and science learning doesbased instruction is new to the making of fancy presentations that 
moribundtextbook/worksheet teacher, science learning does not occur. not occur. 
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learn from each other. I am very proud 
of thescienceteachersgraduatingfrom 
Indiana University, and I regularly tell 
them that I hold the “bragging rights” 
for their achievements. However, I 
know that they learn more from each 
other than from me, and my greatest 
contribution to their success as teach-
ers is establishing the opportunity for 
them to interact with and learn from 
eachother.Such interaction and learn-
ing cannot be “canned and sent out 
over the wires.” Yes, the web should 
be used to deliver some courses. Par-
ticipants in science methods should 
also use the web, to seek information 
and share it with others. The web can 
supplementandenhance thequalityof 
sciencemethodsinstruction.However, 
I think a web-based science methods 
course would be a poor substitute for 
a regular methods course featuring 
face-to-face interaction and shared 
hands on experiences. 
Finally, as science educators, 

we teach three student populations: 
middle school, secondary school, and 
introductory college courses. These 
populations differ significantly; they 
have different needs, interests, and 
motivations. Yet we persist in serving 
them the same repetitious fare year 
after year: covering the same con-
tent, adding at each level a bit more 
factual information in the rhetoric of 
conclusions thathas turnedoff learners 
since the beginning of time. Are we, 
as a profession just like the textbook 
companies: unwilling or afraid to 
change? 
A former student in whom I have 

great confidence moved with her hus-
bandtoanewstate.Notbeing immedi-

ately successful in locating a teaching 
job, she applied for an editorship in a 
company thatproduces oneofourbest 
sellingsciencetextbooks.Shereported 
having an excellent interview until 
she asked the wrong question: “What 
is being done to make sure that your 
book is consistent with the National 
Science Education Standards?” (Na-
tional Research Council, 1995) The 
editor’s response, paraphrased, was 
that the so-called National Standards 
were written by a bunch of idealistic 
college professors who know nothing 
about teachersor textbooks.We,onthe 
other hand, know about both teachers 
and textbooks and will continue to 
developbooks that sell.Thatstatement 
ended her interview. 

Summary 
In 1967, J. Darrell Barnard present-

ed three important problems that have 
been well solved in many educational 
settings. However, situations change 
and when they do, new solutions are 
needed for the problems. I have sug-
gested a few solutions; I don’t expect 
everyone to agree with them. I might 
not like them tomorrow either. As an 
afterthought, the following resource 
should be required reading for every 
science educator: 
Peddiwel, J. A. (1939). The Saber-

Tooth Curriculum.  McGraw-Hill. 
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	Duringthelatterpartoftheeighties, however, the results of research on computer-based education (CBE) as a means to improve learning of students continued to be conducted. Roblyer, Castine, and King (1988) conducted a meta-analysis of the effects of CBE from 1980 to 1987. Results of this meta-analysis also showed that CBE is effective in improving student learning. 
	More recently, Clark (1994) continued to maintain that the use of any specific media, including the computer, will not improve learning. He believed that any media can be used to achieve the same amount of learning, and that it is the methodology, not the technology, that influences the learning. 
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	Given the concerns regarding the results of studies conducted on CBE, we need to quit being concerned about whether or not using the computer as a deliverer of instruction is effective. We need to concentrate on how to use the computer as a tool, together with the appropriate methodology for the subject, to teach more effectively and efficiently.Thecomputerbecomesone tool of a set of tools used to facilitate 
	Given the concerns regarding the results of studies conducted on CBE, we need to quit being concerned about whether or not using the computer as a deliverer of instruction is effective. We need to concentrate on how to use the computer as a tool, together with the appropriate methodology for the subject, to teach more effectively and efficiently.Thecomputerbecomesone tool of a set of tools used to facilitate 
	studentlearning.Theemphasisshould not be on whether computers enhance learning, but on how to use computers as tools with the appropriate methodology for the subject, to teach more effectively and efficiently. 
	-


	The other area of emphasis should be on insuring that students become competent consumers of the technology. Aconstructivist approach, where students use the appropriate technology as tools in constructing their own learning, will allow the students to become the users of technology we wish them to be. In essence, we would want the instruction, philosophy, and methodology to move to the right on the continuum (see Figure One). 
	-
	-


	Appropriate Science Classroom Computer Use 
	Appropriate Science Classroom Computer Use 
	Appropriate Science Classroom Computer Use 
	The role of computer technology in allowing students to construct their the past, computers have been used as deliverers and quizmasters of instruction. To be consistent with Standards methodology, this approach needs to be changed by having the students use the computers as tools, and to match the learning tasks with the tasks that 
	The role of computer technology in allowing students to construct their the past, computers have been used as deliverers and quizmasters of instruction. To be consistent with Standards methodology, this approach needs to be changed by having the students use the computers as tools, and to match the learning tasks with the tasks that 
	knowledgemustnowbeconsidered.In 
	-

	computers can assist with or perform (Morrison, Lowhter, & DeMuelle, 1999). Consider the ways the following programs and computer functions can be used to help students construct their own meaning. 
	-
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	Database Use 
	Database Use 
	Database programs are designed to store, organize, and manipulate large amounts of information, or data. The functions of databases are similar to the processes used to facilitate critical thinkingskills(Morrison,etal.,1999). In order to create a database, students need to think carefully about how to organize the information they have collected. Once the information is organizedintothedatabase,thestudent canusethesortingandsearchingfunctions of a database to solve problems relatingtoinformation.Increatinga
	-

	Multimedia Use 
	Multimediapresentationsprograms are tools that allow students to create unique methods communicating their ideas via the computer (Morrison, et al., 1999). In order to produce multi-media-based reports, students must synthesize their ideas to decide what information they want to tell others. While any form of report will allow students to synthesize their findings, multimediaallowsthemtoincorporate sound, graphics, and video into their reports. Students can then present their findings to fellow students in 
	Internet Use 
	Assuming that we follow the standards in science and technology, perhaps we should identify the role 
	Artifact




	Children come to the classroom with a rich diversity of experientialknowledge; from this, the constructivist begins to individualizethe child. 
	Children come to the classroom with a rich diversity of experientialknowledge; from this, the constructivist begins to individualizethe child. 
	Children come to the classroom with a rich diversity of experientialknowledge; from this, the constructivist begins to individualizethe child. 
	of the Internet in helping the teacher integrate the computer as a tool into existing pedagogical structure. Consequently, use of the Internet in the classrooms can encourage teachers to move from instructionism (knowledgetransfer)to constructivismmore closelyalignedwithknowledgebuilding. Use of the Internet can encourage teachers to be more creative in their science classrooms, moving from a traditional lecture model to one that depends heavily on student collaboration and peer teaching (Upgedrove, 1995). 
	-
	-
	-
	-

	Ebenezer and Lau (1999) suggest fourteenusesoftheInternetthatwould correlate with the National Science Education Standards. 
	1...
	1...
	1...
	Testing Personal Ideas 

	2...
	2...
	Conducting Internet Labs 

	3...
	3...
	Taking a Virtual Trip 

	4...
	4...
	Conducting Research 

	5...
	5...
	Participating in a Joint Classroom Project 

	6...
	6...
	Communicating Ideas 

	7...
	7...
	Asking Experts 

	8...
	8...
	Collaborating with Scientists 

	9...
	9...
	Sharing Classroom-Based Work 

	10. 
	10. 
	Creating an Electronic Portfolio 

	11. 
	11. 
	Using Time Efficiently 

	12. 
	12. 
	Learning in a Relaxed Environment 
	-


	13. 
	13. 
	Motivating Students 

	14. 
	14. 
	SimulatingDangerousandCostly Experiments 


	For example, students can test their “personal ideas” by searching the Internet for a multitude of activities designed to test their ideas. Constructivisttechniquesallowstudentsto engage in learning that follows from the questions they ask. In this way, students might ask about the speed of sound at different temperatures. Searching the Internet, they might find this site: 
	-
	-

	(/ gbssei/phys/Class/sound/ull12c. html), that would provide the frameworkfortheirexperimentationtolearn the answer. From this site, additional questions might also be answered. 
	http://www.glenbrook.k12.il.us
	-

	lbl.gov/vfrog/) provides a good exampleofthepossibilityof“conducting laboratoryactivities”overtheInternet. At this site, students are taken through thedissectionofafrogataverysophisticatedlevel.Usingthisprocedurecuts classroom costs and enables students toparticipateandquestionattheirown pace. By accessing this site: 
	Similarly, the site: (http://wwwitg. 
	-
	-

	(/ homepage.php3), students are able to visit the San Diego Zoo. Students can interact with scientists, view pictures and video, and access information. Similar to the zoo virtual trip, students can access the Jason Project sites () and visit a rainforest, manipulate scientific equipment and/or participate in exploring the oceans. Other Internet sites are available in each of these 14 teaching strategies. 
	http://www.sandiegozoo.org/zoo
	http://www.jasonproject.org
	-


	Conclusion 
	Conclusion 
	Conclusion 
	Care must be taken to provide for appropriate pedagogical strategies based upon inquiry and discovery techniques.Withappropriateattention, the teacher can provide for a more constructivist classroom through the 
	Care must be taken to provide for appropriate pedagogical strategies based upon inquiry and discovery techniques.Withappropriateattention, the teacher can provide for a more constructivist classroom through the 
	providing for a more standards-based classroom can be accomplished with thecomputerasacriticaltool,teachers and supervisors can monitor its use and budget for its availability to the students in each school. 
	useofthecomputerandmultimedia.If 
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	Educational Reform Through High .Stakes Testing—Don’t Go There. 
	High-stakes testing is seen as being inconsistent with the Standards’ goals regarding what students are taught about the nature and purposes of science. 
	High-stakes testing is seen as being inconsistent with the Standards’ goals regarding what students are taught about the nature and purposes of science. 
	Given the current state ofknowledge about the negative impacts of standardized testing, it may seem reasonable to conclude that science education supervisors need not be overly concerned about how such tests are employed within educational policies and initiatives promulgated by state and federal agencies. After all, a rich literature base documents the risks and potential pitfalls of standardized testing, and a number ofwell-researchednationalstandards, such as the National Science Education Standards (Nat
	Given the current state ofknowledge about the negative impacts of standardized testing, it may seem reasonable to conclude that science education supervisors need not be overly concerned about how such tests are employed within educational policies and initiatives promulgated by state and federal agencies. After all, a rich literature base documents the risks and potential pitfalls of standardized testing, and a number ofwell-researchednationalstandards, such as the National Science Education Standards (Nat
	Given the current state ofknowledge about the negative impacts of standardized testing, it may seem reasonable to conclude that science education supervisors need not be overly concerned about how such tests are employed within educational policies and initiatives promulgated by state and federal agencies. After all, a rich literature base documents the risks and potential pitfalls of standardized testing, and a number ofwell-researchednationalstandards, such as the National Science Education Standards (Nat
	-
	-
	-

	a coal miner’s canary. 

	In a 1997 article, Time Magazine referred to “high-stakes testing” as, “thelatestsilverbulletdesignedtocure all that ails public education” (Kunen, 1997). Unfortunately, as pointed out by Robert Shaffer of FairTests, an advocacyorganizationconcernedwith equity issues in standardized testing, this trend demonstrates a disturbing disregardforthescientificliteratureon testing. Shaffer states, “every professional guideline says, ‘don’t use these test scores as a sole criterion to make decisions.’ But this is gu
	-

	The admonition to use test results cautiously is highly consistent with the National Science Education Standards. While the Standards does recognize accountability testing as 
	Artifact
	High-stakes testing programs are a product of the growing movement to improve public education byensuring that schools
	more fully reflect and 



	conform to the needs of business and industry. 
	conform to the needs of business and industry. 
	an acceptable practice (National Research Council, 1996, p. 89-90), the Standards also stresses that such testing should be conducted in accordance with rigorous quality assurance safeguards--whichareconsistentwith Standards-based reform practices and goals. For example, the testing should utilize (1) authentic assessment tasks, 
	-

	(2) unbiased assessment tools, and (3) sound sampling and analysis strategies. Additionally, the programs or initiatives that give rise to the assessment should be sound and supportive of broader educational reform efforts and goals, including those within the Standards-based reform movement. 
	-
	-

	Importantly, the Standards specifically addresses the need to be wary of policiessetbyelectedorpoliticallyappointed leaders. Within the discussion of System Standard C, which calls for coordinationamongreforminitiatives, the Standards explain that, 
	-
	-

	Newadministrationsoftenmake radical changes in policy and initiatives and this practice is detrimentaltoeducationchange, which takes longer than the typical 2- or 4- year term of elected office. Changes that will bring contemporaryscienceeducation practices to the level of quality specified in the Standards will require a sustained effort (National Research Council, 1996, 231-232). 
	-
	-

	Artifact

	The Standards strongly emphasizes that theprocess of increasing the authority andcontrol afforded to teachers will be veryslow because the changes in teachers’roles will occur only as substantive reforms are made throughout the educational system. 
	The Standards strongly emphasizes that theprocess of increasing the authority andcontrol afforded to teachers will be veryslow because the changes in teachers’roles will occur only as substantive reforms are made throughout the educational system. 
	These concerns are echoed in the literature on testing-based reform initiatives. For example, Corbett and Wilson (1991) discuss how “reform by comparison”initiatives,suchas the NewABCs,lack“theinherentpatience needed to nurture better educational results over the long run” (p. 3). 
	System Standard F of the National Science Education Standards directs science education supervisors to address concerns such as those noted above. System Standard F calls upon thescienceeducationcommunitytobe vigilant in reviewing new educational initiatives and policy instruments that mayhavenegative“unintendedeffects on the classroom practice of science instruction”(NationalResearchCouncil, 1996; p. 233). As explained within the discussion of System Standard F, “Even when as many implications as possible 
	System Standard F of the National Science Education Standards directs science education supervisors to address concerns such as those noted above. System Standard F calls upon thescienceeducationcommunitytobe vigilant in reviewing new educational initiatives and policy instruments that mayhavenegative“unintendedeffects on the classroom practice of science instruction”(NationalResearchCouncil, 1996; p. 233). As explained within the discussion of System Standard F, “Even when as many implications as possible 
	-
	-
	-
	-
	-

	cil, 1996). This standard is perhaps nowhere more important than in the caseof“silverbullets,”whereprogram implementationtendstoprogressmore rapidly than does program evaluation and validation. 

	Overview of the New ABCs as an Example of High-Stakes Testing 
	Overview of the New ABCs as an Example of High-Stakes Testing 
	High-stakes testing programs are a product of the growing movement to improve public education by ensuring that schools more fully reflect and conform to the needs of business and industry and the criteria used to judge success and effectiveness in business and industry. Towards this end, the New ABCs and other high-stakes testing programs emphasize the importance of holding teachers and schools accountable for student learning as measured by students’ performances on standardized tests. In order to ensure 
	-
	-

	The “control” component of the programappearstohavebeenintended to help mitigate known or predicted problems associated with standardized and/or accountability testing. In theory, the increased local control would ensure that personnel working close to the students--teachers and 
	The “control” component of the programappearstohavebeenintended to help mitigate known or predicted problems associated with standardized and/or accountability testing. In theory, the increased local control would ensure that personnel working close to the students--teachers and 
	-

	school-level administrators--would keep the students’ best interests in mind when making decisions about how to implement the program. Unfortunately, this component of the program does not appear to have been successful (Jones, 1999). 
	-


	As suggested above, the poor performanceoftheNewABCswithrespect to its “control” objectives could have been anticipated had attention been paid to warnings in the Standards and intheprofessionalliteratureregarding theneedfor“long-haul”(ratherthan2- or4-year)perspectives.The Standards strongly emphasizes that the process of increasing the authority and control afforded to teachers will be very slow because the changes in teachers’roles will occur only as substantive reforms are made throughout the educationa
	-
	-

	Additionally, some researchers are concernedthatthetypesofhigh-stakes utilized within the accountability component of the New ABCs program undermineeffortstoincreasecontrolat the school level. For example, Wildy and Wallace (1997) discuss how it is particularly important in science education that accountability programs follow professional models that (1) maintain long-term perspectives (2) promote a culture of trust and support, and (3) emphasize professional development. Unfortunately, such approaches app
	Additionally, some researchers are concernedthatthetypesofhigh-stakes utilized within the accountability component of the New ABCs program undermineeffortstoincreasecontrolat the school level. For example, Wildy and Wallace (1997) discuss how it is particularly important in science education that accountability programs follow professional models that (1) maintain long-term perspectives (2) promote a culture of trust and support, and (3) emphasize professional development. Unfortunately, such approaches app
	-
	-
	-

	test scores, there is no local control of education.” 

	The stakes associated with the accountability component of the New ABCs are substantial. In North Carolina schools, teachers receive bonuses when test scores are high (schools receive as much as $1,500 per teacher). Severe sanctions are applied when schools fail to meet their “expected growth” standards, especially for schools that “earn” the “low-performance”label.Thesesanctions include the following: 
	-

	•..
	•..
	•..
	publication of performance measurements (the distinctions range from “school of distinction” to “low performing school”), 
	-


	•..
	•..
	mandated assistance from state-provided teams (comparable to a hostile takeover in the business world), 

	•..
	•..
	competency tests for teachers (teachers are given three chances to pass the test before being discharged), and 
	-


	•..
	•..
	removalofprincipalsandteachers who are “not willing to improve their practice.” 


	The stakes continue to rise as the 
	Artifact


	Proponents and critics of high-stakestesting both advocatethat the high-stakeshave a powerfulimpact on motivatingteachers and school administrators to do what is neccessary tobring about higher scores. 
	Proponents and critics of high-stakestesting both advocatethat the high-stakeshave a powerfulimpact on motivatingteachers and school administrators to do what is neccessary tobring about higher scores. 
	Proponents and critics of high-stakestesting both advocatethat the high-stakeshave a powerfulimpact on motivatingteachers and school administrators to do what is neccessary tobring about higher scores. 
	programisimplemented.Forexample, recentlegislationinNorthCarolinahas simplified the procedures for dismissing teachers by “streamlining” the appeals process. Additionally, test results are playing an increasingly more significantroleindecisionsconcerning student placement, advancement, and retention. 
	-
	-

	Proponents and critics of high-stakes testing both advocate that the high-stakes have a powerful impact on motivating teachers and school administrators to do what is necessary tobringabouthigherscores.However, there is less agreement about what can be inferred from those test scores. Proponents advocate that the results demonstratesuccess.Consider,forexample, the meaning North Carolina’s Governor Hunt attributed to data showing a rise in test scores for the 1997-98 school year: 
	-

	The results show us that North Carolina’s schools are working. . . . Through the ABCs of Public Education, our schools are working like never before to put children and their education first (North Carolina Public Schools Infoweb, 1998). 
	-

	In contrast, critics question the assumption that high scores equate with improved schools. Additionally, the literatureonstandardizedtestingraises concerns about the desirability of programs that may motivate teachers and administrators to do “whatever is necessary”tobringabouthigherscores (Jones, 1999; FairTest, 1999a; CNN. com,1999;Shapiro,1998;Neill,1998; Darling-Hammond, 1991; Haladyna et al. 1991; Madaus, 1991; Neill and Medina, 1989; Brandt, 1989; Smith, 1991a; Smith, 1991b). In fact, for at leastade
	In contrast, critics question the assumption that high scores equate with improved schools. Additionally, the literatureonstandardizedtestingraises concerns about the desirability of programs that may motivate teachers and administrators to do “whatever is necessary”tobringabouthigherscores (Jones, 1999; FairTest, 1999a; CNN. com,1999;Shapiro,1998;Neill,1998; Darling-Hammond, 1991; Haladyna et al. 1991; Madaus, 1991; Neill and Medina, 1989; Brandt, 1989; Smith, 1991a; Smith, 1991b). In fact, for at leastade
	-
	-

	is known about the limited validity, accuracy, and reliability of the tests (Neill and Medina, 1989). In a survey of state programs used to establish accountability in the public school systems (not all of which were high-stakes programs), FairTest concluded that2/3oftheprogramsimpededrather than promoted educational reform (FairTest, 1999a). In this study, North Carolina’s ABC program received the lowest possible rating (1 on a scale of 1 to 5), which distinguishes it as a program “requiring a complete ove
	-



	The New ABCs and .Standards-based Reform .Goals. 
	The New ABCs and .Standards-based Reform .Goals. 
	The New ABCs and .Standards-based Reform .Goals. 
	In assessing the New ABCs in terms of the Standards, this paper considers the two areas of emphasis in the Standards--equity and excellence. 
	-

	Equity Issues 
	System Standard E of the National Science Education Standards states that, “science education practices mustbeequitable”(NationalResearch Council, 1996; p 232). In explaining this standard, the Standards emphasize the need to ensure that programs overcome, rather than compound, “well-documented barriers” to learning science for selected groups of students, including those from economicallydisadvantagedpopulations. Oneoftheobjectionstoaccountability testing is that the testing may promote such inequities. As
	-
	-
	-

	Applying sanctions to schools with low test scores penalizes already disadvantaged students. Having given them inadequate schools to begin with, society now punishes them further for failing to perform as well as 
	Applying sanctions to schools with low test scores penalizes already disadvantaged students. Having given them inadequate schools to begin with, society now punishes them further for failing to perform as well as 
	students attending schools with 

	more resources (p. 222). 
	A number of other serious equity issueshavebeenraisedintheliterature on standardized testing. For example, there is evidence that the tests are biased to middle class, white, male worldviews (CNN.com, 1999; Darling-Hammond, 1991; Neill, 1998). As the high-stakes testing movement builds momentum, the legal implications associated with these issues is drawing increasing recognition and attention. For example, the U.S. Education Department’s Office for Civil Rights has recently begun the process of developing 
	-
	-
	-
	-
	-

	The New ABCs program purports to address these issues by using a “complex formula,” which focuses on improvements, to determine each school’s required performance goals. Proponents of the program claim that, “the decision to focus on progress removes the nettlesome problem of unfairly expecting poor rural schools or inner-city schools to do as well as theircounterpartsinwealthysuburban areas” (Simmons, 1997). 
	Given the complexity of equity issues of concern, the efficacy of this relatively simplistic solution is less than self-evident. For example, there isnoreasonto assumethatthepractice of focusing on improvement would remove racial or cultural biases in tests. Additionally, concerns have 
	Given the complexity of equity issues of concern, the efficacy of this relatively simplistic solution is less than self-evident. For example, there isnoreasonto assumethatthepractice of focusing on improvement would remove racial or cultural biases in tests. Additionally, concerns have 
	been raised that schools may have difficulty in recovering from a “low performance” rating because the label might scare away highly qualified personnel--including principals and teachers who might otherwise be recruited to help turn around schools in disadvantaged districts (Kurtz, 1998). We believe that education supervisors should be wary of “silver bullets” in the details of high-stakes testing programs, such as the practice of measuring improvement discussed here,whichpurporttoresolvecomplex issues thr
	-



	Artifact
	Excellence Issues 
	Excellence Issues 
	The National Science Education Standards outlines numerous changes in emphasis that will occur as the Standards’ vision is realized, some of which are summarized in Table 1. The evidence reviewed here indicates that high-stakes testing programs appear to drive changes in the opposite direction of those envisioned in the Standards. 
	-

	As shown in Table 1, the Standards envisions a shift of focus away from one in which instruction and assessment focus on a broad body of discrete knowledge. Instead, the Standards advocate a narrower focus on key concepts directed towards deeper, richer understanding. The central role of inquiry drives a shift of focus from lower-level thinking to problem solving and other higher-order thinking skills. Importantly, the changes envisioned in the Standards call for substantial increases in the amount of time 
	-
	-
	-

	Artifact



	Within the arena of the tested subjects,teaching practicesappear to have been degraded to strategiesfocused on “teaching tothe test.” 
	Within the arena of the tested subjects,teaching practicesappear to have been degraded to strategiesfocused on “teaching tothe test.” 
	Within the arena of the tested subjects,teaching practicesappear to have been degraded to strategiesfocused on “teaching tothe test.” 
	opposite direction as advocated by the Standards, that is, away from inquiry. 
	High-stakes assessments programs in general, and the New ABCs in specific, clearly are antithetical to the Standards’ goal of decreasing the emphasis placed on “standardized assessmentsunrelated to Standards-based programs and practices.” One consequence of this shift is that teachers are spending more time teaching the tested subjects, at the expense of other subjects. In grades K-8, where the testing focuses on the “basic” subjects of mathematics, reading and writing,scienceoftenismarginalized. Additional
	-

	The changes in how instructional time is allocated can be substantial. For example, in a survey of North Carolina elementary school teachers, Jones (1999) reports that 80% of the teachers indicate that they spend over 21% of their total teaching time practicing End-of-Grade (EOG) tests. Additionally,over28%ofthe teachers indicate that they spend from 61% to 100%oftheirteachingtimepracticing for the tests. The mean amount of time devoted to science instruction among these teachers is 99 minutes per week. The
	The changes in how instructional time is allocated can be substantial. For example, in a survey of North Carolina elementary school teachers, Jones (1999) reports that 80% of the teachers indicate that they spend over 21% of their total teaching time practicing End-of-Grade (EOG) tests. Additionally,over28%ofthe teachers indicate that they spend from 61% to 100%oftheirteachingtimepracticing for the tests. The mean amount of time devoted to science instruction among these teachers is 99 minutes per week. The
	-

	instructionwasoftenradicallymarginalized as test time grew closer. 
	-


	There is reason to doubt science instruction would be aided by the addition of a science test to the testing schedule.Withinthearenaofthetested subjects, teaching practices appear to have been degraded to strategies focused on “teaching to the test,” which are antithetical to Standards-based practices.Forexample,inmathematics instruction, at least one county system provides teachers with a database of math questions representative of end-of-grademathtestquestions.Teachers are also provided with a breakdown 
	-
	-
	-
	-

	Although evaluative literature on the New ABCs is just beginning to becomeavailable,questionablepractices such as those described above appear to be prevalent (Jones, 1999; Jones, 1997; FairTest, 1999b). Additionally, concernshavebeenraisedintheliteratureaboutthetendencyforhigh-stakes testing programs to encourage school administrators and teachers to engage in practices that are questionable in termsofbothpedagogyandethics.For example,theliteratureonstandardized testing raises substantial concerns about th
	Although evaluative literature on the New ABCs is just beginning to becomeavailable,questionablepractices such as those described above appear to be prevalent (Jones, 1999; Jones, 1997; FairTest, 1999b). Additionally, concernshavebeenraisedintheliteratureaboutthetendencyforhigh-stakes testing programs to encourage school administrators and teachers to engage in practices that are questionable in termsofbothpedagogyandethics.For example,theliteratureonstandardized testing raises substantial concerns about th
	-
	-
	-

	the wake of a science accountability test, should one be implemented in the future. We believe that science education supervisors should be proactive in addressing high-stakes testing and that they should not wait for mandated science testing to reach their schools before taking action. 
	-



	High-stakes testing in general, and theNewABCsinparticular,alsoappear to work against the Standards’ goals involving affective domain learning. Test anxiety replaces an open atmosphere of exploration where diverse ideas are respected and risk-taking is valued (Hill and Wingfield, 1984). Competition flourishes at the expense of community (Shapiro, 1998). Alove ofscience--andoflearningingeneral-is anything but nurtured. For example, Jones (1999) found that teachers were six times more likely to report that th
	High-stakes testing in general, and theNewABCsinparticular,alsoappear to work against the Standards’ goals involving affective domain learning. Test anxiety replaces an open atmosphere of exploration where diverse ideas are respected and risk-taking is valued (Hill and Wingfield, 1984). Competition flourishes at the expense of community (Shapiro, 1998). Alove ofscience--andoflearningingeneral-is anything but nurtured. For example, Jones (1999) found that teachers were six times more likely to report that th
	-
	-

	Finally, the New ABCs appears inconsistentwith the Standards’ goals regarding what children are taught about the nature and purposes of science itself. The Standards calls for a shift of emphasis that de-emphasizes scienceasabodyoffactualknowledge and emphasizes science as a way of structuring and using inquiry to answer real questions and investigate real problems. This shift of emphasis is a move away from science as the accumulation of factual knowledge separate from exploration and experimentation(withe
	Finally, the New ABCs appears inconsistentwith the Standards’ goals regarding what children are taught about the nature and purposes of science itself. The Standards calls for a shift of emphasis that de-emphasizes scienceasabodyoffactualknowledge and emphasizes science as a way of structuring and using inquiry to answer real questions and investigate real problems. This shift of emphasis is a move away from science as the accumulation of factual knowledge separate from exploration and experimentation(withe
	-
	-
	-
	-
	-

	ing to develop their understanding of science” (National Research Council, 1996; p. 105). 

	It seems unlikely that high-stakes testing programs, such as the New ABCs, will further these goals for at least two reasons. First, as suggested above, high-stakes testing tends to promoteanemphasisonteachingwhat iseasilymeasuredwithobjective(e.g., multiple choice) tests. Objective tests are a poor tool for testing the ways in which a student has developed the valuesandattitudesconducivetobeing able to truly apply scientific inquiry to real world problems. Secondly, once again the realization of the Standa

	Conclusion 
	Conclusion 
	Conclusion 
	As a case study, North Carolina’s 
	New ABCs of Public Education 
	provides compelling evidence that high-stakes testing is not a “silver bullet” that will cure all the ills that beset our schools. In fact high-stakes testing is problematic. Nonetheless, it is reasonable for the public to expect that schools and teachers be held accountable to high professional standards. Further, as recognized in the Standards, assessments of student learning can be used as a valid tool for establishing such accountability. However, such testing will only be effective if it is implemented
	-

	Importantly, the Standards also providesaguidetopotentialfalsestarts and pitfalls in educational reform. For example, one major weakness of the New ABCs appears to be that it has 
	Importantly, the Standards also providesaguidetopotentialfalsestarts and pitfalls in educational reform. For example, one major weakness of the New ABCs appears to be that it has 
	been implemented under a cloud of urgency. Also, many of the concerns raised here may well stem, at least in part, from failures of the New ABCs to accomplish its objective of providing increased control of educational policies to local schools and teachers. As a consequence of these shortcomings, teachers may have had less, rather than more, control in ensuring that the sweepingchangeswroughtbythe New ABCs noted above, the Standards provided warnings relevant to both of these apparent shortcomings. 
	-
	areinstudents’bestinterests.As 


	There are no simple solutions to the complex problems associated with accountability testing. However, researchandstandardsofbestpractice can inform decisions about how to move towards viable solutions and sound practices. Science education supervisors can play an important part in helping to guide research and policy development. It is the professional educator’s responsibility to helpensuretheestablishedknowledge base on assessment practices is not disregarded. 
	-
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	Pre-college Outreach and Cooperative .Programs in Oceanography at the US .Naval Academy. 
	Pre-college Outreach and Cooperative .Programs in Oceanography at the US .Naval Academy. 
	The Oceanography Department of the United States Naval Academy (USNA) has embarked upon a vigorous effort to support the advancement of education 
	The Oceanography Department of the United States Naval Academy (USNA) has embarked upon a vigorous effort to support the advancement of education 
	Introduction 
	Introduction 
	The United States Naval Academy (USNA) is an undergraduate educational institution of the United States federal government, charged with the preparation of officers to be commissioned in the United States Navy and MarineCorps.TheAcademyislocated in Annapolis, the capital of the state of Maryland, on the west bank of the Chesapeake Bay, the largest estuary in the country. 
	-
	-

	At the conclusion of a four-year program the students (midshipmen) receive a Bachelor Degree in one of nineteen major areas, including Oceanography. The Oceanography Department is the second-smallest at the Academy, with a total of six civilianprofessors,sevennavalofficer instructors and three technicians. Appropriately enough, Oceanography is consistently the most popular major in the Division of Mathematics and Science, graduating every year 70 to 90 midshipmen. 
	-

	The Oceanography Department operates a fully equipped thirty meter long vessel, as well as several wet and dry laboratories; oceanographic researchcanbeaccomplishedutilizing a full complement of state-of-the-art 


	in Oceanography. 
	in Oceanography. 
	instrumentation. Given the ultimate destination of its students, the fleet, the Oceanography Department places a large emphasis in the study of physical oceanography in general. Coastal and estuarine studies are also part of the elective curriculum, including “hands-on” experience with short cruisesintheChesapeakeBay.Athree- week summer research cruise in the Chesapeake and Delaware estuaries has been offered to interested students since 1989. 
	-

	The Oceanography Department actively supports the advancement of educationinOceanographybysharing its resources and expertise with the academic and scientific communities. Three main venues have channeled this effort: the Mentorship Program, the Maury Project and Cooperative 
	Artifact


	The overall objectiveis to provide a creative environment for the students while exposingthem to the workingworld. 
	The overall objectiveis to provide a creative environment for the students while exposingthem to the workingworld. 
	Research Projects. What follows is a discussion of each of these endeavors. It is hoped that readers may find in these paradigms the inspiration to develop similar programs at other institutions. 
	The Mentorship/InternshipProgram 
	The Mentorship/InternshipProgram 
	This program is a partnership between the Anne Arundel County (Maryland)publicschoolsandseveral institutions, including the USNA. It serves as a catalyst in the formation of mutually beneficial relationships between mentors and high school students. Applied learning opportunities areofferedtoparticipantswho,inturn, provide valuable human resources. The overall objective is to provide a creative environment to the students while exposing them to the working world. 
	-

	The mentor is a professor or instructor interested in supervising the participation of the student in support tasks and research projects. The programmatchesthe mentor’sneedswith agiftedandtalentedhighschooljunior orseniorstudent. Studentsreceiveone half high school credit for 66 hours of volunteerservicepersemesterorsum-
	The mentor is a professor or instructor interested in supervising the participation of the student in support tasks and research projects. The programmatchesthe mentor’sneedswith agiftedandtalentedhighschooljunior orseniorstudent. Studentsreceiveone half high school credit for 66 hours of volunteerservicepersemesterorsum-
	-
	-

	mer session. Participating students follow their normal school schedule, providing their volunteer service after school hours on a prearranged time frame for about five hours per week; mentorsareexpectedtoprovidedirection and guidance in assignments that challenge the students’ abilities. 
	-


	The program is administered by the Gifted/Talented/Advanced Programs (GTAP) office of the Anne Arundel County Public Schools, 2644 Riva Road, Annapolis, MD 21401; every year it contacts several local institutions and solicits faculty and staff volunteer mentors. 
	-

	Student candidacies are accepted each year in March and consist of the following (GTAP, 1999): 
	1...
	1...
	1...
	Submission of a completed application by the due date 
	-


	2...
	2...
	Attendance of a scheduled orientation session presented by the GTAP staff 
	-


	3...
	3...
	Signed parental authorization 

	4...
	4...
	Guidance counselor verified grade point average (GPA) 

	5...
	5...
	Teacher recommendation 


	Fromalistofavailablementorships and summer internships, the student picks a first and a second choice in the application. GTAP staff reviews theapplicationsand schedules student interviews with the mentors. Students accepted into the program must make a firm commitment to carry it through; applications of students not selected remain open during the school year in case an opening may appear. 
	In order to qualify for the Mentor-ship/Internship program a student must: 
	1...
	1...
	1...
	Be a high school junior or senior 

	2...
	2...
	Have a GPA average of B or higher 

	3...
	3...
	Have a recommendation from a professional who knows the student in the academic sense 


	4...
	4...
	4...
	Show commitment, capacity to learn independently, and ability to follow directives from adults 

	5...
	5...
	Provide own transportation 


	The student is expected to meet the following requirements: 
	1...
	1...
	1...
	Keep a monthly project log 

	2...
	2...
	Pass a satisfactory evaluation by the mentor at the end of the project 

	3...
	3...
	Submit to on-site visits by GTAP staff 

	4...
	4...
	Notify the mentor of any changes in schedule 
	-


	5...
	5...
	Complete the project in a timely, responsible, and mature fashion 
	-



	One example of the participation of the Oceanography Department in the program involved a high school senior testing a new piece of equipment, designed to measure and record surface waves. The student installed the sensor in the Severn River estuary (a small tributary of the Chesapeake Bay),testeditsperformance,andwrote simple instructions for its use. In this instance the mentor’s time was freed, and the student learned about waves andtheirmeasurement. Inanothercase a student generated a computer data base
	-
	-


	The Maury Project 
	The Maury Project 
	The motto of this enterprise is “Exploring the Physical Foundations of Oceanography.” This teacher enhancement program is funded by a National Science Foundation grant which began in 1994. This is 
	The motto of this enterprise is “Exploring the Physical Foundations of Oceanography.” This teacher enhancement program is funded by a National Science Foundation grant which began in 1994. This is 
	a partnership between the American Meteorological Society, the USNA and other US Navy agencies, with assistance from the National Oceanic and AtmosphericAdministration (NOAA). The purpose of the Maury Project is the improvement of teacher effectiveness in generating interest and understanding in oceanography (particularly physical oceanography) among precollege students (kindergarten through 12th grade). Whereas the Mentorship/Internship Program acted on a one-to-one basis, the active principle of the Maury
	-
	-
	-


	Major components of the Maury Project are: 
	1...
	1...
	1...
	Identification and training of a cadre of master oceanographic education resource teachers. 

	2...
	2...
	Creation of a national oceanographiccommunicationsnetwork to promote the flow of science and pedagogical information relating to pre-college physical oceanography education. 
	-
	-


	3. .
	3. .
	Developmentofscientificallycorrectandpedagogicallyappropriate instructional materials for teacher use. 
	-



	Teachers from all over the United States apply to this program in response to announcements; there has been also an effort to recruit teachers from abroad (Australia, Canada, South Africa and the United Kingdom have been represented). The teachers have their travel, lodging expenses and tuition paid, and receive a small stipend and all didactic materials. The selection criteria for acceptance into the program include (AMS,1999): 
	-
	-

	1...
	1...
	1...
	Being a pre-college science teacher 

	2...
	2...
	Havinghadsufficientcollegelevel training 

	3...
	3...
	Beableandcommittedtopromote the teaching of the physical foundations of oceanography in their home areas. This includes organizing and presenting a minimum of two training sessions for home area pre-college teachers. 
	-
	-


	4...
	4...
	Consideration of national geographic distribution, as well as school environment (inner city, urban, suburban, rural). 
	-


	5...
	5...
	Consideration of groups underrepresented in the sciences. 
	-



	A central component of the Maury Project is a series of two-week workshops, which have been held at the USNA since the summer of 1994. These workshops mobilize the human resources, as well as the facilities of the Oceanography Department, and focus on the physical foundations of modern oceanography. The faculty is involved in preparing and delivering seminars,assistingwithdemonstration projects, and taking the teacher-students on short data collecting cruises 
	-
	-

	Artifact
	...the active principleof the Maury Project is a grassroots with a multiplicative effect...training a core of teachers, who in turn extend their knowledge to a larger number of colleagues able to reach an even wider student population. 
	in the Chesapeake Bay aboard the department’sresearchvessel.Included are field trips and visits to relevant institutionsintheWashington-Baltimore area.During theworkshopinstruction guides developed especially for the project are supplied to the students, while demonstrations are done of simple activities and exercises that the teachers can take back to their classrooms . The titles of the teacher’s guides prepared so far are: Coastal Upwelling,Deep-WaterOceanWaves, El Niño: The Atmosphere-Ocean Connection, 
	-

	Each summer a group of about 25 teachers has participated in this program, for a total of 122 since the onset in 1994. All participants in the program are required to execute at least two peer-training sessions in their home states. This multiplicative feature of the Maury program, i.e. “teachers teaching teachers,” is quite apparent:intheacademicyear1994-95 there were a total of 82 peer training sessions were organized by the first graduates of the program, reaching a total of 1600 teachers throughout the 
	Each summer a group of about 25 teachers has participated in this program, for a total of 122 since the onset in 1994. All participants in the program are required to execute at least two peer-training sessions in their home states. This multiplicative feature of the Maury program, i.e. “teachers teaching teachers,” is quite apparent:intheacademicyear1994-95 there were a total of 82 peer training sessions were organized by the first graduates of the program, reaching a total of 1600 teachers throughout the 
	-
	-

	Awardforoutstandingscienceteacher from the National Science Teachers Association in their states. 

	For further information on the Maury Project and the names and addresses of the trained master teachers in a state or region, contact The Maury Project,AmericanMeteorologicalSociety, 1701 K Street, NW, Suite 300, Washington, DC 20006. 
	-
	-


	Cooperative Research .Projects. 
	Cooperative Research .Projects. 
	Thethirddirectionofsharedactivity by the Oceanography Department of the USNA encompasses the area of scientific cooperation. At this upper technical level the department’s facultycollaboratewithoutsideagencies, lending their expertise and equipment to a common goal. Typically, a memorandum of understanding is signed between the institutions, detailing the degree of participation and the responsibility of each partner. 
	-
	-

	Onerecentexampleofthisapproach wasacollaborativeprojectbetweenthe USNA’s Oceanography Department and the United States Environmental ProtectionAgency(USEPA).Thegoal was to carry out the first-ever study of the dynamics of the Severn River estuary, the waterway on whose bank the Academy stands. In this case the USEPA provided a radio telemetry buoy, one conductivity, temperature and depth (CTD) recorder and technical support; the Oceanography Departmentprovidedthemooring,two currentmeters, maintenance of the
	Onerecentexampleofthisapproach wasacollaborativeprojectbetweenthe USNA’s Oceanography Department and the United States Environmental ProtectionAgency(USEPA).Thegoal was to carry out the first-ever study of the dynamics of the Severn River estuary, the waterway on whose bank the Academy stands. In this case the USEPA provided a radio telemetry buoy, one conductivity, temperature and depth (CTD) recorder and technical support; the Oceanography Departmentprovidedthemooring,two currentmeters, maintenance of the
	-

	analyzed as part of a major honors student project (Irwin, 1997), and several oral presentations at professional conferences have resulted. This is the first study of the oceanographic regime of this small tributary of the Chesapeake Bay and a contribution to an understanding of the mechanisms of estuarine destratification that follow the highly stratified summer conditions. 
	-
	-


	Aside from the strictly scientific interest of such collaborations, there were sizeable benefits for the USNA. First, the involvement of the oceanography and ocean engineering students in the experiment: planning, logistics, diving, data collecting. Secondly, the availability of the data not only for facultyresearchusebutalsoforstudent researchprojects,laboratoryexercises and classroom use. The opportunity for student participation in scientific endeavors of this caliber, with all the advantages of hands-on
	-

	Artifact
	The opportunity forstudent participation
	in scientific endeavors 


	of this caliber, with all the advantages ofhands-on activity, is by itself enough of anincentive to continue this type of institutional collaboration. 
	of this caliber, with all the advantages ofhands-on activity, is by itself enough of anincentive to continue this type of institutional collaboration. 
	Summary 
	Summary 
	Summary 
	Three different venues were presented to illustrate how the resources ofanoceanographyorientedacademic institution can be managed to offer valuableopportunitiestootherprofessionalcommunities.Asdemonstrated, humanresourcesareessentialinterms of providing the technical expertise; providing instructors and technical personnelcanbeaccomplishedduring the regular academic year with minimal disturbance, if the involvement is limited to small periods of time (case oftheMentorship/InternshipProgram and Cooperative R
	-
	-
	-
	-
	-

	Logisticalfacilities,equipment,and instrumentation can be shared with the cooperating entities in different ways. As shown in the case of the joint study with the USEPA, a collaborative arrangement where each partner provides part of the needed resources is perhaps the most successful, since each “gives” to the common project, thusavoidinga“donor”and“receiver” type of relationship. 
	-

	Finally, it is desirable to let the academiccommunityknowofsuccess stories such as those described here. Institutions which have the means should be encouraged to realize the practical value of sharing their re-sources:betterpreparedstudents,more enlightened teachers and more effective scientists. Intangible side benefits comeintheshapeofreputationasgood neighbor, patron, supporter and other positive evaluations. It is hoped that the initiatives suggested in this article 
	Finally, it is desirable to let the academiccommunityknowofsuccess stories such as those described here. Institutions which have the means should be encouraged to realize the practical value of sharing their re-sources:betterpreparedstudents,more enlightened teachers and more effective scientists. Intangible side benefits comeintheshapeofreputationasgood neighbor, patron, supporter and other positive evaluations. It is hoped that the initiatives suggested in this article 
	-

	may serve as a catalyst for outreach at other institutions. 
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	Creating a Professional Development .Opportunity Within the Supervisor–.Student Teacher Relationship. 
	Creating a Professional Development .Opportunity Within the Supervisor–.Student Teacher Relationship. 
	Reflection through metaphor can be a means by which preservice teachers and practicing teachers can share the development and constant modification of their personal philosophies of learning and teaching science. 
	Reflection through metaphor can be a means by which preservice teachers and practicing teachers can share the development and constant modification of their personal philosophies of learning and teaching science. 
	I was a cooperating teacher returning to the classroom after finishing a year long educational sabbatical at the university. Tiff was a prospective elementary teacher of science preparing to begin her student teaching. While we were both entering a sixth gradescienceclassroomwithdifferent expectations, we had one in common; togrowprofessionallyfromourshared experiences. To guide our journey, we chose some strategies and tools for collaborative reflection. First, we agreed to share the development and consta
	-
	-
	-

	Previous studies have suggested that until extant beliefs about learning andteachingsciencearemadeexplicit, it is unlikely that they will mature (Treagust, Duit, Fraser, 1996). For bothprospectiveandpracticingteachers, reflection can help make beliefs 
	Previous studies have suggested that until extant beliefs about learning andteachingsciencearemadeexplicit, it is unlikely that they will mature (Treagust, Duit, Fraser, 1996). For bothprospectiveandpracticingteachers, reflection can help make beliefs 
	-

	and ideas about science teaching and learningexplicit.Dewey(1933)called reflection the hallmark of intelligent action and suggested we learn more fromreflectiononourexperiencesthan we do from the actual experience. 

	One vehicle to prompt and assist reflection is metaphor. Lakoff and Johnson (1980) concluded that the value of metaphor is in understanding a new experience in terms of a more 
	Artifact
	...We committed ourselves to be critical listeners and to question and discussdeeply any observeddisagreements between philosophy andpractice. In particular, we chose metaphor as a tool for our purposeful collaborative 

	reflection... 
	reflection... 
	familiarone.Severalstudieshaveindicatedthat reflectionthroughmetaphor can be a means by which pre-service teacherscometotermswithexperience (Bullough&Stokes,1994;Tobin,Tippins, & Hook, 1994). However, the extent to which prospective teachers puttheirbeliefsintoactionwithinfield experiences seems largely dependent on their perceived safeness of the learning-to-teach environments as influenced by their cooperating teachers (Sillman, 1998). 
	familiarone.Severalstudieshaveindicatedthat reflectionthroughmetaphor can be a means by which pre-service teacherscometotermswithexperience (Bullough&Stokes,1994;Tobin,Tippins, & Hook, 1994). However, the extent to which prospective teachers puttheirbeliefsintoactionwithinfield experiences seems largely dependent on their perceived safeness of the learning-to-teach environments as influenced by their cooperating teachers (Sillman, 1998). 
	-
	-
	-

	Greater communication between a student teacher and a cooperating teacher could also result in perceived safenessof the learning-to-teach environment for the student teacher, opening the possibilities of increased risk taking and growth. Working closely with a cooperating teacher who is visibly continuing to learn about learning and teaching science could also assist the prospective teacher in becoming a lifelong learner of learning and teaching science and all content areas. 
	-
	-
	-
	-

	Since reflection through metaphor could also help practicing teachers make sense of experiences (Tobin et al., 1994), the collaborative reflection 

	Artifact


	Tiff—Week Four: ...I have been considering anothermetaphor: Teacher as bridge...the idea of this metaphor is that teachers are a bridge they invite children to cross. 
	Tiff—Week Four: ...I have been considering anothermetaphor: Teacher as bridge...the idea of this metaphor is that teachers are a bridge they invite children to cross. 
	between a student teacher and a cooperating teacher could lead to deeper understandingsofpersonalbeliefsand actions about learning and teaching for both prospective and cooperating teachers. Collaboration is one way to take teacher development beyond personal reflection to a point where teachers are learning, sharing, and developing their expertise together (Lieberman & Miller, 1984). 
	-

	Collaborative reflection is a theme found throughout the standards for professional development for teachers of science (National Research Council,1996).Opportunitiesforselfreflection, collegial reflection such as peer coaching, and collaboration among all involved in a program is encouraged. Learning experiences for teachers of science should: “use inquiry, reflection, interpretation of research, modeling, and guided practice to build understanding and skill in scienceteaching,”(NationalResearch Council,19
	-
	-
	-

	Upon successful completion of student teaching, Tiff would be 
	Upon successful completion of student teaching, Tiff would be 
	graduating from a large university in the northeastern section of the United States with a Bachelor of Science degree in elementary education. Prior to her student teaching, she had experiencedasemesterlongsciencemethods course for elementary educators held concurrently with a pre-student teachingexperiencewhichincludedvisiting athirdgrade self-containedclassroom in a rural school near the university, twodaysaweekfortenweeks. Forher student teaching, she entered a sixth grade science classroom in a middle s
	-
	-
	-


	As my student teacher and I journeyed through the first half of the school year together, personal processing of events occurred for both of us constantly as we discussed and questioned incidents each day during and between classes, and during plan timethatcouldbesparedforthisreflection. It was especially during sacred reflectiontimesheldweeklywherewe probed into our beliefs about learning and teaching science and children. It was during this time of reflection on ourjournalwritings,whenusingmetaphor as a t
	-
	-
	-
	-
	-
	-

	The record of our experiences is divided into three sections. First, Tiff’s journey over the semester is explained through her changing phi
	The record of our experiences is divided into three sections. First, Tiff’s journey over the semester is explained through her changing phi
	-

	losophy about teaching and learning as described with metaphor. My developing philosophy is described next as I examined, through metaphor, my role as a teacher of learning but also my own personal learning. The last section is devoted to the growth we experienced together through collaborativereflectiondiscoveringwewere both teachers as learners. 
	-
	-


	Teacher as Bridge: Tiff, .Prospective Teacher. 
	Teacher as Bridge: Tiff, .Prospective Teacher. 
	I feel most strongly about teacher as bridge. Now that I have taught full time, I can really appreciate the value ofpreparingstudentsandthenallowing themtoconstructtheirownknowledge. When they are given this opportunity, they learn. I can’t stress enough how talking about my ideas and metaphors has helped me establish my personal philosophy.  I can easily state it now. 
	Week One  
	Philosophy: A safe environment that includes encouragement and praise is needed for students to learn and feel successful. 
	After her first week of student teaching, I asked Tiff to consider her philosophy of learning and teaching usingmetaphor. EventhoughTiffwas doingmoreobservingatthispointthan teaching, she created metaphors for each of the four science classes that she would eventually be teaching. It wasinterestingthatshesaweachofthe four classes as separate entities when considering her role as teacher.  
	For one class, she was teacher as facilitator: “When a teacher is a facilitator, I think students learn more. My experienceisthatstudentsfeelrelaxed andconfidentunderthesecircumstances.” Foranotherclass,shewas teacher aslearner:“Whenteachersarewilling tolearnandshowthattheyarelearning, 
	For one class, she was teacher as facilitator: “When a teacher is a facilitator, I think students learn more. My experienceisthatstudentsfeelrelaxed andconfidentunderthesecircumstances.” Foranotherclass,shewas teacher aslearner:“Whenteachersarewilling tolearnandshowthattheyarelearning, 
	-
	-

	I think students view teachers as less threateningandauthoritativeandmore like themselves.” Tiff was a prospective teacher with language arts as her area of concentration. She felt very weak in science content and said she was learning science concepts daily. Instead of being discouraged with her lack of science content preparation, her perception was that her position as a science learner helped her role as a science teacher. For the most academically diverse and energetic of the four classes, Tiff crafted
	-


	Week Four 
	Philosophy:Ateachercanonlyhelp students construct their own learning methods that meet their individual needs. 
	Artifact


	Tiff—Week Twelve: I respect each student as an individual, and as a result, they respect me. Due to this respect, our classroom is very friendly and relaxed. 
	Tiff—Week Twelve: I respect each student as an individual, and as a result, they respect me. Due to this respect, our classroom is very friendly and relaxed. 
	After one month of student teaching, Tiff had begun to switch focus from her teaching to that of her students’learning. Stofflettand Stefanon (1996) contend it is through the meta-cognitive activity of reflection that the focus moves from self or teacher behaviors to students and learning; however, that process can take some time to occur. For some prospective teachers, this doesn’t occur until they have become full time practicing teachers. Others have concluded that transitions from learner to teacher wer
	-
	-
	-

	For Tiff, the switch in her philosophy became apparent as she collapsed her series of metaphors for her role into one, teacher as bridge. She explained: 
	-

	Although my metaphors from before still hold, I have been considering anothermetaphor:teacherasbridge. This metaphor was brought to my attention via a short story, and I was very moved by this. The idea of this metaphor is that teachers are a bridge they invite children to cross. Once teachers have facilitated students in crossing this bridge by introducing topics and ways of learning, they collapse as a bridge and encourage students to build their own bridges. 
	Although my metaphors from before still hold, I have been considering anothermetaphor:teacherasbridge. This metaphor was brought to my attention via a short story, and I was very moved by this. The idea of this metaphor is that teachers are a bridge they invite children to cross. Once teachers have facilitated students in crossing this bridge by introducing topics and ways of learning, they collapse as a bridge and encourage students to build their own bridges. 
	-


	For Tiff, her role as a teacher was to help individual students in their individual knowledge constructions. Tiff continued to explain how the teachers’ actions were important in helping students become independent learners: 
	Therefore, teachers aid students in learning new topics and teaching them ways to learn, and then teachers ‘back off’ and allow the students to explore learning on their own. Often times, studentslearnmoreatthispointbecause 
	Therefore, teachers aid students in learning new topics and teaching them ways to learn, and then teachers ‘back off’ and allow the students to explore learning on their own. Often times, studentslearnmoreatthispointbecause 
	Therefore, teachers aid students in learning new topics and teaching them ways to learn, and then teachers ‘back off’ and allow the students to explore learning on their own. Often times, studentslearnmoreatthispointbecause 
	their method of learning has personal meaning or value. Not everyone learns the same way, so students learn by constructing their own ways of learning. Teacherasbridgeseemstobeapositive teaching method because it enables teachers to facilitate the learning of different types of learners. I feel I use this metaphor often with all of my students. I introduce topics to the students and assign projects or assignments, but our cooperative learning groups allow children to ‘build their own bridges.’ Through talki
	-
	-



	Tiff was discovering for herself the value of a constructivist approach to learning and teaching. This included not only helping individual students learn concepts and learning strategies for themselves, but also helping childrenlearntogetherandfromeachother within a social setting. This shift is supported by the standards for science teaching which include an emphasis on creating a classroom community where there is a cooperating, shared leadership, and respect (National Research Council, 1996). 
	-
	-

	Week Eight 
	Philosophy: Hands-on activities are important in all content areas and thereisnodifferencebetweenteaching science and other subjects. 
	As Tiff’s teaching load increased, shebeganto focus on teaching science specifically. 
	Tiff began to articulate the importance of hands-on experiences in the meaningful learning of science concepts within children. Following a simulation game involving macro invertebrates, she returned to a metaphor she had crafted earlier, teacher as facilitator; however, this time, her metaphor held a richer meaning: 
	-
	-

	After being actively involved in the game, the students were able to use our class data to determine the water qualityofourimaginarystream.During the lesson, I felt I acted as teacher as facilitator. I organized the game, set the rules, and monitored; however, I allowed them to use the data from the game to determine the water quality of their stream. I encouraged them to think, but did not give them the answer. As I facilitated, they explored and learned. 
	After being actively involved in the game, the students were able to use our class data to determine the water qualityofourimaginarystream.During the lesson, I felt I acted as teacher as facilitator. I organized the game, set the rules, and monitored; however, I allowed them to use the data from the game to determine the water quality of their stream. I encouraged them to think, but did not give them the answer. As I facilitated, they explored and learned. 

	Tiff was genuinely surprised at the value and necessity of the game experience in helping students more fully understand the concepts of ecological habitat. 
	-

	At this point in the semester, I asked Tiff to consider the difference between learning and teaching science and other subjects. After some thought, she responded, “I am a strong believer in hands-on learning and inquiry; therefore, I feel this learning and teaching method should be used in all subject areas. Students learn by doing in science and all subjects.” Like most prospective elementary teachers, Tiff approached teaching as 
	-

	Artifact
	Kate—Week Four: Learning occurs instudents when they are inspired or motivated through relevant activities which engage them on thetask, and when they
	have the confidence to 

	participate in their own learning processes... 
	participate in their own learning processes... 
	participate in their own learning processes... 
	a generalist and saw little difference in the learning and teaching of various content areas. With little shared discussion about how inquiry in science was different from inquiry in other subject areas, Tiff interpreted inquiry as raising questions. This is typical of elementary teachers who are prepared as generalists and often embrace a more generalized inquiry orientation (Boardman, Zembal-Saul, Frazier, Appel, & Weiss, 1999; Zembal-Saul, Dana, Severs, & Boardman, 1999). 
	-

	Week Twelve 
	Philosophy: Relating to students in a safe and comfortable environment helps students learn constructively. 
	As Tiff completed her full time teaching load, she returned again to a metaphor she had developed earlier, teacher as bridge: “Now that I have taughtfulltime,Icanreallyappreciate the value of preparing students and then allowing them to construct their own knowledge. The students are creative and impressive. When they aregiventhis opportunity, theylearn.” With this philosophy and metaphor, she also felt she learned at the same time as the teacher. 
	When asked to identify her strengths, she responded: “I respect each student as an individual, and as a result, they respect me. Due to this respect, our classroom is very friendly and relaxed.” Tiff also felt that the ability to think on her feet was another strength of hers: “Mainly because our classroom is so friendly and relaxed, I am not afraid to stray from my plans to ensure student understanding. I am constantly thinking of examples and making changes as I teach.” The safe and comfortable environmen
	For her future classroom, she had established certain goals for herself: “I hope to create a safe and friendly classroomforhands-onlearning...and always stay informed of my students’ likes and dislikes. Relating to the students on several levels produces remarkable results.” Tiff had come to realize the importance of a student-centered classroom to the learning of individual students. 
	Week Fourteen 
	Philosophy: Students need a safe learningenvironmentwithencouragementandpraisetofeelconfidenttotake risks. Tolearn,theyalsoneedrelevant, hands-on activities to provide them an opportunity to construct their own knowledge and their own meaning. 
	-

	AsTiffbegantodecrease her teaching load, she increased her time for reflection and revisited and modified her metaphors for teacher. She began to consider the wider learning community of which the students were a part. As a result, Tiff crafted some additional metaphors, showing her flexibility in conceptualizing her role as a science teacher.  
	-
	-

	Teacher as architect or safety inspectoror temporarybridgeexpressed her modified role of teacher. Tiff felt teachers were to guide, protect, and provide guidance and support as needed in varying degrees by individual students. Since Tiff saw the students as constructing their own knowledge, she crafted the metaphor, students as construction workers. Tiff also began to view the parents as an integral part of the knowledge construction process. They were the parents as the bridge building board or building co
	Teacher as architect or safety inspectoror temporarybridgeexpressed her modified role of teacher. Tiff felt teachers were to guide, protect, and provide guidance and support as needed in varying degrees by individual students. Since Tiff saw the students as constructing their own knowledge, she crafted the metaphor, students as construction workers. Tiff also began to view the parents as an integral part of the knowledge construction process. They were the parents as the bridge building board or building co
	-
	-

	through a metaphor. Learning as the bridge was knowledge constructed by students for their own use. 


	As Tiff completed her student teaching field experience, she had, through reflection with metaphor, become more student-centered and holistic in her perspective. As she explicitly stated her beliefs, she became able to articulate with confidence her philosophy of learning and teaching science. In addition, Tiff realized her philosophy would be ever changing as she continued to grow professionally through the reflection of her experiences. This insight might have come from the professional development journe
	As Tiff completed her student teaching field experience, she had, through reflection with metaphor, become more student-centered and holistic in her perspective. As she explicitly stated her beliefs, she became able to articulate with confidence her philosophy of learning and teaching science. In addition, Tiff realized her philosophy would be ever changing as she continued to grow professionally through the reflection of her experiences. This insight might have come from the professional development journe
	-
	-
	-

	Teacher as Researcher: Kate, Cooperating Teacher 
	Teacher as Researcher: Kate, Cooperating Teacher 
	Being teacher as researcher is what separatesteacherswhocaretodobetter from those content to do less. Being motivated to try to do one’s best at a profession is what results in effective teachers who care about students as humans in need of love and as children in need of the opportunity to learn. 
	Week Four 
	Philosophy: Learning occurs in students when they are inspired or motivated through relevant activities which engage them on the task, and when they have the confidence to participate in their own learning processes. 
	-

	As I returned to the classroom experience after being on a yearlong 
	As I returned to the classroom experience after being on a yearlong 
	sabbatical, I found myself concentrating on meaningful learning, both as a teacher of learning and as a learner myself. Iwasdrivenbythereminder nottofallpreyto‘naïveconstructivism’which is the tendency to equate doingactivitywithlearning (Prawat, 1992, p. 357). In addition, I kept Novak’s perspective of conceptual change in mind (Mintzes & Wander-see, 1998a) which considers humans as meaning makers who create their own unique knowledge constructions by consciously forming connections between new concepts a
	-


	Teacher of Learning 
	One of the first things that came to my immediate attention upon re-entry into the classroom was the pervasive low self esteem within a large number of our sixth grade students. In response, I constructed the metaphor, teacher as builder of confidence: 
	-

	I am surprised by how low the self esteem of our students really is. Students need to be encouraged over and over again that they can and are thinking 
	-

	– which encourages more thinking. It seems to come down to a lot of positive encouragement which builds confidence so they are more apt to take risks, talk, and learn. 
	I felt that addressing their confidence seemed to be a prerequisite to their learning. At the same time, I realized the importance of the teacher in motivatingstudentstolearn.Iwasalso teacher as inspiration for learning: “Unless ideas or concepts are relevant to students, they just go through the motions. It is not meaningful learning. When ideas are relevant, students are immediately engaged and interested. It can be a challenge to capture their interest, however.” While I realized 
	-
	-

	Artifact



	I was driven by thereminder not to fall prey to ‘naïve constructivism’ which is the tendency toequate doing activitywith learning. 
	I was driven by thereminder not to fall prey to ‘naïve constructivism’ which is the tendency toequate doing activitywith learning. 
	how essential it was to inspire and motivate students, I also realized how difficult it was to accomplish that. 
	As I started the school year, I also realized the importance for hands-on experiencesnotjustasmotivators.Studentsalsoneededtheseexperienceson which to build their knowledge about certain concepts. Experiences alone were not enough, but they did help students think more deeply or critically about scientific ideas, so I was also teacher as encourager of thinking. I commented on the importance of hands-on learning after listening to students: “I’ve heard students say, ‘I know what you mean. I did a project in 
	-
	-
	-

	Personal Learning 
	As I began the year with both a classroomofsixthgradestudentsanda studentteacher,Iapproachedteaching andmentoringthroughthemetaphorof teacher as scientist or problem solver. Concerning the students, I commented: “As a scientist or problem solver, I have approached one challenging class of23 students whichincludes six 
	-

	Artifact

	I crafted the metaphor, teacher as researcher, as I contemplated thetransition between myformer role as teacher with prospective elementary teachersat the university level,and my current role as teacher of sixth grade students at the middle school. 
	I crafted the metaphor, teacher as researcher, as I contemplated thetransition between myformer role as teacher with prospective elementary teachersat the university level,and my current role as teacher of sixth grade students at the middle school. 
	I crafted the metaphor, teacher as researcher, as I contemplated thetransition between myformer role as teacher with prospective elementary teachersat the university level,and my current role as teacher of sixth grade students at the middle school. 

	special needs students, with the idea that I can make learning happen here. It is just a matter of figuring out how.” AfterayearlongsabbaticalwhereIhad concentrated on how children learn, I now had to deal with how to get children ready to learn. This classroom of some potentially volatile students had to be well managed to keep students focused on learning. The metaphor of scientist or problem solver seemed appropriate to me. 
	-

	When working with my student teacher, I remembered the lessons I had learned from my dissertation project with prospective teachers (Sillman,1998). I crafted the metaphor, teacher as researcher, as I contemplated the transition between my formerroleasteacherwithprospective elementary teachers at the university level, and my current role as teacher of sixth grade students at the middle school. I commented: “When you are working with students, children or prospective teachers, and when teaching is for learnin
	When working with my student teacher, I remembered the lessons I had learned from my dissertation project with prospective teachers (Sillman,1998). I crafted the metaphor, teacher as researcher, as I contemplated the transition between my formerroleasteacherwithprospective elementary teachers at the university level, and my current role as teacher of sixth grade students at the middle school. I commented: “When you are working with students, children or prospective teachers, and when teaching is for learnin
	-
	-

	a larger, more encompassing one, teacher as researcher, as I considered the role of teacher from a broader perspective. 

	For my sixth grade students, I focused on the meaningful learning of science concepts and for my student teacher, the meaningful learning of teaching science. In both cases, I used a constructivist approach to learning and teaching. This was challenging for me: 
	-

	It has been difficult for me to be so watchfulandcarefulofhelpingstudents to construct on their own with less ‘telling’ from me. Also, having Tiff is keeping me focused on providing for her what I found sixth grade students need-–a safe, risk free learning environment where they can feel safe to experience and problem solve with me as their sounding board. I am also the confidence builder for Tiff as I praise her then marvel at what creativity and enthusiasm results in her actions. 
	-

	I was now using metaphors I had originally developed for my sixth graders with Tiff as I tried to provide a safe learning-to-teach environment for her. 
	Week Fourteen 
	Week Fourteen 

	Philosophy: To learn, children (or prospective teachers) need to feel loved, respected, confident, and safe. To learn science, children (or prospective teachers) must experience a concept, either before or during class, and make meaning of that experience through questioning. 
	-

	Istartedtheschoolyearconcentrating on helping students learn science. As I got to know their real life situations better and began to see them as individual humans, I commented: “Now I am thinking about helping children feel loved and confident so they can learn science and other dis-ciplines.”Iwasremindedthatlearning 
	Istartedtheschoolyearconcentrating on helping students learn science. As I got to know their real life situations better and began to see them as individual humans, I commented: “Now I am thinking about helping children feel loved and confident so they can learn science and other dis-ciplines.”Iwasremindedthatlearning 
	-
	-

	does not occur in isolation; rather, it occurs within a unique human being. As I worked with my student teacher, I realized the same applied to her as a learner. 

	Included in viewing students more holistically was a blending and interdependence of my metaphors. I wrote in my journal: 
	-

	More than ever, I believe in teacher as confidence builder because students need to feel confident to even begin to think our loud and learn. As a science teacher, one of the most important roles is helping students build an understandingofkeyconceptsinscience. When students think and put concepts together, they become more confident. One way to help build confidence in students is to help them realize they can think. 
	More than ever, I believe in teacher as confidence builder because students need to feel confident to even begin to think our loud and learn. As a science teacher, one of the most important roles is helping students build an understandingofkeyconceptsinscience. When students think and put concepts together, they become more confident. One way to help build confidence in students is to help them realize they can think. 
	-


	Thissynergismbetweenconfidence and thinking seemed to apply to learners in general, sixth grade students, and prospective teachers. 
	-

	To determine how to reach a balancebetween building confidenceand encouraging thinking, the metaphor of teacher as researcher is essential. I explained: 
	-

	Playing this role makes teaching exciting. Finding ways to help individual children feel loved so they can begin to feel confident and to open up the possibilities within them to think, feel, have opinions, and learn is a challenge like no other (second only to parenting which I think is full time teaching). It is this role of researcher that separates mediocre teachers from those attempting to reach their potential within a profession. 
	Playing this role makes teaching exciting. Finding ways to help individual children feel loved so they can begin to feel confident and to open up the possibilities within them to think, feel, have opinions, and learn is a challenge like no other (second only to parenting which I think is full time teaching). It is this role of researcher that separates mediocre teachers from those attempting to reach their potential within a profession. 
	-
	-


	I used this metaphor to subsume my other ones with the students as central to all metaphors constructed for teacher. 
	Collaborative Reflection: 
	Collaborative Reflection: 

	Tiff and Kate as Learners 
	Tiff and Kate as Learners 
	Tiff and Kate as Learners 

	As we journeyed through the semester together, we discovered that we were both teachers as learners. As a prospective elementary teacher, Tiff was aware of her growing beliefs of learning and teaching science, using metaphor as a tool for purposeful reflection with me as her cooperating teacher. Because we both shared our growing and developing philosophies andreflectiveprocesses,weexamined learning and teaching from different perspectives. This evolved into a learning experience for us both as we broadened
	-
	-
	-

	Part of my goal for my student teacher was to help Tiff feel safe so she could be creative, experiment, and develop the confidence to become an independent, lifelong learner of learning and teaching. Reflection through metaphor seemed to provide a way of 
	-

	Figure
	Kate—Week Fourteen: More than ever, I believe in Teacher as 
	Kate—Week Fourteen: More than ever, I believe in Teacher as 
	confidence builder 
	because students need 

	to feel confident to even 


	begin to think out loudand learn. 
	begin to think out loudand learn. 
	begin to think out loudand learn. 
	helping Tiff focus on teaching from a more student-centered perspective. In addition, Tiff felt the experience of this reflective process had helped her develop a clarity to her thoughts about learning and teaching. As a result, she was better prepared for her job interviews and obtained employment shortly after the completion of her student teaching field experience. Likewise, the collaborative reflection process served as a way for me, a practicing teacher, to realize reasons behind actions taken for gran
	-
	-

	However, if we as teacher educators / science supervisors are going to help develop within prospective elementary teachers an understanding of how children learn science so that all learners have an opportunity to succeed, more is required beyond a safe, learning environment. The cooperating teacher or supervisor mustexplicitlyengagetheprospective teacher in conversation about what makesteachingsciencedifferentfrom teaching other content areas. It seems that given the little understanding of and experience 
	-
	-
	-

	All in all, it is essential that prospective teachers first feel safe within their learning-to-teach environments so they can begin to experience and experiment with putting their beliefs into action. Constantly reflecting both individually and in conversation with others throughatoolsuch as metaphor can help prospective teachers feel safe and comfortable to begin to align their beliefs and actions, monitor their changing beliefs, and construct their 
	All in all, it is essential that prospective teachers first feel safe within their learning-to-teach environments so they can begin to experience and experiment with putting their beliefs into action. Constantly reflecting both individually and in conversation with others throughatoolsuch as metaphor can help prospective teachers feel safe and comfortable to begin to align their beliefs and actions, monitor their changing beliefs, and construct their 
	-

	ownmeaningsaboutthisphenomenon of learning to teach science. If they leave the field experience with the confidence to learn and the experience of exploring and articulating their beliefs with others, they will be on their way to becoming lifelong learners of learning and teaching science and all content areas. 
	-
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	A Professional Development Model .for Exploring the National Science .Education Standards. 
	A Professional Development Model .for Exploring the National Science .Education Standards. 
	A process is outlined for a professional development workshop whose intent is to help preservice and inservice science teachers gain an initial understanding of how the National Science Education Standards can be integrated into their teaching programs and practices. 
	A process is outlined for a professional development workshop whose intent is to help preservice and inservice science teachers gain an initial understanding of how the National Science Education Standards can be integrated into their teaching programs and practices. 
	The National Commission on Teaching and America’s Future’s report, What Matters Most: Teaching for America’s Future, recommends that those involved with education “get serious about standards for both studentsandteachers”andmaketeachersandteachingthelinchpinsofschool improvement (1996, p. vii). But, the standards-driven reform movement hasgeneratedageneralwaveofuneasinesswithintheK-16educationalcommunity as its members struggle with the attendant implications on teaching practice and curriculum content. 
	The National Commission on Teaching and America’s Future’s report, What Matters Most: Teaching for America’s Future, recommends that those involved with education “get serious about standards for both studentsandteachers”andmaketeachersandteachingthelinchpinsofschool improvement (1996, p. vii). But, the standards-driven reform movement hasgeneratedageneralwaveofuneasinesswithintheK-16educationalcommunity as its members struggle with the attendant implications on teaching practice and curriculum content. 
	-
	-
	-

	Because the final fate of most educational reform initiatives rests squarely among teachers who serve as the ultimate agents of classroom change (Bybee, 1997; Decker 1999), we propose that standards become the cornerstone of their professional practice. In order to accomplish this goal, teachers must first develop a keen understanding of the history and philosophy underlying systemic reform,thengainaworkingfamiliarity withstandardsdocuments,andfinally, engage in experiences that lead to personal meaning or 
	This paper describes a professional developmentworkshopwhoseintentis to help both preservice and inservice audiencesgainaninitialunderstanding of howthe NationalResearchCouncil (1996) and American Association for the Advancement of Science (1993) can be integrated into their teaching programs and practices. Throughout this paper, the terms standards and benchmarks will be used interchangeably. Through a knowing in action approach (Schon, 1983) participants develop a practical understanding of thepurposes,hi
	-

	Artifact
	Teachers must first 



	develop a keenunderstanding of thehistory and philosophyunderlying systemicreform, then gain a working familiaritywith standards documents... 
	develop a keenunderstanding of thehistory and philosophyunderlying systemicreform, then gain a working familiaritywith standards documents... 
	develop a keenunderstanding of thehistory and philosophyunderlying systemicreform, then gain a working familiaritywith standards documents... 

	ods that we apply model elements of instruction that are consistent with effective professional development practices (Loucks-Horsley, Hewson, Love, & Stiles, 1998). We believe that the workshop’s combination and sequence of activities is readily adaptable for considering standards in other disciplines. 
	-

	Workshop Description 
	Workshop Description 
	Workshop Description 

	Our essential premise is that direct experience within the context of a widely practiced instructional model creates an optimum environment for exploring how to use standards for making effective decisions about content, instruction, and assessment. Hammrich (1998) applied a similar approach in dealing with standards by givingpreserviceteacherstheopportunitytolearn,reflect,applynewknowledge, and demonstrate proficiency. To establishabackdropfortheworkshop, we begin by listing our assumptions about education
	-
	-
	-

	Artifact


	Standards assure that key learning goals are met by appropriate grade levels in astudent’s career. 
	Standards assure that key learning goals are met by appropriate grade levels in astudent’s career. 
	Standards assure that key learning goals are met by appropriate grade levels in astudent’s career. 
	about standards is by using them; and that implementing standards-based education is a long-term process. The workshop format follows a five stage learning cycle, based on the BiologicalSciences CurriculumStudy(1993) model. (Figure 1). 
	-

	Engagement 
	Engagement 
	The workshop package given to every participant contains a puzzle piece that consists of a section from a laminated cover of a major standards document. One of four different color dots is affixed to the back of each piece. To launch the workshop, teachers must locate the three other people having the pieces needed to assemble the complete puzzle. This randomized grouping activity defines work teams, andthecolor-codeddotsystemassigns individual task responsibilities. 
	-

	As small groups exhibit their assembled covers, the workshop leader givesanoverview ofstandards-driven reform,usingaconceptualframework borrowedfromBybee(1997).AccordingtoBybee,thechronologyofreform includesstatementsofpurpose,policy development, program alignment, and changes in teaching and learning practices. Each of these elements of reformisillustratedbykeydocuments. We use covers taken from: A nation at risk (National Commission on Excellence in Education, 1983), Science for all Americans (AAAS, 1989)
	As small groups exhibit their assembled covers, the workshop leader givesanoverview ofstandards-driven reform,usingaconceptualframework borrowedfromBybee(1997).AccordingtoBybee,thechronologyofreform includesstatementsofpurpose,policy development, program alignment, and changes in teaching and learning practices. Each of these elements of reformisillustratedbykeydocuments. We use covers taken from: A nation at risk (National Commission on Excellence in Education, 1983), Science for all Americans (AAAS, 1989)
	-
	-
	-
	-

	1993), National science education standards (NRC, 1996), Blueprints for reform (AAAS, 1997), Pathways to the science standards (NSTA, 1996, 1997, 1998), and Resources for scientificliteracy (AAAS,1997).This engagementactivityquicklyandeffectively creates a working atmosphere, organizesgroups,delegatesteamroles, and produces an authentic context for reviewing the background and implications of systemic reform. 
	-
	-



	Exploration 
	Exploration 
	In the exploratory phase, a scavenger hunt provides the learning tool for reviewing the general features of the National Science Education Standards (NSES) document and website (Figure 2). Fifteen questions divided amongseparateteamsencouragesmall groupinteraction.Thissimpleexercise enables participants to examine prior knowledge, explore personal beliefs, and gain a preliminary understanding oftheNSESorganizationalframework and philosophy. The concept exploration stage also serves as the advance organizer 
	-
	-
	-
	-



	Explanation 
	Explanation 
	Explanation 
	Conceptual development occurs during phase three as teachers analyze existing curriculum materials and videotaped examples of instruction to identify points of alignment with the content and teaching standards. We adopted Kesidou’s (1999, p. 3) notion that to be considered aligned, an activity or instructional approach should “address the substance rather than the general topic” of the standard. The goalofhavingteachersgainaworking familiarity with standards is anchored in an activity in which they assume t
	Conceptual development occurs during phase three as teachers analyze existing curriculum materials and videotaped examples of instruction to identify points of alignment with the content and teaching standards. We adopted Kesidou’s (1999, p. 3) notion that to be considered aligned, an activity or instructional approach should “address the substance rather than the general topic” of the standard. The goalofhavingteachersgainaworking familiarity with standards is anchored in an activity in which they assume t
	-

	task is to measure the congruence of representative science curricula with the content standards. Programs developed with National Science Foundation support are ideal to examine. For this basic analysis, teachers use a curriculum review instrument developed by the National Association of Biology Teachers (1996) because the tool is clear, concise, and informative. If a more thorough study were the desired end, then Project 2061’s curriculum analysis tool would be ideal to employ (Roseman, Kesidou, & Stern, 
	-
	-
	-
	-


	Following this curriculum investigation, workshop participants review videotaped case studies of teaching. A scoring rubric grounded in the Standards for Teaching Science is applied to examine pedagogical practices (Table 1). Only those standards for which evidence can be directly observed are referenced. We use SourceView videotapes from the American Chemical Society’s Chem-Source Project (1992) for this purpose. To encourage in-depth analysis, teachersidentifyspecificperformance indicators that illustrate
	-
	-
	-
	-

	These combined activities focus attention and stimulate reflection on specific aspects of curriculum and instruction.Participantsbegintodevelop a knowledge base about how content standards relate to science programs and how teaching standards connect with classroom practice. 
	-


	Science educator 
	Artifact

	Expansion 
	Expansion 
	One underlying reason for specifying standards is to assure that key learning goals are met by appropriate grade levels in a student’s career. Anotheristoassurethatscienceteaching is conducted in a manner that is inquiry-oriented and consistent with what is known about how children learn. Many traditional instructional materials have proven to be valuable resources but are not fully consistent with the standards for inquiry (Jansen, 1996). There are several viable alter-
	-
	-

	Artifact
	Demystification
	of standards is a 
	necessary first step


	toward representing the collective wisdom of teachers, scientists, and science educators to create better conditions for science teaching. 
	toward representing the collective wisdom of teachers, scientists, and science educators to create better conditions for science teaching. 
	natives to discarding these activities (Caves,Herminghaus,Hurlburt,1998; McComas, 1997; NRC, 1999; Sutman, Hilosky, Priestley, & Priestley, 1999). With an analytic scoring rubric (Table 2), participants rate the inquiry characterofexistinglearningactivities according to an inquiry criteria con-tinuum.Thentheyemploy atechnique for making laboratory activities more open-ended. 
	-

	The concept expansion activity gives teachers an opportunity to apply their growing familiarity with inquiry-based instruction under conditions that they can recognize. The exercise respects present practices but emphasizes the importance of inquiry as the central focus to teaching and learning about science. Participants often discover that current instructional materials may require only slightreconfigurationto becomemore carefully aligned with the guidelines for inquiry. In other instances, they conclude
	-
	-
	-

	Evaluation 
	Evaluation 
	This workshop neither directly addresses the substantial quandaries surrounding the assessment of student performance under a standards-based systemnorasksparticipantstodirectly evaluate the session. Rather, teachers complete an “I hereby resolve...” activity developed by Silberman (1996). In this self-assessment task, teachers write a letter to themselves in which they describe specific learning outcomes drawn from their participation. 
	-
	-

	Leaders collect these letters and return them to the writers after sufficient time has elapsed for participants to have reflected upon the salient points of the workshop experience. Some teachers report that a later reading of these letters reaffirmed their commitment to lessons learned and helped them to incorporate these practices into their everyday teaching. 
	-
	-


	Conclusion 
	Conclusion 
	Many among the current generation of practicing teachers developed their craft under a very different set 
	-

	Artifact
	Current instructional materials may require 
	only slight modification


	to become more carefully aligned with guidelines for inquiry. 
	to become more carefully aligned with guidelines for inquiry. 
	to become more carefully aligned with guidelines for inquiry. 
	of guiding instructional and curricular principles than are presently espoused by reform movements. The reluctance of some teachers to implement standards-driven reform seems to be associatedlesswithintransigencethan with other factors such as the tenacity of established beliefs and attitudes, the difficulty of making direct connections between standards and the day-to-day job of teaching, and misunderstanding the full implications of astandards-basededucationalsystem. The concerns raised by Lynch (1997) be
	-
	-
	-

	a major reason for the difficulties of science education reform is that many educators simply do not understand its principlesandimplications,ratherthan not buying into the goals of reform. Further, the apprehension is not so much because of a lack of intelligence or motivation as that this reform is complex or has been able to produce few, if any concrete examples of what reformed classrooms, school, K-12 curriculum or science activities look like. (1997, p. 3) 
	Our workshop rationale builds on Posner’s (1996) assertion that experience plus reflection equals growth. However, several essential features that promote teacher change are conspicuously absent (Guskey, 1988). Bellancacontendsthatchangingone’s instructional style is as “difficult as 
	Our workshop rationale builds on Posner’s (1996) assertion that experience plus reflection equals growth. However, several essential features that promote teacher change are conspicuously absent (Guskey, 1988). Bellancacontendsthatchangingone’s instructional style is as “difficult as 
	-
	-

	learning to change one’s learning style” (1998, p. 659) and that such a shift requires more than the mere conveyance of technical information. Thus, a one day session is unlikely to challenge existing teacher beliefs and attitudes, provide sufficient opportunities for reflection, or allow for an in-depth review of the topic. Consequently, the workshop would have limited consequence if used as a stand-alone experience aimed at getting teachers to adopt standards-based principles across their professional pra
	-
	-


	This introductory workshop explores some fundamental concerns that preservice and inservice teachers haveaboutstandards.Demystification of standards is a necessary first step towardhavingthesebenchmarksserve asbeacons,dynamicguidesrepresenting the collective wisdom of teachers, scientists, and science educators that can help to create better conditions for science teaching and learning. 
	-
	-
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	Kenneth R. Roy 

	OSHA Laboratory Standard: Driving .Force for Laboratory Safety!. 
	OSHA Laboratory Standard: Driving .Force for Laboratory Safety!. 
	OSHA’s Laboratory Safety Standards are seen as the major driving force in establishing and maintaining a safe working environment for teachers 
	OSHA’s Laboratory Safety Standards are seen as the major driving force in establishing and maintaining a safe working environment for teachers 
	The 1990 OSHA Laboratory Standard established the minimal expectations upon which science laboratory safetyprogramsineducationalinstitutions must be developed. 
	The 1990 OSHA Laboratory Standard established the minimal expectations upon which science laboratory safetyprogramsineducationalinstitutions must be developed. 
	-
	-
	-

	The National Science Standards, and national and state science curriculum reforms of the nineties have created an atmosphere, which has promoted more of the doing of science through hands-on activities. In addition, workspace problems for school science laboratories have been precipitated by increases in student enrollments and failure of increases in fundingsupport.Thisarticleaddresses theimportanceof OSHA’sLaboratory Safety Standard as the major driving force for helping to establish a safe working enviro
	-
	-
	-
	-



	and students. 
	and students. 
	I. Don’t Exceed the SpeedLimit! 
	I. Don’t Exceed the SpeedLimit! 
	How often have science teachers and leaders heard the following statements? 
	-

	“We don’t have enough money in the budget for a flammable liquid cabinet. Just put those chemicals in the storeroom on the shelf with everything else.” 
	-

	“I wouldn’t be concerned about the ventilation in your laboratory. They usually do smell.” 
	“Idon’tcareifyouthinkthatscience laboratory was built for 24 students. If I want to put 35 students in there, I will and you will teach them.” 
	With increasing enrollments and shrinkingbudgets,thesetypesofstatements have been made by principals, superintendents, board of education members, and other decision-makers 
	-

	Artifact
	“We don’t have enough money in the budget
	for a flammable liquid 



	cabinet. Just putthose chemicals in the storeroom on the shelf with everything else.” 
	cabinet. Just putthose chemicals in the storeroom on the shelf with everything else.” 
	with increased frequency. In these types of situations, it is critical for scienceteachersandleadershiptobecome knowledgeableaboutsafetycodesand laws, and be advocates to work with decisionmakersandhelpsupportthem in keeping science laboratories safe for employees and students. 
	-

	This scenario creates a major stumbling block for science educators. On the one hand, they are being asked to provide for more hands-on activity based science, as supported by the National Science Standards. Additional impetus has come from national science curriculum projects such as AAA’s Project 2061 and NSTA’s Scope, Sequence and Coordination Project. On the other hand, science educators are being told that class size, as well as funding for texts, materials, and other support materials are in jeopardy 
	-
	-
	-

	A fact of learning is that doing science in a laboratory costs more money andtakesmoretimethanreadingabout science in a classroom. If we are to improve science education by moving inthedirectionsadvocatedbynational reform movements, science educators must take a greater role in helping decision-makers to better understand and support these initiatives. 
	-

	One major area which needs to be targeted is laboratory safety. It is one thing to advocate the doing of science. It is an entirely different thing to provide a safe laboratory in which these activities take place. To this end, it is critical for science teachers and theirleaderstobecomeknowledgeable about safety codes and laws, and to be advocates toworkwithdecision-makers and help support them in keeping science laboratories safe for employees and students. 
	-
	-
	-

	Providing a safe working environment for teachers and students is a serious responsibility for school districts as employers. In efforts to provide direction, OSHA issued the Occupational Exposure to Hazardous Chemicals in Laboratories or the Science Laboratory Standard (Fox, 1999, p. 834-842) for employees working in laboratories (including academic laboratories such as those found in middle and high schools). OSHA defines the term “laboratory” as “a facility where the laboratory use of hazardous chemicals
	-
	-
	-

	School employees protected under Federal OSHA or State Plan OSHA (see table 1) are covered by the 1986 Hazard Communication Standard or HazCom/Right to Know law, 29 CFR 1910.1200 (Fox, 1999, p. 823). However, because of the dangers and 
	School employees protected under Federal OSHA or State Plan OSHA (see table 1) are covered by the 1986 Hazard Communication Standard or HazCom/Right to Know law, 29 CFR 1910.1200 (Fox, 1999, p. 823). However, because of the dangers and 
	uniqueness inherent in laboratory work, employers under federal OSHA or state plan OSHA are required to cover laboratory workers (including science teachers) with the Laboratory Standard, 29 CFR 1910.1450 Subpart 

	Z. Interestingly enough, with the increaseinuseofchemicaltechnologies, other employees such as technology education or art teachers, can also be covered under the Laboratory Standard. This option is at the discretion of the employer. Minimally, science teachers must be covered under this standard. 
	-
	-

	Private school employees are covered by either the federal or a state OSHAplan. Public school employees are covered under either a state OSHA plan or an alternative state government safety agency program. Public school employees need to secure information concerning which health and safety standards protect them on the job site. 
	-
	-

	II. Rules of the Road! 
	II. Rules of the Road! 
	The Laboratory Standard is performance based. This statement means that OSHA provides the basic outline requirements,and then each employer writesaplantailoredtotheirneeds.For example, plans may vary from district to district, relative to standard operating procedures. However, all plans must contain standard operating procedures.Thestandardrequiresthatthe employer (e.g., Board of Education), appoint a Chemical Hygiene Officer (CHO) to develop and implement a Chemical Hygiene Plan (CHP)(Fox, 1999, p. 834). 
	-
	-
	-
	-

	1...Scope and Application--This 
	1...Scope and Application--This 
	standard covers any employee who is engaged in the laboratory use of hazardous chemicals on a laboratory scale (as opposed to industrial level). Most science teachers, as employees in middle and high schools, are classified under this application. 

	2...
	2...
	2...
	Definitions--This section defines terms such as action level, employee, laboratory, hazardous chemical, chemical hygiene officer, and more. These terms are critical points of reference in writing the CHP and standard operating procedures. 
	-
	-


	3...
	3...
	Permissible Exposure Limits (PELs)--Employees are not to be exposed above the PEL specified in 29 CFR 1910, subpart Z. 

	4...
	4...
	Employee Exposure Determina-tion--This component requires employees’ measurement of exposure to certain chemicals if the action level or PEL is exceeded, providing a monitoring standard has been established. If monitoringisrequired,theemployeemust be notified of the results. 
	-
	-


	5...
	5...
	ChemicalHygienePlan(CHP)--A written plan must be developed to protect employees from hazards associated with chemicals in the laboratory.Althoughgenericplans 


	Artifact


	Teachers and their leaders must be advocates to work with decision makers and help keep sciencelaboratories safe for employees and students. 
	Teachers and their leaders must be advocates to work with decision makers and help keep sciencelaboratories safe for employees and students. 
	are available, each plan must be unique to address the specific needs of individual workplaces. It is the responsibility of the employer to develop the CHP and enforce it. The CHO position is an appointment under the OSHA standard as opposed to a required new hiring. 
	-

	6...
	6...
	6...
	Employee Information and Training--Employees must be made aware of chemical hazards in the laboratory. The training must be provided at time of initial employment and when new chemicals/hazards are introduced into the workplace. Information must include CHP contents and the Laboratory Standard, PEL’s and Threshold limit values, exposure signs,andlocationofrelatedreferencematerial.Trainingmustminimally include methods to detect presence of hazardous chemicals, physical and chemical health hazards in the labo
	-
	-
	-
	-
	-
	-


	7...
	7...
	Medical Consultation and Medical Examination--Employer must provideopportunityforemployee medical support and follow-up examinations. 
	-


	8...
	8...
	Hazard Identification--Adopt a labeling system such as National Fire Protection Association labeling codes, maintain and make MaterialSafetyDataSheetsavailable. 
	-
	-


	9...
	9...
	Use of Respirators--Procedures and equipment must be provided by employer when respirators are required, as per 29 CFR 1910.134 (Fox, 1999, p. 219). 

	10. 
	10. 
	Recordkeeping--Employersmust keep records of exposure monitoring, medical consultation and examinations of employees. 
	-



	11. 
	11. 
	11. 
	Dates--CHP must have been developed and implemented by 31 January 1991. 
	-


	12. 
	12. 
	Appendices--Non-mandatory recommendations are provided for consideration in the CHP. Althoughthenotedreferencesarenot endorsed by OSHA, they address professional expectations and provide specific safety protocols in the laboratory situation. ACHP will be more effective if based on these safety protocols. 
	-



	III. Map Out Your.Destination!. 
	III. Map Out Your.Destination!. 
	The CHP components are prescribed by the Laboratory Standard. Each plan must contain the following minimum parts (Fox, 1999, p. 835-836): 
	-
	-

	1...
	1...
	1...
	Standard operating procedures (SOPs)--What are the standards for laboratory operation that all employeesarerequired tofollow? For example, what is the protocol for testing showers in the laboratories? SOPs should be rooted in standards, codes, or other professionalexpectations.Onereference source often overlooked is the OSHA Standards Interpretation and Compliance Letters. Relative to testing showers, an OSHA positionletter titled“Clarification regarding the frequency with which showers must be tested” is a
	-
	-
	-


	2...
	2...
	Criteria to determine and implement control measures to reduce employee exposure--What type of engineering controls, use of PPE, and hygiene practices will be required? 
	-


	3...
	3...
	Requirement that fume hoods and other protective equipment are functioning properly and within specific measures--Is there a 


	Artifact


	Remember that OSHA covers employees, butnot students. 
	Remember that OSHA covers employees, butnot students. 
	Remember that OSHA covers employees, butnot students. 
	preventive maintenance program in place, which fosters optimal performance of protective equipment? 
	-

	4...
	4...
	4...
	Provisionsforemployeeinformation and training--How often and what type of safety training is available where laboratory operation requires prior approval from the employer--What information will be provided for employees? 
	-
	-


	5...
	5...
	Circumstances where laboratory operation requires prior approval from the employer--What is the protocol used to undertake a special laboratory activity or new procedure? 

	6...
	6...
	Provisions for medical consultation and examinations--What procedure has been established to provide for medical assistance if an employee has a chemical exposure or incident? 
	-


	7...
	7...
	Designation of personnel responsible for implementation of CHP, including Chemical Hygiene Officer (CHO) and if appropriate, Chemical Hygiene Committee-Who is the employer-designated Chemical Hygiene Officer? This person must be qualified by training or experience to provide technicalguidanceinthedevelopmentandimplementationofCHP. This person usually is a chemistry teacher, departmenthead,orlaboratory technician. 
	-
	-
	-
	-
	-


	8...
	8...
	Provisionforadditionalemployee protection when working with particularly hazardous substances--What procedures arein place 
	-




	Artifact
	for employees if they are to work 
	for employees if they are to work 
	withreproductivetoxins,carcino
	-

	gens? 
	Any school involved in an OSHA inspectionknowsthattheOSHACompliance Officer initiates the process by reviewing the employer’s Chemical HygienePlan.Theythenfocusonplan implementationandpolicingduringan inspection. Can the OSHA Compliance Officer, or any other observer, walk into a high school chemistry laboratory when the use of hazardous chemicalsistakingplacewithoutbeing challenged by the instructor to put on goggles? This type of situation must be addressed in the CHP. 
	-
	-

	IV. Improved Features forNew Models! 
	IV. Improved Features forNew Models! 
	OSHA standards represent only 
	OSHA standards represent only 
	the minimum expectations for safety. Remember that OSHA covers employees, and not students. However, in order to maintain a safe working environment for employees such as science teachers, the CHP should also cover students. The rationale is that in order to maintain a safe working environment for teachers as employees, students must also be accountable for following standard operating laboratory procedures. 
	-
	-
	-


	Those working with the employer in the development of the CHP need toconsider additionalpolicies/regulations to go beyond the minimal safety expectation. Included for consideration should be items such as: 
	-
	-

	•..Use: The CHP should address policies on use of laboratories by non-certified instructors and non-
	•..Use: The CHP should address policies on use of laboratories by non-certified instructors and non-
	science students; e.g., assignment of study halls or English classes in sciencelaboratories.Theemployer will assume liability should an untrained employee or student be injured in a science laboratory. 
	-


	•..Occupancy Load: Occupancy loads in science laboratories are restricted by the The National Fire Protection Association’s NFPA101 Life Safety Code (Life Safety Code 101, 1997, p. 97), in addition to the Building Official and Code Administrator’s BOCA Building Code (The BOCA National Building Code, 1996, p. 112). This restriction limits the number of occupants allowed in a science laboratory. Be careful to distinguish between the terms science laboratory and science 
	-

	Artifact
	Science teachers making safety their
	first priority will make



	it safer for themselves and will instill a commitment on the part of their students. 
	it safer for themselves and will instill a commitment on the part of their students. 
	it safer for themselves and will instill a commitment on the part of their students. 
	classroom. These designations have different ramifications, relative to code applications. 
	-

	•..
	•..
	•..
	Security: Science laboratories are considered secured areas, given the inherent dangers from gas, electricity, hazardous chemicals, etc. Policies need to be written to fostersecurity,relativetoentering laboratories and storerooms. For example, only chemistry teachers might be provided with a key to the chemical storeroom. Science laboratoriesareto belockedwhen they are not in use. 

	•..
	•..
	Special Needs: Policies for working with students or employees who are physically challenged or haveotherspecialneedsshouldbe addressed in the CHP. There are various options available to meet both the safety and educational needs of all students and employees in the laboratory (Cheney & Roy, 1999). 
	-
	-




	Learner’s Permit! 
	Learner’s Permit! 
	Learner’s Permit! 
	TheLaboratoryStandardisonlythe foundation for an effective laboratory safetyprogram.Safetymustbefurther developed as an ongoing attitude and a commitment that never takes a rest. Science teachers and leaders must be advocates for safe science in the laboratory or field. They must work to helpeducateschooladministratorsand boards of education, legislators and othergovernmentofficials,topromote and facilitate a safe working environment for employees and students. Science teachers who make safety the first pri
	-
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	Tweaking Science Education. 
	Tweaking Science Education. 
	An experienced science educator discusses his views on science education. 
	An experienced science educator discusses his views on science education. 
	One is often asked to share a vision of the future that is based on past experiences. I have often wondered about the validity of such predictions, and my skepticism has been intensified by the increasingly rapid increase in the quantity of innovation that has taken place and the suggestion that the rate of introduction of new technologies is more likely to speed up than slow down. When thinking about my own career, I frequently recall a former Dean who reminded his faculty that it was not good enough to si
	One is often asked to share a vision of the future that is based on past experiences. I have often wondered about the validity of such predictions, and my skepticism has been intensified by the increasingly rapid increase in the quantity of innovation that has taken place and the suggestion that the rate of introduction of new technologies is more likely to speed up than slow down. When thinking about my own career, I frequently recall a former Dean who reminded his faculty that it was not good enough to si
	-

	I have always believed that looking back over one’s shoulder to examine one’s roots can be a useful exercise. Therefore, I begin this piece with a look back to the first edition of A Handbook for Science Supervisors, (Harbeck, 1967) which was produced by the National Science Supervisors Association and published by the NationalScienceTeachersAssociationas it is today. In 1967, J. Darrel Barnard writing in this book said: 
	-

	In tomorrow’s schools, supervisors will be expected to take more active roles in dealing with at least three of the pressing problems facing education today: 
	-

	1...
	1...
	1...
	Development of more effective practices of inducting college graduates into teaching, 

	2...
	2...
	Evaluation of curriculum innovationsandevaluationoftechnologicalinnovationsastheyareapplied to teaching and learning, and 
	-
	-


	3...
	3...
	Guidance in selection of both curriculum and technological innovations. (6). 
	-



	Many good solutions to Barnard’s problems have been found, but no one solution has been universally applicable. Hence, the challenges are as valid today as they were when they were first presented. 
	Artifact



	Schools must commit to providing real-time support forclinical supervisionand mentoringbecause universities and colleges do notand will not have the expertise and resources to prepare teachers for the unique environments of individual schools. 
	Schools must commit to providing real-time support forclinical supervisionand mentoringbecause universities and colleges do notand will not have the expertise and resources to prepare teachers for the unique environments of individual schools. 
	Schools must commit to providing real-time support forclinical supervisionand mentoringbecause universities and colleges do notand will not have the expertise and resources to prepare teachers for the unique environments of individual schools. 

	Inducting College Graduates 
	Inducting College Graduates 
	Inducting College Graduates 

	Since I began teaching secondary science methods in 1966, more than 3000 pre-service teachers have completed my class, graduated, obtained certification,andbeguntheircareersas scienceteachers.Someoftheseformer students are now outstanding teachers with over 30 years of experience. Some, I am sure, have had one year of experience 30 times, and many have dropped out of teaching. I am proud of those with 30 years of experience and remind them that I, with over 40, am still learning better ways to teach. I rema
	-
	-

	Someenternewprofessions;others find easier, higher paying jobs. Some claim the job simply burned them out. The administration, apathetic unmotivatedstudents,uncooperativeparents, workconditions,orlackofrecognition as professionals are blamed for their decision to leave the teaching field. 
	-

	Unlike some of my students, I fondly remember my first year as a high school teacher. The school was new, the facilities excellent, the administration very supportive, and the parents wonderful; the kids loved to learn, and I was assigned to teach five classesinmymajor.Myclassroomwas loaded with teaching aids, class sizes 
	-

	Artifact


	Preparation of a portfoliodemonstrating one’s teaching performanceshould be an excitingendeavor; however, for the over-burdened beginning teacher it is another huge task to be completed. 
	Preparation of a portfoliodemonstrating one’s teaching performanceshould be an excitingendeavor; however, for the over-burdened beginning teacher it is another huge task to be completed. 
	were 20-24, and I was given a budget of $3,000 (1960) dollars to purchase whatever else I needed. Furthermore, my department chair was fantastic, and she immediately introduced me to a master biology teacher who volunteered to mentor me. That first year, teachers did not have any extracurricular assignments. 
	-

	Most beginning teachers are not so fortunate. Many have multiple preparations, teach from a cart that they push from room to room, or have the least desirable teaching load in the department. Frequently, in southern Indiana, the one beginning teacher is the entire science department. If they have a mentor, he/she may teach subjects other than science, and if the mentor is a department chair, release time may not be given to serve as a mentor. If the beginning teachers survive, they are considered successful
	-

	The education of a science teacher cannot be completed on the college campus. The National Council for Accreditation of Teacher Education (NCATE), which established The 
	The education of a science teacher cannot be completed on the college campus. The National Council for Accreditation of Teacher Education (NCATE), which established The 
	New Professional Teacher Project, argues that teacher preparation must be a three-phase continuum, consisting of a minimum of four years of preservice preparation, blending into an extended clinical preparation and assessmentprogram(InternProgram), followed by continuing professional development. 
	-


	Similar concern of The Council of Chief State School Officers about the plight of the beginning teacher led to the establishment of the Interstate NewTeacherAssessmentandSupport Consortium(INTASC),whichcreated thePerformanceAssessmentDevelopmentProject(PADP)withthechargeto develop a way of assessing beginning teacher’sperformancethroughtheuse ofportfolios.Portfoliosillustratingthe ability to perform as a teacher would bepreparedbybeginningteachersduringatwo-yearinternshipimmediately following the preservice
	-
	-
	-

	Preparationofaportfoliodemonstratingone’steachingperformance should be an exciting endeavor; however, for the over-burdened beginning teacher it is another huge task to be completed. Some serious questions must also be raised. As presently planned, the portfolio assessment would determine if the teacher would be: 
	1...
	1...
	1...
	Given a regular teaching license, 
	-


	2...
	2...
	Provided, or required to engage in, extensive remedial training andeducationandsubmitasecond portfolio, or 

	3...
	3...
	Advisedtopursueanotherprofession. 
	-



	Questions include: 
	Will the student be able to obtain quality mentoring? 
	Will the mentor have the same major? Another science major? A discipline other than science? 
	Willthementorhaveportfoliopreparation or evaluation experience? 
	-

	Will students be disadvantaged if the beginning teacher is not teaching his/her major subject? 
	Willschoolsprovidesupportforthe portfolio development process? 
	Will the student preparing the portfolio be teaching in her/his major or minor area? If not, how will that affect the ability to prepare a portfolio? 
	-

	Will the portfolio rubric and other assessment materials be used reliably and objectively? 
	Is it too much to expect a beginning teachertoproduceanextensiveportfolio in the second year as a teacher? 
	-

	Requiring teachers to submit a portfolio for evaluation at the end of theirsecondyearofteachingwillplace a significant burden on them, and one or more of the problems suggested by the questions will be sure to exist at every school site. However, preparing the portfolio will force the student and his/her mentor to focus considerable attentionontwoveryimportantthings: instruction and student learning. This intensive focusshouldfacilitatematuration as a teacher. 
	-

	Preparation of the portfolio can be ignoreduntil theinternshipandleftfor the mentor and student to complete; however, students who experience portfolio preparation prior to this time willbeadvantaged.Studentsprobably should prepare a first-draft portfolio while in the science methods class. Materials produced by the INTASC Performance Assessment Project under the direction of Angelo Collins of 
	Preparation of the portfolio can be ignoreduntil theinternshipandleftfor the mentor and student to complete; however, students who experience portfolio preparation prior to this time willbeadvantaged.Studentsprobably should prepare a first-draft portfolio while in the science methods class. Materials produced by the INTASC Performance Assessment Project under the direction of Angelo Collins of 
	-

	VanderbiltUniversitycouldbeusedto guide these efforts (1998). 

	Inanattempttopreparemystudents for the future, I present the portfolio ideaas an authentictask for preservice teachers to complete prior to student teaching.Thistaskisauthenticbecause they can use the lesson sequence developed during student teaching, and, in three years, can submit it to meet theportfoliorequirementforobtaining continuedteachercertification.Hence, on day one of my methods class, the students are presented with the following assignment. 
	-
	-

	Select, with the advice and consent of your cooperating teacher, a cohesive instructional sequence (approximately8-12hoursofinstruction) organizedaroundan authenticscience idea,inquiry,orapplication.Thelength of your instructional sequence should bedeterminedbythetimethatitwould take you and your students to develop the idea, inquiry, or application. Your lesson sequence should include a description of the observations and assessment instruments you will use to determine the effectiveness of your instructi
	-
	www.doe.state.in.us/science

	The prospect of preparing a portfolio of lessons and assessments for a cohesive sequence of instruction is not very different from the older prepare a unit assignment. However, this assignment is different because the stakes are a lot higher, and when students learn they must have a good portfolio or change professions, the taskbecomes authentic andsomewhat frightening. In attempting to convince my students that preparing a quality portfolio is possible I remind them 
	The prospect of preparing a portfolio of lessons and assessments for a cohesive sequence of instruction is not very different from the older prepare a unit assignment. However, this assignment is different because the stakes are a lot higher, and when students learn they must have a good portfolio or change professions, the taskbecomes authentic andsomewhat frightening. In attempting to convince my students that preparing a quality portfolio is possible I remind them 
	-

	theywillbeabletotryout their lessons whilestudentteaching,revisethemfor use in the first year of teaching, and revise them again before they must submit them for evaluation by the trained state portfolio evaluators. 

	In addition to preparing a portfolio, the students will be given instruction on portfolio evaluation including note taking, summarizing findings, and using a rubric to evaluate a portfolio. As the culminating activity, each student evaluates another student’s portfolio. The students will also be encouraged to share portfolio evaluation materials with their cooperating teachers, who are potential mentors. 
	-

	Admittedly,theportfoliowillbeimportant,perhapstooimportantinsome instances,becausetheportfolioisonly an artifact representing the processes used in its development. It is hoped that reviewers will see the process in the portfolios developed. 
	-

	The first draft of the sequence of instruction can be developed on campus for use in student teaching. Preparing a portfolio that fully represents the science content and the processes used in delivering it involve foursteps:Development,Implementation, Assessment, and Revision. The success teachers have in the process will often be determined by the quality of their mentor because the mentor will guide the students through the steps of implementation, assessment, and revision. 
	-
	-
	-

	The term “mentor” is often used synonymously with “advisor,” but there is a fundamental difference between advising and mentoring: Mentoring is a personal as well as a professional relationship, developing overlongperiodsoftime,duringwhich thestudent’sneedsandthenatureofthe relationship tend to change. Mentors try to be aware of the changes taking 
	The term “mentor” is often used synonymously with “advisor,” but there is a fundamental difference between advising and mentoring: Mentoring is a personal as well as a professional relationship, developing overlongperiodsoftime,duringwhich thestudent’sneedsandthenatureofthe relationship tend to change. Mentors try to be aware of the changes taking 
	placeinthestudentandvarythedegree and type of attention, help, advice, information,andencouragementprovided. (National Academy Press,1997,1) Mentors try to become critical friends of the mentee; they stretch the mentee to articulate precisely their rationale andto seeinformationfromadifferent perspective. (Fine. et al., 1997, 59) To be an effective mentor of beginning science teachers, one needs to understandthe sciencecontentandthe bestteachingpracticesforthecontent; one must also know how to become a crit
	-
	-
	-


	In addition to arranging for quality mentoring, new and more intensive relationshipsbetweensciencesupervisors and university science education faculty are needed. As stated earlier, teachereducationcannotbecompleted on the college campus, nor can it be completed in a school setting that typically offers a marginal teaching facility, limited teaching resources, 
	-

	Artifact

	To be an effective mentor of beginning science teachers, one needs to understand the science content and the best teachingpractices for the content; one must also know how to become a critical friend. 
	To be an effective mentor of beginning science teachers, one needs to understand the science content and the best teachingpractices for the content; one must also know how to become a critical friend. 
	Artifact

	I believe that the induction processes [of college graduatesas beginning teachers]should be managed bylocal expertise, assistedby university faculty, and monitored by state licensing authorities. 
	I believe that the induction processes [of college graduatesas beginning teachers]should be managed bylocal expertise, assistedby university faculty, and monitored by state licensing authorities. 
	I believe that the induction processes [of college graduatesas beginning teachers]should be managed bylocal expertise, assistedby university faculty, and monitored by state licensing authorities. 
	andaccesstogood-heartedassistance, volunteered by already overloaded faculty and curriculum supervisors. Schoolsmustcommittoproviding real time support for clinical supervision and mentoring because universities and colleges do not and will not have the expertise and resources needed to prepare teachers for the unique environments of individual schools. Schools may have the expertise, but they often lack resources; e.g. money for real time support for science supervisors and science mentors. 
	-

	As a university-based science educator, Barnard saw inducting college graduates into specific teaching environments as a major problem in 1967. Many courses designed for preservice teachers answered specific questions long before the inexperienced preservice teacher asked them. This happened because university faculty were frustrated by the fact that they would not have the opportunity to answer these questions when practicing teachers began asking them. Likewise, university faculty were not familiar with e
	As a university-based science educator, Barnard saw inducting college graduates into specific teaching environments as a major problem in 1967. Many courses designed for preservice teachers answered specific questions long before the inexperienced preservice teacher asked them. This happened because university faculty were frustrated by the fact that they would not have the opportunity to answer these questions when practicing teachers began asking them. Likewise, university faculty were not familiar with e
	-
	-
	-

	best position to gain the specialized knowledge needed to make science instruction effective in their schools. Therefore, he stated that, “Rather than beingconcernedprimarilywiththeinserviceimprovementofteachersinhis school,he[thesciencesupervisor]will also be highly involved with developingandmanagingexperiencesthatwill effectivelyinductcollegestudentsinto teaching” (Barnard, 1967, 6). 
	-
	-


	I believe that teacher education must continue far beyond the walls of ivy. I also believe teacher education should be in the hands of experts. Both experts and potential experts needed for guiding the induction to teaching process are frequently the overextended science supervisors and science mentors, located far beyond the shadows of academia. This does not mean that college teachers can’t be useful adjuncts; in fact teacher education could be vastly improved if university professors did serve as adjunct
	-
	-
	-


	Evaluation of Curriculum and Technological Innovations 
	Evaluation of Curriculum and Technological Innovations 
	Evaluation of Curriculum and Technological Innovations 
	“Ratherthanbeingconcernedsolely with the implementation of a single curriculum in his school, he will also behighlyinvolved indirectingexperimental studies to evaluate promising innovations” (Barnard, 1967, 6). Barnard wrote this in the heyday of the alphabet science curricula (ESCP, BSCS, CHEMS, CBA, PSSC, and 
	“Ratherthanbeingconcernedsolely with the implementation of a single curriculum in his school, he will also behighlyinvolved indirectingexperimental studies to evaluate promising innovations” (Barnard, 1967, 6). Barnard wrote this in the heyday of the alphabet science curricula (ESCP, BSCS, CHEMS, CBA, PSSC, and 
	-

	HPP), when there was considerable choice between the inquiry-oriented alphabettextsandtheconfirmationapproach of traditional textbooks. Some would argue that there is no choice today because all textbooks have been moreorlesshomogenizedbytextbook publishers, who are more interested in market share than engaging learners in exciting science exploration. Parents, too, often equate learning vast quantities of factual information with quality education and, indeed, the 1100-page science textbooks not only conta
	-
	-


	The science educator, however, has a choice. The science textbook can be put in its proper place: at the back of the room and in the library, and the remaining textbook money can be spentondoingscience.“Fromthevery first day in school, students should be actively engaged in learning to view the world scientifically. That means encouraging them to ask questions about nature and seek answers, count and measure things, make qualitative observations,organizecollectionsand observations, discuss findings, etc.” (
	One of my former students, a high school science teacher in a “Bible Belt” school, was assigned to teach an advanced biology course. He felt that a significant treatment of evolution had to be included in the course, yet knew that if he did he would be “raked over the coals” by parents and the local press. Dilemma? Yes! He startedtheclasswithaquestion,“How ought we teach evolution?” (Zimmerman, 1999, 2). Some of his students aspired to be lawyers; others, doctors; some, homemakers, etc. Groups were 
	-
	-

	Artifact
	Artifact

	Artifact
	Artifact
	who won’t believe it will work until 
	who won’t believe it will work until 
	Learning to use the technology, rather 
	successfully experiencing it. Creating 
	than the science content, becomes the 
	situations in which tradition-bound 
	priority; thus, the teacher’s objectives 
	...the induction period 
	textbook teachers are successfully 
	are subverted. It is important for the 



	should run on real, 
	should run on real, 
	implementingproblem-basedinstruc
	-

	teacher to ask whether the teaching 
	tionisoneofourgreatestchallenges.It 
	tionisoneofourgreatestchallenges.It 

	strategy selected is engaging the 

	paid time, not on the 
	paid time, not on the 
	calls for a paradigm switch, accepting 
	students in meaningful dialogue and 

	backs of overburdened 
	backs of overburdened 
	a new definition of teacher. It calls 
	scientific inquiries on the path toward 

	science supervisors and 
	science supervisors and 
	for believing that teachers can only 
	the achievements desired. 
	facilitate; they cannot give.
	The World Wide Web can also be 

	mentor teachers. 
	mentor teachers. 
	a double-edged sword. One edge is 
	 Selection of Curricular and 
	 Selection of Curricular and 
	the almost infinite quantity of correct 
	arranged according to interest, and the 
	and potentially useful information; 

	Technological Innovations 
	Technological Innovations 
	students were charged with the re-
	the other edge is a blunt reminder that 
	sponsibility to finding out how people 
	“Almost2000studentsofferedtheir 
	the web does not have any publishing 
	in these respective areas of interest 
	opinions. One of the findings: Many 
	standards,referees,oreditorialboards. 
	thought evolution should be taught 
	of our students are just plain bored. 
	Discovering inappropriate and abso
	-

	and then to present this information 
	(Jacobson,1986,59).Mystudentscall 
	lutely incorrect items on the web is an 
	to the class. The class troublemaker, 
	it “raging apathy” and worry exten
	-

	everyday occurrence.
	whothoughthe mightavoiddoingany 
	sively about ever engaging students in 
	Another web problem is created by 
	work, asked if he could research The 
	serious studies of science. The apathy 
	the mentality that seems to suggest 
	Pope and his opinion on evolution. 
	and boredom highlight the fact that 
	that everything should be put on the 
	He proved to be the busiest student 
	we need to do some serious thinking 
	web. One of my first assignments as a 
	in the class, surprising everyone. The 
	about the curricular and technologi
	-

	college instructor was to serve as the 
	studentresearcherslearnedalotabout, 
	cal innovations being placed before 
	grader for a science methods course 
	andtheteacherreceivedpraiseinstead 
	students; this was the third point made 
	offered through correspondence. I
	of criticism. 
	by Barnard (1967,6). 
	worked very hard trying to establish 
	Thequestionofhowoughtweteach 
	A technique that has piqued much 
	good interaction with the correspon
	-

	evolution is ill-structured; it is not 
	interest is the practice of having stu
	-

	dents; however, the quality of the 
	well defined, and it has several cor
	-

	dents make content presentations to 
	interactionneverreachedtheheightof 
	rect answers (King, 1994, 11). Classes 
	their peers. A small group of students 
	my on-campus courses. Furthermore, 
	organized around ill-structured prob-
	is assigned a textbook chapter or some 
	because the correspondents were “out 
	lems, like the example, are far more 
	other area of study. They are assigned 
	therebythemselves,”theydidnothave 
	likely to engage students in learning 
	the task of becoming experts on a 
	the opportunity to interact with and 
	than classes that proceed from chapter 
	subject and given the responsibility 
	to chapter. We must step away from 
	for making hyper-card, power point, 
	the “read a chapter, do the problems, 
	or web-site presentations. I have en-
	and take a quiz” mentality if we ex
	-

	couraged my preservice teachers to 
	pect students to become scientifically 
	involve their students as teachers. I 
	...there are situations in 
	literate. Literacy comes from doing 
	point out to them that they will learn 


	which younger students 
	which younger students 
	science,notreadingaboutscience,and 
	more science during their first year of 
	science can be done everywhere, with 
	teaching than they learned in college, 

	get so wrapped up
	get so wrapped up
	or without expensive equipment. 
	and that their students will also learn 

	in the technology
	in the technology
	Problem-based instruction is a 
	more if they are engaged in teach-
	promising innovation. It’s really not 

	and making of fancy
	and making of fancy
	ing. However, there are situations 
	new; it is “classic 1896 laboratory 
	in which younger students get so 

	presentations that 
	presentations that 
	school Dewey.” However, problem-
	wrapped up in the technology and 

	science learning does
	science learning does
	based instruction is new to the 
	making of fancy presentations that 
	moribundtextbook/worksheetteacher, 
	science learning does not occur. 

	not occur. 
	not occur. 
	learn from each other. I am very proud ofthescienceteachersgraduatingfrom Indiana University, and I regularly tell them that I hold the “bragging rights” for their achievements. However, I know that they learn more from each other than from me, and my greatest contribution to their success as teachers is establishing the opportunity for them to interact with and learn from eachother.Suchinteraction andlearning cannot be “canned and sent out over the wires.” Yes, the web should be used to deliver some course
	-
	-
	-

	Finally, as science educators, we teach three student populations: middle school, secondary school, and introductory college courses. These populations differ significantly; they have different needs, interests, and motivations. Yet we persist in serving them the same repetitious fare year after year: covering the same content, adding at each level a bit more factual information in the rhetoric of conclusionsthathasturnedofflearners since the beginning of time. Are we, as a profession just like the textbook
	-

	A former student in whom I have great confidence moved with her husbandtoanewstate.Notbeingimmedi
	A former student in whom I have great confidence moved with her husbandtoanewstate.Notbeingimmedi
	-
	-

	ately successful in locating a teaching job, she applied for an editorship in a company thatproduces oneofourbest sellingsciencetextbooks.Shereported having an excellent interview until she asked the wrong question: “What is being done to make sure that your book is consistent with the National Science Education Standards?” (National Research Council, 1995) The editor’s response, paraphrased, was that the so-called National Standards were written by a bunch of idealistic college professors who know nothing 
	-


	Summary 
	Summary 
	In 1967, J. Darrell Barnard presented three important problems that have been well solved in many educational settings. However, situations change and when they do, new solutions are needed for the problems. I have suggested a few solutions; I don’t expect everyone to agree with them. I might not like them tomorrow either. As an afterthought, the following resource should be required reading for every science educator: 
	-
	-

	Peddiwel, J. A. (1939). The Saber-Tooth Curriculum. McGraw-Hill. 
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