
  

 

    

      

     

 

   

      

   

      

     

      
    

    

    

    

 
 

Susan Loucks-Horsley 

The Role of Teaching and Learning

in Systemic Reform: A Focus on 


Professional Development
 
Opportunities for teachers to participate in quality professional development 

programs is seen as a critical component in science education reform. 

The purpose of systemic reform is 
to improve student learning, which 
cannotbeaccomplishedwithoutexcel-
lent teaching. It is not a surprise, then, 
that professional development plays a 
critical role in the success of systemic 
reform, as it directly influences the 
quality of teaching and learning in 
science and mathematics classrooms. 
Thispaperdrawsonmyexperiences in 
designing and conducting evaluations 
of professional development in the 
context of systemic initiatives at local 
andstate levels, inproviding technical 
assistance to professional developers, 
and in capturing the experiences of 
seasoned professional developers in 
a book on best practice. In the paper 
I sketch briefly (1) what I believe we 
know about the role of professional 
development in systemic reform and 
(2) what we still need to learn. 

What We Know 
1. It is a long distance from the 

policy level to the student, and 
professional development is on 
the way. 
In my role as Director of Profes-

sional Development and Outreach 
for K-12, at the National Research 
Council’s Center for Science, Math-
ematics, and Engineering Education, 

I have the task of overseeing the 
Center’s efforts to “disseminate” the 
NationalScienceEducationStandards 
(National Research Council, 1996). 
It is a constant source of amazement 
how many people think that you can 
literally give the book to teachers and 
expect them to use the Standards in 
their teaching. These standards are a 
product of a national consensus; the 
many sets of standards developed at 
other levels of the system (e.g., by 
states and districts) similarly result 
from broad consensus. Their intention 
has never been to be “implemented” 
directly, but toguideasystem’sdesign 
for what educators expect of and how 
they work with students. 

It is a constant source 
of amazement how 
many people think that
you can literally give
the book to teachers 
and expect them to use
the Standards in their 
teaching. 

Bybee (1996) describes a schema 
for system change that applies equally 
well for mathematics reform as it does 
for science reform; it includeschanges 
in purpose, policies, programs, and 
practices. According to this schema, 
purposes relate to the general agree-
ment on the need for science and 
mathematics literacy forall; standards 
are the policies that guide education 
towards those purposes. But in order 
to move to students, programs need to 
influence practice, which is the only 
way that students will have different 
and better opportunities to learn. This 
iswhereprofessionaldevelopmenten-
ters the picture. Professional develop-
ment is one of the critical links in this 
chain, one that can take purposes and 
policiesand influencestudent learning 
through its impact on teaching. 

We have learned that there is great 
distancebetweensystemsandstudents. 
Although there are many routes that 
may be chosen (e.g., through new as-
sessment, curriculum, or instructional 
programs), professional development 
is a required stop along the route. For 
students to reach the goals to which 
the system aspires, teacher learning 
and changing are essential. 
2. Investment in people as the pri-

mary agents of change is criti-
cal. 
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For students to reach 
the goals to which the
system aspires, teacher
learning and changing
are essential. 

Many proponents of systemic 
reform concentrate on the need to 
change policies at the state and local 
levels. Their vision came in part from 
the California experience of the 1980s 
and early 1990s, when the state began 
to enact a vision that put into place the 
critical elements of state frameworks, 
assessments, curriculum adoption 
criteria,andprofessionaldevelopment 
(Honig, 1990). As other states enact 
this policy-level focus, they would 
do well to examine the California 
situation carefully, as it has evolved. 
At this point, many of these critical 
elements are either lost (i.e., the state 
assessment) or being threatened (e.g., 
someofthestateframeworks).Policies 
are as good as the politics that helps 
themgetestablishedandtheymayhave 
a shelf-life only as long as a current 
administration. 

What is encouraging in California 
is that the teachers and other educators 
who have “grown” this reform, not as 
much from the grassroots but from the 
developing infrastructure, arekeeping 
the reform alive and well in many 
locations. The infrastructures are the 
statewide professional development 
networks, two of which have been 
supported through the NSF statewide 
systemic initiative, the Mathematics 
Renaissance and the California Sci-
ence Implementation Network, and 
others as well, such as the California 
Subject Matter Projects. The invest-

ment in people through professional 
development that has been made by 
these projects has created a strong 
fabric that is resistant to change. 
These teachers can never return to 
pre-reformpractices,because theycan 
articulate what is important and why. 
In evaluating the California statewide 
systemic initiative, we have seen what 
we call “inside-out” systemic reform, 
i.e., changes in the system that result 
because people are changing and are 
influencing thestructures,procedures, 
and, in some cases, the policies, that 
guide teachingandlearning(Aquarelli 
& Mumme, 1996). Of the several 
hundred schools and thousands of 
teacherswhohavebeen touchedbythe 
two SSI networks, we have hundreds 
of examples of network teachers and 
administrators taking on new leader-
shiproleswithinbuildingsanddistricts 
(e.g., teachersbecomingprincipalsand 
curriculumsupervisors,principalsand 
teacher leaders becoming assistant 
superintendents), in their local and 
state professional associations, and as 
membersofstateandlocalcommittees 
whose roles it is to make curriculum, 
assessment, and instructional deci-
sions. We have documented dozens 
of instances of these mathematics and 
science initiatives influencingchanges 
in other content areas in schools and 
districts, the nature of professional 
developmentofferedbycountyoffices 
and higher education institutions, and 
teacher preparation programs, both on 
campus and in clinical settings. Most 
interesting, perhaps, is the statewide 
influence of these professional devel-
opment networks on assessment and 
standards development. For example, 
when CLAS, the new performance 
assessment system, was canceled by 
the governor in 1995, a collaborative 
of districts facilitated by science pro-
fessional developers was determined 

to have the kinds of testing program 
for students that CLAS had offered. 
Throughtheircollaboration, theCLAS 
test was revised for use in districts and 
schools last fall and an NSF-funded 
project begun at the same time to 
develop similar tests for the state and 
other interested systemic initiatives. 
Anotherexampleis thewritingofstate-
mandated science standards, taken on 
voluntarily by the coalition of state 
professional development projects, 
once again determined not to lose the 
essence of the reforms for which they 
had worked so hard. 

Fullan (1993) emphasizes the im-
portanceofall educatorsbeingchange 
agents, that it takes people to make 
change. In a newer article (1996) he 
“turns systemic reform on its head,” 
arguing for the very people-driven 
networks that we are seeing stay the 
course of reform in California. Cali-
fornia serves as a warning to those 
systemic initiatives who have relied 
heavily on their policy initiatives 
and neglected the building of strong 
networks dedicated to professional 
learning at the individual and school 
level. They say that it takes a village 
to raise a child; it takes the people in it 
toeducate thechild.AsCaliforniamay 
have been seen early as a prototype for 
systemic reform, itmayalsobeaprov-
ing ground for how to sustain reform 
when there is turbulence in thesystem. 
That people and their traditional strat-
egies last tenaciously through policy 
changes has been a curse of many 
reform initiatives. That people, once 
changed, can in fact remain changed, 
may turn this curse into a blessing. 
Professionaldevelopmentmaysustain 
systemic reform when change at the 
system level fails. 
3. The	 professional development 

needed by systemic reform is 
not the same kind as supported 
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change initiatives in the past. 
The new paradigm for professional 

development that Dennis Sparks first 
called to our attention in 1994 is not 
aboutone-time,one-teacher-at-a-time, 
expert-drivenworkshops or institutes, 
held for teachers far fromtheir schools 
andclassrooms.Professionaldevelop-
ment for systemic reform is larger in 
(1) scale (i.e., it serves more people 
in a wide variety of roles), (2) scope 
(i.e., it pays attention to more ele-
ments of the system, e.g., curriculum, 
assessment), and (3) duration (i.e., it 
is intensive and extends over time). 
It has many of the characteristics 
of effectiveness identified through 
research and in the practice of ex-
perienced professional developers, 
such as collaborative work, expertise 
derived from research as well as ex-
pert practice, an emphasis on content 
understanding, and continuous evalu-
ation (see a synthesis of the national 
standards related to professional de-

The investment 
in people through 
professional 
development that has
been made by these
projects has created 
a strong fabric that is 
resistant to change. 
These teachers can 
never return to pre-
reform practices, 
because they can
articulate what is 
important and why. 

velopment by Loucks-Horsley, Stiles, 
and Hewson, 1996). Further, like 
teaching, professional development is 
dynamic. Rather than selecting from 
an established set ofmodels to support 
professional learning, professional 
developers who successfully design 
initiatives in the interest of systemic 
reform use a decision-making process 
that involves identifying their goals, 
understanding theircontext, andcreat-
ing a unique combination of specific 
learning strategies that is tailored to 
their initiatives. A design model and 
16strategiesderivedfrombestpractice 
in professional development design 
have been articulated by the National 
Institute for Science Education’s 
Professional Development Project 
(Loucks-Horsley, Hewson, Love, & 
Stiles, 1998). 
4. A	 strong infrastructure and 

deliberately developed capacity 
for change are needed to sup-
port the people and change the 
paradigm. 
For educators in large numbers 

to learn about, try out, and maintain 
changes in their practice requires a 
support system with a shared vision of 
teaching and learning, such as those 
visions articulated for mathematics 
and science in the national standards 
(NCTM, 1989; NRC, 1996), but with 
greater attention to creating shared 
images of what the vision looks like 
in practice in the classroom interac-
tions of teachers and students, in in-
structional materials, in student work 
and assessments. The support system 
is staffed by people whose job it is 
to introduce, facilitate, and support 
changes in the direction of the vision. 
These people have demonstrated skill 
in teaching young people as well as 
the abilities to address the learning 
needs of adults and build professional 
networks, both inside and outside of 

schools, to support ongoing learning 
(Lieberman & McLaughlin, 1992). 
They have a keen knowledge of the 
change process and how to work 
with people at different stages of 
change (Hall & Hord, 1987); skills 
in communication, problem solving, 
decision making, team building, and 
time and task management (Fullan, 
1991); and the ability to use pressure 
and support appropriately (Louis & 
Miles, 1989). 

Effective infrastructures build 
capacity for ongoing change at the 
local level through design and use of 
a variety of professional development 
strategies that help teachers change 
their practice, through support of 
collaborative work inside of schools 
to support individual change and 
design and implement programs of 
study, and through building capacity 
for leadership in various members of 
the school and community (Friel & 
Bright, 1997). 
5. Professional development must 

pay careful attention to content 
knowledge. 
With a renewed focus on concept 

development as a valued outcome of 
science and mathematics education, 
teachers are no longer able to “cover” 
for lack of preparation in the area they 
teach(whichassignment isusuallynot 
their choice). Shulman’s (1987) work 
in defining and explicating the term 
“pedagogical contentknowledge”has 
added a new and critical dimension to 
professional development. Whereas 
generic professional development 
(e.g., learning generic teaching skills 
such as cooperative learning, ef-
fective instruction, and questioning 
techniques), was a hallmark for the 
1980’s, we have learned the keen im-
portance of teachers knowing how to 
teachparticularcontentunderstanding, 
the conceptions students are likely to 
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hold about certain mathematics and 
science concepts, what students of a 
certain age are developmentally able 
to learn,andwhatexamples,analogies, 
and representations help them learn it. 
Such knowledge is difficult to learn in 
preservice education, and is often the 
province of the experienced expert 
teacher(Shulman,1987).Thisneedfor 
learning from a master teacher under-
lies the use and success of mentor and 
advising teacher programs (Shulman 
& Colbert, 1990). 
6. Instructional materials can play 

a critical role in teacher as well 
as curriculum change. 
Most educators think of teach-

ing and curriculum as two different 
components of the system, but we are 
quickly learning the power of mate-
rials to help teachers learn (Loucks-
Horsley et al., 1998; Friel & Bright, 
1997). Materials developed to teach 
students important concepts and skills 
represented in national standards, 
with teaching strategies that address 
a constructivist view of learning, help 
teachers try out new behaviors and 
experience for themselves what new 
forms of teaching look and feel like. In 
particular, teachers can see how these 
approaches work with students. Two 
professional development strategies 
use curriculum materials to support 
teacher learning (Loucks-Horsley 
et al., 1998). The first is curriculum 
implementation, in which a set of 
instructional materials is selected, 
teachers learn how to use them, try out 
materials, reflect on their experiences, 
and are supported over time to refine 
their use. The second is curriculum 
replacement (Burns, 1995), in which 
teachers try out a unit that embodies 
new teaching perspectives and strate-
gies, and document and discuss their 
experiences in order to “try on” new 
ways of helping students learn. Both 

strategies promise to influence both 
how teachers teach and the materials 
they use to do so. 
7. Professional development	 and 

organizationaldevelopmentmust 
be inseparable. 
The largest professional associa-

tion devoted to staff development, the 
National Staff Development Council, 
defines professional development as 
involving both individual and organi-
zational development. This is because 
we know that individuals are unlikely 
to sustain what they learn when their 
organization does not support them to 
do so. It is one reason why the “last 
wave of reform” in science educa-
tion,whichprovidedopportunities for 
individual teachers to attend summer 
institutes away from their schools and 
districts, fell far shortof itspotential to 
change teaching and learning in sub-
stantial ways. For teachers to change 
what they do with their students, the 
organizations within which they work 
must change, in two ways. First, their 
school districts must support teach-
ers’ changes (e.g., provide materials 
support and time for collaborative 
planning and reflection; focus teacher 
evaluations on the changes). Second, 
the organizations must themselves 
become learning organizations, valu-
ingexperimentationandcollaboration, 
encouraging deep examination and 
analysis of teaching and learning, 
and creating opportunities for extend-
ing and enhancing practice (Senge, 
1990; Shanker, 1990). Such schools, 
described by Rosenholtz (1989) as 
“learning enriched” are characterized 
by high levels of student as well as 
adult learning. Without organization 
development, individual teachers are 
unlikely to sustain their learning; with 
it, not only do teachers learn, but their 
students do as well. 

What We Need To Know 
Professional development is a field 

inwhich“definitive research”onwhat 
is effectivedoesnotexist (Frechlinget 
al., 1995). Like teaching, it is too com-
plex to understand by asking simple 
questions, it is highly influenced by 
factors out of control of either the pro-
fessional developer or the researcher, 
and its success depends greatly upon 
the goals and context, which are in-
diosyncratic to a given situation. The 
ideas discussed above capture what I 
believeweknow;theyhavecomefrom 
a combination of research, literature, 
and the “wisdom of practice”. In each 
case, we have some evidence, but we 
needcloserstudy,somemoreexistence 
proofs (i.e., examples of where and 
how these things work) to increase 
our certainty. As works-in-progress, 
professionaldevelopment efforts lend 
themselves to examination. While 
much can be learned from them to 
further the education community’s 
understanding of how different fac-
tors interact, including the people, 
the context, and the passage of time, 

Professional 
development initiatives
could benefit from 
understanding the
effects and trade-offs 
involved in selecting
different strategies, 
such as teacher 
leadership cadres, 
demonstration sites, and 
regional professional 
development centers. 
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they themselves can benefit from on-
going reflection and feedback. Such 
examination holds great promise for 
increasing our understanding of the 
role of professional development in 
systemic reform. 

As we examine current initiatives, 
here are some questions I think are 
important to ask: 
1. How can we move from under-

standinghowindividual teachers 
learnand howto help them?How 
do we support the growth of mil-
lions of teachers? 
Mathematics educators, in par-

ticular, have become very expert at 
understanding how teachers learn 
and what can help them (Ball, 1996). 
Science educators, on the other hand, 
have increased our understanding 
about what system components are 
needed to improve thepotentialof suc-
cess for change (St. John et al., 1994). 
The issue of scaling up, however, is 
still perplexing, as articulated well 
by Elmore (1996). We need to learn 
form the many systemic efforts cur-
rently underway, what mechanisms, 
strategies, and system elements make 
learning possible for such magnitude 
as all teachers in the nation. 
2. What are some ways of using 

scarce resources well, so that 
teachers have equitable access 
and opportunity to learn? 
It is widely acknowledged that for 

teachers to make the changes envi-
sioned in national and state standards, 
many hours and resources must be 
devoted to their learning. Yet by any 
metric, there are not enough resources 
available to provide every teacher in 
this country the opportunities they 
need.Professionaldevelopment initia-
tivescouldbenefit fromunderstanding 
the effects and trade-offs involved in 
selecting different strategies, such as 

teacher leadership cadres, demonstra-
tion sites, and regional professional 
development centers. What resources 
actually go to professional develop-
ment and in what various ways have 
they been focused? What are some 
examples of leveraging resources and 
how might they work in different set-
tings?Whatare therelativeadvantages 
and disadvantages of large-scale, less 
intense strategies, and those that go 
deep with fewer people? How can 
leadershipdevelopment, assessments, 
and instructional materials broaden 
the reach and impact of professional 
development? 
3. How do professional developers 

select among different strate-
gies, what combinations seem to 
work in what situations, and are 
particular strategies more useful 
for particular purposes? 
In ourcurrentbook,wehave identi-

fied 15 strategies and suggested that 
they can serve different purposes 
(Loucks-Horsley et al., 1998). Are 
there guides to selecting and com-
bining various professional learning 
strategies? 
4. What outcomes can be expected 

to result from professional devel-
opment programs, and how can 
they best be assessed? 
This relatively straight-forward 

question is fraught with pitfalls and 
subject to a multitude of responses. 
The demand on educators for ac-
countability dictates that professional 
development must have something 
to show for itself beyond participant 
satisfaction. Yet there are many well 
regarded arguments for why profes-
sionaldevelopmentcannotandshould 
not be examined for its impacts on 
some critical outcomes, e.g., student 
learning(Hein,1997). Is thisapolitical 
question,orcanresearchersshedsome 

light on the plausibility of drawing 
relationships between a professional 
development opportunity and such 
variablesasstudent learningor teacher 
behavior change? 
5. How can professional develop-

mentcontribute togreatercoher-
ence in the educational system? 
The recent and ongoing releases 

of data from the Third International 
Mathematics and Science Study point 
to thecritical importanceofcoherence 
in our approaches and support for 
teaching and learning. With either no 
helm or too many, teachers are forced 
to teach too many things superficially, 
with minimal time for reflection and 
improvement of their approaches to 
help students think and learn more 
deeply. How can professional devel-
opment help not only teachers, but 
educatorswithbroaderdecision-mak-
ing responsibilities, focus and make 
critical choices that will ultimately 
benefit students?

 References 
Acquarelli, K. & Mumme, J. (March, 

1996). A renaissance in mathematics 
education reform. Phi Delta Kappan, 
478-484. 

Ball,D.L. (March1996).Teacher learning 
and themathematics reforms:Whatwe 
think we know and what we need to 
learn. Phi Delta Kappan, 500-508. 

Burns, M. (1995). Replacement units: A 
direction for changing math instuc-
tion. 

Bybee, R. W. (Ed.) (1996). National 
Standards and the Science Curricu-
lum: Challenges, Opportunities, and 
Recommendations. Dubuque, Iowa: 
Kendall/Hunt Publishing Company. 

Elmore, R. F. (Spring 1996). Getting to 
scale with good educational practice. 
Harvard Educational Review, 66(1), 
1-26. 

Spring 1998 Vol. 7, no. 1 5 



 

 
      

   
    

      

    

      

     

     

   
    

    

     
     

   

     

   

 

    

    
    

     

 
    

 

      

   

    

    
    

 

    

   

       
      

     
    
     

     

Frechling, J. A., Sharpe, L., Carey, N., 
& Vaden-Kiernan, N. (1995). Teacher 
enhancement programs: Aperspective 
on the last fourdecades.Arlington,VA: 
National Science Foundation. 

Friel, S. N., & Bright, G. W. (Eds.) (1997). 
Reflecting on our Work: NSF teacher 
enhancement in K-6 mathematics. 
Lanham, MD: University Press of 
America. 

Fullan,M.G.(1993).Changeforces:Prob-
ing the depths of educational reform. 
New York: Falmer Press. 

Fullan, M. G. (1991). The new meaning 
of educational change. New York: 
Falmer Press. 

Fullan,M.G. (1996).Turningsystemic re-
form on its head. Phi Delta Kappan. 

Hall, G. E., & Hord, S. M. (1987). Chang-
ing schools: Facilitating the process. 
Albany, NY: State University of New 
York Press. 

Hein, G. (1997). The logic of program 
evaluation:Whatshouldweevaluate in 
teacher enhancement projects? In S. N. 
Friel & G. W. Bright (Eds.) Reflecting 
onourwork:NSFteacherenhancement 
in K-6 mathematics. Lanham, MD: 
University Press of America. 

Honig, B. (June 1994). How can Horace 
best be helped? Phi Delta Kappan, 
790-796. 

Lieberman, A. & McLaughlin, M. W. 
(1992). Networks for educational 
change:Powerful andproblematic.Phi 
Delta Kappan, 673, 677. 

Little, J. W. (1982). Norms of colleagial-
ity and experimentation: Workplace 
conditionsofschoolsuccess.American 
Educational Research Journal, 19 (3), 
325-40. 

Little, J.W. (1993).Teachers’professional 
development inaclimateofeducational 
reform. Educational Evaluation and 
Policy Analysis, 15(2), 129-151. 

Loucks-Horsley, S. (1997). Teacher 
change, staff development, and sys-
temic change: Reflections from the 
eye of a paradigm shift. In S. N. Friel 

& Bright, G. W. (Eds.) Reflecting on 
our work: NSF teacher enhancement 
in K-6 mathematics. Lanham, MD: 
University Press of America. 

Loucks-Horsley, S., Hewson, P. W., Love, 
N., & Stiles, K. E. (1998). Designing 
professional development for teachers 
of science and mathematics. Thousand 
Oaks, CA: Corwin Press. 

Loucks-Horsely, S., Stiles, K. E., & 
Hewson, P. W. (1996). Principles of 
effectiveprofessionaldevelopment for 
mathematics and science education: 
A synthesis of standards. NISE Brief, 
1(1), 1-6. 

Louise, K. S., & Miles, M. B. (1990). 
Improving the urban high school: 
What works and why? NY: Teachers 
College Press. 

National Council of Teachers of Mathe-
matics. (1989).CurriculumandEvalua-
tionStandardsforSchoolMathematics. 
Reston, VA: Author. 

National Research Council. (1996). Na-
tional Science Education Standards. 
Washington, D. C.: National Academy 
Press. 

Nelson, B. S. (Ed.) (1995). Inquiry and 
the development of teaching: Issues 
in the transformation of mathematics 
teaching. Center for the Development 
ofTeachingPaperSeries.Newton,MA: 
Education Development Center. 

Rosenholtz, S. (1989). Teachers’ work-
place: The social organization of 
schools. New York: Longman. 

Schifter, D. (1995). Teachers’ changing 
conceptions of the nature of math-
ematics: Enactment in the classroom. 
In B. S. Nelson (Ed.) Inquiry and the 
development of teaching: Issues in the 
transformation of mathematics teach-
ing. Center for the Development of 
Teaching Paper Series. Newton, MA: 
Education Development Center. 

Senge, P. M. (1990). The fifth discipline: 
The art and practice of the learning 
organization. New York: Doubleday. 

Shanker, A. (1990). Staff development 
and the restructuredschool. InB. Joyce 
(Ed.) Changing school culture through 
staff development. Alexandria, VA: 
Association for Supervision and Cur-
riculum Development. 

Shulman, J. H., & Colbert, J. A. (1987). 
The mentor teacher casebook. San 
Francisco: Far West Laboratory. 

Shulman, L. (1987). Knowledge and 
teaching: Foundations of the new 
reform. Harvard Educational Review, 
57, 1-22. 

Sparks, D. (1994), March 16). Aparadigm 
shift in staff development. Education 
Week. 

St. John, M., Century, J. R., Tibbits, F., 
& Heenan, B. (1994). Reforming 
elementary science education urban 
districts: Reflections on a conference. 
Inverness, CA: Inverness Research 
Associates. 

Susan Loucks-Horsley is Director of the Pro-
fessional Development Project at the National 
Institute for Science Education, Mathematics, 
andEngineeringandis theProgramDirectorfor 
Scienceand MathematicsatWestEd.Her work 
at the NRC includes promoting, supporting, 
andmonitoringtheprogressofstandards-based 
education, especially the National Science 
EducationStandards.AtWestEd, sheprimarily 
leads the evaluation team for the California 
Statewide Systemic Initiative, which supports 
mathematicsandsciencereformthroughout the 
state. The focus of Loucks-Horsley’s work is 
developing approaches, products, and train-
ing tools for the professional evaluation and 
development of both educators and teaching 
programs. 

Science educator 6 



  

    
  

   
      

   
    

    

 

     

   

    

    

      

 

 

 

Kenneth W. Miller and David Davison 

Is Thematic Integration the

Best Way to Reform Science and 


Mathematics Education?
 
Attention to paradigmatic change in teaching pedagogy is central to the success 

of thematic integration in science and mathematics. 

Many of the current writings 
regarding curriculum development 
emphasizing teaching and learning 
suggest that toprovideamorerelevant, 
and consequently more motivational, 
learning experience for the student, 
teachers need to integrate the various 
disciplines (Jacobs, 1989; Lipson, 
Valencia, Wixen, & Peters, 1993; 
Berlin, 1991). The idea of subject area 
integration, though having a long his-
tory, continues to be a popular trend 
in educational circles. Accordingly, 
attempts to decompartmentalize edu-
cation and integrate individual disci-
plines, to implementblockscheduling, 
or to institutionalize elementary and 
middle school philosophy are quite 
common in school change and school 
reform research (Aldridge, 1989; Ber-
lin & White, 1994; Davison, Miller & 
Metheny 1995). In addition, there is 
a fervor regarding the latest neurosci-
encefindingsand their relationships to 
the learning of children. In this milieu 
of school and curricular reform, the 
time has come to re-evaluate the cur-
rent approach to thematic integration 
of the curriculum. 

Integration models have been 
shown to increase instructional time 
and to help to enhance the learning 
of children (Jacobs, 1989). In addi-

tion, Colvin and Ross (1991) suggest 
that integration can change teaching 
techniques from the dissemination of 
isolated facts to a technique to help 
students construct knowledge that is 
meaningful and interrelated. The key 
to successful integration is that it must 
encourage a deeper understanding of 
one discipline, say science, by using 
another discipline, say mathematics. 
Though the integration of subjects 
provides for meaning to follow the 
activity, efforts to help teachers di-
versify their integration models to 
include multiple integration teaching 
strategies have proved deceptive. In 
most instances, attempts to integrate 
have been held to only one method 

In most instances, 
attempts to integrate
have been held to 
only one method
of integration—
thematic—with little 
change in teaching
methodology or
pedagogy. 

of integration—thematic—with little 
change in teaching methodology or 
pedagogy. We will argue that thematic 
integration without the accompany-
ing paradigmatic change in teaching 
pedagogy results in little benefit to 
the learner, especially in science and 
mathematics. Further, the ramifica-
tions to the rigor of the individual 
disciplinesofscienceandmathematics 
modeling only thematic integration 
are quite diminished. Consequently, 
we have become more cautious when 
viewing the integration practices as 
observed in textbook and classroom 
presentations. 

Alternative Approaches to 
Integration 

Several models of integration have 
been discussed in the literature (See 
Jacobs, 1989; Davison, et al., 1995; 
Lonning & DeFranco, 1997; Miller, 
Metheny, & Davison, 1997). One type 
of integration (such as discipline-spe-
cific) found readily in the secondary 
school classroom integrates the vari-
oussubjectcontentareaswithinagiven 
discipline. Consider as an illustration 
the integration of biology, anatomy, 
chemistry and physics in one unit or 
lesson. A student could be studying 
the heart as a biological system in 
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biology, the structure of the heart in 
anatomy, the makeup of the blood in 
chemistry and fluid motion in physics. 
Discipline-specific integration con-
tinues to maintain the integrity of the 
discipline while attempting to provide 
relevancy to thestudentwithappropri-
ate examples and experiences. 

Another model, content-specific 
integration, attempts to integrate the 
content area objectives of one disci-
pline with the content area objectives 
of a different discipline. An activity 
is planned which will involve instruc-
tion in each of these objectives. It is 
“content-specific” because it does not 
deviate fromthepreviouslydeveloped 
curricula,but rather infusesoneobjec-
tive from each discipline (see Miller, 
et al., 1997). Suppose that the teach-
ers are beginning a unit in science on 
the lever and a unit in mathematics 
on proportions. In an activity such as 
this, the students would be problem 
solving, using proportional reasoning 
in mathematics while solving for the 
law of the lever in a physical science 
class. Content-specific integration 
could develop the contextual under-
standing of both disciplines in one set 
of unit activities. 

Process integration is a type of 
integration that, more specifically, is 
concerned with the process of learn-
ing. By conducting experiments and 
collecting data, analyzing the data, 
and reporting the results, students 
experience the processes of science 
and perform the needed mathematical 
operations at a standards level. In this 
integration model, the teacher relies 
heavily on the nature and philosophi-
cal beliefs of the national standards 
in mathematics and science. Looking 
at science and mathematics from a 
process approach (i.e., the doing of 
science and mathematics) becomes 
more important than actual mastery 

Process Integration 
Scientific Processes K-4 Mathematics Standards 

• Experimenting • Problem Solving 
• Observing • Reasoning 
• Predicting • Estimation 
• Inferring 
• Testing Hypotheses 
• Controlling Variables 
• Communication • Communication 
• Using Space Relationships • Geometry and Spatial Sense 
• Patterns and Relationships 
• Relevancy • Connections 
• Using Numbers • Number Sense and Numeration 

• Whole Number Operations 
• Whole Number Computation 
• Fractions and Decimals 

• Measuring • Measurement 
• Interpreting Data • Statistics and Probability 
• Classifying 
• Defining Operationally 
• Using Time Relationships 

of the discipline content commonly 
presented in textbook approaches. 
Studentswouldbeclassifying,predict-
ing, estimating, and hypothesizing as 
major learning requirements. The use 
of these processes as the approach to 
student learning becomes the impor-
tant part of the curriculum, not the 
end product as measured by various 
institutionalized tests. 

Thematic integration, as the name 
infers, integrates various disciplines 
around a central theme. Thematic, 
by its nature, is a holistic approach to 
learning. The thematic approach be-
ginswitha theme,whichthenbecomes 
the medium for all the disciplines to 

interact. Teachers plan together and 
developtheseunitsprior to instruction. 
The purpose is to provide relevancy to 
the learner regarding the school disci-
plinesand the interactionof thenatural 
world. Several researchers suggest 
that the brain’s tendency to consider 
the entire experience just might reflect 
the need for thematic integration. For 
example,Ausubel (1963)claimed that 
the learner’s brain has a pre-existing 
cognitive structure into which new 
learningmustbe assimilated. Thus the 
brain functions like a scaffold or set 
of pigeon holes and new information 
is processed according to the learner’s 
prior experiences. In this way the 
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learner processes, not isolated bits of 
information,butpatternsofknowledge 
that fit together in a meaningful way. 
Sylwester (1995) maintains that the 
neural networks we are born with will 
adapt to the changing environments. 
Consequently, it is the teachers and the 
parents who need to guide and shape 
an environment that is stimulating 
enough for students to work alone or 
in groups to solve specific problems. 
Gardner’s (1993) work with Multiple 
Intelligences has led to interesting 
discussions in the new brain theories. 
As Sylwester explains, innate brain 
capabilities and experiences combine 
together to form the basis of each 
individual’s development on multiple 
intellegences. What this suggests is 
that the school’s role in curricular 
design not be simply to accommodate 
individual differences, i.e., multiple 
intellegences, but rather to enhance 
thedevelopmentof these intellegences 
through appropriate experiences. In 
theory, thematic integration should 
provide the “big ideas” necessary to 
stimulate these experiences and con-
sequently to enhance learning. 

As an example, consider a central 
theme of the reintroduction of the 
wolf into Yellowstone National Park. 
Around a theme such as this, teachers 
can plan lessons to incorporate each 
discipline. (See Figure 1.) 

As the figure implies, each dis-
cipline melds content and activities 
that will enhance the relevancy of the 
theme. Specifically, science activities 
all focus around the concept of habitat 
and predator-prey relationships, ap-
propriate to thegradelevelandabilities 
of the student. Thematic integration 
strategies, like this one, can add to 
the body of knowledge and provide 
pertinent learning opportunities for 
the students. Generally, they tend to 
involve timely topics that are of genu-

ine interest to the students. Examples 
haveincludedthethemeofspacetravel 
following the Challenger accident, or 
on a smaller scale the theme of ‘kites’ 
during windy March days (McDonald 
& Czerniak, 1994). 

Thematic integration is usually 
developed by an individual teacher, 
or a group of teachers, and generally 
at the same grade level. Within the 
middle school philosophy, thematic 
integration is considered central. 
Teachers plan their unit in groups, 
first coming up with a theme and 
then assigning content activities to 
that theme. Though this does provide 
relevancy and connectivity, several is-
sues with thematic integration remain 

problematic. There are certain trade-
offs, and many are at the expense of 
the rigor of the scope and sequence of 
the individual discipline. 

Issues in Thematic Integration 
In an examination of the tradeoffs 

of thematic integration, let us first look 
at the needs of teachers being asked 
to teach in a thematic way. Several 
requisites come to mind. First, teach-
ers are themselves taught in isolated 
disciplinesinbothcontentandmethod-
ologies. Teacher training institutions 
have not adequately prepared teachers 
to make the transition from an isolated 
subject-based curriculum to a more 
integrated one, even at the elementary 

Figure 1 

Science 
Role of the Wolf 
in the Ecosystem 

Predator/Prey
relationships 

Threatened, and 
endangered species 

Reading 

Discuss how children’s 
books have portrayed

the wolf throughout
history. Read several 
literature-based wolf 

books. 

Mathematics 

Population studies 

Exponential Growth
Curves 

The Re-introduction of 
the Wolf in Yellowstone 

Social Studies 
Comparison of Wolf 

culture to human 
culture 

Territorial Rites of 
Practice 

Differing Points of 
View - Issues in 

Society 

Art 

Drawing
Ecosystems 

Predator versus 
prey heads 

Music 

Using wolf
howls to create 

background music 
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level.Consequently, teachers in theel-
ementaryandsecondaryschoolsystem 
have difficulty thinking in a holistic 
and integrated fashion. Through no 
fault of their own, elementary teach-
ers do not have the depth or breadth 
of content knowledge to be comfort-
able to deviate substantially from the 
textbook presentation. 

Second, teachers are not provided 
adequate teacher inservice on ap-
propriate integration techniques and 
team building within the school. The 
professional development tends to be 
organizational and logistical, rather 
than centering around appropriate 
curriculum revision. Consequently, 
there isa tendencyforprofessionalde-
velopment activities to be procedural 
and recipe-oriented, rather that con-
ceptual in nature. Most professional 
development is a one-shot, shotgun 
approach; however, on-going profes-
sional development must occur, and 
the commitment of the school district 
to this endeavor must be valued. 

Third, integration takes consider-
able time to develop. Many schools 
seeking a thematic approach to inte-
gration do not provide for adequate 
planning time to meet with other 
professionals and to do research on 
the theme strand. Instead, the little 
time provided is quickly used up with 
house-keeping chores, while atten-
tion to curricular reform tends to be 
superficial. 

Fourth, with the advent of the new 
formsof teachingandcontentdelivery, 
teachersmustalsobepreparedtoassess 
the learning in new ways. In practice, 
thisdoesnotoccurbecausemost teach-
ingcontinues in the traditionalmanner 
and, consequently, so does the testing. 
The pedagogical thinking of thematic 
integration requires that teachers shift 
in their paradigmatic views of teach-
ing, learning, and assessment (Miller, 

et al., 1997). The National Standards 
in both mathematics and science sug-
gest assessment that is more authen-
tic. Alternative forms of assessment 
would seem a necessary component 
to assess the learning from thematic 
integration. Teaching, learning, and 
assessment practices grounded by a 
more constructivist pedagogy must 
juxtaposewith theholistic approaches 
embedded in thematic integration. 
In essence, thematic integration has 
changed the curriculum organization 
of theclassroom,butnot thepedagogi-
cal philosophy of the teacher. 

Curriculum planners and adminis-
trators generally assume that the cur-
riculum is well articulated vertically. 
Mostdistrict curriculumplanners sub-
scribe to a scope and sequence based 
upon individual disciplines (actually 
based on the Tyler Model). Thematic 
integration many times will disregard 
thedistrict curriculumin lieuofactivi-
ties and objectives the planning grade 
level teachersdeemappropriate. Ines-
sence, it throws out clearly articulated 
scope and sequence charts. The goals 
and objectives normally included in a 
grade level curriculum become disag-
gregated. It would not be uncommon 
for students to be exposed time and 
again to similar concepts. Granted 
that planned multiple exposures to a 
concept is important in a vertical cur-
riculum, thematic integration attacks 

Alternative forms 
of assessment would 
seem a necessary
component to assess the 
learning from thematic 
integration. 

this problem in a manner that is at best 
haphazard. 

Thematic Integration and 
Constructivist Teaching 

Many educators are discussing 
the role of constructivist teaching in 
the schools. The major thrust in the 
National Science Education Stan-
dards (1996) and the Curriculum 
and Evaluation Standards in School 
Mathematics(1989)is thetrendtoward 
constructivist teaching techniques in 
the classroom. Clearly, in order for 
this initiative to be successful, teach-
ers must first understand, practice, 
and implementconstructivist teaching 
practice. Brooks and Brooks (1993, 
pp. 103-118) have assembled a list of 
descriptors for constructivist teaching 
practice. The following twelve de-
scriptors suggestamoreconstructivist 
classroom: 
�.	 Encourage and accept student 

autonomy and initiative. 
2. Userawdataandprimarysources, 

along with manipulative, interac-
tive, and physical materials. 

3. When framing tasks, use cogni-
tive terminology, such as classify, 
analyze, predict, create, and so 
on. 

4. Allow student thinking to drive 
lessons, and shift instructional 
strategies or alter content based 
on student responses. 

5. Inquire		about students’ under-
standings of those concepts. 

6. Encourage students to engage in 
dialogue, both with the teacher 
and with one another. 

7. Encourage student inquiry by 
asking open-ended questions of 
studentsandencouragingstudents 
to ask questions of others. 
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8. Seek elaboration of students’ ini-
tial hypotheses, and then encour-
age a discussion. 

9. Engage students in experiences 
thatmightengendercontradictions 
tostudents’initialhypotheses,and 
then encourage a discussion. 

10. Allowwait timeafterposingques-
tions. 

��. Provide time for students to con-
struct relationships and create 
metaphors. 

12. Nurturestudents’naturalcuriosity 
through frequent use of the learn-
ing- cycle model. 

Classrooms using constructivist 
techniques would be doing inquiry 
based science and mathematics. The 
connectiveness and relevancy of 
the curriculum stems from the prior 
knowledge and experiences of the 
students. The teacher acts as a guide 
to lead the students into appropriate 
additional learning experiences and in 
some cases to correct preconceptions 
that are inaccurate. The goals and ob-
jectivesareclearwithin thecurriculum 
thathasa scopeandsequence.Thedif-
ferencethenis inthemethodologyused 
to encourage students to explore new 
ideas and concepts. The constructivist 
teacher uses multiple teaching strate-
gies to accomplish this goal. 

Even though constructivist tech-
niques are more holistic and thematic 
integration is also holistic, it does not 
follow that thematic integration is 
constructivist. Thematic integration 
is a method of curriculum organiza-
tion. Constructivism is a teaching 
and learning methodology. Though 
they can and sometimes do overlap, 
they are separate and individual con-
cepts. Figure 2 lists the constructivist 
teaching strategies in contrast with 
the thematic integration curriculum 
organization. 

Figure 2 

Descriptors of Present in Thematic 
Constructivist Teaching Practices Integration 

1. Encourage and accept student autonomy No, only valid if teacher
and initiative. chooses. 

2. Use raw data and primary sources, along No, will not occur if teacher 
with manipulative, interactive, and physical plans this into the lesson.
materials. 

3. When framing tasks, use cognitive No, will not occur unless 
terminology, such as classify, analyze, teacher is aware of these 
predict, create, and so on. processes and chooses to

have students use them. 

4. Allow student thinking to drive lessons, and No, content has been planned
shift instructional strategies or alter content in advance.
 
based on student responses.
 

5. Inquire about students’ understandings of No, teacher must bring into
those concepts. account prior knowledge.

Thematic planning in
advance to the lesson is 
not conducive to infusing
students’ prior knowledge. 

6. Encourage students to engage in dialogue, No, the structure of the lessons 
both with the teacher and with one another. in thematic integration does

not automatically assume
that peer learning will be
encouraged. 

7. Encourage student inquiry by asking No, questioning strategies is
open-ended questions of students and a teacher skill and is not 
encouraging students to ask questions of necessarily a component
others. part of thematic integration. 

8. Seek elaboration of students’ initial No, again, the methodology the
hypotheses and then encourage a teacher chooses to instruct 
discussion. students does not require

constructivist strategies. 

9. Engage students in experiences that No, not a component to teacher
might engender contradictions to students’ directed approaches to
initial hypotheses, and then encourage a thematic integration.
discussion. 

10. Allow wait time after posing questions. No, can be a component of any
instructional strategy or
teaching model. 

11. Provide time for students to construct No, should be a strategy used
relationships and create metaphors. in any classroom. 

12. Nurture students’ natural curiosity through No, methodological in nature.
frequent use of the learning- cycle model. 
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Conclusion 
We have observed through the inci-

dence of presentations at professional 
meetings, forexample, that the topicof 
curriculum integration is currently in 
vogue. In this paperwehave identified 
various meanings typicallyassociated 
with the integration of science and 
mathematics.Mostof theseintegration 
approachespreservetheintegrityof the 
science and mathematics disciplines. 
We have, however, raised questions as 
towhether thematic integrationfulfills 
this requirement. We have noted that 
thematic integration typicallydoesnot 
address either the content or process 
objectives of science or mathematics 
curricula. 

Many educators today suggest that 
students learn more effectively when 
a constructivist teaching approach is 
used. Others suggest that thematic 
integration, being holistic in its de-
sign, is a natural way for students 
to draw on their own experiences in 
achieving curriculum integration. Is 
it possible for thematic integration 
learning to be constructivist? Perhaps 
the best approach to thematic integra-
tion is first and foremost pedagogical. 
Teachers need to become aware that 
simply connecting various disciplines 
togetherdoesnotchangemethodology 
or pedagogy. As teacher educators, we 
need to realize that it is not enough 
to stress the connection between and 
among disciplines. Rather, we need 
to encourage teachers to think more 
about effective pedagogy than about 
curriculumorganization.Accordingly, 
we propose that thematic integration, 
in order to respond to the concerns 
identified in this paper, must focus on 
keyconcepts (organizing ideas), rather 
than on specific curriculum content. 
We suggest that thematic integration 
is indeed a potentially powerful tool 
to assist teachers integrate concepts in 

science, mathematics, and other disci-
plines, but that teacher educators and 
curriculum designers must accept re-
sponsibility forhelping teachers focus 
attention on key concepts, rather than 
on isolated items of information. 
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Richard A. Huber and Christopher J. Moore 

Writing Winning Proposals:

Five Rules in Honor of
 

Proposal Reviewers
 
Practical information and recommendations are 

presented for writing winning proposals 

What makes some people so suc- damental core principle” of effective Rules for Writing Proposals
cessful in their grant proposal writing procedure writing (Wieringa, Moore, Considerations of the interests and 
efforts? At times it may seem that a & Barnes, 1993, p.191). We think that needs of proposal reviewers suggests 
select group consistently receives this core principle is also valid for five rules for proposal writing, which 
funding for projects—as if you have proposal writing. As stated by Wier- have been organized into three groups 
to be in the loop to win grants or other inga and his colleagues, “The global in the following discussion.
research funding obtained through the principle, simply stated, is ‘honor thy 

Rules About Shooting Yourself processofwritingandsubmittingwin- user’” (Wieringa et al, p. 191). 
in the Foot – or Not ningproposals.Althoughit ishelpful to Method

read what successful proposal writers Even the most minimal analysis 
Thisarticlepresentsfiverecommen-suggest (e.g., Battagalia, 1995; Mof- of the processes by which proposals 

dations for writing winning proposals fat, 1994; Bailey, 1985), we think that are reviewed suggests a few ways 
suggested by the credo of “honor thy the needs of proposal reviewers also that many writers may unknowingly 
user,” with proposal reviewers seen as warrant consideration. In considering sabotagetheirefforts.Consider thefol-
the honored users. We focused on two their needs, we adopted an approach lowingtypical scenario.Yourproposal 
lines of inquiry in our assessments of common in the field of technical has been receivedbya funding agency 
the needs and interests of these users. communications that considers such and is one of the 50 or more tomes (of 
Firstweconsidered, inageneral sense, reviewers from two viewpoints. As perhaps 20 to 50 pages each) stacked 
the nature of the processes involved in the audience of the proposals we in piles on the reviewer’s desk. The 
proposal review cycles. We also con-write, these reviewers have the same 
sidered information provided directly needs any audience has for readable 
fromfundingagencies regardingwhat documents. Thus, the tool of audience 
they (their reviewers) want to see in analysis is appropriate in assessing 
proposals. The agencies listed below their needs. Additionally, the fact Even the most
provided this input at workshops in that the proposals are read to support minimal analysis ofwhich they provided recommenda-another task—makingdecisionsabout 
tions to proposal writers: the processes by which allocations of funding—points to the 

need for a task analysis. It is an axiom • National Institute of Health proposals are reviewed 
of technical communications that ef- • National Science Foundation suggests a few waysfective documents are rooted in these 

• Environmental Protection Agency analyses, that is, in considerations of that many writers may
• Department of Educationaudience and use. For example, Wi- unknowingly sabotageeringa and his colleagues characterize their efforts. such an approach as, “the single fun-
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reviewer’s jobis torearrangethestacks 
of proposals so that a few of them go 
into a “maybe” pile while almost all of 
them go into the “no way” pile. If you 
are planning on that punchy climax on 
page 49 selling your proposed ideas, 
you have already lost. Page 49 will 
not be read—not by this reviewer. In a 
similarvein, reviewersmayseesloppy 
proposals as consequences of sloppy 
thinking and sloppy work in general. 
If your proposal has a typographical 
error in its first sentence, it may not 
matter that you then went on to spell 
the name of the funding agency cor-
rectly the other 15 times you used it. 
Proposal reviewers may reach a “no 
way” decision after reading no more 
than the abstract or the abstract and a 
few pages of a proposal. Consider the 
following words of wisdom that Mof-
fat (1994) passes on from a National 
Science Foundation spokesperson: 

NSF’s Steinberg says many sci-
entists “shoot themselves in the 
foot by not following guidelines, 
by general sloppiness and poor 
grantsmanship.” They fail to edit, 
to proofread, to include references 
they have cited, or to give clear 
explanations for figures they have 
provided. . . . their failingsare irritat-
ing to their peers who are trying to 
review their proposals. (p. 1921) 

Rule # 1: Respond fully and clearly 
to proposal specifications as they 
are stated in the RFP. 
The systems by which funding 

agencies review proposals are not like 
our judicial system, which requires a 
presumption of innocence until guilt 
is proven beyond a reasonable doubt. 
To the contrary, funding agencies 
typically screen proposals through a 
process that seems to presume each 
proposal is inadequate unless proven 
otherwise. This underlying philoso-

phy, it should be remembered, reflects 
the constraints of reality rather than 
preferencesofreviewers.Theagencies 
who fund proposals expect that they 
will reject many proposals and have 
substantial interests in rejecting them 
for the right reasons. Thus, funding 
agencies provide RFPs containing 
detailed instructions to help ensure 
that the screening process is not arbi-
trary and capricious. Remember the 
RFP? That poor soul with a desk full 
of proposals to sort remembers it. In 
fact, he or she might have even helped 
design the proposal-review-checklist 
that is based upon the RFP specifica-
tions. Busy proposal reviewers often 
use worksheets such as checklists or 
scoresheets toassist theminevaluating 
proposals. If the connection between 
somecriticalbitof information inyour 
proposalandthe itemontheworksheet 
can’t be readily made, it is apt to be 
missed. Typically, these forms follow 
the organization and word choices 
used in the RFPs. Consequently, it is 
important that your proposal address 
the topics requested in the RFP and 
that it does so in the same sequence 
as the RFP. 
Rule #2: Honor key minimal expec-

tations by meeting deadlines and 
editing your work. 
To the best of our knowledge, no 

grant proposal has ever won a major 
literary award, and reviewers are not 
looking for Hemingway. Further, 
gold-edged paper is not warranted. 
Nonetheless,westronglyadvocate that 
proposal writers adhere to a few gen-
eral expectations of professionalism. 
Proposalsmustmeetdeadline require-
ments. Make sure that you know not 
only when the deadline is, but exactly 
how it is defined. Typically deadlines 
specify the date by which your entry 
must be postmarked. However, the 
RFP may state the date by which 

proposals must be received. Almost 
always, proposals that miss deadlines 
are disqualified. Additionally, we 
highly recommend that all proposals 
receive theeditorial careand thorough 
reviews that they deserve. 

If it is not possible to include thor-
ougheditingandreviewintheproposal 
review cycle, we recommend that, at 
a minimum, you edit and review your 
proposal toguardagainst thefollowing 
three types of pitfalls: 
1. Review your proposal for anything 

that might be problematic in terms 
of legal issues and the policies of 
yourorganization. Issuesofconcern 
are varied and significant, ranging 
from contractual implications em-
bodied in the proposal to issues of 
potential conflict of interests. 

2. Check the integrity of the final as-
sembled proposal package. That 
is, make sure that all the pieces are 
there and in the right order. 

3. Ensure that your proposal receives, 
at the very least, a once-over copy 
edit. Conspicuous typographical 
errors and profound violations of 
grammatical conventions make 
proposals difficult to read and can 
raise red flags for reviewers. Your 
proposal is, after all, a sample of 
your work. A conspicuous absence 
of copy editing may raise sufficient 
red flags to disqualify an otherwise 
sound proposal. 

Rule#3: Giveveryseriousattention 
to the abstract. 
There are two general approaches 

to writing proposal abstracts. The 
first approach views the abstract as a 
simple summary of the proposal that 
you write because the RFP said to 
(or because you always have before). 
Practitioners of this approach, write 
theabstractduring thatwindowof free 
time that occurs right after they have 
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called the overnight express service 
(while waiting for the last pages of 
the proposal body to come off the 
computer’sprinter).Championsof the 
alternative, more informed, approach 
view the abstract as potentially the 
only portion of a proposal reviewers 
will ever read. It is important to note 
thatwhilenoproposaleverwinssolely 
upon an abstract, many lose because 
of their abstracts. Thus, the abstract 
must not only accurately summarize 
the proposal, but do so in a way that 
grabs the reader. It takes time and ef-
fort to write a solid abstract that serves 
these functions well. Make sure that 
you devote the resources to the task 
of writing the abstract that it deserves. 
Have others review it and, of course, 
check it carefully against the contents 
and wordings of the RFP. 

Rule Pertaining to 
Document Design 

We have discussed issues of docu-
mentdesign(theold terminologyfrom 
the world of paper publications for 
what is now called “look and feel” in 
electronic information systems). For 
example, the first rule addresses the 
need for your proposal to have a look 
and feel that relates to the lookandfeel 
of the RFP. You will further enhance 
your chances of success if you apply 
a bit of good judgment and standard 
wordprocessingexpertise indesigning 
yourproposal so that it isattractiveand 
easy to use. Again, just as you don’t 
need to be an award-winning novelist 
to write a compelling proposal, you 
don’t need to be an expert in desktop 
publishing toproduce a well-designed 
one. 
Rule # 4: Convey information visu-

ally as well as through words. 
How text is formatted and placed 

upon the page can provide a lot of 
information. Further, a little bit of 

sound document design strategy goes 
a long way. For example, it takes little 
effort tousewell-designedheadings to 
reveal the organizational structure of 
yourdocument.Showthehierarchy of 
headingsbyusinganorderedsequence 
of cues in the placement and/or typog-
raphy of your headings. Use several 
cues to emphasize the importance of 
your highest level headings and then 
systematically make each lower-level 
heading look more like the text in the 
body of your proposal. For example, 
you might use a combination of three 
cues to distinguish the main headings 
inyourproposal—format theheadings 
using centered justification, bolding, 
and full capitalization. When format-
tingsecondlevelheadings,manipulate 
one of the three text variables to make 
the textmoresimilar to thebodytext— 
continue to use centered justification 
and bolding, but step down to initial-
lettercapitalization.Format third level 
headings using left justification rather 
than centering the text. Text variables 
that can effectively reveal such pro-
gressions include font size, font case, 
line justification, underlining, italics, 
outline-stylenumberingschemes, and 
outline-style patterns of indentation. 
Numbered lists, bulleted lists, charts, 
tables, anddiagrams are alsoexcellent 
tools for organizing and presenting 
certain types of information. 

Do not, however, get carried away 
with typographic cues such as font 
changes and the use of underlining, 
bolding, and italics. Remember, if 
everything is emphasized, nothing 
is emphasized. A wealth of research 
in technical communications shows 
that such cues communicate most 
effectively when they are applied 
sparingly, consistently, and logically. 
For example, readers probably won’t 
understandmore thanabout four levels 
of hierarchy in a system of headings 

and subheadings, so avoid sixth- and 
seventh-levelheadings.Avoiddisplays 
that are hard to read—such as extrava-
gant font stylesand largeblocksof text 
set in all capital letters. 

Consider the importance of white 
space.Elementssuchasheadings, lists, 
and tablesconvey information, inpart, 
by creating white space. Headings 
create a break in the paragraph-by-
paragraph flow of text and show what 
is grouped with what. Lists, charts, 
and tables serve the same functions 
on smaller scales. It is much easier 
to scan through a list or a table than 
it is to read a running stream of text. 
Further, the white space that these 
techniques create makes a document 
seem less formidable and more invit-
ing. While it may be tempting to shun 
white space in order to cram as much 
information as possible within page 
limits, the result is likely to be a docu-
ment that is hard to read and harder 
to understand (Wieringa et al., 1993, 
SpyridakisandWenger,1990).Moffat 
(1994) documented a situation where 
reviewers objected to reading propos-
als for precisely this reason: 

At NSF. . . the agency issued new 
rules stating that the project de-
scriptions could be only 15 pages 
long—in 10 to 12 point type. The 
latter requirement was added, says 
Steinberg,because therearealways 
a few researchers who drop to a 
smaller font to fit everything in. 
Often, such proposals are returned 
for revision without even being 
read. (p.1921) 
Ensure that your visual displays 

such as lists and tables are set up 
logically. For example, use bullets for 
listed items where order is irrelevant 
and numbered lists for items where 
sequenceis important.Designdisplays 
to support the tasks for which they are 
intended. 
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Table 1 - Example of a poorly designed table 

Exam Schedule – Fall 1997 
EXAM TIMES 8:00-11:00 11:30-2:30 3:00-6:00 7:00-10:00 

Friday
December 12 

9:30 a.m. TR 12:30 p.m. TR 11:00 a.m. 
MWF 

6:00 p.m. MW 

Saturday
December 13 

9:00 a.m. 
MWF 

12:00 p.m.
MWF 

2:00 p.m.
MWF 

7:30 p.m. TR 

Monday
December 15 

10:00 a.m. 
MWF 

8:00 a.m. TR 2:00 p.m. TR MAT 111 

Tuesday 
December 16 

ENG 101 PED 101 6:00 p.m. TR 

Wednesday 
December 18 

8:00 a.m. 
MWF 

11:00 a.m. TR 1:00 p.m.
MWF 

7:30 p.m. MW 

Thursday
December 19 

3:30 p.m. TR 3:00 p.m.
MWF 

5:00 p.m. TR 4:00 & 5:00 p.m.
MWF 

Consider the table shown in Table 
�, which has been copied from a table 
provided touniversity students in their 
registration materials. The table was 
designed as a tool for students (and 
faculty) to use to look up the sched-
uled times of final exams. Although 
it is possible to find exam times from 
the table, the table fails to effectively 
support users in the performance of 
that task. If you can figure out what is 
wrong with this table, you understand 
the basic concept of designing text to 
support user needs. 

To find the time of an exam for a 
given class, using the table shown in 
Table �, it is necessary to search the 
cells of the table to find the cell that 
states when that class meets during 
the semester. For example, if your 
class meets at 4:00 p.m. on Mondays, 
Wednesdays, and Fridays (and it is not 
ENG. 101, PED 101, or MAT 111), 
thenyouwouldsearchout thecellat the 
lower right corner of the tableasan en-

try point. To make matters worse, you 
may need to find the time that is clos-
est to when your class meets—check 
your work carefully. After completing 
that unnecessarily difficult task, it is 
necessary to track from the selected 
table cell to its corresponding row and 
column headings—to Thursday, Dec. 
19 at 7:00 p.m. using our previous 
example. Notice that after tracking to 
one heading, you must hold the infor-
mationitprovides insomemanner—in 
memory or by pointing to it—while 
you track the other heading. Finally, 
you are forced to mentally assemble 
the two pieces of information—day 
and time—to find the answer. The 
process is complicated because the 
table organization is incongruent with 
its intended use. The table is as illogi-
cal as a phone directory organized by 
phone numbers. An improved design 
of the table would map the days and 
times that classes meet to the column 
and row headings and place the exam 

times in the table cells. To use a table 
with this design, you would use those 
headings as pointers to find the cell 
that displays (in one place) the day 
and time of the exam. The moral of 
the story is straightforward: Design 
displays with their end use and end 
users in mind. 

Tables, charts, and diagrams de-
signed to effectively support users’ 
needs are efficient and powerful. In 
part, visual displays are effective 
because they are so efficient in allow-
ing users to see relationships within 
bodies of information. An effective 
visual aid allows users to see things 
at a glance that might require several 
paragraphs to describe in words. A 
picture is worth a thousand words 
because it shows information about 
spatial relationships that cannot be ef-
fectivelydescribed inwords.Graphics 
such as charts, tables, and diagrams, 
in very similar ways, effectively show 
logical relationships that words alone 
can not be readily convey. Larkin and 
Simon (1987) devised a scheme for 
assessing the power of diagrams to 
convey spatial and logical relation-
ships.These researchersproposed that 
because effective graphics (a) pack a 
vast amount of information in a small 
space and (b) show complex ideas in 
ways that viewers can perceive at a 
glance, they can function as a type of 
externalmemory.Likehumanworking 
memory, the visual display can hold 
bits of information that the user must 

Tables, charts, and 
diagrams designed
to effectively support
users’ needs are 
efficient and powerful. 
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combine with other information to 
solve problems and/or form concepts. 
While the “at a glance” access to the 
information is slower than access to 
information in working memory, that 
access is still fast. And unlike human 
working memory, visual displays 
can hold lots of information, and the 
memory does not fade away when 
left unattended. Larkin and Simon as-
sessed the degree to which diagrams, 
functioning as external memories, 
could simplify the solving of physics 

problems.Theyfoundthat thegraphics 
could be profoundly powerful tools. 

The chart shown in Table 2 demon-
strates these characteristics of visual 
aids. In that chart, information about 
specific components of a three-year 
program is presented, through words, 
in the chart cells. The relative place-
ments of those cells also conveys in-
formation about how each component 
fits into theoverall scopeandsequence 
of the program. To convey all of the 
informationcaptured in thechartusing 

Table 2. Example of an effective chart

based upon a chart from a winning proposal.
 

Students as Scientists:
 
Pollution Prevention Through Education
 

Site(s) 2-Week Summer Classroom Inservice 
Institute Implementation Colleagues 

Year 1 (June 1997) (Fall 1997) (Spring.1998) 

UNC-Wilmington 24 Middle School 24 Middle School 75 Middle School 
Teachers Teachers Teachers 

(240 Students) (7,500 Students) 

Year 2 (June 1998) (Fall 1998) (Spring 1999) 

UNC-Wilmington 24 Middle School 24 Middle School 75 Middle School 
Teachers Teachers Teachers 

Western-NC 24 Middle School 24 Middle School 75 Middle School 
Teachers Teachers Teachers 

UNC-Charlotte 24 Middle School 24 Middle School 75 Middle School 
Teachers Teachers Teachers 

(7,200 Students) (22,500 Students) 

Year 3 (June 1999) (Fall 1999) (Spring 2000) 

UNC-Wilmington 24 High School 24 High School 75 High School
Teachers Teachers Teachers 

Western-NC 24 High School 24 High School 75 High School
Teachers Teachers Teachers 

UNC-Charlotte 24 High School 24 High School 75 High School
Teachers Teachers Teachers 

(7,200 Students) (22,500 Students) 

running text would probably require 
several pages. 

One can read the chart shown in 
Table2 invariousways toseedifferent 
relationshipsamongtheelements.The 
readercanreadilymovebackandforth 
across various “forest” and “trees” 
views. A few minutes of such study 
may be sufficient to answer a number 
of questions about the program activi-
ties described by the chart and to gain 
a general concept of the big picture of 
how the elements fit together. In the 
same amount of time, a user might be 
able to complete a first reading of a 
comparable textdescription.However, 
a running text display does not make 
it easy, during subsequent readings, 
to find information of known interest; 
by the time the users find what they 
are looking for, they may forget why 
they wanted it. Running text becomes 
even more limited when one wants to 
compare several bits of information. 
By contrast, when using the chart, it is 
a simple matter to find and assemble 
everything applicable to various 
questions (e.g., What happens in year 
three? Which activities occur at the 
University?). The chart “remembers” 
the logical relationships for us. 

The central rule: Ensure that Your 
Proposal isCenteredUponandDriven 
by Relevant Concerns 

Thecredoof“honor thyuser”points 
to the need for you to do what you 
can to help ensure that the review-
ers perceive a relevant driving force 
within your proposal. Many experts 
stress the importanceof targeting your 
proposal to the right source of fund-
ing (Battagalia, 1995; Moffat, 1994; 
Bailey,1985),andreviewersare turned 
off by proposals that they perceive as 
“fishing trips.” For the purposes of 
this discussion, our final rule can be 
stated as follows: 
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Rule #5: If your project reviewers 
are scientists, then ensure your 
proposal demonstrates that your 
project is hypothesis-driven. 
Notice that we have stated not only 

that your project must be hypothesis 
driven, but that your proposal must 
demonstrate that it is. Reviewers are 
likely to suspect fishing trips are at 
hand when they see phrases such as, 
“We wanted to see if. . ., “ or “We 
want to look for. . ., “ or “In order to 
move towards a better possible under-
standing of how maybe. . . .” Proposal 
reviewers are accountable for the pru-
dentallocationofsubstantialchunksof 
money. What are you going to do with 
some of that money? Why is it worth 
doing? How will you assess that you 
are, infact,achievingthoseobjectives? 
Your proposal needs a strong, clearly-
defined hypothesis— stated up front. 
As suggested above, this hypothesis 
must clearly link to the RFP in order 
to establish that your proposed ideas 
are in any way connected to what the 
agency is interested in funding. For 
example, it is likely that the RFP will 
include some sort of goals statement. 
Your research hypothesis should lead 
to similar goals. This correspondence 
of goals is one of the strands that 
connects the interests and needs of 
the funding agency with the research 
you propose. 

As indicated above, we believe 
winning proposals contain many 
such connecting strands. However, 
a winning proposal must not merely 
be connected to the RFP, but presents 
a coherent and valid response to the 
RFP. To create coherency, ensure that 
readers can easily see how the strands 
that connect your proposed plans to 
the RFP are also connected to each 
other. To help ensure readers see your 
proposal as valid, use your research 
hypothesis as a driving force in your 

Table 3: Rules for Writing Winning and Losing Proposals. 

Rules for writing winning proposals Rules for writing losing proposals 

Respond fully and clearly to proposal
specifications as they are stated in
the RFP. Reviewers sometimes assess 
proposals using scoresheets, which
correspond to the RFP. If your proposal 
organization does not follow the same
sequence as the scoresheet (i.e., the
sequence of the RFP), reviewers may
overlook elements (score them as not
present). 

Write your proposal as if it is a 
mystery novel. Use suspense to
engage the proposal reviewer’s 
attention and a surprise ending to show
how clever you can be. Leave lots of
open questions about how your ideas
relate to the RFP (and to each other) 
and then, in the last page, reveal the
elementary logic that ties it all together. 

Honor key minimal expectations by
meeting deadlines and editing your
work. You must meet deadlines and 
demonstrate a minimal command of the 

Ensure that your proposal arrives
a day after the deadline, with $1.00
postage due. This strategy ensures
that your proposal will be noticed. 

English language in your writing. 

Give very serious attention to the
abstract. It may be the only portion of
your proposal a reviewer reads. 

Write your abstract by hand on 
the back of the proposal delivery
envelope. This strategy shows how
busy (and therefore important) you are
and may invoke subliminal references
to Abraham Lincoln. Reviewers will 
want to snatch you up before you
become overcommitted to other work 
or assassinated. 

Convey information visually as well
as through words. Use white space,
lists, tables, and the power of the
word processor to make an attractive
easy-to-read document. 

Use narrow margins and small text
with lots of random font changes.
This strategy lets you pack lots of
information onto every page while
showing off some of the cool things 
your computer can do. 

If your project reviewers are
scientists, then ensure your proposal
demonstrates that your project is
hypothesis driven. Honor your users
by offering what they value. 

Do not reveal any driving force in
your proposal – keep it vague and
open to misinterpretation. This 
strategy helps maintain suspense in
your proposal (see Rule 1) and, if you
have adhered to the previous four
rules, any misinterpretation of what you
say would be an improvement. This 
strategy will help ensure that research
work doesn’t compete with your fishing
schedule. 

writing. That is, as you weave the 
words of your proposal, be responsive 
to theRFPandrepeatedlyshowhowall 
of your proposal elements are natural 

outcomesofyour researchhypothesis. 
The connections you make between 
your ideas and the RFP are analogous 
to the threads on the weaver’s loom. 
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To help ensure readers 
see your proposal as 
valid, use your research 
hypothesis as a driving
force in your writing. 

Each connection forms a strand that 
ties your interests to those of the fund-
ing agency. As you weave the words 
of your proposal, also clearly and 
continuouslyshowhowyourproposed 
plans are connected to – driven by 
– your research hypothesis. 

Conclusion 
Considerations of the needs and 

interestsofproposal reviewerssuggest 
five rules for writing winning propos-
als. We have also used this approach to 
generate a list of five rules for writing 
losing proposals. Table 3 provides a 
summary of these rules. 
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June Trop Zuckerman 

Science Supervisors’ Stories:

A Way to Communicate


Pedagogical Values
 

Science supervisors use autobiographical stories to
 
communicate pedagogical values to their novice science teachers.
 

How can science supervisors com-
municate their pedagogical values to 
the novice science teachers in their 
departments, schools, or districts? 
Novice teachers are the probationary 
teachers, anxious about how they 
will be evaluated but often with little 
or no idea of what their supervisors 
value (Brickhouse & Bodner, 1992; 
Bullough, 1989; Fuller, 1969). Not 
only are conceptions of effective 
teachinghighlyvariable(Burry-Stock, 
1995; Fuller & Brown, 1975; Wildy 
& Wallace, 1995), but the supervi-
sor, as an expert practitioner, has a 
perspective that is quite different from 
that of a novice (Borko, Bellamy, & 
Sanders, 1992; Brickhouse & Bodner, 
1992; Bullough, 1989; Carter, Sabers, 
Cushing, Pennegar, & Berliner, 1987; 
Reynolds,1992).Accordingly,science 
supervisors need a way to communi-
cate their pedagogical values to their 
novice science teachers. The purpose 
of this paper is to encourage science 
supervisors to communicate such 
values by telling autobiographical 
stories. 

In a story, the storyteller imposes 
order and coherence on a stream of 

events so as to create meaning for a 
community of listeners (Ben-Peretz, 
1995; Carter, 1993; Elbaz, 1991). 
Though not necessarily an accurate 
accountofevents, anautobiographical 
story is still a reliable reflection of the 
storyteller’s values (Barclay, 1986; 
Ben-Peretz,1995;Carter,1993;Kagan 
& Tippins, 1991; Ponticell & Zepeda, 
1995; Scholes, 1981). In fact, a story 
seems to be especially effective for 
communicating pedagogical values 
because itaccommodates theambigui-

... a story seems to be
especially effective
for communicating 
pedagogical
values because it 
accommodates the 
ambiguities and
complexities of a
teacher’s practice 

ties and complexities of a teacher’s 
practice (Carter, 1993). 

This paper relates the stories nine 
science supervisors told about a 
novice science teacher each had su-
pervised. Presumably, other novice 
science teachers would find the values 
embedded in such stories useful to 
know. Because storytellers express 
their values with metaphors (Beck & 
Murphy, 1993; Elliot, 1984; Kagan & 
Tippins, 1991; Marshall, 1990; Miller 
& Fredericks, 1988), this paper is an 
analysis of the metaphorical state-
ments the supervisors made about 
teaching or teachers, how they are or 
how they should be. Thus the focus 
questions for this paper were: What 
kinds of stories did the nine science 
supervisors tell? What metaphorical 
statements did they make about teach-
ingor teachers?Andwhatpedagogical 
values were embedded in their meta-
phorical statements? 

Method 
The author collected the stories 

for this paper while doing a study 
of science supervisors’ criteria for 
assessing a novice science teacher’s 
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lesson (Zuckerman, 1997). The nine Kinds of Stories she could not address her shortcom-
supervisors who participated in the All10storiesweretwo-tothree-min- ings (see Appendix A). On the other 
study were from the public schools utedidacticfirst-personaccountsofsu- hand, Sara told about a novice teacher 
of New York State. pervisinganovicescience teacherwho encumbered by a heavy French ac-

Two were from districts in New had some professional difficulty, the cent who, nevertheless, through her 
York City, and seven were from sub- resultofeitherapersonal shortcoming own mettle and imagination, became 
urbanandruraldistrictsnorthandwest or situational obstacle. The themes of a confident and esteemed colleague 
of the city. Their teaching experience the stories varied only as to whether (see Appendix B). Most of the stories, 
ranged from 5 to 30 years with an or not the supervisor worked with the however, were about novice teachers 
average of more than 25 years. Their novice teacher expressly to overcome succeeding with the express help of 
supervisory experience ranged from 4 that difficulty and whether or not the their supervisors. For example, Jim 
to 16 years with an average of nearly 7 novice teacher ultimately succeeded toldofhiringaphysics teacherwhohad 
years. Eight supervisors headed their (see Figure 1). nopedagogical trainingorexperience. 
highschoolsciencedepartmentswhile For example, Pete told about a With Jim’s coaching, however, the 
teaching at least one science class per novice teacher who, failing to show novice eventually became a Teacher 
day, whereas one was a district-wide cumulative improvement, was denied of the Year (see Appendix C). 
supervisor with no teaching duties. tenure. In spite of his admonishments, 

During individual audiotaped 
interviews, I asked the supervisors 
to “Tell me a story about a novice 
science teacher you’ve supervised.” 
I transcribed the audiotape of each 
story verbatim and then edited the 
transcriptionslightlysoas toconstruct 
a fluent written text. Next I identified 
and compared the narrators’ points of 
view and the themes of the stories. 

I then examined each transcript 
for metaphorical statements. I noted 
such statements whenever a supervi-
sor used an imaginative expression 
to describe a teacher or teaching, the 
expression had more than one refer-
ence, and the various references had 
a common meaning (Brown, 1958). 
I then inferred a pedagogical value 
from the meaning of the metaphor in 
the context of the story. 

The Stories 
Eight of the nine science supervi-

sors told a total of 10 stories about 
their experiences supervising novice 
science teachers. Nine of the stories 
were told in response to the stimulus 
question, whereas one story arose 
spontaneously during an earlier part 
of the interview. 

Jim’s 
Story 

Pete’s 
Story 

Sara’s 
Story 

1 Story with
No Mention 
of Outcome 

6 Novices 
Succeeded 

1 Novice 
Failed 

1 Novice 
Failed 

1 Novice 
Succeeded 

8 Stories Mention 
the Help of the

Supervisor 

2 Stories Do Not Mention 
the Help of the

Supervisor 

10 Stories About 
a Novice Science Teacher 

with a Difficulty 

Figure 1 - Themes of the Supervisors’ Stories 
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Metaphorical Statements sonality in the classroom, very 

Thesupervisorsmademetaphorical 
 straight. . . . She runs those classes 

statements about a teacher or teaching . . . and [even though] her classes The supervisors were are packed, every kid is on-task. 
are presented here in the context of 
in 7 of the 10 stories. Their statements able to articulateYou can hear a pin drop.” 
each of the seven stories: more precisely the 6. Anothernoviceteacher,alsowithno 
�. A novice teacher lost her job be- pedagogical preparation or experi- attributes of a positive

cause, in addition to the fact that ence, ultimately became a Teacher professional attitude “she couldn’t bring all the pieces of the Year in part because “he had 
together, . . . she never heard, really that little something that students and an effective 
heard” her supervisor’s criticisms. grab onto, and he, in turn, grabbed lesson than they(Pete’s story) onto them.” (Jim’s story) were the attributes 

2. A supervisor explained her deci- 7. A novice teacher “burned so many of a cooperativesion to reappoint a novice teacher bridges with his sarcasm” that 
who willingly “does his time” with he ended up “build[ing] resent- relationship with 
classes that aren’t “the cream of the ment stamps so that the kids . . . students.crop.”Hecheerfullymaintainedhis collect[ed] them, a few each day.” 
commitment despite having “been 

ues they expressed in their stories thrownintoperhapsanewteacher’s Pedagogical Values 
were in accord with the criteria they worst nightmare schedule.” The supervisors’ metaphorical each used to assess a novice science 

statements vividly expressed their 3. A novice teacher “brought a lot teacher’s lesson (Zuckerman, 1997). 
pedagogical values, specifically the of life to our department” by, for Autobiographical stories thuscouldbe 
importance they placed on novice example, coming up with imagina- a useful way for science supervisors 
teachers (a) having a positive pro-tivemotivations thatgot her classes to communicate their pedagogical 
fessional attitude, (b) executing an involved. (Sara’s story) values to novice science teachers. Ac-
effective lesson, and (c) fostering a cordingly, science supervisors should 4. Instead of “just spewing out infor- cooperativerelationshipwithstudents. promote occasions for the telling of mation,” a novice teacher learned For example, individual supervisors such stories.to select and focus her lessons on valued novice teachers who were Supervisors, however, first need to the essentials. receptive and responsive to criticism encourage novice teachers to listen to 
and resolutely committed to teach-5. Atimid rookie with no pedagogical and educe pedagogical values from 
ing. Others appreciated when lessons preparation or experience, without suchstories.Then,as thenovice teach-
were launched with an imaginative even an undergraduate major in a ers come to know those values, they 
motivation, limited to the essential science, was soon able to execute becomepartof thatcommunityofprac-
information, andsquarelymanagedso her biology lessons like a veteran: titioners (Ben-Peretz,1995; Shulman, 
that students were kept productively “She has a very businesslike per- 1986). They develop a professional 
engaged. Finally, some supervisors identity, therebyovercomingthe isola-
expressedtheir regardfor teacherswho tion that is a significant threat to their 
engenderedtheirstudents’cooperation professional development (Bullough, 
instead of provoking their hostility or 1989; Lieberman & Miller, 1992). 
contempt.The science The supervisors were able to ar-

ticulate more precisely the attributes supervisors’ stories Conclusion and Implications of a positive professional attitude and were dramatic for Science Supervisors an effective lesson than they were the 
The science supervisors’ stories expressions of their attributesofacooperative relationship 

were dramatic expressions of their with students. In fact, although many pedagogical values. pedagogical values. In fact, the val- practitioners, such as Jim, value most 
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this personal life-touching aspect of 
teaching, teacher evaluation systems 
stillemphasizetechnique(Mohr,1987; 
Moran, 1990; Ponticell & Zepeda, 
1995). Accordingly, science supervi-
sors need to listen to their own stories, 
especially the ones they tell about 
teachers who engender their students’ 
cooperation, so as to understand more 
precisely their own measure of this 
elusive artistic aspect of teaching. 
Then theycanbettercommunicate this 
value to their novice teachers. 
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Appendix A: Pete’s Story
We had a lady here who was a very 

bright and personable woman. The 
kids loved her, but she’d get in front 
of the room and let the kids distract 
her. Some kids would be doing their 
homework for another class; others 
would be doing their nails. But she 
thought shewasdoingamarvelous job 
because she did a great job with four 
or five of the kids. So you’d bring that 
to her attention, and she would nod her 
head at you. “Yes, yes, I understand 
... I understand.” You’d say, “All right 
now.Thenext timeIcomein, that’s the 
one thing I’m going to look at.” 

You’d come in the next time, and 
she might have fixed it, but the time 
after that, it would be there again. She 
couldn’t bring all the pieces together. 
When you’d ask her to work on some-
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thing else, the first problem would 
come back. She never could put the 
pieces together. 

And so when she wasn’t given 
tenure and lost her job here, she felt 
terrible. But she never heard, really 
heard. She went to the next school 
and sent us back her first observation 
and evaluation. I read the first page, 
and then when I read the second 
page, I said, “She’s not gonna get 
tenure there either because here is 
the whole first page all positive and 
then, on the second page, it asks her 
to look at something.” And I said, “I 
know what’s happening to her. She’s 
reading the first page because it’s all 
positive, but she’s sending this to us 
withoutevenrealizingwhat thesecond 
page says.” 

So the same thing happened to her 
there. She was there three years and 
didn’t get tenure there either. She just 
never heard. 

Appendix B: Sara’s Story
I have a teacher in my department 

who started out as my student teacher. 
Shewasveryunsureofherselfbecause 
shespeakswithaheavyFrenchaccent. 
When she first started to student teach, 
she was not sure that the class would 
understand her, and quite frankly, I 
was not sure either. She turned out, 
however, to be a wonderful, lively 
teacher. 

One of the things that she did early 
onwastomakeanaudiotapeofherown 
lessons, and thefirst timesheheardher 
voice, she almost cried. But then she 
workedon it, andrealizing that shehad 
this accent, started to compensate by 
using the boardmore.Shealso learned 
to laugh at herself, which I think is 
one of the wonderful techniques that 
a teacher has to use. 

She has taught me a lot and has also 
brought a lot of life to our department. 
Forone thing, shecomesupwithsome 
veryweirdmotivations.Whenshewas 
a student teacher teaching a lesson 
on reflexes, she caught her finger in 
a drawer, or so everybody thought, 
including her professor, who came 
running up very upset. At any rate, 
she pretended to catch her finger in 
the drawer and started cursing first in 
Frenchand then inEnglish.That really 
got the class involved. 

Shehas reallygrownintoawonder-
ful, creative teacher who now teaches 
our research class, and what is very 
interesting to me is that I started out 
as her advisor, and now we have very 
much switched roles. In fact, when 
I walk into her research class in the 
middle of a discussion and I feel I have 
something to contribute, she makes 
me keep my mouth shut. She says, 
“No, no. You’re not supposed to say 
anything. You’re just here to listen.” 
So, it’s really good. 

Appendix C: Jim’s Story
I’ll tell you a very satisfying story 

about Tom. I needed a physics teacher 
because one had suddenly left the 
district at the beginning of the year. 
Physics teachers were at a premium. 
So I called Tom. He had no teaching 
experience. In fact, he had just fin-
ished studying to be an engineer but 
had decided that he wanted to teach 
instead. 

I met Tom on the steps. We signed 
him up as a long-term sub. I remember 
speaking to him, saying “Tom, you 
don’t have to go into teaching. There 
are more lucrative jobs out there as 
an engineer.” But he said no. He’d 
given it some thought, and he wanted 
to give it a shot. 

I brought him down to the high 
school, and his first class was an AP 
physics class. The students--and their 
parents--were very demanding. When 
Tom first started, he didn’t even know 
how to write on the board with chalk, 
but he knew his physics and I could 
tell that he loved kids. But he didn’t 
know a thing about teaching. Three or 
four years later he received his tenure, 
and in the fifth year, the National 
Honor Society voted him Teacher of 
the Year. 

Goingbacknow,here’sapersonthat 
I had to teach to crawl before he could 
walk, but he had a love of students. He 
had that little something that students 
grabonto,andhe, in turn,grabbedonto 
them. And he had knowledge of the 
subject. And to me, if you have those 
two, technique is just a matter of time. 
You can teach anybody technique, 
but you can’t teach anybody to love 
children. And it’s too late to learn the 
content ifyou’vegone throughcollege 
and didn’t pick it up then. 

So, I look at Tom as probably my 
fondest teaching experience because 
it was a very frustrating one, but an 
extremelysatisfyingoneaswell, tosee 
someone go in on that first day who 
couldn’t even write on the board. But 
then again, that was before I learned 
that technique is secondary, and those 
intrinsic values and knowledge of 
subject are the important things. 

June Trop Zuckerman is Associate Professor 
of Secondary Science Education, Department 
of Secondary Education, SUNY-New Paltz, 
NY 12561-2499 
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Rodney Beresford and John Wallace 

Leading Environmental Education: 

Lessons from a Case Study


of School Change
 

The sustainability of curriculum change is influenced by the 
interaction of competing priorities and institutionalized practices. 

The following is a case study ac-
count of the implementation of a high 
school environmental education proj-
ect. The article describes the interplay 
of competing priorities, institutional-
ized practices, and leadership strate-
gies that occurred during the project. 
This is a first-person account by the 
first author of the paper who was the 
leader of the project at the time. The 
second author was involved in the 
conceptualization of the paper and the 
analysis of the events described. 

The introduction to my new ap-
pointmentatSwamplandsHighSchool 
involved a casual walk with the prin-
cipal through the incomplete school 
buildings. He led me through a maze 
of half-built walls, across a newly laid 
expanse of paving, to a bright freshly 
painted building that was to be my 
workplace for the next two years. To 
my surprise the tour did not end there 
but continued through the facility to 
a perimeter road that overlooked an 
expanse of swampy rush and kykuhu 
grass. In the past this area was a cow 
paddock, but now it was a swampland 
inwinterandnativeshrubswerebegin-
ning to take hold. 

“What do you think of this?” he 
asked. I surveyed the scene for a while 

then replied that it was either an enor-
mous problem or a great opportunity. I 
explained that I thought the area could 
become an attraction for undesirable 
studentactivityorcouldbeastudyarea 
for environmental scienceand vegeta-
tion rehabilitation. The principal then 
revealed his own desire to see some 
form of environmental theme being 
adopted by the school as part of its 
community profile. 

The school had already had a poor 
start to its short life. The building 
program was behind schedule, and the 
press had focused on the disruption 
this had caused to students’ learning. 
It had become critical for the school 
to quickly establish a positive profile. 
With only limited resources available, 
the principal was ready to receive any 
credible idea. I recognized that the 
school was located in an important 
groundwater pumping area, was close 
to a number of lakes, and had chosen 
theheronasits logo,soanenvironmen-
tal focus for the school was a logical 
one. The notion of a school priority 
based on “caring for the environment” 
also fitted well with my own view 
of the purpose of schooling, so I set 
about looking for ways to bring about 
such a priority. What followed was a 

process of learning and evolution that 
at times showed great promise and at 
other times disappointment. 

Getting Started 
The initial steps in the process 

were somewhat hastily conceived, 
but fortunately this helped the project 
to evolve in a flexible way, creating 
considerable interest among students 
and some sections of the community. 
Theimmediateactionwastorecognize 
the swamp as an important curriculum 
resource—anoutdoorclassroom.This 
involved identifying environmental 
science activities and implementing 
them as part of the science program. 
Early in the new year I persuaded one 
of the science teachers to attend an 
environmental education workshop 
to obtain information and gather cur-
riculum resource material. 

I talked with teachers informally 
about the proposal, so the staff in-
volved had a good sense of direction 
but weren’t bogged down by any need 
to clarify a mission for the project or 
develop a strategic plan. The project 
visionwasnotformalizeduntil later, so 
the process was akin to that described 
by Fullan (1994, p. 31) as the “ready, 
fire, aim” sequence. 
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It soon became clear that the En-
vironmental Study Area would need 
demarcationusingfencingandsignage 
topreventdegradationbystudentsand 
thecommunity. I sawthisactivityasan 
opportunitytoexpandtheenvironmen-
talproject into thebroadercommunity 
and as a way to involve other teachers 
andparents. Suchactionwas inaccord 
with the views of Wasley (1991) who 
notedthatsuchprojects require teacher 
leaders and their colleagues to work 
effectively together. 

Fencingfor theStudyArearequired 
materials and labor and the principal 
advised me to apply for a grant for 
the development of school grounds 
through the school’s Parents and Citi-
zens Association. The preparation of 
thesubmissionwassignificant in that it 
forcedmetoreflectuponthepurposeof 
theactivityandtoformallydescribethe 
intentions of the project. I began this 
process by preparing a position paper 
containing what might be regarded 
as a disguised vision. Circulating 
the paper at management meetings 
gave teachers a chance to discuss and 
comment, a tactic designed to raise 
awareness and interest. The paper also 
served as notice that this was an area 
of the curriculum that would require 
the cooperative involvement of many 
sectors of the school. 

I also realized that the construction 
of the fence and signs for the Study 
Area would require considerable in-
put from other teachers. At series of 
meetings to discuss the topic, I was 
surprised by the high level of moral 
commitment of teachers to environ-
mental issues, especially among a 
groupofsixstaffwhoformedanucleus 
of support. Teachers with particular 
strengths voluntarily assumed re-
sponsibility for particular aspects of 
the project where specialist problems 
were to be solved. In some cases the 

involvement of these teachers lead to 
considerable ownership and commit-
ment to the project. Elsewhere, Fullan 
(1994) described the importance of 
collectiveproblemsolving inbuilding 
ownership and commitment to school 
improvement. 

It was at this point that the balance 
of individual and collective input 
changed significantly. Whereas pre-
viously I had supplied much of the 
input, ideas now began to flow from 
various sources. A presentation to the 
school’sParentsandCitizensAssocia-
tion proved to be particularly fruitful 
as they agreed to support the grant 
proposal and were very supportive 
of environmental education. In fact, I 
was also surprised by the high level of 
moral commitment to environmental 
issues displayed by this parent group. 
One person was a member of the local 
Shire Council, and she helped arrange 
resources and disseminate knowledge 
of the project in important local fo-
rums. It seemed that the project was 
raisingtheawarenessofenvironmental 
issues in the community. Input to the 
project came from a range of sources, 
and the vision for the project began 
to broaden to include an emphasis 
on environmental citizenship. The 
project was also beginning to be suc-
cessful in establishing alliances with 
the broader community, a feature 
that Fullan (1994) emphasized as an 
important factor in facilitating school 
improvement. 

Advantages began to accrue from 
the collaborative processes that had 
been used to establish the project. The 
project vision began to get clearer, 
and this was shared by a significant 
proportionofpeopleacross theschool, 
albeit to varying degrees. Students 
werealso involved in thecollaborative 
planningandbuildingof theperimeter 
fence. By encouraging students to 

contribute to the development of their 
school, especially by being involved 
in the decision-making process, it 
was expected that they would want 
to participate in future activities and 
would show greater interest in envi-
ronmental issues. 

Attempted Consolidation 
Having completed the first step of 

establishingtheStudyArea, Iproposed 
to the environment committee and the 
school administration that environ-
mental education be a priority for the 
school. I felt that this was important 
because it meant that strategies to sup-
port environmental education would 
be formalized and that some resources 
wouldbeprovidedtosupport theprior-
ity. In addition I proposed the appoint-
ment of a coordinator to supervize the 
developmentofenvironmental educa-
tion and to monitor the effectiveness 
of the strategies. In due course, the 
environment committee invited me 
to fill the position of environmental 
education coordinator in addition to 
my normal head of science duties. 

One of the agreed strategies for 
implementing the priority was to 
integrate and embed environmental 
activities across the curriculum rather 
than teachenvironmental educationas 
a separate subject. Swamplands was a 
new high school, so there seemed to 
be considerable opportunity for cur-
riculum integration. However, there 
wasalsoresistancefromsomequarters 
of the school to this cross-curricula 
approach. Some curriculum leaders 
were concerned about a perceived 
erosion of the time spent on their 
subject area. They could not see how 
gains in students’test scores would be 
achieved by modifying the existing 
curriculum. Teachers in traditional 
subjects who were under pressure 
to cover the syllabus content had re-
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Teachers in traditional 
subjects who were un-
der pressure to cover
the syllabus content had
restricted opportunities 
to explore the alterna-
tive approaches charac-
teristic of environmental 
education. 

stricted opportunities to explore the 
alternative approaches characteristic 
of environmental education. While 
some teachers were able to make ad-
justments to theircourses, thispractice 
was not widespread. The inflexibility 
of the timetable also made it difficult 
for teachers to take students out of 
the classroom for field investigations 
and community projects. So in spite 
of some genuine efforts to explore 
alternative approaches, most teachers 
found it difficult to make significant 
changes to theirprograms.Thesecom-
plicating features are not dissimilar to 
those identifiedbyLadwig,Currie,and 
Chadbourne (1994, p. 40) as impedi-
ments to change in large high schools: 
“Large senior high schools with their 
subject departments and multiple 
curriculum frameworks are often 
more complex organisationally than 
small [elementary] and [rural] high 
schools. These features complicate 
attempts to get common acceptance 
among staff.” 

In addition to the cross-curriculum 
focus, we also attempted to introduce 
several specific out-of-class environ-
mentalprojects.Thesestarted wellbut 
they were dependent on the goodwill 

of teachers and were not part of the 
formal learning program. They did 
not have a recognized status within 
the school and therefore were difficult 
to sustain. Over time, the inconsis-
tent management of these programs 
caused student participation to fall 
away. Some of these activities were 
almost counterproductive in effect. 
Although I was the coordinator, I did 
not have any extra time to support 
the activities of the staff in their work 
for this priority, and this restricted 
my effectiveness as a networker and 
facilitator of teacher development. 
Wasley (1991, p. 181) emphasized 
thatprovisionforadequate“legitimate 
timeforprofessionalgrowth”iscritical 
to the improvement of teachers’ and 
hence school programs. 

Where teachers had a strong per-
sonalcommitment to thepriority, their 
particular projects were very success-
fuland theywereable tocontriveways 
to develop their ideas as part of the 
formalschoolprogram.Oneparticular 
example was an environmental art 
and photography exhibition in which 
students displayed considerable skill 
and sensitivity. However, the teachers 
involvedreceivedonly limitedsupport 
and found the activity particularly 
taxing, so the exhibition has not been 
repeated. It was seen as an extra bur-
den, not recognized as an integral part 
of the school curriculum, so it did not 
develop as intended. 

Certainother factorsalso interfered 
with the ongoing development of the 
project. The arrival of new staff in 
numbers meant that the previous level 
of commitment and ownership for the 
project was diluted. There was little 
consideration of strategies to include 
these people in the development of 
the environmental theme. In addition, 
the school began to offer grade �� and 
12 courses, and many teachers turned 

theirattention topreparingstudents for 
the university entrance examination. 
As a consequence, teachers found it 
difficult to meet the expectations that 
we had set when we first agreed on the 
environmental education priority. 

One year after the environmental 
education priority had been estab-
lished, I left the school and another 
coordinator was appointed. She too 
gave considerable time and energy 
to establishing special projects and 
monitoring the effect of the strategies. 
However, it would appear that the 
program’s effectiveness was largely 
dependent on the presence of the coor-
dinator who supported the network of 
participating teachersand led theplan-
ning ofactivities.The coordinatorwas 
necessary to maintain the focus of the 
cross-curriculum program in a school 
with a teaching culture dominated by 
the needs of subject departments and 
externally endorsed curriculum. Five 
years on, there is no coordinator, the 
project is no longer a school priority, 
and little remains of that early enthu-
siasm for environmental education. 

Implications and Conclusions 
The example of innovation de-

scribed here highlights several is-
sues concerning the sustainability 
of curriculum change. Firstly, it is 
important that teachers understand 
that introduction of an innovation is 
itself a change process, and informa-
tion about people’s perceptions of 
the change need to be monitored and 
understood if the innovation is to 
be effectively implemented (Louks-
Horsley & Stiegelbauer, 1991). In 
this case, environmental education 
became a priority and most teachers 
supported the initiative, but only a 
few made significant changes to their 
day-to-day activities to accommodate 
the initiative. 
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the environmental education project, had been built into the project itself, 
the roleof theparticipating teachers as a different kind of outcome may well 
learners was given insufficient recog- have emerged. The constraints of the 
nition in the development of the proj- References school’s organization ect. It is now clear that teachers did not 

Fullan,M.(1994).Changeforces.London: fully understand how the project was and the competing Falmer Press.contributing to thedevelopmentofkey Ladwig,J.G.,Currie, J.,&Chadbourne,R. priorities of some student outcomes. As Fullan (1994) (1994). Towards rethinking Australian subject departments might attest, this was an opportunity schools: A synthesis of the reported 
missed and was a consequence of the practices of the National Schools resulted in limited 
school not recognizing its importance Project. A report commissioned by collaboration. as a learning community for staff as the Work Organization Working Party 
well as students. of the National Project on the Quality Secondly,allmembersof theschool of Teaching and Learning. Canberra, Finally, the project did not achieve community need to be involved in ACT, Australia: Department of Em-an appropriate balance between indi-the development of those project ployment, Education and Training. vidual input and collective purpose. It plans and strategies that are likely Lear, R. (1993). Integrating teaching and is now clear that formal endorsement to influence them. Only when they learning in three essential schools. In J. of the project’s purpose and strategies have developed ownership of the Wallace and W. Louden (Eds.), Lead‑should have been sought from a wider ers among the learners (pp. 39-53). project will they make a significant base of teachers. More opportunities Fremantle, WA, Australia: Fremantle contribution, ensuring that the vision for teachers to critically review ideas Education Centre.continues to evolve and remains an and strategies may have resulted in Louks-Horsley, S., & Stiegelbauer, S. ongoing focus of development. The increasedresponsibility for theproject (1991). Using knowledge of change constraints of the school’s organiza- outcomes. to guide staff development. In A. tion and the competing priorities of Lieberman and L. Miller (Eds.), StaffSo it is with mixed feelings that some subject departments resulted in development for education in the 90’s we finalize this account. A project limited collaboration. Consequently, (pp. 15-36) New York: Teachers Col-that promised so much early in its some teachers did not identify with lege Press.development soon became unwieldy or value the project. Wasley, P. A. (1991). The practical work and difficult to sustain among the A third issue concerns teachers of teachers-leaders: Assumptions, atti-competingdemandsof thehighschool struggle tofindtimetoworktogether to tudes and acrophobia. In A. Lieberman organization. What appeared at the andL.Miller (Eds.),StaffDevelopment cooperatively plan and implement the outset to be a relatively simple project for education in the 90’s (pp. 158-183). project. The diversity and complexity turned out to be quite complex. The New York: Teachers College Press. of the teachers’working day provides irony is that reflectionafter the facthas RodneyBeresford,doctoralcandidate,Science littleopportunities for teachers towork led to a better understanding of this and Mathematics Education Center, Curtin collaboratively.Lear (1993)described complexity. If the reflection process University of Technology, Perth WA 6845, similar issues in studies of schools 

Australiaendeavouring to implement whole-
school integrated programs. While John Wallace is Senior Lecturer, Science and 

MathematicsEducationCenter,CurtinUniver-many benefits were generated by the 
sity of Technology, Perth WA 6845, Australia. project, it is questionable whether The diversity and e-mail: iwallace@info.curtin.edu.authe priority was attainable without complexity of theadequate support to allow teachers teachers’ working time for planning and reflection. 

Fourthly, there is theneedtoprovide day provides little 
opportunities for teachers togrowpro- opportunities for
fessionallyas theyexplore innovations teachers to worksuch as the environmental education 
project. During the implementation of collaboratively. 
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Thomas H. Estes and J. Preston Prather 

Constructing Understanding 

Through Integrated Science 


Concept Formation and Vocabulary 

A model is described which promotes simultaneous cognitive 

construction of science concepts and the scientific nomenclature 
needed to understand and communicate those concepts. 

An understanding of the relation-
ship between scientific concepts and 
the vocabulary used to express those 
ideas is as essential to effective sci-
ence learning as is an understanding 
of the relationships between natural 
phenomenaandthescientificconcepts 
thatexplain them.Thispaperdescribes 
the “Science Concept-Vocabulary 
Acquisition” (SCVA) model, which 
promotes simultaneous cognitive 
construction of science concepts and 
the scientific nomenclature needed to 
understand and communicate those 
concepts. This is not intended to 
imply that children should be taught 
the vocabulary of science because, 
as Slisko and Dykstra (1997) pointed 
out, a well-defined scientific language 
suitable for that simply does not seem 
to exist. Rather, and this is a big differ-
ence, the SCVA approach is designed 
to help students: 
�. Learn to systematically examine 

and understand the meanings of, 
rather thanacceptandmemorize the 
definitions of, scientific terms they 
may encounter in their studies; 

2. Understand the meanings of those 
terms within contexts of their own 
personal learning experiences; 

and 

3. Thereby simultaneously examine 
their own existing intuitions and 
observations regarding the phe-
nomenon under study. 
Rooted in the principles of con-

structivist learning, the SCVA model 
accommodates an inclusive, multidis-
ciplinary instructional approach and 
integrates computer technology and 
the Electronic Information Network 
into day-to-day classroom teaching. 

The Changing Emphasis 
in Science Teaching 

Thereformeffortsof the1960sgrew 
outofJeromeBruner’s (1960) ideathat 
a science curriculum should be “the 
most fundamental understanding that 
canbeachievedof theunderlyingprin-
ciples thatgivestructure to thesubject” 
(p.31).TheNationalScienceTeachers 
Association (NSTA, 1962) concurred 
that a curriculum should emphasize 
“science proper” (p. 33), and virtually 
all new science programs of the 1960s 
andearly1970spromoted the idea that 
students should “be led to ‘think like 
scientists’” (Gagne, 1979, p. 1). The 
focusofscienceeducationshiftedfrom 
the earlier goal of an understanding 

of nature for better personal living to 
a “major emphasis on the functional 
aspectsof science: facts, concepts, and 
principles” (Lacey, 1966, p. 15). Little 
attention was given to the importance 
of language arts and other subjects for 
understanding the meaning and social 
relevance of scientific facts. 

Intime,however, thegoalofmaking 
little scientists of all students was de-
cried as ineffective. Anational survey 
conducted in 1976-77 revealed only 
marginal public understanding and 
appreciation of the basic concepts and 
principles of science (Bybee, Harms, 
Ward,&Yager,1980).Approximately 
70% of the college science and engi-
neering majors in one study, for ex-
ample, answeredsimplephysicsques-
tions in terms of themedieval intuitive 
concepts rather than the Newtonian 
mechanics they were taught in school 
and college science (Clement, 1982). 
People learned many scientific facts. 
However, for the majority, common 
intuitive preconceptions prevailed to 
the point that they were not displaced 
by subsequent exposure to more ac-
ceptable scientific principles or theo-
ries in school or college instruction 
(Prather, 1985). By the early 1980s, 
the emphasis began to shift toward 
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By the early 1980s, the
emphasis began to shift
toward making science
instruction compatible
with the learning needs
and styles of students. 

makingscienceinstructioncompatible 
with the learning needs and styles of 
students. Growing interest in cur-
ricular integration and the emerging 
concept of constructivist learning has 
supported that change. 

Justification of an Integrated 
Science Concept/Vocabulary 

Development Model
Science has its own language, pro-

cedures, and theoretical framework 
(Hurd, 1994; Kuhn, 1970), and there 
is a connection between reading, writ-
ing, and science learning (Holliday, 
Yore, & Alvermann, 1994; Konopak, 
1991). “Scientific knowledge is both 
symbolic in nature and also socially 
negotiated,” Driver, Asko, et al (1994) 
observed, and it is unrealistic to as-
sume that concepts of science will be 
learned if science is studied apart from 
the language used to communicate its 
problems, principles, and theoretical 
frameworks. The SCVA model out-
lined in Table � acknowledges that 
objects of science are conceived in 
physical experiences and reside in 
language, with the effect that a crucial 
componentofscientificunderstanding 
lies in the insights one has about why a 
concept carries a particular label. 

As the British novelist, H. M. Tom-
linson (1873-1958) noted, we tend to 
see things not as they are, but as we 
are. Scientists have tended to name 

Table 1
 
The Science Concept-Vocabulary Acquisition (SCVA) Model
 

The SCVA model of instruction was derived from an earlier model 
by Vaughn and Estes (1986) that employed anticipation, realization, and 
contemplation. In the four-part model outlined below, contemplation has 
been extended to encompass consolidation and confirmation. 
�. Anticipation (meaning) 

Learners must approach the task of learning with a conscious anticipa-
tion of connecting what they know to what they study as they construct 
concepts. 

2. Realization (connection) 

Learning is realization, and what is realized is the connection between 
what is already known and what is being learned. 

3. Consolidation (acquisition) 

Learners need a chance to consolidate the new with the known and to 
understand how it relates to prior experiences. 

4. Confirmation and Commitment (verification and application) 

Learners need a chance to refine concepts, test conclusions, acquire 
skills, and develop the confidence to submit their conceptions to criti-
cal review in the light of conventional knowledge. 

� 	 Typically, a student’s lack of interest in knowing more about things related to 
a topic has been considered a problem of student attitude, interest, or ability. 
As this instance indicated, however, it may be more a problem with teaching. 
In this case, it was vocabulary study that helped the children realize a need 
to know and thereby attain a readiness to learn. 

2		 The need to resolve cognitive disequilibrium can be very persistent and, in 
the absence of an opportunity to learn a more adequate scientific explanation 
(from a scientist or science teacher or some other credible source such as a 
textbook) a person may turn to and accept whatever ready alternative may 
appear most promising. 

things on the basis of how they see 
them, it seems, and an understanding 
of the meaning of the terms they chose 
is important to an understanding of 
phenomena they envisioned. But sci-
ence isnotmerely factual information, 
and vocabulary study alone is not the 
key to effective science learning. Nor 
is science merely process, so hands-
on/minds-on explorations alone are 

not the key to scientific understand-
ing. Both preconceived facts and 
explorations into the unknown are 
always present at the expansion of 
scientificknowledge,andit isprecisely 
at the points of expansion of scientific 
knowledgethatscientistsmustdevelop 
the new vocabulary necessary to com-
municate the new knowledge and its 
meaning.Similarly, it ispreciselyat the 
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pointsofexpansionof learning –when 
learnersencounternewexperiencesor 
ideas – that individual students must 
bridge the gap between attainment of 
new knowledge and understanding of 
itsmeaning.TheSCVAapproachisde-
signed to bridge that gap by engaging 
learners in simultaneous construction 
of the scientific concepts to be learned 
andthevocabularynecessary tounder-
stand and use the knowledge. 

The SCVA approach draws learn-
ers into hands-on/minds-on learning, 
but does not leave them on their own 
to discover everything that is already 
known. Conversely, it engages stu-
dents in a review of conventional 
scientific concepts and principles, but 
doesnotrelegate themtothetraditional 
role of passive recipients of what has 
been discovered by others. Rather, the 
SCVAmodel balances personal learn-
ingexplorationswithaccess toexisting 
scientific facts and nomenclature that 
define science and enable meaningful 
communication of scientific knowl-
edge. This gives students a chance to 
examine things and call them as they 
see them, and then check the efficacy 
of their conclusions in the light of 
currently acceptable (conventional) 
scientific theories and principles.

 Review of a Science 
Concept/Vocabulary 

Acquisition (SCVA) Lesson
The SCVAapproach has been used 

to teach a variety of science concepts 
in both elementary school courses and 
graduate teacher education classes. 
A sample elementary science lesson 
conductedwithamixed-abilityclassof 
fifth grade children is discussed below 
tohighlight the fourproceduralphases 
of the model. The topic was “insects,” 
and most of the children had already 
developed pretty strong ideas (prior 
personal conceptions) about the class 

of animals. Among those was a com-
mon misconception that spiders were 
insects. How that misunderstanding 
was handled by the teacher, and how 
it was finally displaced in the lesson, 
are discussed to illuminate the role of 
the teacher in a constructivist learning 
arena of the type facilitated be the 
SCVA model. 

A large can of mealworms (genus 
Tenebrio) and a few children’s books 
on insect-related topics had been on 
display in the classroom for several 
days. This had enabled the children to 
focus their prior perceptions through 
self-initiatedobservationsofaspecific 
insect across various periods of its 
life span. As David Ausubel (1978) 
noted: “The most important single 
factor influencingnewlearningiswhat 
the learner already knows” (p. 163). 
Students’individual experiences vary 
greatly, however, and the teacher was 
careful to plan a lesson that would 
help to bring the learners to a more 
uniform basis of common experience 
and thereby provide more equitable 
learning opportunities for everyone 
in the class. 

On the day of the lesson, speci-
mens of other insects and insect-like 
animals were provided, along with 
magnifying glasses and a variety of 
printed resources including science 
textbooks. Several computers (wired 
to the Internet) were also available, 
with electronic references including 
the Encarta Multimedia Interactive 
Encyclopedia (1996 edition) and 
American Heritage Talking Diction‑
ary (1995). One computer, equipped 
with a LCD projector and screen, was 
available for large-group use. 

Phase 1: Anticipation 
The lesson began with an assign-

ment for each student to write “insect” 
on a sheet of paper, circle the term, and 

then write anything that came to mind 
about insects on the paper. This was 
the first step of a “think, pair, share” 
technique, described more fully by 
Tighe and Lyman (1988), that is de-
signed tohelp learners focus theirprior 
knowledgebyclusteringassociations. 
Thechildrenwereencouragedtocheck 
the display specimens and references 
to see if anything on their cluster of 
ideas was incompatible with what 
they believed “insect” means – or if 
they had left off anything important. 
This provided a structure for them 
to articulate their understandings of 
“insect,” from the perspectives of 
their prior experiences, and check the 
efficacyof their ideasusingbothnature 
itself (the specimens) and a variety of 
conventional science references. 

Clustering is also a very effective 
means of non-obtrusive preassess-
ment. Early in this lesson, for ex-
ample, the teacher noticed that every 
cluster contained the term “spider” or 
“spiders.” The teacher said nothing, 
however,becauseanattempt tocorrect 
students’ thinking at this time could 
actually be counter-educational. Most 
students would have marked “spider” 
off their papers, because the teacher 
said it was wrong, but wouldn’t have 
understoodwhy.They didnotyet real-
ize that they harbored a very common 
misconception of insectsbecause they 
had not yet acquired (consolidated) 
the new knowledge they needed to 
realize they didn’t understand what 
the term means. 

Once the children had thought 
through their clusters, they were di-
vided into groups of four and asked to 
“pair” off and combine their observa-
tions into a variety of categories of 
informationsuchas“kindsof insects,” 
“description of insects,” “value of 
insects,” “damage from insects,” 
and “danger of insects.” Next, the 
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two pairs of students “shared” their 
observations and compiled a categori-
cal group overview of understandings 
about insects. The groups used the 
references, specimens, and electronic 
references quite vigorously. Still, the 
teacher noted, spiders were listed on 
every group’s list. 

Phase 2: Realization 
Constructivists believe that un-

derstandings gained from study are 
realized in the connections learners 
make between what they already 
know and what they encounter as new 
information. But this does not imply 
that everyone must realize the same 
thing in the same way, or at the same 
time. Levels of prior knowledge and 
interests vary widely in any group of 
students, and a diversity of resources 
would be required for learners to have 
anopportunity tobuilduponwhat they 
already know about a topic. To facili-
tate this, avarietyof researchmaterials 
including electronic dictionaries and 
encyclopedias, access to the Internet, 
anda largeselectionofscience-related 
books (juvenile non-fiction) from the 
school library were available to the 
young researchers. 

Each group member was invited to 
select a resource and explore one or 
more of the categories of concepts in 
the group’s overview, and add to or 
correct the information if necessary. 
The majority of children turned to the 
electronic resources initially. How-
ever, many soon found the portability 
of the books attractive since it enabled 
them to move about the room, book in 
hand, to share what they had found to 
support their initial ideas – or refute 
someone else’s. There were frequent 
forays to the collection of animal 
specimens as learners turned to nature 
for confirmation of their research, and 
the electronic dictionaries were heav-

ily used as the children explored the 
terms they encountered in an effort to 
realize what the words meant. Some 
of the children discovered other use-
ful resources on-line, and these were 
also used for checking the efficacy of 
conclusions. Various learners real‑
ized that changes needed to be made 
on their papers, and made them. But, 
the teacher noticed, the problem of 
spiders remained. The children still 
did not realize they didn’t understand 
the meaning of “insect.”

 Phase 3: Consolidation 
“Consolidation,” which means to 

unite into one system or whole, to 
make strong or secure, to make firm 
or coherent, is a logical extension of 
the realization phase. To facilitate an 
environment for consolidation, the 
teacher called the class into a total 
groupsessionandprojectedacomput-
er monitor onto a wall screen to show 
how to researchwordorigins using the 
electronicdictionary.Then the teacher 
suggested that the class begin by re-
examining (researching) “insect” and 
other terms they may need to check to 
besure themeaningsareclear. Inkeep-
ing with the student-centered mode of 
the SCVA model, the computer was 
operated by a student with the other 
children gathered around the screen. 
Theoperator typedin“insect.”Placing 
the cursor under the second syllable of 
the term brought up a list of all words 
that contain the root word, “sect.” 
The list included words like section, 
dissection, intersection, midsection, 
bisect,andvasectomy.(Giggle,giggle. 
Someone had been paying attention in 
family life education!) 

A moment of discovery occurred 
as the basic notion of “cut” emerged 
from examinations of words contain-
ing “sect.” Why, a student wondered, 
would scientistsuseaword thatmeans 

“cut” to name insects? After a bit 
more poking around in the dictionary, 
a student conceived an answer: “In 
sections!”sheexclaimed.“Insections. 
Insect! Insects are in sections!” There 
wasamomentofuncharacteristicquiet 
as the children reflected on that com-
ment, followedbybumptious forays to 
the table of specimens to confirm the 
idea.Lookingatawasp, the threebody 
parts did indeed seem to be loosely 
connected – as if cut into sections. 
Eventhougheverystudenthadbrought 
a long-establishedpersonalconceptof 
“insect” into the classroom, this idea 
emerged only in the language study 
that accompanied the science study. 
Clearly, the ability to understand the 
scientific meaning of “insect” was 
much more adequate and meaningful 
when accompanied by insight into the 
structure of language. 

Additional discovery followed as 
the class decided to take another look 
at “insect” to see if there was more to 
be learned from it. The definition was 
again called to the screen: 

in •sect n. 1.a. Any of numerous 
usually small arthropod animals 
of the class Insecta, having an 
adult stage characterized by 
three pairs of legs and a body 
segmented intohead, thorax,and 
abdomenandusuallyhaving two 
pairs of wings. Insects include 
the flies, crickets, mosquitoes, 
beetles, butterflies, and bees. b. 
Anyofvarioussimilararthropod 
animals, such as spiders, centi-
pedes, or ticks. 
“Arthropod?,”astudentasked,hav-

ing seen the word in an earlier reading 
but not having given it much thought. 
An instant later, the class saw: 

ar •thro•pod n. Any of numer-
ous invertebrate animals of the 
phylum Arthropoda, including 
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the insects, crustaceans, arach-
nids, and myriapods, that are 
characterizedbyachitinousexo-
skeleton and a segmented body 
to which jointed appendages are 
articulated in pairs. 
Still intrigued with the results of 

their dissection of “insect,” a student 
asked “What does “pod” mean?” By 
now the children knew how to cut 
through to the core information they 
neededandweresoonlearning theroot 
term of “foot.” “Arthro” is the Latin 
for “joint,” and “pod” means foot – so 
it’s a “jointed foot?” Not exactly, but 
the students were soon satisfied that 
this was probably close enough in 
the eyes of the one who thought up 
the name. 

Moving from term to prefix to suf-
fix, thechildrenexplored themeanings 
of terms in the definition of arthro-
pod. “Crustacean?” Soon they were 
fascinated with the knowledge that 
lobsters and their kin were character-
ized by “crusty” exoskeletons, and 
myriapodswerearthropodswithmany 
feet. Excitement grew as the children 
examined other terms they had come 
across in their study of insects – but 
now realized they didn’t have any 
idea what they mean. Up to now, the 
terms were just meaningless words 
in a definition they had not really un-
derstood – and didn’t realize a need 
to understand.� But now they had a 
desire to know (reason to research) 
the meanings. 

“Arachnid? Look that one up,” 
someone suggested, and the keyboard 
clicked again. In a few seconds the 
dictionary revealed the definition: 

a •rach•nid n. Any of various ar-
thropods of the class Arachnida, 
suchasspiders, scorpions,mites, 
and ticks, characterized by four 
pairs of segmented legs and a 
body that is divided into two 

regions, the cephalothorax and 
the abdomen. 
“Put it (the cursor) under spider,” a 

student suggested, and the class dis-
covered that the word shares its origin 
with the Greek word for “spin.” So the 
spider is a spinner, actually named not 
for a physical feature – like insects 
and crustaceans – but for a distinc-
tive behavior. Then a student spotted 
something important. 

“Hey,” the perceptive child ex-
claimed: “We’ve got to change our 
cluster thing! We put a spider on it, but 
this says spiders have two-partbodies. 
While ago, the dictionary said insects 
have three-partbodies, sospiderscan’t 
be insects!” 

“No, it did not,” another equally 
perceptive student responded. “It said 
‘spiders’ when we looked up insect!” 
Suddenlytherewastensionthroughout 
the room, and the whole class was at-
tuned to the problem. More keyboards 
clicked as students returned to their 
own group’s computers and called up 
“insect” for a first-hand look. There, 
just as the second student had noted, 
was the statement: 

“ . . . b. Any of various similar 
arthropod animals, such as spiders, 
centipedes, or ticks.” 

Why would the dictionary say this, 
the class worried, when it also said 
spiders have only two major sec-
tions? This was a serious problem! 
“If you can’t believe a dictionary,” a 
now very impatient child exclaimed, 
“what can you believe?” It was at this 
point of cognitive disequilibrium that 
a uniquely teachable moment was cre-
ated, and a switch in teaching methods 
was needed. According to the Piaget-
ian concept of constructivist learning, 
such cognitive disequilibrium is an 
essential prerequisite for learning. 
However, there is a second equally 

essentialprerequisite – thepresenceof 
a readily accessible and more satisfac-
tory alternative idea to replace the one 
that has just betrayed the confidence 
of the learner. Otherwise, learners are 
likely todisavowthewholesystemand 
seeksomeothermeansofresolvingthe 
problems they face.2 (That says a lot 
about the essential role a teacher must 
play in such situations.) To meet this 
unexpected need, the teacher briefly 
assumed the lecturer’s mantle at a 
time when only that teaching mode 
was adequate for the task – and the 
only time that it was appropriate for 
the lesson – and explained: 

“Really, (the dictionary) doesn’t 
say that spiders are insects. The 
‘a’ part of the definition tells us 
the most accurate current usage 
of the term,andthe‘b’part shows 
a less desirable way that some 
people use the word ‘insect.’ 
What it means is that a lot of peo-
ple call spiders insects, because 
they don’t know any better. But 
as you just found out, they aren’t 
insects. They’re arachnids. So 
whatcanyoubelieve?Asyou’ve 
just learned, you can believe in 
your own intellectual power and 
ability to learn, if you’ll just ap-
ply your mind to it and not give 
up until you understand what 
you study.” 
There were a few grumbles, but 

the children soon became comfort-
able with the idea that dictionaries 
can show both how people should 
use words and how they may misuse 
them. Now the students knew they 
mustusedictionaries–and theirminds 
– a bit differently. Display specimens 
were viewed with new interest, and 
references were re-opened with new 
conviction as students employed their 
newly acquired learning skills to re-
search heretofore meaningless terms 
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they had encountered such as “exo-
skeleton” and “invertebrate.” Soon 
they realized that a scientific name 
usually reflects only one or a few of 
the distinctive features of a particular 
animal, but these are obviously some 
of the main features that scientists saw 
when they first observed and named 
the animal. 

It is important to note that all the 
children had by now corrected their 
misconceptionsof“spider,”quite like-
ly forever. Soon, each group was busy 
rechecking itsconceptualoverviewon 
the basis of the new knowledge it had 
acquired. Insupportable ideas were 
weeded out, and each group reached 
a collectively constructed consensus 
on the meaning of “insect” much as a 
teamofprofessionalresearchscientists 
might. Eventually the teacher had 
to call time, and the groups quickly 
resolved any last-minute concerns 
regarding specific terms that should 
be retained or deleted on their group 
clusters.Thuscommitted to the results 
of their work, the teams were ready to 
present their conceptuali-zations to 
their peers with confidence built upon 
systematic study. 

Phase IV: Confirmation and 
Commitment 

This phase of the SCVA model 
is based on the premise that requir-
ing learners to commit their ideas 
to writing for review by others will 
encourage them to do their best, and 
this appeared to be the case. There 
was another moment of uncharacter-
istic quiet in the class as the groups’ 
reportersgatheredat thechalkboard to 
present their overviews. The students 
knew they each had a responsible part 
in the development of their group’s 
work, and it was being exposed for 
all to see. It was an exciting moment, 
andmaybe a bit intimidating for some. 

Again, as the overviews spread across 
thechalkboard, itwas important for the 
instructor to refrain from volunteering 
“corrections.”Rather, the teacher’s job 
wastoencouragestudents toscrutinize 
theoverviewsandchallengeaconcept 
if they saw a problem. This student-
centered approach doesn’t do much 
for the ego of teachers who covet 
recognition as experts in charge, but it 
does much to boost the confidence of 
children as partners in learning. 

In thecaseofmost inadequate ideas 
(therewere fewbythis time), someone 
in the class realized the problem and 
usedinsightsfromher/hisownresearch 
toseekamoreadequateunderstanding. 
Acouple of explanations were offered 
by the teacher, in cases where continu-
ing student investigations would not 
likely resolve an issue ina timelyman-
ner, but most concerns were resolved 
with student forays into the various 
learning resources.The studentsmade 
notes on their personal copies of the 
tentative overviews they had initially 
developed, using their new insights 
into the concept of Insecta. 

This phase of the lesson helped to 
engender a sense of ownership of the 
information learned and also encour-
agedskeptical thinking,whichisahall-
markofscientific inquiry.The learners 
had functioned like little scientists, 
in the fullest sense of the educational 
ideal of the 1960s-70s. But they had 
begun and ended with interest-based 
and largely self-defined study attuned 
to their individual backgrounds and 
self-realized needs-to-know in ac-
cordance with the student-centered 
ideals of constructivism. They were 
convinced of the worth of what they 
had learned and, we would conjec-
ture, quite confident of both their 
own learning potential and the value 
of school. 

When given a wide
and free choice of 
research materials, 
we found, students 
gravitated to a level
of textual difficulty
commensurate with 
their reading ability. 

Reflections on the Lesson 
Most of the students possessed a 

rather extensive personal knowledge 
of insectsat thebeginningof thelesson, 
but itwasderived frompersonal learn-
ing and constructed largely without 
benefit of systematic exposure to the 
resources of conventional scientific 
content. Exposure to extensive and 
easily accessible sources of scientific 
information throughout the lesson, in 
the form of printed and electronic ref-
erencesandhands-onspecimens, con-
tributed to systematic enhancement of 
contentmastery.However, all thiswas 
insufficient toassure timely resolution 
of a common scientific misconception 
brought into the classroom. The chil-
dren were adding much new informa-
tion to theirpersonalknowledgebases, 
but still maintained that spiders were 
insects until well into the late stages 
of the lesson. Something more was 
needed for effective learning. 

Something more was provided 
through integration of science and 
vocabularystudytoencourageanalyti-
cal thinking with regard to vocabulary 
terms used to name the concepts the 
children studied. Only when con-
fronted with the meanings of the vo-
cabularyused todistinguisharachnids 
and insects did the learners realize that 
spiders are not insects, and why. Op-
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portunity for this understanding was 
provided through a lesson that: 
�. Beganateachchild’spersonal level 

of experience and accommodated 
individual learning styles; 

2. Enabledthelearners toapproachthe 
subject from the perspective of per-
sonal interests and needs-to-know, 
withouthaving toendureaprepared 
lesson that may have covered much 
of what they already knew; 

3. Employed group learning methods 
to provide an arena for constant 
cooperation, collective thinking, 
and feedback; 

4. Required each learner to articulate 
and commit to his/her ideas in the 
form of an individual cluster, and 
later a group overview; 

5. Providedconvenient individualand 
group access to a broad scope of 
conventional reference materials; 

6. Assuredthat thestudentswerenever 
far from concrete examples of the 
object of study for use in checking 
their assumptions; and 

7. Focused on the origins and mean-
ings of vocabulary terms used in 
conceiving and communicating 
information about the object of 
study. 
The learners derived much of the 

It was during those
moments of self-
directed discovery that 
the value of integrated
science and language
study became most
evident. 

science content from the type of ju-
venile literature found in most school 
libraries. When given a wide and 
free choice of research materials, we 
found, students gravitated to a level of 
textual difficulty commensurate with 
their reading ability. The satisfaction 
of learning through reading at their 
personal comfort levels may be an 
incentive for further reading among 
many otherwise reticent readers, and 
it is anticipated this would culminate 
in both increased reading skills and 
extended science study. 

The electronic version of the dic-
tionary proved very efficient for the 
kindofwordstudynecessarytoanswer 
basic language questions of science. 
It may be hard to imagine students 
excited about using a dictionary, but 
an electronic form enables students to 
do things they cannot do with other 
dictionaries. For instance, it allows 
a user to access a definition almost 
instantly, hear the word pronounced, 
and avoid the stultifying requirement 
of searching and page turning to ana-
lyze terms. Generally, once students 
learned what they could do with infor-
mation available from the dictionary, 
the teacher was able to step aside and 
watch learning progress. 

It was during those moments of 
self-directed discovery that the value 
of integrated science and language 
study became most evident. For most 
of their lives, the children had known 
about –butnotnecessarilyunderstood 
– insects. When they approached the 
topic in the SCVA lesson, however, 
once-meaningless termsmadesenseas 
the connections with the objects they 
named were discovered. As the explo-
rations continued, a singular question 
arose: Why do scientists use so many 
Latinnames?Again turning toaquasi-
lecturemodetocut throughtoessential 
information, the teacher explained 

that many scientific names have a 
Latin or Greek origin because the 
early scientists who coined the names 
wereeducated in those languages.The 
explanationwasmeaningful,giventhe 
circumstances of their inquiry, and the 
class was satisfied. 

As with any lesson, however, this 
one was not without shortcomings. 
It had successfully taught numerous 
complex ideas and connections that 
were essential to an understanding of 
the meaning of the topic studied, but it 
failed to teach a singularly important 
concept related to thenatureof insects. 
The idea of “metamorphosis” was not 
noted on any of the students’clusters, 
even though it was observed in the 
can of meal worms and prominently 
mentioned or depicted in many of 
the library references and electronic 
references. 

Comments on Assessment of 
Student Performance 

Based on the premise that student 
performance should be evaluated 
using the same methods employed 
for teaching, assessments focused on 
examination of each student’s final 
cluster.Observationsduring the lesson 
had revealed several things to watch 
for in the students’ final perceptions. 
Identification of spiders as insects 
was a common problem, for example, 
but it was conspicuously marked out 
or erased on the final clusters of all 
learners. A notation of the three-part 
body structure of insects was present 
on every cluster, but in many cases it 
was obvious that it had been squeezed 
in as a result of learning late in the les-
son. Such cases were appreciated as a 
late-stage realizations of an essential 
characteristic of the subject. 

Notes were added as appropriate to 
denote spelling errors on the clusters, 
but these were few (the children had 
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paid attention to spelling as they used 
the dictionary, thereby learning to 
check their own work). Variations in 
thenodalconnotationswereperceived 
as a desideratum reflecting student 
individuality, and commendations 
were noted in cases of unique percep-
tions. “Metamorphosis” was added 
as a marginal notation on all clusters, 
along with suggestions for other im-
provementswhereverappropriate.The 
suggestions were explained as areas 
for growth rather than indications of 
inadequacy, and were not considered 
for grading 

Some children had stood out more 
in thehands-onexplorations,andsome 
were more involved with the comput-
ers. Still others excelled at the collect-
ing and manipulating information in 
group sessions, and others could infer 
fascinating connections from even the 
simplest children’s books. However, 
noneof thesefactorsconstitutedabasis 
for rewarding or penalizing individu-
als.All studentshaddemonstratedsub-
stantial learning about insects, using 
whatever learning style served them 
best, and that was the lessonobjective. 
All clusters were deservedly marked 
as “Excellent.” 

Interpretive interviewsweresched-
uled with six students, who had been 
purposefully selected as representa-
tive of the demographic scope of the 
class, to look for reasons the concept 
of metamorphosis never surfaced in 
the lesson. There seemed to be a more 
or less common perception that, in 
the words of one student, “It’s what 
happened when the mealworms in the 
can changed into insects, you know.” 
Butterflies were also mentioned, but 
again in the sense that metamorphism 
involved changing from something 
else into an insect rather than change 
within the life cycle of an insect. A 
butterfly or beetle looked as the learn-

ers anticipated an insect would look, 
but a mealworm didn’t. Anticipation, 
in this case, precluded realization of 
an obvious connection. After brief 
discussionofwhat theyhadseengoing 
on in the can, the interviewees seemed 
comfortable with the realization 
that mealworms were insects – they 
had to be, they understood, because 
they had witnessed the change. The 
children had not realized what they 
had seen. However, when faced with 
a need to analyze their thinking, the 
six interviewees readily made the 
connections needed to understand the 
concept of metamorphosis as change 
within the lifecycleof insects.Clearly, 
the teacher concluded, this must be 
a topic for a follow-up SCVA lesson 
– perhaps in a unit on the meaning of 
“change” itself. 

The final question solicited open-
ended observations of the students’ 
reactions to the lesson. “I liked it 
because I got to do what I wanted to 
do” was typical of the interviewees’ 
responses. A comment from the third 
intervieweewasparticularly touching. 
The class had known there would not 
be a traditional test, but each group 
would be expected to share its ideas 
with the class: “I was feeling good 
when we had to write (our over-
view) on the board,” she said, “and 
everybody else thought what we did 
was good, too.” She was proud that 
the work had met with approval of 
her peers. A question regarding this 
was added for the remaining three 
interviews, and the responses made it 
clear that anticipation of peer-review 
was a much more positive stimulus 
for performance than the prospect of 
teacher review. 

Conclusion 
The outcome of integrated science 

and language arts instruction in the 
SCVA lesson supported Alexander, 

Schallert, and Hare’s (1991) conclu-
sion that knowledge of language is not 
distinct from an individual’s knowl-
edge base. Rather, as they contended, 
knowledge of vocabulary overlaps 
discourse and content knowledge 
because “word knowledge entails 
two related components: the actual 
labels themselves and the concepts 
that are being represented by those 
labels” (p. 327). This was the case 
in the SCVA lesson, where students 
reported fascination with the learning 
process, satisfaction from acquisition 
of knowledge and skills needed to 
understand and validate a concept, 
and a sense of self-worth enhanced 
by successful learning . The students 
realized theeuphoriaofunderstanding 
as they wrestled with the meaning of 
things, and most likely they will ap-
preciate that dimension of learning for 
the rest of their lives. 
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Dana L. Zeidler 

Visions: Teachers’ Perceptions of 

Reform Goals in Science Education
 

Results are presented from an examination of 
high school teachers’ perceptions of, and commitment to, 

the contemporary goals of science education. 

Abstract 
The purpose of this study was to 

discern high school teachers’ percep-
tions of, and commitment to, the con-
temporary goals of science education. 
Findings suggested that a minority of 
teachers hold past goal orientations 
as strongly as the majority who hold 
contemporary views, and resist the 
introduction of moral and ethical is-
sues, integration among subjects and 
heterogeneous grouping practices. 
Resultsalso revealedashift insecond-
ary science teachers embracing more 
contemporary orientations. Finally, 
analyses indicated that professional 
development factors, familiarity with 
science education journals, and years 
of teaching science were predictive 
of contemporary goal orientations. 
Implications related to reform issues 
and research are discussed. 

Purpose of Study 
“I am for ‘Peace, retrenchment, 
and reform’, the watchword of 
the great Liberal party 30 years 
ago” (John Bright, 1859). 

Perhaps the contemporary sci-
ence education community would be 
happy with the first two out of three. 
“Reform” has arguably been the 
watchword in science education for 
the past 30 years, yet it seems elusive: 

ebbing, flowing, and changing as dif-
ferent visions snap into the forefront 
of the science education community 
each passing decade. The early part 
of the 1990s has borne witness to yet 
another quest in an attempt to secure 
a collective vision of reform for the 
next millennium in science education. 
Project 2061 (American Association 
for theAdvancementofScience,1989) 
and Benchmarks (AAAS, 1993) have 
been the impetuses for a “grass-roots 
effort” to bring “vision and determi-
nation” to science education reform 
(AAAS, 1993, p.VII). Accordingly, 
these projects “press for nationwide 

“Reform” has arguably
been the watchword 
in science education 
for the past 30 years, 
yet it seems elusive:
ebbing, flowing, and
changing as different 
visions snap into the
forefront of the science 
education community
each passing decade. 

acceptance of the goals and philoso-
phies of Science for All Americans” 
(AAAS, 1993,p.379) while serving as 
a foundation for additional systemic 
reforminitiatives(i.e., DesignsforSci‑
ence Literacy, Blueprints for Reform, 
Resources for Science Literacy, and 
Project 2061 Curriculum‑Design & 
Resources System). The development 
of these initiatives has reached critical 
mass, as evidenced by the introduc-
tion of the National Science Educa‑
tion Standards (National Research 
Council, 1996). A renewed flurry of 
reform issues and the role of research 
appliedtopractice inscienceeducation 
have surfaced as key issues in recent 
research literature. Critical issues of 
reform were outlined and discussed 
at some length in a special issue of 
the Journal of Research in Science 
Teaching (Shymansky & Kyle, 1992), 
and Science Education (Kyle, 1991; 
Kyle,Linn,Bitner,Mitchener,&Perry, 
1991). A common theme appears to 
be that understanding issues of reform 
requires “a new view of curriculum” 
(Shymansky & Kyle, p. 757); and that 
a sincere commitment to nurturing 
the relationship between research and 
practice inschools,andconnectingthis 
to the aim of schooling, is needed to 
bring about “a vision of hope” (Kyle, 
1991, p. 407). 
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If reform efforts are 
to impact urban,
suburban, and rural 
school systems, then
advocates of reform 
must consider the 
perspectives and views
of these practicing
teachers. 

Acentral task for science educators 
of the 1990s and beyond seems to be 
twofold. First, research into under-
standing the status of reform-related 
issues and goals amongst practicing 
teachers iswarrantedif trulygrassroots 
efforts are to impact practicing teach-
ers, and second, connecting research 
to the improved practice of science 
teaching is also a pressing concern. 
Yager (1992) reminded us that as a 
profession, we need to be clear about 
the questions we seek to address. 
O’Loughlin (1992) further reminded 
usof the“Bakhtinian”question,“Who 
is doing the talking?” and suggested 
that one’s understanding of any issue 
ismultivoicedandsocioculturallysitu-
ated. This latter point is an important 
one; any vision the science education 
researchcommunityadvances is inher-
ently linked to a broad array of shared 
perspectives, andone’sunderstanding 
of that perspective is never formed 
in isolation of social, and local, and 
community factors. If reform efforts 
are to impact urban, suburban, and 
rural school systems, then advocates 
of reform must consider the perspec-
tives and views of these practicing 
teachers. Of the issues facing science 
education reform, developing a better 

understanding of change in science 
education and, therefore, contributing 
toeducational reformis a high priority 
(Shymansky & Kyle, 1990). 

To investigate the perceptions 
of contemporary goals in science 
education among various profes-
sional organizations and practicing 
teachers is tantamount to a study of 
change. Both goals and perceptions 
are dynamic; major redirections of 
science education goals have been 
occurring, it appears, with the onset of 
each decade (National Science Teach-
ers Association, 1971; NSTA, 1983; 
AAAS, 1993). The dissemination of 
goals is relegatedprimarily to theprint 
media and is emphasized at meetings 
of professional science education as-
sociations. Hence, it seems prudent 
to assess the effectiveness of these 
efforts in communicating those goals 
to practitioners in science teaching 
and to discern the degree of convic-
tion with which these goals are held 
by science teachers. 

Recently, therehasbeenaprolifera-
tionofpublisheddocumentsandpolicy 
statements by professional organiza-
tions concerning new directions for 
thegoalsofscienceeducation(AAAS, 
1989; Carnegie Commission, 1991; 
NSTA, 1990, 1992, NRC, 1996). Past 
research has indicated that involve-
ment in professional organizations, 
attendance at inservice workshops, 
and teaching middle school (but not 
secondary school) are moderately as-
sociatedwithpurportedcommitments 
to 1980s goals of science education 
(McIntosh & Zeidler, 1988). Addi-
tionally, this same study indicated that 
secondary science teachers tended to 
prefer 1960s orientations to 1980s ori-
entations. Pastvenues thatallowedfor 
the dissemination of the goals through 
government sponsored classes, work-
shops, and university institutes have 

been drastically cut. From 1950 to 
1970ahalfbilliondollarswasspenton 
the development and implementation 
of science education curricula (Yager, 
1988). With the decrease of funding 
during the 1980s, a question arose as 
to the extent to which contemporary 
science education goals developed in 
the late 1980s and in the 1990s, were 
adoptedbyscienceteachers.Consider-
ing the heavy competition for limited 
federal funding earmarked for science 
education and the dismal condition of 
many state and local education bud-
gets, thestatusof teachers’perceptions 
ofcontemporarygoalorientationswas 
uncertain. 

The purpose of this study was 
to examine high school teachers’ 
perceptions of, and commitment to, 
contemporary goals and trends of 
science education, by expanding the 
work of Zeidler & Duffy (1994) using 
a geographically diverse sample of 
high school teachers. Collecting data 
on teachers’ beliefs related to science 
education goals was accomplished 
by the development of a Contem-
porary Goals Survey. Information 
on professional development factors 
(e.g., available funding and teacher 
involvement in workshops, courses, 
and professional organizations) was 
also collected and validity and reli-
ability estimates were established. 
Four sections provide the results 
of this study: Part I - Homogeneity 
Within Sample; Part II - Comparison 
of Past and Contemporary Goals; Part 
III - Conviction to Goal Orientations; 
and Part IV - Professional Develop-
ment Factors. 

Significance of Study
Evolution is described as a process 

of punctuated equilibrium (Gould, 
1977). As organisms evolve, they 
first go through a period of enormous 
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diversity and numbers, then through 
natural selection they settle into a pe-
riod of lessened diversity and reduced 
extremes. Metaphorically, perhaps 
the evolution of contemporary goals 
for science education may be thought 
of as an ontogenetic mirror of this 
biological process. As with evolution, 
contemporary goals (or life forms) are 
not necessarily “better” in some ethi-
cal sense; to claim so would run the 
risk of committing the philosopher’s 
“naturalistic fallacy”. To claim con-
temporary goals are better according 
to pedagogical criteria may depend 
on one’s educational ideology. But 
the shifts found in current reform 
trends (cited in the introduction) do 
represent a departure from a previous 
state of affairs. It is my contention that 
awareness and understanding of these 
differences is a necessary step for any 
kind of reflective practice in science 
education. 

Reform efforts by national organi-
zations thatadvancenewphilosophies 
(e.g., AAAS, 1989, 1993;NRC, 1996) 
andrefinepreviouspedagogicalefforts 
(e.g., NSTA, 1971) may be necessary 
steps to produce a vision of scientific 
literacy sensitive to an international 
economy. However, such efforts 
may fall short of their mark if sci-
ence teachers in the public schools 
are unaware of, do not agree with, or 
are misinformed as to the nature of 
those goals. This study is designed 
to ascertain the degree to which the 
perceptions of contemporary goals 
are consistent with emerging trends 
in science education. Science super-
visors, methods teachers, and other 
science educators not only need to be 
aware of how these emerging trends 
and possible future trends may impact 
curricula,butalsoneed tobecognizant 
of the perception of these trends by 
classroom teachers, so that well-de-

fined goals at the local level may be 
implemented consistently. Effective 
schools and effective supervision 
are characterized by the presence of 
well-defined goals (National Science 
SupervisorsAssociation,1980;Purdey 
& Smith, 1982). 

Procedure 
Instrumentation 

The survey instrument for the pres-
entstudywasdevelopedfrommultiple 
sources (listed below) that contained 
policies relevant to the field of science 
education. It is important to note that 
a deliberate effort was made to iden-
tify present contemporary goals and 
trends, andcontrast themtoprevailing 
but possibly obsolete 1960s orienta-
tions. These sources included: Scope, 
Sequence, and Coordination: The 
Content Core, (NSTA, 1992); Project 
2061, (AAAS,1989);andBenchmarks 
(AAAS,1993);LeadPaperonScience 
and Technology Education (NSTA, 
1990); Carnegie Commission Report 
(CarnegieCommission,1991);andthe 
Contemporary Goals Survey (McIn-
tosh & Zeidler, 1988). In constructing 
the statements reflecting science edu-
cation goals, care was taken to design 
the statements in pairs, one reflecting 
contemporary goals of science educa-
tion, and the other reflecting past or 
datedgoals. Randomizationofcontext 
and question order was performed to 
reduce patterned-responses sources 
of error. The survey instrument was 
pilot tested for design and readability 
on 22 graduate students who were 
also secondary school teachers. The 
final version consisted of a 32-item 
four-choice category (no emphasis, 
slight, moderate, and strong empha-
sis) with items randomly distributed 
throughout the instrument in a manner 
consistent with increasing the validity 
and decreasing the residual errors as 

suggested by Singer & Presser (1989) 
and Fowler and Mangione (1991). 
(Note that at the time of item develop-
ment the National Science Education 
Standards [NRC, 1996] had not been 
printed.)Table1 includes thefinalgoal 
statements, which have been grouped 
in pairs representing contrasting ori-
entations. 

Faceandcontentvaliditywereveri-
fied by sending the questionnaire to 
five prominent teachers and research-
ers in science education who hold (or 
have held) elected positions in NSTA, 
National Association for Research in 
Science Teaching (NARST), or Asso-
ciationfor theEducationofTeachers in 
Science(AETS). Reliabilityestimates 
were established using Spearman’s 
rank order correlation coefficients 
(Blalock,1979)andSpearman-Brown 
split-half procedures (Mehrens & 
Lehmann (1987). Split-half reliabil-
ity was found to be 0.72 (p = .0001). 
Each half also correlated to the total 
score with reliabilities of 0.89 and 
0.84 (p = .0001). Considering the 
relatively small number of items for 
each half (16) to the total number of 
items (32), the reliability coefficients 
suggest reasonably good internal con-
sistency. Additionally, old goal state-
ments did not significantly correlate 
with contemporary goal statements 
(-0.02; p=.34) suggesting appropriate 
divergent internalvalidity. Aquestion-
naire containing items to ascertain 
descriptive information pertinent to 
professionaldevelopment factors (see 
Purpose) was also included. It should 
benoted that thesereliabilityestimates 
are consistent with those previously 
reported for this same instrument 
(Zeidler & Duffy, 1994). 

Population and Sample 
Becausepast research (McIntosh& 

Zeidler, 1988) indicated that second-
ary school teachers were more likely 
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to hold earlier (1960s) orientations of 
science rather than1980sviews,when 
compared to their middle school col-
leagues, the present study focused on 
secondary school teachers to examine 
their beliefs in the present goals of sci-
ence education. The population cho-
sen for study was secondary science 
teachers whose high schools belong 
to the Association for Supervision and 
Curriculum Development’s (ASCD) 
HighSchoolFuturesPlanningConsor-
tium III (HSFPC III), and secondary 
science teachers selected from48 high 
schools in26states representingall re-
gions of the country. While some may 
suggest that the HSFPC III population 
may not be representative of science 
teachers in general, but is indicative 
of schools where some commitment 
to educational reform was taking 
place, this study sought to include the 
latter group from a broader spectrum 
of high schools across the nation. At 
the time of this study, 24 high schools 
from various states were members 
of HSFPC III. Responses from 16 
of the 24 HSFPC III schools were 
received (n = 113), whereas teachers 
from all 48 high schools in the latter 
group responded (n=218). The total 
number of respondents provided a 
sample size of 331 secondary science 
teachers. Hence, this study evoked a 
combination of purposeful sampling 
and maximum variation sampling 
techniques (Wiersma, 1995). Inas-
much as an effort was made to select 
schools thatwereurban, suburban,and 
rural, this particular sample and the 
corresponding response rate was in-
ferred to reflect an appropriate diverse 
geographic and demographic cross 
section of respondents. However, as 
with most survey research, the reader 
must temper the results with the open 
questionas towhether respondentsare 
representative of nonrespondents. 

Results and Discussion 
Part I: Homogeneity Within 
Sample 

The rationale to expand the origi-
nal sample to include science teach-
ers in general (beyond those whose 
schools are members of the Futures 
Consortium) was the impetus for the 
present study. However, the question 
may arise as to whether or not both 
groups could be pooled together to 
create a larger national sample. A 
Mann-Whitney U test (corrected for 
ties) was performed between both 
groups and yielded no significance (z 
= -.94, p = .34). This result suggested 
that there are no uniform differences 
concerning the perceptions of con-
temporarygoalsbetweenbothgroups; 
we can now regard the pooled sample 
as one homogeneous group. This is 
interesting because it can be inferred 
(based on this sample) that, in general, 
secondary school teachers’ views 
concerning reform goals are similar 
to those teachers whose districts are 
part of a concerted effort to implement 
reform. All furtherdataanalysis were, 
therefore, performed on the pooled 
sample of n = 331. 

Part II: Comparison of Past and 
Contemporary Goals 

Items reflecting past (1960s) goal 
orientations were contrasted with 
items representing contemporary 
goals. A Wilcoxon Matched-pairs 
Signed-ranks Test (Blalock, 1979) 
revealed that the sample significantly 
favored contemporary goals to past 
goals (193 to 66, with 11 ties; z = 9.33, 
p = .00001). It is worth noting that 
this finding represents a shift in favor 
of contemporary views for secondary 
teachers since the 1980s (McIntosh & 
Zeidler, 1988). While this shift indi-
cates beliefs that are more in line with 

current trends, it does not indicate the 
extent towhichcontemporarygoalsare 
favored nor the degree of conviction 
with which teachers hold particular 
goal orientations. This analysis is 
provided in Part III below. 

Part III: Conviction to Goal 
Orientations 

A descriptive analysis of the ques-
tionnaire was undertaken to provide a 
more detailed overview of the results. 
Responsefrequenciesandpercentages 
were tabulated for each statement. 
The questionnaire was coded from 0 
to 3, with higher numbers represent-
ing stronger goal orientations. Table I 
providesanoverviewof itemresponse 
frequencies, means, and weighted 
means. It is of interest to note that 
the weighted mean may be concep-
tualized as a “strength of conviction” 
index, inasmuch as it was performed 
on the moderate and strong emphasis 
categories. This would indicate how 
strongly those favoringparticulargoal 
orientations felt about their selection. 
It should be noted that the last two 
pairs of statements were not meant 
to be interpreted as contrasting ori-
entations; rather they were included 
as validity checks for comparisons 
with prior items. Comparisons of the 
weighted means for moderate and 
strong emphasis suggest that contem-
porary goals are generally favored. 
However, following the procedure 
used by Zeidler and Duffy (1994), 
in which small differences of the 
weighted mean (less than 0.15) were 
considered to indicate inconsequential 
divergence in the strength of convic-
tion between contemporary and past 
goals, five pairs of statements in the 
present study revealed similar convic-
tions. These were tagged “red flag” 
items because of the potential interest 
the items reveal about the strength of 
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conviction one may have to previous 
trends,andareasfollows: 29-12;5-23; 
24-9; 27-15; and 20-13. Surprisingly, 
in these cases, the strength of convic-
tion for past goals was not substan-
tiallydifferent fromthecorresponding 
contemporary goals. This suggested 
that while those who embrace past 
goals may constitute the minority, 
they embrace those orientations as 
strongly as those holding the majority 
view. Inparticular, these teachersmay 
tend to discourage divergent thinking 
related to science-technology-soci-
ety issues, resist the introduction of 
moral and ethical issues in science, 
favordiscipline-specificsubjectsover 
integration among subjects, prefer to 
focus on skills and content specific 
to each discipline, oppose heteroge-
neous grouping practices, and focus 
their teaching on the development of 
knowledge acquisition and process 
skills in contrast to developing “habits 
of mind” (values and beliefs related to 
the practice of science). Perhaps the 
lack of strong predilections regarding 
theseperceptionsmaybeexplained, in 
part,by the“contentconscious”nature 
of some secondary school teachers, a 
perception that would be consistent 
with the finding of McIntosh and 
Zeidler (1988). 

Part IV:  Professional 
Development Factors 

An exploratory analysis was un-
dertaken to determine if differences 
in definitive past and contemporary 
goals perceptions (lowest third of 
scores representing older goal orien-
tations verses highest third of scores 
representing contemporary goal 
orientations) were associated with 
professional development activities 
(e.g., inservice workshop and confer-
enceattendance), frequencyofreading 
science education journals, and years 

of teaching science. Discriminant 
analysisusingRao’sVfor thestepwise 
method for selection of variables was 
selected because Rao’s V maximizes 
separation of group centroids (in this 
case—contemporarygoalorientations 
versus dated goal orientations). 

Theresultssuggest thatprofessional 
development factors,yearsof teaching 
science, and frequent reading of sci-
ence education journals (in that order) 
producedsignificantstepwisechanges 
in Rao’s V (p < .01), indicating that 
they were predictive of goal orienta-
tions. These variables also form one 
significantstandardizedcanonicaldis-
criminant function (p < .001) that pro-
duced the following coefficients with 
respect to that function: Professional 
Development (0.55);ReadingScience 
Education Journals (0.52); Years of 
Teaching Science (-0.66). Clearly, 
these results indicate that the first two 
variables are moderately associated 
with contemporary goal orientations, 
whereas the lastvariable ismoderately 
but inversely related to contemporary 
goal orientation. Because this vari-
able (Years of Teaching Science) was 
broken down among those teachers 
who have been teaching science for 
less than 5 years versus those who 
havebeen teaching science forover15 
years, it is plausible that those in the 
latter group (having weaker commit-
ments to contemporary goal orienta-
tions) earned their undergraduate and 
possibly their graduate degrees prior 
to 1980, before many contemporary 
goals were initiated. These find-
ings are, on the one hand, congruent 
with the findings of Scharmann and 
McLellan (1992), that professional 
development factors significantly 
shifted teachers’ goal orientations in 
a direction more consistent with the 
contemporary goals stated by profes-
sional science education associations. 

Ontheotherhand, the presentfindings 
depart fromScharmannandMcLellan, 
who also reported that recent gradu-
ates did not possess an advantage over 
less recent graduates in holding more 
contemporary beliefs after a one week 
professional development workshop. 
Perhaps the clear dichotomy of teach-
ing experience in the present study 
(less than 5 years versus more than 15 
years) could explain these seemingly 
conflicting results. Nevertheless, the 
results indicate while professional 
development factors and familiarity 
with current journals are important 
predictors of contemporary goals, it 
is also important to consider the cur-
rency of one’s degree. Furthermore, 
the results of the discriminate analysis 
demonstrated that these variables cor-
rectly predicted group membership 
for 73% of those teachers compos-
ing a contemporary orientation and 
58% of those with past orientations. 
Although the recency of a teacher’s 
degree is beyond the control of sci-
encesupervisors or departmentheads, 
encouragingteachers toremaincurrent 
with the emerging trends in their field 
by reading relevant science education 
journals and nurturing professional 
development through conference or 
workshop participation are viable 
means by which contemporary goals 
orientations may be fostered. These 
results are also in line with Kahle’s 
(1997) claim that systemic reform can 
be accomplished if accompanied by 
a “culture shift” in teachers through 
sustained professional development. 

Implications for Future 

Research
 

For the past 30 years, the science 
education community has been ob-
sessed with its own vision concerning 
the acceptance by practicing teachers 
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of particular pedagogical and cur-
ricular goals. Similar to the process 
of punctuated equilibrium, reform 
movements and goals of the last 30 
years have seen enormous diversity 
and numbers, but beginning with the 
dissemination of Project 2061, the 
science education community has 
settled into a period of lessened 
diversity and reduced extremes. Al-
though there seems to be consensus 
and movement toward contemporary 
goals, barring the red flags described 
above, it would not be judicious to 
believe (nor does the author believe 
it to be necessarily desirable) that the 
goals of professional organizations 
and practicing teachers’ beliefs are 
isomorphic. As with the process of 
punctuated equilibrium, the idea of 
a final endpoint is a phantom image; 
ideologies and needs of teachers, stu-
dents, and the communities they serve 
are dynamic. Perhaps all a profession 
may ask is that its members actively 
engage in reflection- -questioning 
contemporary practice to examine if 
our needs are being met, while trying 
to project future needs and reform our 
goals accordingly. 

Questions concerning curriculum 
reform are a current (and ongoing) is-
sue for the science education research 
community, which asks: “What are 
theprevailingpersonalepistemologies 
of (science) teachers...and how do 
these compare with the epistemolo-
gies embedded in routine practices?” 
(Shymansky & Kyle, 1990, p. 19). 
The present author contends that this 
study provides a partial vision into 
the personal epistemologies of sec-
ondary science teachers with respect 
to the reform of science curriculum 
goals. There are, however, at least 
two open issues for science educators 
and others involved in reform efforts 
to consider. First, inasmuch as stud-

ies of high school science teachers 
have shown that simply possessing 
particular conceptions of science are 
not always translated into classroom 
practice (Lederman & Zeidler, 1987), 
or are conveyed to students in un-
witting ways (Zeidler & Lederman, 
1989), the question remains as to what 
extent evidence of science teachers’ 
stated goals are, in fact, embedded in 
routine practice? Second, Corbett and 
Wilson point out that there is a dearth 
of information in the reform literature 
of ideas concerning how students can 
become participants in a process of 
change, rather than simple recipients 
of change, and they make a case for 
researchers and reformers to “make 
a difference with, not for, students” 
(1995, p. 12). Until these issues are 
addressed, our visions of reform are 
likely to remain just a bit blurred. 
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	hold about certain mathematics and science concepts, what students of a certain age are developmentally able tolearn,andwhatexamples,analogies, and representations help them learn it. 

	Such knowledge is difficult to learn in 
	preservice education, and is often the province of the experienced expert 
	teacher(Shulman,1987).Thisneedfor 
	learning from a master teacher underlies the use and success of mentor and 
	-

	advising teacher programs (Shulman & Colbert, 1990). 
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	What We Need To Know 
	What We Need To Know 
	Professional development is a field inwhich“definitiveresearch”onwhat iseffectivedoesnotexist(Frechlinget al., 1995). Like teaching, it is too complex to understand by asking simple questions, it is highly influenced by factors out of control of either the professional developer or the researcher, and its success depends greatly upon the goals and context, which are indiosyncratic to a given situation. The ideas discussed above capture what I believeweknow;theyhavecomefrom a combination of research, literat
	-
	-
	-
	-
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	understanding theeffects and trade-offs involved in selectingdifferent strategies, such as teacher leadership cadres, demonstration sites, and regional professional development centers. 
	understanding theeffects and trade-offs involved in selectingdifferent strategies, such as teacher leadership cadres, demonstration sites, and regional professional development centers. 
	understanding theeffects and trade-offs involved in selectingdifferent strategies, such as teacher leadership cadres, demonstration sites, and regional professional development centers. 
	they themselves can benefit from ongoing reflection and feedback. Such 
	-

	examination holds great promise for increasing our understanding of the role of professional development in systemic reform. 
	As we examine current initiatives, here are some questions I think are important to ask: 
	1. How can we move from understandinghowindividualteachers learnand howto helpthem?How do we support the growth of millions of teachers? 
	-
	-

	Mathematics educators, in particular, have become very expert at understanding how teachers learn and what can help them (Ball, 1996). Science educators, on the other hand, have increased our understanding about what system components are neededtoimprovethepotentialofsuccess for change (St. John et al., 1994). The issue of scaling up, however, is still perplexing, as articulated well by Elmore (1996). We need to learn form the many systemic efforts currently underway, what mechanisms, strategies, and system
	-
	-
	-

	scarce resources well, so that teachers have equitable access and opportunity to learn? 
	2. 
	What are some ways of using 

	It is widely acknowledged that for teachers to make the changes envisioned in national and state standards, many hours and resources must be devoted to their learning. Yet by any metric, there are not enough resources available to provide every teacher in this country the opportunities they need.Professionaldevelopmentinitiativescouldbenefitfromunderstanding the effects and trade-offs involved in selecting different strategies, such as 
	It is widely acknowledged that for teachers to make the changes envisioned in national and state standards, many hours and resources must be devoted to their learning. Yet by any metric, there are not enough resources available to provide every teacher in this country the opportunities they need.Professionaldevelopmentinitiativescouldbenefitfromunderstanding the effects and trade-offs involved in selecting different strategies, such as 
	-
	-

	teacher leadership cadres, demonstration sites, and regional professional development centers. What resources actually go to professional development and in what various ways have they been focused? What are some examples of leveraging resources and how might they work in different settings?Whataretherelativeadvantages and disadvantages of large-scale, less intense strategies, and those that go 
	-
	-
	-


	deep with fewer people? How can 
	leadershipdevelopment,assessments, and instructional materials broaden the reach and impact of professional development? 
	3. How do professional developers select among different strategies, what combinations seem to work in what situations, and are particular strategies more useful for particular purposes? 
	-

	In ourcurrentbook,wehaveidenti
	-

	fied 15 strategies and suggested that 
	they can serve different purposes 
	(Loucks-Horsley et al., 1998). Are 
	there guides to selecting and combining various professional learning strategies? 
	-

	4. What outcomes can be expected to result from professional development programs, and how can they best be assessed? 
	-

	This relatively straight-forward question is fraught with pitfalls and subject to a multitude of responses. The demand on educators for accountability dictates that professional development must have something to show for itself beyond participant satisfaction. Yet there are many well regarded arguments for why professionaldevelopmentcannotandshould not be examined for its impacts on some critical outcomes, e.g., student learning(Hein,1997).Isthisapolitical question,orcanresearchersshedsome 
	This relatively straight-forward question is fraught with pitfalls and subject to a multitude of responses. The demand on educators for accountability dictates that professional development must have something to show for itself beyond participant satisfaction. Yet there are many well regarded arguments for why professionaldevelopmentcannotandshould not be examined for its impacts on some critical outcomes, e.g., student learning(Hein,1997).Isthisapolitical question,orcanresearchersshedsome 
	-
	-

	light on the plausibility of drawing relationships between a professional development opportunity and such variablesasstudentlearningorteacher behavior change? 

	5. How can professional developmentcontributetogreatercoherence in the educational system? 
	-
	-

	The recent and ongoing releases of data from the Third International Mathematics and Science Study point tothecriticalimportanceofcoherence in our approaches and support for teaching and learning. With either no helm or too many, teachers are forced to teach too many things superficially, with minimal time for reflection and improvement of their approaches to help students think and learn more deeply. How can professional development help not only teachers, but educatorswithbroaderdecision-making responsibi
	-
	-
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	Attention to paradigmatic change in teaching pedagogy is central to the success of thematic integration in science and mathematics. 
	Many of the current writings regarding curriculum development emphasizing teaching and learning suggestthattoprovideamorerelevant, and consequently more motivational, learning experience for the student, teachers need to integrate the various disciplines (Jacobs, 1989; Lipson, Valencia, Wixen, & Peters, 1993; Berlin, 1991). The idea of subject area integration, though having a long history, continues to be a popular trend in educational circles. Accordingly, attempts to decompartmentalize education and inte
	Many of the current writings regarding curriculum development emphasizing teaching and learning suggestthattoprovideamorerelevant, and consequently more motivational, learning experience for the student, teachers need to integrate the various disciplines (Jacobs, 1989; Lipson, Valencia, Wixen, & Peters, 1993; Berlin, 1991). The idea of subject area integration, though having a long history, continues to be a popular trend in educational circles. Accordingly, attempts to decompartmentalize education and inte
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	Integration models have been shown to increase instructional time and to help to enhance the learning of children (Jacobs, 1989). In addi
	-

	tion, Colvin and Ross (1991) suggest 
	that integration can change teaching techniques from the dissemination of isolated facts to a technique to help students construct knowledge that is meaningful and interrelated. The key to successful integration is that it must encourage a deeper understanding of one discipline, say science, by using another discipline, say mathematics. Though the integration of subjects provides for meaning to follow the activity, efforts to help teachers diversify their integration models to include multiple integration t
	-

	Figure


	In most instances, attempts to integratehave been held to only one methodof integration—thematic—with little change in teachingmethodology orpedagogy. 
	In most instances, attempts to integratehave been held to only one methodof integration—thematic—with little change in teachingmethodology orpedagogy. 
	In most instances, attempts to integratehave been held to only one methodof integration—thematic—with little change in teachingmethodology orpedagogy. 
	of integration—thematic—with little change in teaching methodology or pedagogy. We will argue that thematic integration without the accompanying paradigmatic change in teaching 
	-

	pedagogy results in little benefit to 
	the learner, especially in science and mathematics. Further, the ramifications to the rigor of the individual disciplinesofscienceandmathematics modeling only thematic integration are quite diminished. Consequently, we have become more cautious when viewing the integration practices as observed in textbook and classroom presentations. 
	-

	Alternative Approaches to Integration 
	Alternative Approaches to Integration 
	Several models of integration have been discussed in the literature (See Jacobs, 1989; Davison, et al., 1995; Lonning & DeFranco, 1997; Miller, Metheny, & Davison, 1997). One type of integration (such as discipline-specific) found readily in the secondary school classroom integrates the varioussubjectcontentareaswithinagiven discipline. Consider as an illustration the integration of biology, anatomy, chemistry and physics in one unit or lesson. A student could be studying the heart as a biological system in
	Several models of integration have been discussed in the literature (See Jacobs, 1989; Davison, et al., 1995; Lonning & DeFranco, 1997; Miller, Metheny, & Davison, 1997). One type of integration (such as discipline-specific) found readily in the secondary school classroom integrates the varioussubjectcontentareaswithinagiven discipline. Consider as an illustration the integration of biology, anatomy, chemistry and physics in one unit or lesson. A student could be studying the heart as a biological system in
	-
	-

	biology, the structure of the heart in anatomy, the makeup of the blood in 

	chemistry and fluid motion in physics. Discipline-specific integration continues to maintain the integrity of the discipline while attempting to provide relevancytothestudentwithappropriate examples and experiences. 
	-
	-

	Another model, content-specific integration, attempts to integrate the content area objectives of one discipline with the content area objectives of a different discipline. An activity is planned which will involve instruction in each of these objectives. It is “content-specific” because it does not deviatefromthepreviouslydeveloped curricula,butratherinfusesoneobjective from each discipline (see Miller, et al., 1997). Suppose that the teachers are beginning a unit in science on the lever and a unit in math
	-
	-
	-
	-
	-

	Process integration is a type of 
	integration that, more specifically, is 
	concerned with the process of learning. By conducting experiments and collecting data, analyzing the data, and reporting the results, students experience the processes of science and perform the needed mathematical operations at a standards level. In this integration model, the teacher relies heavily on the nature and philosophical beliefs of the national standards in mathematics and science. Looking at science and mathematics from a 
	-
	-

	process approach (i.e., the doing of science and mathematics) becomes 
	more important than actual mastery 



	Process Integration 
	Process Integration 
	Scientific Processes K-4 Mathematics Standards 
	Scientific Processes K-4 Mathematics Standards 
	• 
	• 
	• 
	Experimenting • Problem Solving 

	• 
	• 
	Observing • Reasoning 

	• 
	• 
	Predicting • Estimation 

	• 
	• 
	• 
	Inferring 

	• 
	• 
	Testing Hypotheses 

	• 
	• 
	Controlling Variables 


	• 
	• 
	Communication • Communication 

	• 
	• 
	Using Space Relationships • Geometry and Spatial Sense 

	• 
	• 
	• 
	Patterns and Relationships 


	• 
	• 
	Relevancy • Connections 

	• 
	• 
	• 
	Using Numbers • Number Sense and Numeration 

	• 
	• 
	• 
	Whole Number Operations 

	• 
	• 
	Whole Number Computation 

	• 
	• 
	Fractions and Decimals 



	• 
	• 
	Measuring • Measurement 

	• 
	• 
	Interpreting Data • Statistics and Probability 

	• 
	• 
	• 
	Classifying 

	• 
	• 
	Defining Operationally 

	• 
	• 
	Using Time Relationships 



	of the discipline content commonly presented in textbook approaches. Studentswouldbeclassifying,predicting, estimating, and hypothesizing as major learning requirements. The use of these processes as the approach to student learning becomes the important part of the curriculum, not the end product as measured by various institutionalized tests. 
	of the discipline content commonly presented in textbook approaches. Studentswouldbeclassifying,predicting, estimating, and hypothesizing as major learning requirements. The use of these processes as the approach to student learning becomes the important part of the curriculum, not the end product as measured by various institutionalized tests. 
	-
	-

	Thematic integration, as the name infers, integrates various disciplines around a central theme. Thematic, by its nature, is a holistic approach to learning. The thematic approach beginswithatheme,whichthenbecomes the medium for all the disciplines to 
	Thematic integration, as the name infers, integrates various disciplines around a central theme. Thematic, by its nature, is a holistic approach to learning. The thematic approach beginswithatheme,whichthenbecomes the medium for all the disciplines to 
	-

	interact. Teachers plan together and developtheseunitspriortoinstruction. The purpose is to provide relevancy to the learner regarding the school disciplinesandtheinteractionofthenatural world. Several researchers suggest that the brain’s tendency to consider 
	-


	the entire experience just might reflect 
	the need for thematic integration. For 
	example,Ausubel (1963)claimed that 
	the learner’s brain has a pre-existing cognitive structure into which new learningmustbe assimilated. Thus the brain functions like a scaffold or set of pigeon holes and new information is processed according to the learner’s prior experiences. In this way the 

	learner processes, not isolated bits of information,butpatternsofknowledge that fit together in a meaningful way. Sylwester (1995) maintains that the neural networks we are born with will adapt to the changing environments. Consequently, it is the teachers and the parents who need to guide and shape an environment that is stimulating enough for students to work alone or in groups to solve specific problems. Gardner’s (1993) work with Multiple Intelligences has led to interesting discussions in the new brain
	level.Consequently,teachersintheelementaryandsecondaryschoolsystem 
	level.Consequently,teachersintheelementaryandsecondaryschoolsystem 
	-

	have difficulty thinking in a holistic 
	and integrated fashion. Through no fault of their own, elementary teachers do not have the depth or breadth of content knowledge to be comfortable to deviate substantially from the textbook presentation. 
	-
	-

	Second, teachers are not provided adequate teacher inservice on appropriate integration techniques and team building within the school. The professional development tends to be organizational and logistical, rather than centering around appropriate curriculum revision. Consequently, thereisatendencyforprofessionaldevelopment activities to be procedural and recipe-oriented, rather that conceptual in nature. Most professional development is a one-shot, shotgun approach; however, on-going professional developm
	-
	-
	-
	-

	Third, integration takes considerable time to develop. Many schools seeking a thematic approach to integration do not provide for adequate planning time to meet with other professionals and to do research on the theme strand. Instead, the little time provided is quickly used up with house-keeping chores, while attention to curricular reform tends to be superficial. 
	-
	-
	-

	Fourth, with the advent of the new formsofteachingandcontentdelivery, teachersmustalsobepreparedtoassess the learning in new ways. In practice, thisdoesnotoccurbecausemostteachingcontinuesinthetraditionalmanner and, consequently, so does the testing. The pedagogical thinking of thematic integration requires that teachers shift in their paradigmatic views of teaching, learning, and assessment (Miller, 
	-
	-

	et al., 1997). The National Standards 
	in both mathematics and science suggest assessment that is more authentic. Alternative forms of assessment would seem a necessary component to assess the learning from thematic integration. Teaching, learning, and assessment practices grounded by a more constructivist pedagogy must juxtaposewiththeholisticapproaches embedded in thematic integration. In essence, thematic integration has changed the curriculum organization oftheclassroom,butnotthepedagogical philosophy of the teacher. 
	-
	-
	-

	Curriculum planners and administrators generally assume that the curriculum is well articulated vertically. Mostdistrictcurriculumplannerssubscribe to a scope and sequence based upon individual disciplines (actually based on the Tyler Model). Thematic integration many times will disregard thedistrictcurriculuminlieuofactivities and objectives the planning grade level teachersdeemappropriate.Inessence, it throws out clearly articulated scope and sequence charts. The goals and objectives normally included in 
	-
	-
	-
	-
	-
	-
	-
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	Alternative forms of assessment would seem a necessarycomponent to assess the learning from thematic integration. 
	Alternative forms of assessment would seem a necessarycomponent to assess the learning from thematic integration. 
	Alternative forms of assessment would seem a necessarycomponent to assess the learning from thematic integration. 
	this problem in a manner that is at best haphazard. 

	Thematic Integration and Constructivist Teaching 
	Thematic Integration and Constructivist Teaching 
	Thematic Integration and Constructivist Teaching 
	Many educators are discussing the role of constructivist teaching in the schools. The major thrust in the National Science Education Standards (1996) and the Curriculum 
	-

	and Evaluation Standards in School 
	Mathematics(1989)isthetrendtoward 
	constructivist teaching techniques in the classroom. Clearly, in order for this initiative to be successful, teach
	-

	ers must first understand, practice, 
	andimplementconstructivistteaching 
	practice. Brooks and Brooks (1993, pp. 103-118) have assembled a list of 
	descriptors for constructivist teaching practice. The following twelve descriptorssuggestamoreconstructivist classroom: 
	-

	... Encourage and accept student autonomy and initiative. 
	2. Userawdataandprimarysources, 
	along with manipulative, interactive, and physical materials. 
	-

	3. 
	3. 
	3. 
	When framing tasks, use cognitive terminology, such as classify, analyze, predict, create, and so on. 
	-


	4. 
	4. 
	Allow student thinking to drive 


	lessons, and shift instructional strategies or alter content based on student responses. 
	5. 
	5. 
	5. 
	Inquire..about students’ understandings of those concepts. 
	-


	6. 
	6. 
	Encourage students to engage in 


	dialogue, both with the teacher and with one another. 
	7. Encourage student inquiry by 
	asking open-ended questions of studentsandencouragingstudents to ask questions of others. 
	8. 
	8. 
	8. 
	Seek elaboration of students’ initial hypotheses, and then encourage a discussion. 
	-
	-


	9. 
	9. 
	Engage students in experiences 


	thatmightengendercontradictions tostudents’initialhypotheses,and then encourage a discussion. 
	10. Allowwaittimeafterposingquestions. 
	-

	... Provide time for students to construct relationships and create metaphors. 
	-

	12. Nurturestudents’naturalcuriosity 
	through frequent use of the learn
	-

	ing- cycle model. 
	Classrooms using constructivist techniques would be doing inquiry based science and mathematics. The connectiveness and relevancy of the curriculum stems from the prior knowledge and experiences of the students. The teacher acts as a guide to lead the students into appropriate additional learning experiences and in some cases to correct preconceptions that are inaccurate. The goals and objectivesareclearwithinthecurriculum thathasa scopeandsequence.Thedifferencethenisinthemethodologyused to encourage studen
	-
	-
	-

	Even though constructivist techniques are more holistic and thematic integration is also holistic, it does not follow that thematic integration is constructivist. Thematic integration is a method of curriculum organization. Constructivism is a teaching and learning methodology. Though they can and sometimes do overlap, they are separate and individual concepts. Figure 2 lists the constructivist teaching strategies in contrast with the thematic integration curriculum organization. 
	-
	-
	-


	Figure 2 

	Descriptors of Present in Thematic Constructivist Teaching Practices Integration 
	Descriptors of Present in Thematic Constructivist Teaching Practices Integration 
	1. Encourage and accept student autonomy 
	No, only valid if teacherand initiative. 
	chooses. 
	chooses. 

	2. Use raw data and primary sources, along 
	No, will not occur if teacher with manipulative, interactive, and physical 
	plans this into the lesson.materials. 
	3. When framing tasks, use cognitive 
	3. When framing tasks, use cognitive 

	No, will not occur unless terminology, such as classify, analyze, 
	teacher is aware of these predict, create, and so on. 
	processes and chooses to
	processes and chooses to
	have students use them. 

	4. Allow student thinking to drive lessons, and 
	No, content has been plannedshift instructional strategies or alter content 
	in advance.. based on student responses.. 
	5. Inquire about students’ understandings of 
	No, teacher must bring intothose concepts. 
	account prior knowledge.Thematic planning inadvance to the lesson is not conducive to infusingstudents’ prior knowledge. 
	account prior knowledge.Thematic planning inadvance to the lesson is not conducive to infusingstudents’ prior knowledge. 

	6. Encourage students to engage in dialogue, 
	No, the structure of the lessons both with the teacher and with one another. 
	in thematic integration doesnot automatically assumethat peer learning will beencouraged. 
	in thematic integration doesnot automatically assumethat peer learning will beencouraged. 

	7. Encourage student inquiry by asking 
	No, questioning strategies isopen-ended questions of students and 
	a teacher skill and is not encouraging students to ask questions of 
	necessarily a componentothers. 
	part of thematic integration. 
	part of thematic integration. 
	8. Seek elaboration of students’ initial 
	8. Seek elaboration of students’ initial 


	No, again, the methodology thehypotheses and then encourage a 
	teacher chooses to instruct discussion. 
	students does not require
	students does not require
	constructivist strategies. 

	9. Engage students in experiences that 
	9. Engage students in experiences that 

	No, not a component to teachermight engender contradictions to students’
	directed approaches toinitial hypotheses, and then encourage a 
	thematic integration.discussion. 
	10. Allow wait time after posing questions. No, can be a component of anyinstructional strategy orteaching model. 
	10. Allow wait time after posing questions. No, can be a component of anyinstructional strategy orteaching model. 

	11. Provide time for students to construct 
	11. Provide time for students to construct 

	No, should be a strategy usedrelationships and create metaphors. 
	in any classroom. 
	in any classroom. 

	12. Nurture students’ natural curiosity through No, methodological in nature.frequent use of the learning- cycle model. 
	12. Nurture students’ natural curiosity through No, methodological in nature.frequent use of the learning- cycle model. 


	Conclusion 
	Conclusion 
	Conclusion 
	We have observed through the incidence of presentations at professional meetings,forexample,thatthetopicof curriculum integration is currently in vogue. Inthis paperwehaveidentified various meanings typicallyassociated with the integration of science and mathematics.Mostoftheseintegration approachespreservetheintegrityofthe science and mathematics disciplines. We have, however, raised questions as towhetherthematicintegrationfulfills this requirement. We have noted that thematicintegrationtypicallydoesnot a
	-

	Many educators today suggest that students learn more effectively when a constructivist teaching approach is used. Others suggest that thematic integration, being holistic in its design, is a natural way for students to draw on their own experiences in achieving curriculum integration. Is it possible for thematic integration learning to be constructivist? Perhaps the best approach to thematic integration is first and foremost pedagogical. Teachers need to become aware that simply connecting various discipli
	Many educators today suggest that students learn more effectively when a constructivist teaching approach is used. Others suggest that thematic integration, being holistic in its design, is a natural way for students to draw on their own experiences in achieving curriculum integration. Is it possible for thematic integration learning to be constructivist? Perhaps the best approach to thematic integration is first and foremost pedagogical. Teachers need to become aware that simply connecting various discipli
	-
	-

	science, mathematics, and other disciplines, but that teacher educators and curriculum designers must accept responsibilityforhelping teachers focus attention on key concepts, rather than on isolated items of information. 
	-
	-
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	Writing Winning Proposals:.Five Rules in Honor of. Proposal Reviewers. 
	Writing Winning Proposals:.Five Rules in Honor of. Proposal Reviewers. 
	Practical information and recommendations are presented for writing winning proposals 
	Practical information and recommendations are presented for writing winning proposals 
	What makes some people so suc
	What makes some people so suc
	-

	damental core principle” of effective 

	Rules for Writing Proposals
	Rules for Writing Proposals
	Rules for Writing Proposals
	cessful in their grant proposal writing 
	procedure writing (Wieringa, Moore, 

	Considerations of the interests and efforts? At times it may seem that a 
	& Barnes, 1993, p.191). We think that 
	& Barnes, 1993, p.191). We think that 

	needs of proposal reviewers suggests select group consistently receives 
	this core principle is also valid for 
	this core principle is also valid for 
	five rules for proposal writing, which 
	funding for projects—as if you have 
	proposal writing. As stated by Wier-

	have been organized into three groups to be in the loop to win grants or other 
	inga and his colleagues, “The global 
	inga and his colleagues, “The global 

	in the following discussion.research funding obtained through the 
	principle, simply stated, is ‘honor thy 
	principle, simply stated, is ‘honor thy 
	Rules About Shooting Yourself 
	Rules About Shooting Yourself 
	processofwritingandsubmittingwin
	-

	user’” (Wieringa et al, p. 191). 

	in the Foot – or Not 
	in the Foot – or Not 
	ningproposals.Althoughitishelpfulto 



	Method
	Method
	Method
	read what successful proposal writers 
	read what successful proposal writers 
	Even the most minimal analysis 

	Thisarticlepresentsfiverecommen
	-

	suggest (e.g., Battagalia, 1995; Mof
	-

	of the processes by which proposals 
	dations for writing winning proposals 
	fat, 1994; Bailey, 1985), we think that 
	are reviewed suggests a few ways 
	suggested by the credo of “honor thy 
	the needs of proposal reviewers also 
	the needs of proposal reviewers also 
	that many writers may unknowingly 

	user,” with proposal reviewers seen as 
	warrant consideration. In considering 
	warrant consideration. In considering 
	sabotagetheirefforts.Considerthefol
	-


	the honored users. We focused on two 
	their needs, we adopted an approach 
	their needs, we adopted an approach 
	lowingtypicalscenario.Yourproposal 

	lines of inquiry in our assessments of 
	common in the field of technical 
	has been receivedbyafunding agency 
	the needs and interests of these users. 
	communications that considers such 
	and is one of the 50 or more tomes (of 
	Firstweconsidered,inageneralsense, 
	reviewers from two viewpoints. As 
	perhaps 20 to 50 pages each) stacked 
	the nature of the processes involved in 
	the audience of the proposals we 
	the audience of the proposals we 
	in piles on the reviewer’s desk. The 

	proposal review cycles. We also con-

	write, these reviewers have the same sidered information provided directly 
	needs any audience has for readable fromfundingagenciesregardingwhat 
	documents. Thus, the tool of audience 
	documents. Thus, the tool of audience 
	they (their reviewers) want to see in 

	analysis is appropriate in assessing proposals. The agencies listed below 
	their needs. Additionally, the fact 
	their needs. Additionally, the fact 



	Even the most
	Even the most
	Even the most
	provided this input at workshops in 
	that the proposals are read to support 


	minimal analysis of
	minimal analysis of
	minimal analysis of
	which they provided recommenda
	-


	anothertask—makingdecisionsabout tions to proposal writers: 

	the processes by which 
	the processes by which 
	the processes by which 
	allocations of funding—points to the 
	need for a task analysis. It is an axiom 
	• National Institute of Health 

	proposals are reviewed 
	proposals are reviewed 
	of technical communications that ef
	-

	• National Science Foundation 

	suggests a few ways
	suggests a few ways
	fective documents are rooted in these 
	• Environmental Protection Agency 
	analyses, that is, in considerations of 

	that many writers may
	that many writers may
	• Department of Education
	• Department of Education
	audience and use. For example, Wi
	-



	unknowingly sabotage
	unknowingly sabotage
	eringa and his colleagues characterize 


	their efforts. 
	their efforts. 
	their efforts. 
	such an approach as, “the single fun-
	such an approach as, “the single fun-
	reviewer’sjobistorearrangethestacks of proposals so that a few of them go into a “maybe” pile while almost all of them go into the “no way” pile. If you are planning on that punchy climax on 

	page 49 selling your proposed ideas, you have already lost. Page 49 will 
	not be read—not by this reviewer. In a similarvein,reviewersmayseesloppy proposals as consequences of sloppy thinking and sloppy work in general. If your proposal has a typographical 
	error in its first sentence, it may not 
	matter that you then went on to spell the name of the funding agency cor
	-

	rectly the other 15 times you used it. 
	Proposal reviewers may reach a “no way” decision after reading no more than the abstract or the abstract and a few pages of a proposal. Consider the following words of wisdom that Mof
	-

	fat (1994) passes on from a National 
	Science Foundation spokesperson: 
	NSF’s Steinberg says many sci
	-

	entists “shoot themselves in the 
	foot by not following guidelines, 
	by general sloppiness and poor 
	grantsmanship.” They fail to edit, 
	to proofread, to include references 
	they have cited, or to give clear 
	explanations for figures they have 
	provided....theirfailingsareirritating to their peers who are trying to 
	-

	review their proposals. (p. 1921) 
	Rule # 1: Respond fully and clearly 
	Rule # 1: Respond fully and clearly 
	to proposal specifications as they 

	are stated in the RFP. 
	are stated in the RFP. 
	The systems by which funding agencies review proposals are not like our judicial system, which requires a presumption of innocence until guilt is proven beyond a reasonable doubt. To the contrary, funding agencies typically screen proposals through a process that seems to presume each proposal is inadequate unless proven otherwise. This underlying philoso
	-

	phy, it should be remembered, reflects 
	the constraints of reality rather than preferencesofreviewers.Theagencies who fund proposals expect that they will reject many proposals and have substantial interests in rejecting them for the right reasons. Thus, funding 
	agencies provide RFPs containing 
	detailed instructions to help ensure that the screening process is not arbi
	-

	trary and capricious. Remember the RFP? That poor soul with a desk full 
	of proposals to sort remembers it. In fact, he or she might have even helped design the proposal-review-checklist that is based upon the RFP specifications. Busy proposal reviewers often use worksheets such as checklists or scoresheetstoassisttheminevaluating proposals. If the connection between somecriticalbitofinformationinyour proposalandtheitemontheworksheet can’t be readily made, it is apt to be missed. Typically, these forms follow the organization and word choices 
	-

	used in the RFPs. Consequently, it is 
	important that your proposal address 
	the topics requested in the RFP and 
	that it does so in the same sequence 
	as the RFP. 

	Rule #2: Honor key minimal expec
	Rule #2: Honor key minimal expec
	-

	tations by meeting deadlines and 

	editing your work. 
	editing your work. 
	To the best of our knowledge, no grant proposal has ever won a major literary award, and reviewers are not looking for Hemingway. Further, gold-edged paper is not warranted. Nonetheless,westronglyadvocatethat proposal writers adhere to a few general expectations of professionalism. Proposalsmustmeetdeadlinerequirements. Make sure that you know not only when the deadline is, but exactly how it is defined. Typically deadlines specify the date by which your entry must be postmarked. However, the RFP may state 
	To the best of our knowledge, no grant proposal has ever won a major literary award, and reviewers are not looking for Hemingway. Further, gold-edged paper is not warranted. Nonetheless,westronglyadvocatethat proposal writers adhere to a few general expectations of professionalism. Proposalsmustmeetdeadlinerequirements. Make sure that you know not only when the deadline is, but exactly how it is defined. Typically deadlines specify the date by which your entry must be postmarked. However, the RFP may state 
	-
	-

	proposals must be received. Almost always, proposals that miss deadlines are disqualified. Additionally, we highly recommend that all proposals receivetheeditorial careandthorough reviews that they deserve. 

	If it is not possible to include thorougheditingandreviewintheproposal review cycle, we recommend that, at a minimum, you edit and review your proposaltoguardagainstthefollowing three types of pitfalls: 
	-

	1. Review your proposal for anything 
	that might be problematic in terms of legal issues and the policies of yourorganization.Issuesofconcern 
	are varied and significant, ranging 
	from contractual implications embodied in the proposal to issues of 
	-

	potential conflict of interests. 
	2. 
	2. 
	2. 
	Check the integrity of the final assembled proposal package. That is, make sure that all the pieces are there and in the right order. 
	-


	3. 
	3. 
	Ensure that your proposal receives, 


	at the very least, a once-over copy edit. Conspicuous typographical errors and profound violations of grammatical conventions make 
	proposals difficult to read and can raise red flags for reviewers. Your 
	proposal is, after all, a sample of your work. A conspicuous absence 
	of copy editing may raise sufficient red flags to disqualify an otherwise 
	sound proposal. 
	Rule#3: Giveveryseriousattention to the abstract. 
	There are two general approaches to writing proposal abstracts. The 
	first approach views the abstract as a 
	simple summary of the proposal that 
	you write because the RFP said to (or because you always have before). 
	Practitioners of this approach, write theabstractduringthatwindowoffree time that occurs right after they have 
	Practitioners of this approach, write theabstractduringthatwindowoffree time that occurs right after they have 
	called the overnight express service 

	(while waiting for the last pages of 
	the proposal body to come off the 
	computer’sprinter).Championsofthe 
	alternative, more informed, approach view the abstract as potentially the only portion of a proposal reviewers will ever read. It is important to note thatwhilenoproposaleverwinssolely upon an abstract, many lose because of their abstracts. Thus, the abstract must not only accurately summarize the proposal, but do so in a way that grabs the reader. It takes time and effort to write a solid abstract that serves these functions well. Make sure that you devote the resources to the task of writing the abstract 
	-

	Have others review it and, of course, 
	check it carefully against the contents 
	and wordings of the RFP. 

	Rule Pertaining to Document Design 
	Rule Pertaining to Document Design 
	We have discussed issues of docu
	-

	mentdesign(theoldterminologyfrom 
	the world of paper publications for what is now called “look and feel” in 
	electronic information systems). For example, the first rule addresses the 
	need for your proposal to have a look andfeelthatrelatestothelookandfeel 
	of the RFP. You will further enhance 
	your chances of success if you apply a bit of good judgment and standard wordprocessingexpertiseindesigning yourproposalsothatitisattractiveand easy to use. Again, just as you don’t need to be an award-winning novelist to write a compelling proposal, you don’t need to be an expert in desktop publishingtoproduce a well-designed one. 


	Rule # 4: Convey information visually as well as through words. 
	Rule # 4: Convey information visually as well as through words. 
	Rule # 4: Convey information visually as well as through words. 
	-

	How text is formatted and placed upon the page can provide a lot of information. Further, a little bit of 
	How text is formatted and placed upon the page can provide a lot of information. Further, a little bit of 
	sound document design strategy goes a long way. For example, it takes little efforttousewell-designedheadingsto reveal the organizational structure of yourdocument.Showthehierarchy of headingsbyusinganorderedsequence of cues in the placement and/or typography of your headings. Use several cues to emphasize the importance of your highest level headings and then systematically make each lower-level heading look more like the text in the body of your proposal. For example, you might use a combination of three 
	-


	using centered justification, bolding, 
	and full capitalization. When formattingsecondlevelheadings,manipulate one of the three text variables to make thetextmoresimilartothebodytext— 
	-

	continue to use centered justification 
	and bolding, but step down to initiallettercapitalization.Formatthirdlevel 
	-

	headings using left justification rather 
	than centering the text. Text variables that can effectively reveal such progressions include font size, font case, 
	-

	line justification, underlining, italics, 
	outline-stylenumberingschemes,and outline-style patterns of indentation. 
	Numbered lists, bulleted lists, charts, 
	tables,anddiagrams are alsoexcellent tools for organizing and presenting certain types of information. 
	Do not, however, get carried away with typographic cues such as font changes and the use of underlining, bolding, and italics. Remember, if everything is emphasized, nothing is emphasized. A wealth of research in technical communications shows that such cues communicate most effectively when they are applied sparingly, consistently, and logically. For example, readers probably won’t understandmorethanaboutfourlevels of hierarchy in a system of headings 
	Do not, however, get carried away with typographic cues such as font changes and the use of underlining, bolding, and italics. Remember, if everything is emphasized, nothing is emphasized. A wealth of research in technical communications shows that such cues communicate most effectively when they are applied sparingly, consistently, and logically. For example, readers probably won’t understandmorethanaboutfourlevels of hierarchy in a system of headings 
	and subheadings, so avoid sixth- and seventh-levelheadings.Avoiddisplays that are hard to read—such as extravagantfontstylesandlargeblocksoftext set in all capital letters. 
	-


	Consider the importance of white space.Elementssuchasheadings,lists, andtablesconveyinformation,inpart, by creating white space. Headings create a break in the paragraph-byparagraph flow of text and show what is grouped with what. Lists, charts, and tables serve the same functions on smaller scales. It is much easier to scan through a list or a table than it is to read a running stream of text. Further, the white space that these techniques create makes a document seem less formidable and more inviting. Whi
	-
	-
	-
	-

	At NSF. . . the agency issued new 
	rules stating that the project de
	-

	scriptions could be only 15 pages long—in 10 to 12 point type. The 
	latter requirement was added, says Steinberg,becausetherearealways a few researchers who drop to a 
	smaller font to fit everything in. 
	Often, such proposals are returned for revision without even being 
	read. (p.1921) 
	Ensure that your visual displays such as lists and tables are set up logically. For example, use bullets for listed items where order is irrelevant and numbered lists for items where sequenceisimportant.Designdisplays to support the tasks for which they are intended. 

	Table 1 - Example of a poorly designed table 

	Exam Schedule – Fall 1997 
	Exam Schedule – Fall 1997 
	EXAM TIMES 
	EXAM TIMES 
	EXAM TIMES 
	8:00-11:00 
	11:30-2:30 
	3:00-6:00 
	7:00-10:00 

	FridayDecember 12 
	FridayDecember 12 
	9:30 a.m. TR 
	12:30 p.m. TR 
	11:00 a.m. MWF 
	6:00 p.m. MW 

	SaturdayDecember 13 
	SaturdayDecember 13 
	9:00 a.m. MWF 
	12:00 p.m.MWF 
	2:00 p.m.MWF 
	7:30 p.m. TR 

	MondayDecember 15 
	MondayDecember 15 
	10:00 a.m. MWF 
	8:00 a.m. TR 
	2:00 p.m. TR 
	MAT 111 

	Tuesday December 16 
	Tuesday December 16 
	ENG 101 
	PED 101 
	6:00 p.m. TR 

	Wednesday December 18 
	Wednesday December 18 
	8:00 a.m. MWF 
	11:00 a.m. TR 
	1:00 p.m.MWF 
	7:30 p.m. MW 

	ThursdayDecember 19 
	ThursdayDecember 19 
	3:30 p.m. TR 
	3:00 p.m.MWF 
	5:00 p.m. TR 
	4:00 & 5:00 p.m.MWF 


	Consider the table shown in Table ., which has been copied from a table providedtouniversitystudentsintheir registration materials. The table was designed as a tool for students (and faculty) to use to look up the scheduled times of final exams. Although it is possible to find exam times from the table, the table fails to effectively support users in the performance of that task. If you can figure out what is wrong with this table, you understand the basic concept of designing text to support user needs. 
	Consider the table shown in Table ., which has been copied from a table providedtouniversitystudentsintheir registration materials. The table was designed as a tool for students (and faculty) to use to look up the scheduled times of final exams. Although it is possible to find exam times from the table, the table fails to effectively support users in the performance of that task. If you can figure out what is wrong with this table, you understand the basic concept of designing text to support user needs. 
	-

	To find the time of an exam for a given class, using the table shown in Table ., it is necessary to search the cells of the table to find the cell that states when that class meets during the semester. For example, if your class meets at 4:00 p.m. on Mondays, Wednesdays, and Fridays (and it is not ENG. 101, PED 101, or MAT 111), thenyouwouldsearchoutthecellatthe lower right corner ofthetableasan en
	To find the time of an exam for a given class, using the table shown in Table ., it is necessary to search the cells of the table to find the cell that states when that class meets during the semester. For example, if your class meets at 4:00 p.m. on Mondays, Wednesdays, and Fridays (and it is not ENG. 101, PED 101, or MAT 111), thenyouwouldsearchoutthecellatthe lower right corner ofthetableasan en
	-

	try point. To make matters worse, you may need to find the time that is closest to when your class meets—check your work carefully. After completing 
	-


	that unnecessarily difficult task, it is 
	necessary to track from the selected table cell to its corresponding row and column headings—to Thursday, Dec. 
	19 at 7:00 p.m. using our previous example. Notice that after tracking to 
	one heading, you must hold the informationitprovidesinsomemanner—in memory or by pointing to it—while you track the other heading. Finally, you are forced to mentally assemble the two pieces of information—day 
	-

	and time—to find the answer. The 
	process is complicated because the table organization is incongruent with its intended use. The table is as illogical as a phone directory organized by phone numbers. An improved design of the table would map the days and times that classes meet to the column and row headings and place the exam 
	process is complicated because the table organization is incongruent with its intended use. The table is as illogical as a phone directory organized by phone numbers. An improved design of the table would map the days and times that classes meet to the column and row headings and place the exam 
	-

	times in the table cells. To use a table with this design, you would use those 

	headings as pointers to find the cell that displays (in one place) the day 
	and time of the exam. The moral of the story is straightforward: Design displays with their end use and end users in mind. 
	Tables, charts, and diagrams designed to effectively support users’ needs are efficient and powerful. In part, visual displays are effective because they are so efficient in allowing users to see relationships within bodies of information. An effective visual aid allows users to see things at a glance that might require several paragraphs to describe in words. A picture is worth a thousand words because it shows information about spatial relationships that cannot be effectivelydescribedinwords.Graphics such
	-
	-
	-
	-

	Figure
	Tables, charts, and diagrams designedto effectively supportusers’ needs are 


	efficient and powerful. 
	efficient and powerful. 
	efficient and powerful. 
	combine with other information to solve problems and/or form concepts. While the “at a glance” access to the information is slower than access to information in working memory, that access is still fast. And unlike human working memory, visual displays can hold lots of information, and the memory does not fade away when left unattended. Larkin and Simon assessed the degree to which diagrams, functioning as external memories, could simplify the solving of physics 
	combine with other information to solve problems and/or form concepts. While the “at a glance” access to the information is slower than access to information in working memory, that access is still fast. And unlike human working memory, visual displays can hold lots of information, and the memory does not fade away when left unattended. Larkin and Simon assessed the degree to which diagrams, functioning as external memories, could simplify the solving of physics 
	-

	problems.Theyfoundthatthegraphics could be profoundly powerful tools. 

	The chart shown in Table 2 demonstrates these characteristics of visual aids. In that chart, information about specific components of a three-year program is presented, through words, in the chart cells. The relative placements of those cells also conveys information about how each component fitsintotheoverallscopeandsequence of the program. To convey all of the informationcapturedinthechartusing 
	-
	-
	-


	Table 2. Example of an effective chart.based upon a chart from a winning proposal.. 

	Students as Scientists:. Pollution Prevention Through Education. 
	Students as Scientists:. Pollution Prevention Through Education. 
	Site(s) 
	Site(s) 
	Site(s) 
	Site(s) 
	Site(s) 
	2-Week Summer 

	Classroom 


	Inservice Institute 

	Implementation 
	Implementation 
	Implementation 
	Implementation 
	Colleagues 


	Year 1 (June 1997) (Fall 1997) (Spring.1998) 
	UNC-Wilmington 
	UNC-Wilmington 
	UNC-Wilmington 
	UNC-Wilmington 
	24 Middle School 

	24 Middle School 


	75 Middle School Teachers 
	Teachers 
	Teachers 
	Teachers 
	Teachers 

	(240 Students) 
	(240 Students) 
	(7,500 Students) 


	Year 2 (June 1998) (Fall 1998) (Spring 1999) 
	UNC-Wilmington 
	UNC-Wilmington 
	UNC-Wilmington 
	UNC-Wilmington 
	24 Middle School 

	24 Middle School 


	75 Middle School Teachers 
	Teachers 
	Teachers 
	Teachers 
	Teachers 

	Western-NC 
	Western-NC 
	Western-NC 
	24 Middle School 

	24 Middle School 


	75 Middle School Teachers 
	Teachers 
	Teachers 
	Teachers 
	Teachers 

	UNC-Charlotte 
	UNC-Charlotte 
	UNC-Charlotte 
	24 Middle School 

	24 Middle School 


	75 Middle School Teachers 
	Teachers 
	Teachers 
	Teachers 
	Teachers 

	(7,200 Students) 
	(7,200 Students) 
	(22,500 Students) 


	Year 3 (June 1999) (Fall 1999) (Spring 2000) 
	UNC-Wilmington 
	UNC-Wilmington 
	UNC-Wilmington 
	UNC-Wilmington 
	24 High School 

	24 High School 


	75 High SchoolTeachers 
	Teachers 
	Teachers 
	Teachers 
	Teachers 

	Western-NC 
	Western-NC 
	Western-NC 
	24 High School 

	24 High School 


	75 High SchoolTeachers 
	Teachers 
	Teachers 
	Teachers 
	Teachers 

	UNC-Charlotte 
	UNC-Charlotte 
	UNC-Charlotte 
	24 High School 

	24 High School 


	75 High SchoolTeachers 
	Teachers 
	Teachers 
	Teachers 
	Teachers 

	(7,200 Students) 
	(7,200 Students) 
	(22,500 Students) 

	running text would probably require several pages. 
	One can read the chart shown in Table2invariouswaystoseedifferent relationshipsamongtheelements.The readercanreadilymovebackandforth across various “forest” and “trees” views. A few minutes of such study may be sufficient to answer a number of questions about the program activities described by the chart and to gain a general concept of the big picture of how the elements fit together. In the same amount of time, a user might be able to complete a first reading of a comparabletextdescription.However, a runn
	-

	The central rule: Ensure that Your ProposalisCenteredUponandDriven by Relevant Concerns 
	Thecredoof“honorthyuser”points to the need for you to do what you can to help ensure that the reviewers perceive a relevant driving force within your proposal. Many experts stressthe importanceoftargeting your proposal to the right source of funding (Battagalia, 1995; Moffat, 1994; Bailey,1985),andreviewersareturned off by proposals that they perceive as “fishing trips.” For the purposes of this discussion, our final rule can be stated as follows: 
	-
	-

	Rule #5: If your project reviewers are scientists, then ensure your proposal demonstrates that your project is hypothesis-driven. 
	Notice that we have stated not only that your project must be hypothesis driven, but that your proposal must demonstrate that it is. Reviewers are likely to suspect fishing trips are at hand when they see phrases such as, “We wanted to see if. . ., “ or “We want to look for. . ., “ or “In order to move towards a better possible understanding of how maybe. . . .” Proposal reviewers are accountable for the prudentallocationofsubstantialchunksof money. What are you going to do with some of that money? Why is i
	-
	-

	As indicated above, we believe winning proposals contain many such connecting strands. However, a winning proposal must not merely be connected to the RFP, but presents a coherent and valid response to the RFP. To create coherency, ensure that readers can easily see how the strands that connect your proposed plans to the RFP are also connected to each other. To help ensure readers see your proposal as valid, use your research hypothesis as a driving force in your 

	Table 3: Rules for Writing Winning and Losing Proposals. 
	Rules for writing winning proposals 
	Rules for writing winning proposals 
	Rules for writing winning proposals 
	Rules for writing losing proposals 

	Respond fully and clearly to proposalspecifications as they are stated inthe RFP. Reviewers sometimes assess proposals using scoresheets, whichcorrespond to the RFP. If your proposal organization does not follow the samesequence as the scoresheet (i.e., thesequence of the RFP), reviewers mayoverlook elements (score them as notpresent). 
	Respond fully and clearly to proposalspecifications as they are stated inthe RFP. Reviewers sometimes assess proposals using scoresheets, whichcorrespond to the RFP. If your proposal organization does not follow the samesequence as the scoresheet (i.e., thesequence of the RFP), reviewers mayoverlook elements (score them as notpresent). 
	Write your proposal as if it is a mystery novel. Use suspense toengage the proposal reviewer’s attention and a surprise ending to showhow clever you can be. Leave lots ofopen questions about how your ideasrelate to the RFP (and to each other) and then, in the last page, reveal theelementary logic that ties it all together. 

	Honor key minimal expectations bymeeting deadlines and editing yourwork. You must meet deadlines and demonstrate a minimal command of the 
	Honor key minimal expectations bymeeting deadlines and editing yourwork. You must meet deadlines and demonstrate a minimal command of the 
	Ensure that your proposal arrivesa day after the deadline, with $1.00postage due. This strategy ensuresthat your proposal will be noticed. 

	English language in your writing. 
	English language in your writing. 

	Give very serious attention to theabstract. It may be the only portion ofyour proposal a reviewer reads. 
	Give very serious attention to theabstract. It may be the only portion ofyour proposal a reviewer reads. 
	Write your abstract by hand on the back of the proposal deliveryenvelope. This strategy shows howbusy (and therefore important) you areand may invoke subliminal referencesto Abraham Lincoln. Reviewers will 

	TR
	want to snatch you up before youbecome overcommitted to other work 

	TR
	or assassinated. 

	Convey information visually as wellas through words. Use white space,lists, tables, and the power of theword processor to make an attractiveeasy-to-read document. 
	Convey information visually as wellas through words. Use white space,lists, tables, and the power of theword processor to make an attractiveeasy-to-read document. 
	Use narrow margins and small textwith lots of random font changes.This strategy lets you pack lots ofinformation onto every page whileshowing off some of the cool things your computer can do. 

	If your project reviewers arescientists, then ensure your proposaldemonstrates that your project ishypothesis driven. Honor your usersby offering what they value. 
	If your project reviewers arescientists, then ensure your proposaldemonstrates that your project ishypothesis driven. Honor your usersby offering what they value. 
	Do not reveal any driving force inyour proposal – keep it vague andopen to misinterpretation. This strategy helps maintain suspense inyour proposal (see Rule 1) and, if youhave adhered to the previous fourrules, any misinterpretation of what yousay would be an improvement. This strategy will help ensure that researchwork doesn’t compete with your fishingschedule. 


	writing. That is, as you weave the words of your proposal, be responsive 
	writing. That is, as you weave the words of your proposal, be responsive 
	totheRFPandrepeatedlyshowhowall 
	of your proposal elements are natural 
	of your proposal elements are natural 
	outcomesofyourresearchhypothesis. The connections you make between 

	your ideas and the RFP are analogous 
	to the threads on the weaver’s loom. 
	Figure




	To help ensure readers see your proposal as valid, use your research hypothesis as a drivingforce in your writing. 
	To help ensure readers see your proposal as valid, use your research hypothesis as a drivingforce in your writing. 
	Each connection forms a strand that ties your interests to those of the funding agency. As you weave the words of your proposal, also clearly and continuouslyshowhowyourproposed plans are connected to – driven by 
	-

	– your research hypothesis. 
	Conclusion 
	Conclusion 
	Considerations of the needs and interestsofproposalreviewerssuggest five rules for writing winning proposals. We have also used this approachto generate a list of five rules for writing losing proposals. Table 3 provides a summary of these rules. 
	-
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	Science Supervisors’ Stories:.A Way to Communicate.Pedagogical Values. 
	Science Supervisors’ Stories:.A Way to Communicate.Pedagogical Values. 
	Science supervisors use autobiographical stories to. communicate pedagogical values to their novice science teachers.. 
	Science supervisors use autobiographical stories to. communicate pedagogical values to their novice science teachers.. 
	How can science supervisors communicate their pedagogical values to the novice science teachers in their departments, schools, or districts? Novice teachers are the probationary teachers, anxious about how they will be evaluated but often with little or no idea of what their supervisors value (Brickhouse & Bodner, 1992; Bullough, 1989; Fuller, 1969). Not only are conceptions of effective teachinghighlyvariable(Burry-Stock, 1995; Fuller & Brown, 1975; Wildy & Wallace, 1995), but the supervisor, as an expert 
	How can science supervisors communicate their pedagogical values to the novice science teachers in their departments, schools, or districts? Novice teachers are the probationary teachers, anxious about how they will be evaluated but often with little or no idea of what their supervisors value (Brickhouse & Bodner, 1992; Bullough, 1989; Fuller, 1969). Not only are conceptions of effective teachinghighlyvariable(Burry-Stock, 1995; Fuller & Brown, 1975; Wildy & Wallace, 1995), but the supervisor, as an expert 
	-
	-
	-

	In a story, the storyteller imposes order and coherence on a stream of 
	events so as to create meaning for a 
	community of listeners (Ben-Peretz, 1995; Carter, 1993; Elbaz, 1991). 
	Though not necessarily an accurate accountofevents,anautobiographical 
	story is still a reliable reflection of the storyteller’s values (Barclay, 1986; Ben-Peretz,1995;Carter,1993;Kagan & Tippins, 1991; Ponticell & Zepeda, 1995; Scholes, 1981). In fact, a story 
	seems to be especially effective for communicating pedagogical values becauseitaccommodatestheambigui
	-

	Figure
	... a story seems to beespecially effectivefor communicating pedagogicalvalues because it accommodates the ambiguities andcomplexities of ateacher’s practice 
	ties and complexities of a teacher’s 
	practice (Carter, 1993). 
	This paper relates the stories nine science supervisors told about a novice science teacher each had supervised. Presumably, other novice science teachers would find the values embedded in such stories useful to know. Because storytellers express their values with metaphors (Beck & Murphy, 1993; Elliot, 1984; Kagan & Tippins, 1991; Marshall, 1990; Miller & Fredericks, 1988), this paper is an analysis of the metaphorical statements the supervisors made about teaching or teachers, how they are or how they sho
	-
	-
	-
	-

	Method 
	Method 
	The author collected the stories for this paper while doing a study of science supervisors’ criteria for assessing a novice science teacher’s 
	lesson (Zuckerman, 1997). The nine 
	Kinds of Stories 
	Kinds of Stories 
	she could not address her shortcom
	-

	supervisors who participated in the 
	All10storiesweretwo-tothree-min
	-

	ings (see Appendix A). On the other 
	study were from the public schools 
	utedidacticfirst-personaccountsofsu
	-

	hand, Sara told about a novice teacher 
	of New York State. 
	pervisinganovicescienceteacherwho 
	encumbered by a heavy French ac-
	Two were from districts in New 
	had some professional difficulty, the 
	cent who, nevertheless, through her 
	York City, and seven were from sub
	-

	resultofeitherapersonalshortcoming 
	own mettle and imagination, became 
	urbanandruraldistrictsnorthandwest 
	or situational obstacle. The themes of 
	a confident and esteemed colleague 
	of the city. Their teaching experience 
	the stories varied only as to whether 
	(see Appendix B). Most of the stories, 
	ranged from 5 to 30 years with an 
	or not the supervisor worked with the 
	however, were about novice teachers 
	average of more than 25 years. Their 
	novice teacher expressly to overcome 
	succeeding with the express help of 
	supervisory experience ranged from 4 
	that difficulty and whether or not the 
	their supervisors. For example, Jim 
	to 16 years with an average of nearly 7 
	novice teacher ultimately succeeded 
	toldofhiringaphysicsteacherwhohad 
	years. Eight supervisors headed their 
	(see Figure 1). 
	nopedagogicaltrainingorexperience. 
	highschoolsciencedepartmentswhile 
	For example, Pete told about a 
	With Jim’s coaching, however, the 
	teaching at least one science class per 
	novice teacher who, failing to show 
	novice eventually became a Teacher 
	day, whereas one was a district-wide 
	cumulative improvement, was denied 
	of the Year (see Appendix C). 
	supervisor with no teaching duties. 
	tenure. In spite of his admonishments, 
	During individual audiotaped interviews, I asked the supervisors to “Tell me a story about a novice science teacher you’ve supervised.” I transcribed the audiotape of each story verbatim and then edited the transcriptionslightlysoastoconstruct a fluent written text. Next I identified and compared the narrators’ points of view and the themes of the stories. 
	I then examined each transcript for metaphorical statements. I noted such statements whenever a supervisor used an imaginative expression to describe a teacher or teaching, the expression had more than one reference, and the various references had a common meaning (Brown, 1958). I then inferred a pedagogical value from the meaning of the metaphor in the context of the story. 
	-
	-




	The Stories 
	The Stories 
	The Stories 
	Eight of the nine science supervi
	-

	sors told a total of 10 stories about 
	their experiences supervising novice 
	science teachers. Nine of the stories 
	were told in response to the stimulus question, whereas one story arose spontaneously during an earlier part of the interview. 

	Jim’s Story Pete’s Story Sara’s Story 1 Story withNo Mention of Outcome 6 Novices Succeeded 1 Novice Failed 1 Novice Failed 1 Novice Succeeded 8 Stories Mention the Help of theSupervisor 2 Stories Do Not Mention the Help of theSupervisor 10 Stories About a Novice Science Teacher with a Difficulty Figure 1 - Themes of the Supervisors’ Stories 
	Sect
	Figure
	Figure

	Figure
	Figure
	Metaphorical Statements 
	Metaphorical Statements 
	Metaphorical Statements 

	sonality in the classroom, very .Thesupervisorsmademetaphorical .
	straight. . . . She runs those classes statements about a teacher or teaching 
	. . . and [even though] her classes 
	. . . and [even though] her classes 




	The supervisors were 
	The supervisors were 
	The supervisors were 

	are packed, every kid is on-task. are presented here in the context of 
	in 7 of the 10 stories. Their statements 
	in 7 of the 10 stories. Their statements 


	able to articulate
	able to articulate
	able to articulate
	You can hear a pin drop.” 
	each of the seven stories: 

	more precisely the 
	more precisely the 
	6. Anothernoviceteacher,alsowithno 
	.. A novice teacher lost her job be-
	pedagogical preparation or experi
	-


	attributes of a positive
	attributes of a positive
	cause, in addition to the fact that 
	ence, ultimately became a Teacher 

	professional attitude 
	professional attitude 
	“she couldn’t bring all the pieces 
	of the Year in part because “he had 
	together, . . . she never heard, really 
	that little something that students 

	and an effective 
	and an effective 
	heard” her supervisor’s criticisms. 
	grab onto, and he, in turn, grabbed 

	lesson than they
	lesson than they
	(Pete’s story) 
	onto them.” (Jim’s story) 

	were the attributes 
	were the attributes 
	2. A supervisor explained her deci
	-

	7. A novice teacher “burned so many 

	of a cooperative
	of a cooperative
	sion to reappoint a novice teacher 
	bridges with his sarcasm” that 
	who willingly “does his time” with 
	he ended up “build[ing] resent-

	relationship with 
	relationship with 
	classes that aren’t “the cream of the 
	ment stamps so that the kids . . . 

	students.
	students.
	crop.”Hecheerfullymaintainedhis 
	collect[ed] them, a few each day.” 
	commitment despite having “been 
	commitment despite having “been 
	commitment despite having “been 
	ues they expressed in their stories 

	thrownintoperhapsanewteacher’s 

	Pedagogical Values 
	Pedagogical Values 
	were in accord with the criteria they 
	were in accord with the criteria they 
	worst nightmare schedule.” 

	The supervisors’ metaphorical 
	each used to assess a novice science 
	statements vividly expressed their 
	3. A novice teacher “brought a lot 
	3. A novice teacher “brought a lot 
	teacher’s lesson (Zuckerman, 1997). 

	pedagogical values, specifically the 
	of life to our department” by, for 
	of life to our department” by, for 
	Autobiographicalstoriesthuscouldbe 

	importance they placed on novice 
	example, coming up with imagina
	example, coming up with imagina
	-

	a useful way for science supervisors 

	teachers (a) having a positive pro
	-

	tivemotivationsthatgot her classes 
	tivemotivationsthatgot her classes 
	to communicate their pedagogical 

	fessional attitude, (b) executing an 
	involved. (Sara’s story) 
	values to novice science teachers. Ac-
	effective lesson, and (c) fostering a 
	cordingly, science supervisors should 
	4. Instead of “just spewing out infor
	-

	cooperativerelationshipwithstudents. 
	promote occasions for the telling of 
	promote occasions for the telling of 
	mation,” a novice teacher learned 

	For example, individual supervisors 
	such stories.
	to select and focus her lessons on 
	valued novice teachers who were 
	Supervisors, however, first need to 
	the essentials. 
	receptive and responsive to criticism 
	encourage novice teachers to listen to 
	and resolutely committed to teach
	-

	5. Atimid rookie with no pedagogical 
	and educe pedagogical values from 
	ing. Others appreciated when lessons 
	preparation or experience, without 
	preparation or experience, without 
	suchstories.Then,asthenoviceteach
	-


	were launched with an imaginative 
	even an undergraduate major in a 
	even an undergraduate major in a 
	ers come to know those values, they 

	motivation, limited to the essential 
	science, was soon able to execute 
	science, was soon able to execute 
	becomepartofthatcommunityofprac
	-


	information,andsquarelymanagedso 
	her biology lessons like a veteran: 
	titioners(Ben-Peretz,1995; Shulman, 
	that students were kept productively 
	“She has a very businesslike per
	-

	1986). They develop a professional 
	engaged. Finally, some supervisors 
	identity,therebyovercomingtheisola
	-

	expressedtheirregardforteacherswho 
	tion that is a significant threat to their 
	engenderedtheirstudents’cooperation 
	professional development (Bullough, 
	instead of provoking their hostility or 
	1989; Lieberman & Miller, 1992). 
	contempt.


	The science 
	The science 
	The supervisors were able to articulate more precisely the attributes 
	-


	supervisors’ stories 
	supervisors’ stories 
	Conclusion and Implications 
	Conclusion and Implications 
	of a positive professional attitude and 


	were dramatic 
	were dramatic 
	for Science Supervisors
	for Science Supervisors
	an effective lesson than they were the 
	The science supervisors’ stories 


	expressions of their
	expressions of their
	attributesofacooperativerelationship 
	were dramatic expressions of their 
	with students. In fact, although many 


	pedagogical values. 
	pedagogical values. 
	pedagogical values. 
	pedagogical values. In fact, the val-
	practitioners, such as Jim, value most 
	this personal life-touching aspect of teaching, teacher evaluation systems 
	stillemphasizetechnique(Mohr,1987; Moran, 1990; Ponticell & Zepeda, 1995). Accordingly, science supervisors need to listen to their own stories, especially the ones they tell about teachers who engender their students’ cooperation, so as to understand more precisely their own measure of this elusive artistic aspect of teaching. Thentheycanbettercommunicatethis value to their novice teachers. 
	-
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	Appendix A: Pete’s Story
	Appendix A: Pete’s Story
	We had a lady here who was a very bright and personable woman. The kids loved her, but she’d get in front of the room and let the kids distract her. Some kids would be doing their homework for another class; others would be doing their nails. But she thoughtshewasdoingamarvelousjob because she did a great job with four 
	or five of the kids. So you’d bring that 
	to her attention, and she would nod her head at you. “Yes, yes, I understand ... I understand.” You’d say, “All right now.ThenexttimeIcomein,that’sthe one thing I’m going to look at.” 
	You’d come in the next time, and 
	she might have fixed it, but the time 
	after that, it would be there again. She couldn’t bring all the pieces together. When you’d ask her to work on some-
	thing else, the first problem would 
	come back. She never could put the pieces together. 
	And so when she wasn’t given tenure and lost her job here, she felt terrible. But she never heard, really heard. She went to the next school and sent us back her first observation and evaluation. I read the first page, and then when I read the second page, I said, “She’s not gonna get tenure there either because here is the whole first page all positive and then, on the second page, it asks her to look at something.” And I said, “I know what’s happening to her. She’s reading the first page because it’s all 
	So the same thing happened to her there. She was there three years and didn’t get tenure there either. She just never heard. 

	Appendix B: Sara’s Story
	Appendix B: Sara’s Story
	I have a teacher in my department who started out as my student teacher. Shewasveryunsureofherselfbecause shespeakswithaheavyFrenchaccent. When she first started to student teach, she was not sure that the class would understand her, and quite frankly, I was not sure either. She turned out, however, to be a wonderful, lively teacher. 
	One of the things that she did early onwastomakeanaudiotapeofherown lessons,andthefirsttimesheheardher voice, she almost cried. But then she workedonit,andrealizingthatshehad this accent, started to compensate by usingthe boardmore.Shealso learned to laugh at herself, which I think is one of the wonderful techniques that a teacher has to use. 
	She has taught me a lot and has also brought a lot of life to our department. Foronething,shecomesupwithsome veryweirdmotivations.Whenshewas a student teacher teaching a lesson on reflexes, she caught her finger in a drawer, or so everybody thought, including her professor, who came running up very upset. At any rate, she pretended to catch her finger in the drawer and started cursing first in FrenchandtheninEnglish.Thatreally got the class involved. 
	Shehasreallygrownintoawonderful, creative teacher who now teaches our research class, and what is very interesting to me is that I started out as her advisor, and now we have very much switched roles. In fact, when I walk into her research class in the middle of a discussion and I feel I have something to contribute, she makes me keep my mouth shut. She says, “No, no. You’re not supposed to say anything. You’re just here to listen.” So, it’s really good. 
	-



	Appendix C: Jim’s Story
	Appendix C: Jim’s Story
	Appendix C: Jim’s Story
	I’ll tell you a very satisfying story about Tom. I needed a physics teacher because one had suddenly left the district at the beginning of the year. Physics teachers were at a premium. So I called Tom. He had no teaching experience. In fact, he had just finished studying to be an engineer but had decided that he wanted to teach instead. 
	-

	I met Tom on the steps. We signed him up as a long-term sub. I remember speaking to him, saying “Tom, you don’t have to go into teaching. There are more lucrative jobs out there as an engineer.” But he said no. He’d given it some thought, and he wanted to give it a shot. 
	I brought him down to the high 
	school, and his first class was an AP 
	physics class. The students--and their parents--were very demanding. When 
	Tom first started, he didn’t even know 
	how to write on the board with chalk, but he knew his physics and I could tell that he loved kids. But he didn’t know a thing about teaching. Three or four years later he received his tenure, 
	and in the fifth year, the National Honor Society voted him Teacher of 
	the Year. 
	Goingbacknow,here’sapersonthat 
	I had to teach to crawl before he could 
	walk, but he had a love of students. He 
	had that little something that students grabonto,andhe,inturn,grabbedonto them. And he had knowledge of the subject. And to me, if you have those two, technique is just a matter of time. You can teach anybody technique, but you can’t teach anybody to love children. And it’s too late to learn the contentifyou’vegonethroughcollege and didn’t pick it up then. 
	So, I look at Tom as probably my fondest teaching experience because it was a very frustrating one, but an extremelysatisfyingoneaswell,tosee someone go in on that first day who couldn’t even write on the board. But then again, that was before I learned that technique is secondary, and those intrinsic values and knowledge of subject are the important things. 
	June Trop Zuckerman is Associate Professor 
	of Secondary Science Education, Department 
	of Secondary Education, SUNY-New Paltz, NY 12561-2499 
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	Leading Environmental Education: .Lessons from a Case Study.of School Change. 
	Leading Environmental Education: .Lessons from a Case Study.of School Change. 
	The sustainability of curriculum change is influenced by the 
	interaction of competing priorities and institutionalized practices. 
	interaction of competing priorities and institutionalized practices. 
	The following is a case study account of the implementation of a high school environmental education project. The article describes the interplay of competing priorities, institutionalized practices, and leadership strategies that occurred during the project. This is a first-person account by the first author of the paper who was the leader of the project at the time. The second author was involved in the conceptualization of the paper and the analysis of the events described. 
	The following is a case study account of the implementation of a high school environmental education project. The article describes the interplay of competing priorities, institutionalized practices, and leadership strategies that occurred during the project. This is a first-person account by the first author of the paper who was the leader of the project at the time. The second author was involved in the conceptualization of the paper and the analysis of the events described. 
	-
	-
	-
	-

	The introduction to my new ap
	-

	pointmentatSwamplandsHighSchool 
	involved a casual walk with the principal through the incomplete school 
	-

	buildings. He led me through a maze 
	of half-built walls, across a newly laid expanse of paving, to a bright freshly painted building that was to be my workplace for the next two years. To my surprise the tour did not end there but continued through the facility to a perimeter road that overlooked an expanse of swampy rush and kykuhu grass. In the past this area was a cow paddock, but now it was a swampland inwinterandnativeshrubswerebeginning to take hold. 
	-

	“What do you think of this?” he asked. I surveyed the scene for a while 
	“What do you think of this?” he asked. I surveyed the scene for a while 
	then replied that it was either an enormous problem or a great opportunity. I explained that I thought the area could become an attraction for undesirable studentactivityorcouldbeastudyarea forenvironmental scienceand vegetation rehabilitation. The principal then revealed his own desire to see some form of environmental theme being adopted by the school as part of its 
	-
	-


	community profile. 
	The school had already had a poor start to its short life. The building program was behind schedule, and the press had focused on the disruption this had caused to students’ learning. It had become critical for the school to quickly establish a positive profile. With only limited resources available, the principal was ready to receive any credible idea. I recognized that the school was located in an important groundwater pumping area, was close to a number of lakes, and had chosen theheronasitslogo,soanenvi
	The school had already had a poor start to its short life. The building program was behind schedule, and the press had focused on the disruption this had caused to students’ learning. It had become critical for the school to quickly establish a positive profile. With only limited resources available, the principal was ready to receive any credible idea. I recognized that the school was located in an important groundwater pumping area, was close to a number of lakes, and had chosen theheronasitslogo,soanenvi
	-

	process of learning and evolution that at times showed great promise and at other times disappointment. 

	Getting Started 
	Getting Started 
	The initial steps in the process were somewhat hastily conceived, but fortunately this helped the project to evolve in a flexible way, creating considerable interest among students and some sections of the community. Theimmediateactionwastorecognize the swamp as an important curriculum resource—anoutdoorclassroom.This involved identifying environmental science activities and implementing them as part of the science program. Early in the new year I persuaded one of the science teachers to attend an environme
	-

	I talked with teachers informally about the proposal, so the staff involved had a good sense of direction but weren’t bogged down by any need to clarify a mission for the project or develop a strategic plan. The project visionwasnotformalizeduntillater,so the process was akin to that described by Fullan (1994, p. 31) as the “ready, fire, aim” sequence. 
	-

	It soon became clear that the Environmental Study Area would need demarcationusingfencingandsignage topreventdegradationbystudentsand thecommunity.Isawthisactivityasan opportunitytoexpandtheenvironmentalprojectintothebroadercommunity and as a way to involve other teachers andparents. Suchactionwas inaccord with the views of Wasley (1991) who notedthatsuchprojectsrequireteacher leaders and their colleagues to work effectively together. 
	-
	-

	FencingfortheStudyArearequired materials and labor and the principal advised me to apply for a grant for the development of school grounds through the school’s Parents and Citizens Association. The preparation of thesubmissionwassignificantinthatit forcedmetoreflectuponthepurposeof theactivityandtoformallydescribethe intentions of the project. I began this process by preparing a position paper containing what might be regarded as a disguised vision. Circulating the paper at management meetings gave teachers
	-

	I also realized that the construction of the fence and signs for the Study Area would require considerable input from other teachers. At series of meetings to discuss the topic, I was surprised by the high level of moral commitment of teachers to environmental issues, especially among a groupofsixstaffwhoformedanucleus of support. Teachers with particular strengths voluntarily assumed responsibility for particular aspects of the project where specialist problems were to be solved. In some cases the 
	I also realized that the construction of the fence and signs for the Study Area would require considerable input from other teachers. At series of meetings to discuss the topic, I was surprised by the high level of moral commitment of teachers to environmental issues, especially among a groupofsixstaffwhoformedanucleus of support. Teachers with particular strengths voluntarily assumed responsibility for particular aspects of the project where specialist problems were to be solved. In some cases the 
	-
	-
	-

	involvement of these teachers lead to considerable ownership and commitment to the project. Elsewhere, Fullan 
	-


	(1994) described the importance of 
	collectiveproblemsolvinginbuilding ownership and commitment to school improvement. 
	It was at this point that the balance of individual and collective input changed significantly. Whereas previously I had supplied much of the input, ideas now began to flow from various sources. A presentation to the school’sParentsandCitizensAssociation proved to be particularly fruitful as they agreed to support the grant proposal and were very supportive of environmental education. In fact, I was also surprised by the high level of moral commitment to environmental issues displayed by this parent group. 
	-
	-
	-
	-

	Advantages began to accrue from the collaborative processes that had been used to establish the project. The project vision began to get clearer, and this was shared by a significant proportionofpeopleacrosstheschool, albeit to varying degrees. Students werealsoinvolvedinthecollaborative planningandbuildingoftheperimeter fence. By encouraging students to 
	Advantages began to accrue from the collaborative processes that had been used to establish the project. The project vision began to get clearer, and this was shared by a significant proportionofpeopleacrosstheschool, albeit to varying degrees. Students werealsoinvolvedinthecollaborative planningandbuildingoftheperimeter fence. By encouraging students to 
	contribute to the development of their school, especially by being involved in the decision-making process, it was expected that they would want to participate in future activities and would show greater interest in environmental issues. 
	-



	Attempted Consolidation 
	Attempted Consolidation 
	Having completed the first step of establishingtheStudyArea,Iproposed to the environment committee and the school administration that environmental education be a priority for the school. I felt that this was important because it meant that strategies to support environmental education would be formalized and that some resources wouldbeprovidedtosupportthepriority. In addition I proposed the appointment of a coordinator to supervize the developmentofenvironmentaleducation and to monitor the effectiveness of
	-
	-
	-
	-
	-

	One of the agreed strategies for implementing the priority was to integrate and embed environmental activities across the curriculum rather thanteachenvironmentaleducationas a separate subject. Swamplands was a new high school, so there seemed to be considerable opportunity for curriculum integration. However, there wasalsoresistancefromsomequarters of the school to this cross-curricula approach. Some curriculum leaders were concerned about a perceived erosion of the time spent on their subject area. They c
	-

	Figure



	Teachers in traditional subjects who were under pressure to coverthe syllabus content hadrestricted opportunities to explore the alternative approaches characteristic of environmental education. 
	Teachers in traditional subjects who were under pressure to coverthe syllabus content hadrestricted opportunities to explore the alternative approaches characteristic of environmental education. 
	Teachers in traditional subjects who were under pressure to coverthe syllabus content hadrestricted opportunities to explore the alternative approaches characteristic of environmental education. 
	-
	-
	-

	stricted opportunities to explore the alternative approaches characteristic of environmental education. While some teachers were able to make adjustmentstotheircourses,thispractice 
	-

	was not widespread. The inflexibility of the timetable also made it difficult 
	for teachers to take students out of 
	the classroom for field investigations 
	and community projects. So in spite of some genuine efforts to explore alternative approaches, most teachers 
	found it difficult to make significant 
	changestotheirprograms.Thesecomplicating features are not dissimilar to 
	-

	thoseidentifiedbyLadwig,Currie,and Chadbourne (1994, p. 40) as impediments to change in large high schools: “Large senior high schools with their subject departments and multiple curriculum frameworks are often more complex organisationally than small [elementary] and [rural] high schools. These features complicate attempts to get common acceptance among staff.” 
	-

	In addition to the cross-curriculum focus, we also attempted to introduce several specific out-of-class environmentalprojects.Thesestarted wellbut they were dependent on the goodwill 
	In addition to the cross-curriculum focus, we also attempted to introduce several specific out-of-class environmentalprojects.Thesestarted wellbut they were dependent on the goodwill 
	-

	of teachers and were not part of the formal learning program. They did not have a recognized status within 

	the school and therefore were difficult 
	to sustain. Over time, the inconsistent management of these programs caused student participation to fall away. Some of these activities were almost counterproductive in effect. Although I was the coordinator, I did not have any extra time to support the activities of the staff in their work for this priority, and this restricted my effectiveness as a networker and facilitator of teacher development. 
	-

	Wasley (1991, p. 181) emphasized 
	thatprovisionforadequate“legitimate timeforprofessionalgrowth”iscritical to the improvement of teachers’ and hence school programs. 
	Where teachers had a strong personalcommitmenttothepriority,their particular projects were very successfulandtheywereabletocontriveways to develop their ideas as part of the formalschoolprogram.Oneparticular example was an environmental art and photography exhibition in which students displayed considerable skill and sensitivity. However, the teachers involvedreceivedonlylimitedsupport and found the activity particularly taxing, so the exhibition has not been repeated. It was seen as an extra burden, not re
	-
	-
	-

	Certainother factorsalsointerfered with the ongoing development of the project. The arrival of new staff in numbers meant that the previous level of commitment and ownership for the project was diluted. There was little consideration of strategies to include these people in the development of the environmental theme. In addition, the school began to offer grade .. and 12 courses, and many teachers turned 
	Certainother factorsalsointerfered with the ongoing development of the project. The arrival of new staff in numbers meant that the previous level of commitment and ownership for the project was diluted. There was little consideration of strategies to include these people in the development of the environmental theme. In addition, the school began to offer grade .. and 12 courses, and many teachers turned 
	theirattentiontopreparingstudentsfor the university entrance examination. As a consequence, teachers found it 

	difficult to meet the expectations that we had set when we first agreed on the 
	environmental education priority. 
	One year after the environmental education priority had been established, I left the school and another coordinator was appointed. She too gave considerable time and energy to establishing special projects and monitoring the effect of the strategies. However, it would appear that the program’s effectiveness was largely dependent on the presence of the coordinator who supported the network of participatingteachersandledtheplanning ofactivities.The coordinatorwas necessary to maintain the focus of the cross-c
	-
	-
	-
	-


	Implications and Conclusions 
	Implications and Conclusions 
	Implications and Conclusions 
	The example of innovation described here highlights several issues concerning the sustainability of curriculum change. Firstly, it is important that teachers understand that introduction of an innovation is itself a change process, and information about people’s perceptions of the change need to be monitored and understood if the innovation is to be effectively implemented (Louks-Horsley & Stiegelbauer, 1991). In this case, environmental education became a priority and most teachers supported the initiative
	-
	-
	-

	Figure
	Figure
	Figure
	Figure

	Figure
	Figure
	the environmental education project, 
	the environmental education project, 

	had been built into the project itself, theroleof theparticipating teachers as 
	a different kind of outcome may well learners was given insufficient recog
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	have emerged. 
	have emerged. 
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	A model is described which promotes simultaneous cognitive 
	A model is described which promotes simultaneous cognitive 
	construction of science concepts and the scientific nomenclature 

	needed to understand and communicate those concepts. 
	needed to understand and communicate those concepts. 
	An understanding of the relation
	An understanding of the relation
	-

	ship between scientific concepts and 
	the vocabulary used to express those ideas is as essential to effective science learning as is an understanding of the relationships between natural 
	-

	phenomenaandthescientificconcepts 
	thatexplainthem.Thispaperdescribes the “Science Concept-Vocabulary 
	Acquisition” (SCVA) model, which 
	promotes simultaneous cognitive construction of science concepts and 
	the scientific nomenclature needed to 
	understand and communicate those concepts. This is not intended to imply that children should be taught the vocabulary of science because, 
	as Slisko and Dykstra (1997) pointed out, a well-defined scientific language 
	suitable for that simply does not seem to exist. Rather, and this is a big difference, the SCVA approach is designed to help students: 
	-

	.. Learn to systematically examine 
	and understand the meanings of, 
	ratherthanacceptandmemorizethe 
	definitions of, scientific terms they 
	may encounter in their studies; 
	2. Understand the meanings of those 
	terms within contexts of their own personal learning experiences; 
	and 
	3. Thereby simultaneously examine 
	their own existing intuitions and 
	observations regarding the phe
	-

	nomenon under study. 
	Rooted in the principles of constructivist learning, the SCVA model accommodates an inclusive, multidisciplinary instructional approach and integrates computer technology and the Electronic Information Network into day-to-day classroom teaching. 
	-
	-

	The Changing Emphasis in Science Teaching 
	The Changing Emphasis in Science Teaching 
	Thereformeffortsofthe1960sgrew outofJeromeBruner’s(1960)ideathat a science curriculum should be “the most fundamental understanding that canbeachievedoftheunderlyingprinciplesthatgivestructuretothesubject” 
	-

	(p.31).TheNationalScienceTeachers Association (NSTA, 1962) concurred 
	that a curriculum should emphasize 
	“science proper” (p. 33), and virtually all new science programs of the 1960s andearly1970spromotedtheideathat 
	students should “be led to ‘think like 
	scientists’” (Gagne, 1979, p. 1). The 
	focusofscienceeducationshiftedfrom the earlier goal of an understanding 
	focusofscienceeducationshiftedfrom the earlier goal of an understanding 
	of nature for better personal living to a “major emphasis on the functional aspectsofscience:facts,concepts,and 

	principles” (Lacey, 1966, p. 15). Little 
	attention was given to the importance of language arts and other subjects for understanding the meaning and social 
	relevance of scientific facts. 
	Intime,however,thegoalofmaking little scientists of all students was decried as ineffective. Anational survey conducted in 1976-77 revealed only marginal public understanding and appreciation of the basic concepts and principles of science (Bybee, Harms, Ward,&Yager,1980).Approximately 70% of the college science and engineering majors in one study, for example,answeredsimplephysicsquestions interms ofthemedievalintuitive concepts rather than the Newtonian mechanics they were taught in school and college sci
	-
	-
	-
	-
	-
	-

	Figure



	By the early 1980s, theemphasis began to shifttoward making scienceinstruction compatiblewith the learning needsand styles of students. 
	By the early 1980s, theemphasis began to shifttoward making scienceinstruction compatiblewith the learning needsand styles of students. 
	By the early 1980s, theemphasis began to shifttoward making scienceinstruction compatiblewith the learning needsand styles of students. 
	makingscienceinstructioncompatible with the learning needs and styles of students. Growing interest in curricular integration and the emerging concept of constructivist learning has supported that change. 
	-

	Justification of an Integrated 

	Science Concept/Vocabulary Development Model
	Science Concept/Vocabulary Development Model
	Science Concept/Vocabulary Development Model
	Science has its own language, procedures, and theoretical framework (Hurd, 1994; Kuhn, 1970), and there is a connection between reading, writing, and science learning (Holliday, Yore, & Alvermann, 1994; Konopak, 1991). “Scientific knowledge is both symbolic in nature and also socially negotiated,” Driver, Asko, et al (1994) observed, and it is unrealistic to assume that concepts of science will be learned if science is studied apart from the language used to communicate its problems, principles, and theoret
	-
	-
	-
	-

	As the British novelist, H. M. Tomlinson (1873-1958) noted, we tend to see things not as they are, but as we are. Scientists have tended to name 
	-


	Table 1. The Science Concept-Vocabulary Acquisition (SCVA) Model. 
	The SCVA model of instruction was derived from an earlier model 
	by Vaughn and Estes (1986) that employed anticipation, realization, and 
	contemplation. In the four-part model outlined below, contemplation has 
	been extended to encompass consolidation and confirmation. .. Anticipation (meaning) 
	Learners must approach the task of learning with a conscious anticipation of connecting what they know to what they study as they construct concepts. 
	-

	2. Realization (connection) 
	2. Realization (connection) 

	Learning is realization, and what is realized is the connection between what is already known and what is being learned. 
	3. Consolidation (acquisition) 
	3. Consolidation (acquisition) 

	Learners need a chance to consolidate the new with the known and to understand how it relates to prior experiences. 
	4. Confirmation and Commitment (verification and application) 
	Learners need a chance to refine concepts, test conclusions, acquire skills, and develop the confidence to submit their conceptions to critical review in the light of conventional knowledge. 
	-

	Typically, a student’s lack of interest in knowing more about things related to a topic has been considered a problem of student attitude, interest, or ability. As this instance indicated, however, it may be more a problem with teaching. In this case, it was vocabulary study that helped the children realize a need to know and thereby attain a readiness to learn. 
	. .

	The need to resolve cognitive disequilibrium can be very persistent and, in the absence of an opportunity to learn a more adequate scientific explanation (from a scientist or science teacher or some other credible source such as a textbook) a person may turn to and accept whatever ready alternative may appear most promising. 
	The need to resolve cognitive disequilibrium can be very persistent and, in the absence of an opportunity to learn a more adequate scientific explanation (from a scientist or science teacher or some other credible source such as a textbook) a person may turn to and accept whatever ready alternative may appear most promising. 
	2..


	things on the basis of how they see them, it seems, and an understanding of the meaning of the terms they chose is important to an understanding of phenomena they envisioned. But scienceisnotmerelyfactualinformation, and vocabulary study alone is not the 
	things on the basis of how they see them, it seems, and an understanding of the meaning of the terms they chose is important to an understanding of phenomena they envisioned. But scienceisnotmerelyfactualinformation, and vocabulary study alone is not the 
	-

	key to effective science learning. Nor 
	is science merely process, so hands-on/minds-on explorations alone are 
	is science merely process, so hands-on/minds-on explorations alone are 
	not the key to scientific understanding. Both preconceived facts and explorations into the unknown are always present at the expansion of 
	-


	scientificknowledge,anditisprecisely at the points of expansion of scientific 
	knowledgethatscientistsmustdevelop the new vocabulary necessary to communicate the new knowledge and its meaning.Similarly,itispreciselyatthe 
	-

	pointsofexpansionoflearning –when learnersencounternewexperiencesor ideas – that individual students must bridge the gap between attainment of new knowledge and understanding of itsmeaning.TheSCVAapproachisdesigned to bridge that gap by engaging learners in simultaneous construction 
	-

	of the scientific concepts to be learned 
	andthevocabularynecessarytounderstand and use the knowledge. 
	-

	The SCVA approach draws learners into hands-on/minds-on learning, but does not leave them on their own to discover everything that is already known. Conversely, it engages students in a review of conventional scientific concepts and principles, but doesnotrelegatethemtothetraditional role of passive recipients of what has been discovered by others. Rather, the SCVAmodel balances personal learningexplorationswithaccesstoexisting scientific facts and nomenclature that define science and enable meaningful comm
	-
	-
	-
	-

	 Review of a Science 
	Concept/Vocabulary 


	Acquisition (SCVA) Lesson
	Acquisition (SCVA) Lesson
	The SCVAapproach has been used to teach a variety of science concepts in both elementary school courses and graduate teacher education classes. A sample elementary science lesson conductedwithamixed-abilityclassof fifth grade children is discussed below tohighlightthefourproceduralphases of the model. The topic was “insects,” and most of the children had already developed pretty strong ideas (prior personal conceptions) about the class 
	The SCVAapproach has been used to teach a variety of science concepts in both elementary school courses and graduate teacher education classes. A sample elementary science lesson conductedwithamixed-abilityclassof fifth grade children is discussed below tohighlightthefourproceduralphases of the model. The topic was “insects,” and most of the children had already developed pretty strong ideas (prior personal conceptions) about the class 
	of animals. Among those was a common misconception that spiders were 
	-


	insects. How that misunderstanding 
	was handled by the teacher, and how 
	it was finally displaced in the lesson, 
	are discussed to illuminate the role of the teacher in a constructivist learning arena of the type facilitated be the SCVA model. 
	A large can of mealworms (genus Tenebrio) and a few children’s books on insect-related topics had been on display in the classroom for several days. This had enabled the children to focus their prior perceptions through self-initiatedobservationsofaspecific insect across various periods of its life span. As David Ausubel (1978) noted: “The most important single factorinfluencingnewlearningiswhat the learner already knows” (p. 163). Students’individual experiences vary greatly, however, and the teacher was c
	On the day of the lesson, specimens of other insects and insect-like animals were provided, along with magnifying glasses and a variety of printed resources including science textbooks. Several computers (wired to the Internet) were also available, with electronic references including the Encarta Multimedia Interactive Encyclopedia (1996 edition) and American Heritage Talking Dictionary (1995). One computer, equipped with a LCD projector and screen, was available for large-group use. 
	-
	‑

	Phase 1: Anticipation 
	The lesson began with an assignment for each student to write “insect” on a sheet of paper, circle the term, and 
	The lesson began with an assignment for each student to write “insect” on a sheet of paper, circle the term, and 
	-

	then write anything that came to mind about insects on the paper. This was 

	the first step of a “think, pair, share” 
	technique, described more fully by Tighe and Lyman (1988), that is designedtohelplearnersfocustheirprior knowledgebyclusteringassociations. Thechildrenwereencouragedtocheck the display specimens and references to see if anything on their cluster of ideas was incompatible with what they believed “insect” means – or if they had left off anything important. This provided a structure for them to articulate their understandings of “insect,” from the perspectives of their prior experiences, and check the 
	-

	efficacyoftheirideasusingbothnature itself (the specimens) and a variety of 
	conventional science references. 
	Clustering is also a very effective means of non-obtrusive preassessment. Early in this lesson, for example, the teacher noticed that every cluster contained the term “spider” or “spiders.” The teacher said nothing, however,becauseanattempttocorrect students’ thinking at this time could actually be counter-educational. Most students would have marked “spider” off their papers, because the teacher said it was wrong, but wouldn’t have understoodwhy.They didnotyetrealize that they harbored a very common miscon
	-
	-
	-

	Once the children had thought through their clusters, they were divided into groups of four and asked to “pair” off and combine their observations into a variety of categories of informationsuchas“kindsofinsects,” “description of insects,” “value of insects,” “damage from insects,” and “danger of insects.” Next, the 
	Once the children had thought through their clusters, they were divided into groups of four and asked to “pair” off and combine their observations into a variety of categories of informationsuchas“kindsofinsects,” “description of insects,” “value of insects,” “damage from insects,” and “danger of insects.” Next, the 
	-
	-

	two pairs of students “shared” their observations and compiled a categorical group overview of understandings about insects. The groups used the references, specimens, and electronic references quite vigorously. Still, the teacher noted, spiders were listed on every group’s list. 
	-


	Phase 2: Realization 
	Constructivists believe that understandings gained from study are realized in the connections learners make between what they already know and what they encounter as new information. But this does not imply that everyone must realize the same thing in the same way, or at the same time. Levels of prior knowledge and interests vary widely in any group of students, and a diversity of resources would be required for learners to have anopportunitytobuilduponwhatthey already know about a topic. To facilitatethis,
	-
	-

	Each group member was invited to select a resource and explore one or more of the categories of concepts in the group’s overview, and add to or correct the information if necessary. The majority of children turned to the electronic resources initially. However, many soon found the portability of the books attractive since it enabled them to move about the room, book in hand, to share what they had found to support their initial ideas – or refute someone else’s. There were frequent forays to the collection o
	Each group member was invited to select a resource and explore one or more of the categories of concepts in the group’s overview, and add to or correct the information if necessary. The majority of children turned to the electronic resources initially. However, many soon found the portability of the books attractive since it enabled them to move about the room, book in hand, to share what they had found to support their initial ideas – or refute someone else’s. There were frequent forays to the collection o
	-
	-

	ily used as the children explored the terms they encountered in an effort to realize what the words meant. Some of the children discovered other useful resources on-line, and these were 
	-


	also used for checking the efficacy of 
	conclusions. Various learners realized that changes needed to be made on their papers, and made them. But, the teacher noticed, the problem of spiders remained. The children still did not realize they didn’t understand the meaning of “insect.”
	‑

	 Phase 3: Consolidation 
	“Consolidation,” which means to unite into one system or whole, to make strong or secure, to make firm or coherent, is a logical extension of the realization phase. To facilitate an environment for consolidation, the teacher called the class into a total groupsessionandprojectedacomputer monitor onto a wall screen to show how toresearchwordorigins using the electronicdictionary.Thentheteacher suggested that the class begin by reexamining (researching) “insect” and other terms they may need to check to besur
	-
	-
	-

	A moment of discovery occurred as the basic notion of “cut” emerged from examinations of words containing “sect.” Why, a student wondered, would scientistsuseawordthatmeans 
	A moment of discovery occurred as the basic notion of “cut” emerged from examinations of words containing “sect.” Why, a student wondered, would scientistsuseawordthatmeans 
	-

	“cut” to name insects? After a bit more poking around in the dictionary, a student conceived an answer: “In sections!”sheexclaimed.“Insections. Insect! Insects are in sections!” There wasamomentofuncharacteristicquiet as the children reflected on that comment,followedbybumptiousforaysto 
	-


	the table of specimens to confirm the 
	idea.Lookingatawasp,thethreebody parts did indeed seem to be loosely connected – as if cut into sections. Eventhougheverystudenthadbrought along-establishedpersonalconceptof “insect” into the classroom, this idea emerged only in the language study that accompanied the science study. Clearly, the ability to understand the 
	scientific meaning of “insect” was 
	much more adequate and meaningful when accompanied by insight into the structure of language. 
	Additional discovery followed as the class decided to take another look at “insect” to see if there was more to 
	be learned from it. The definition was 
	again called to the screen: 
	insect n. 1.a. Any of numerous usually small arthropod animals of the class Insecta, having an adult stage characterized by three pairs of legs and a body segmentedintohead,thorax,and abdomenandusuallyhavingtwo pairs of wings. Insects include 
	•

	the flies, crickets, mosquitoes, beetles, butterflies, and bees. b. 
	Anyofvarioussimilararthropod animals, such as spiders, centipedes, or ticks. 
	-

	“Arthropod?,”astudentasked,having seen the word in an earlier reading but not having given it much thought. An instant later, the class saw: 
	-

	arthropod n. Any of numerous invertebrate animals of the phylum Arthropoda, including 
	arthropod n. Any of numerous invertebrate animals of the phylum Arthropoda, including 
	•
	•
	-

	the insects, crustaceans, arachnids, and myriapods, that are characterizedbyachitinousexoskeleton and a segmented body to which jointed appendages are articulated in pairs. 
	-
	-


	Still intrigued with the results of their dissection of “insect,” a student asked “What does “pod” mean?” By now the children knew how to cut through to the core information they neededandweresoonlearningtheroot term of “foot.” “Arthro” is the Latin for “joint,” and “pod” means foot – so it’s a “jointed foot?” Not exactly, but the students were soon satisfied that this was probably close enough in the eyes of the one who thought up the name. 
	Moving from term to prefix to suffix,thechildrenexploredthemeanings of terms in the definition of arthropod. “Crustacean?” Soon they were fascinated with the knowledge that lobsters and their kin were characterized by “crusty” exoskeletons, and myriapodswerearthropodswithmany feet. Excitement grew as the children examined other terms they had come across in their study of insects – but now realized they didn’t have any idea what they mean. Up to now, the terms were just meaningless words in a definition the
	-
	-
	-
	-
	. 

	“Arachnid? Look that one up,” someone suggested, and the keyboard clicked again. In a few seconds the dictionary revealed the definition: 
	arachnid n. Any of various arthropods of the class Arachnida, suchasspiders,scorpions,mites, and ticks, characterized by four pairs of segmented legs and a body that is divided into two 
	arachnid n. Any of various arthropods of the class Arachnida, suchasspiders,scorpions,mites, and ticks, characterized by four pairs of segmented legs and a body that is divided into two 
	•
	•
	-

	regions, the cephalothorax and 

	the abdomen. 
	“Put it (the cursor) under spider,” a student suggested, and the class discovered that the word shares its origin with the Greek word for “spin.” So the spider is a spinner, actually named not for a physical feature – like insects and crustaceans – but for a distinctive behavior. Then a student spotted something important. 
	-
	-

	“Hey,” the perceptive child exclaimed: “We’ve got to change our cluster thing! We put a spider on it, but thissaysspiders havetwo-partbodies. While ago, the dictionary said insects havethree-partbodies,sospiderscan’t be insects!” 
	-

	“No, it did not,” another equally perceptive student responded. “It said ‘spiders’ when we looked up insect!” Suddenlytherewastensionthroughout the room, and the whole class was attuned to the problem. More keyboards clicked as students returned to their own group’s computers and called up “insect” for a first-hand look. There, just as the second student had noted, was the statement: 
	-

	“ . . . b. Any of various similar arthropod animals, such as spiders, centipedes, or ticks.” 
	Why would the dictionary say this, the class worried, when it also said spiders have only two major sections? This was a serious problem! “If you can’t believe a dictionary,” a now very impatient child exclaimed, “what can you believe?” It was at this point of cognitive disequilibrium that a uniquely teachable moment was created, and a switch in teaching methods was needed. According to the Piagetian concept of constructivist learning, such cognitive disequilibrium is an essential prerequisite for learning.
	Why would the dictionary say this, the class worried, when it also said spiders have only two major sections? This was a serious problem! “If you can’t believe a dictionary,” a now very impatient child exclaimed, “what can you believe?” It was at this point of cognitive disequilibrium that a uniquely teachable moment was created, and a switch in teaching methods was needed. According to the Piagetian concept of constructivist learning, such cognitive disequilibrium is an essential prerequisite for learning.
	-
	-
	-

	essentialprerequisite –thepresenceof a readily accessible and more satisfactory alternative idea to replace the one 
	-


	that has just betrayed the confidence 
	of the learner. Otherwise, learners are likelytodisavowthewholesystemand seeksomeothermeansofresolvingthe problems they face.(That says a lot about the essential role a teacher must 
	2 

	play in such situations.) To meet this unexpected need, the teacher briefly 
	assumed the lecturer’s mantle at a time when only that teaching mode was adequate for the task – and the only time that it was appropriate for the lesson – and explained: 
	“Really, (the dictionary) doesn’t 
	say that spiders are insects. The 
	‘a’ part of the definition tells us 
	the most accurate current usage oftheterm,andthe‘b’partshows a less desirable way that some people use the word ‘insect.’ What it means is that a lot of people call spiders insects, because they don’t know any better. But as you just found out, they aren’t insects. They’re arachnids. So whatcanyoubelieve?Asyou’ve just learned, you can believe in your own intellectual power and ability to learn, if you’ll just apply your mind to it and not give up until you understand what you study.” 
	-
	-

	There were a few grumbles, but the children soon became comfortable with the idea that dictionaries can show both how people should use words and how they may misuse 
	-

	them. Now the students knew they 
	mustusedictionaries–andtheirminds 
	– a bit differently. Display specimens were viewed with new interest, and references were re-opened with new conviction as students employed their newly acquired learning skills to research heretofore meaningless terms 
	– a bit differently. Display specimens were viewed with new interest, and references were re-opened with new conviction as students employed their newly acquired learning skills to research heretofore meaningless terms 
	-

	they had encountered such as “exoskeleton” and “invertebrate.” Soon 
	-


	they realized that a scientific name usually reflects only one or a few of 
	the distinctive features of a particular animal, but these are obviously some of the main features that scientists saw 
	when they first observed and named 
	the animal. 
	It is important to note that all the children had by now corrected their misconceptionsof“spider,”quitelikely forever. Soon, each group was busy recheckingitsconceptualoverviewon the basis of the new knowledge it had acquired. Insupportable ideas were weeded out, and each group reached a collectively constructed consensus on the meaning of “insect” much as a teamofprofessionalresearchscientists might. Eventually the teacher had to call time, and the groups quickly resolved any last-minute concerns regarding
	-

	Phase IV: Confirmation and 
	Commitment 
	Commitment 
	This phase of the SCVA model is based on the premise that requiring learners to commit their ideas to writing for review by others will encourage them to do their best, and this appeared to be the case. There was another moment of uncharacteristic quiet in the class as the groups’ reportersgatheredatthechalkboardto present their overviews. The students knew they each had a responsible part in the development of their group’s work, and it was being exposed for all to see. It was an exciting moment, andmaybe 
	-
	-

	Again, as the overviews spread across thechalkboard,itwasimportantforthe instructortorefrainfrom volunteering 
	“corrections.”Rather,theteacher’sjob 
	wastoencouragestudentstoscrutinize theoverviewsandchallengeaconcept if they saw a problem. This student-centered approach doesn’t do much for the ego of teachers who covet recognition as experts in charge, but it 
	does much to boost the confidence of 
	children as partners in learning. Inthecaseofmost inadequateideas 
	(therewerefewbythistime),someone 
	in the class realized the problem and usedinsightsfromher/hisownresearch toseekamoreadequateunderstanding. Acouple of explanations were offered by the teacher, in cases where continuing student investigations would not likelyresolve anissueinatimelymanner, but most concerns were resolved with student forays into the various learningresources.The studentsmade notes on their personal copies of the tentative overviews they had initially developed, using their new insights into the concept of Insecta. 
	-
	-

	This phase of the lesson helped to engender a sense of ownership of the information learned and also encouragedskepticalthinking,whichisahallmarkofscientificinquiry.Thelearners had functioned like little scientists, in the fullest sense of the educational ideal of the 1960s-70s. But they had begun and ended with interest-based and largely self-defined study attuned to their individual backgrounds and self-realized needs-to-know in accordance with the student-centered ideals of constructivism. They were conv
	-
	-
	-
	-

	Figure
	When given a wideand free choice of research materials, we found, students gravitated to a level
	of textual difficulty



	commensurate with their reading ability. 
	commensurate with their reading ability. 
	commensurate with their reading ability. 
	Reflections on the Lesson 
	Reflections on the Lesson 
	Most of the students possessed a rather extensive personal knowledge ofinsectsatthebeginningofthelesson, butitwasderivedfrompersonallearning and constructed largely without benefit of systematic exposure to the resources of conventional scientific content. Exposure to extensive and easily accessible sources of scientific information throughout the lesson, in the form of printed and electronic referencesandhands-onspecimens,contributed to systematic enhancement of contentmastery.However,allthiswas insufficie
	-
	-
	-
	-
	-

	Something more was provided through integration of science and vocabularystudytoencourageanalytical thinking with regard to vocabulary terms used to name the concepts the children studied. Only when confronted with the meanings of the vocabularyusedtodistinguisharachnids and insects did thelearners realize that spiders are not insects, and why. Op-
	Something more was provided through integration of science and vocabularystudytoencourageanalytical thinking with regard to vocabulary terms used to name the concepts the children studied. Only when confronted with the meanings of the vocabularyusedtodistinguisharachnids and insects did thelearners realize that spiders are not insects, and why. Op-
	-
	-
	-

	portunity for this understanding was provided through a lesson that: 

	.. Beganateachchild’spersonallevel of experience and accommodated individual learning styles; 
	2. Enabledthelearnerstoapproachthe 
	subject from the perspective of personal interests and needs-to-know, withouthavingtoendureaprepared lesson that may have covered much of what they already knew; 
	-

	3. Employed group learning methods 
	to provide an arena for constant cooperation, collective thinking, and feedback; 
	4. Required each learner to articulate 
	and commit to his/her ideas in the form of an individual cluster, and later a group overview; 
	5. Providedconvenientindividualand 
	group access to a broad scope of conventional reference materials; 
	6. Assuredthatthestudentswerenever 
	far from concrete examples of the object of study for use in checking their assumptions; and 
	7. Focused on the origins and meanings of vocabulary terms used in conceiving and communicating information about the object of study. 
	-

	The learners derived much of the 
	Figure



	It was during thosemoments of self-directed discovery that the value of integratedscience and languagestudy became mostevident. 
	It was during thosemoments of self-directed discovery that the value of integratedscience and languagestudy became mostevident. 
	It was during thosemoments of self-directed discovery that the value of integratedscience and languagestudy became mostevident. 
	science content from the type of juvenile literature found in most school libraries. When given a wide and free choice of research materials, we found, students gravitated to a level of 
	-

	textual difficulty commensurate with 
	their reading ability. The satisfaction of learning through reading at their personal comfort levels may be an incentive for further reading among many otherwise reticent readers, and it is anticipated this would culminate in both increased reading skills and extended science study. 
	The electronic version of the dic
	-

	tionary proved very efficient for the 
	kindofwordstudynecessarytoanswer basic language questions of science. It may be hard to imagine students excited about using a dictionary, but an electronic form enables students to do things they cannot do with other dictionaries. For instance, it allows 
	a user to access a definition almost 
	instantly, hear the word pronounced, and avoid the stultifying requirement of searching and page turning to ana
	-

	lyze terms. Generally, once students 
	learned what they could do with information available from the dictionary, the teacher was able to step aside and watch learning progress. 
	-

	It was during those moments of self-directed discovery that the value of integrated science and language study became most evident. For most of their lives, the children had known about –butnotnecessarilyunderstood 
	– insects. When they approached the topic in the SCVA lesson, however, once-meaninglesstermsmadesenseas the connections with the objects they named were discovered. As the explorations continued, a singular question arose: Why do scientists use so many Latinnames?Againturningtoaquasilecturemodetocutthroughtoessential information, the teacher explained 
	-
	-

	that many scientific names have a Latin or Greek origin because the 
	early scientists who coined the names wereeducatedinthoselanguages.The explanationwasmeaningful,giventhe circumstances of their inquiry, and the 
	class was satisfied. 
	As with any lesson, however, this one was not without shortcomings. It had successfully taught numerous complex ideas and connections that were essential to an understanding of the meaning of the topic studied, but it failed to teach a singularly important conceptrelatedtothenatureofinsects. The idea of “metamorphosis” was not noted on any of the students’clusters, even though it was observed in the can of meal worms and prominently mentioned or depicted in many of the library references and electronic refe
	Comments on Assessment of Student Performance 
	Comments on Assessment of Student Performance 
	Based on the premise that student performance should be evaluated using the same methods employed for teaching, assessments focused on examination of each student’s final cluster.Observationsduringthelesson had revealed several things to watch for in the students’ final perceptions. Identification of spiders as insects was a common problem, for example, but it was conspicuously marked out or erased on the final clusters of all learners. A notation of the three-part body structure of insects was present on e
	-

	Notes were added as appropriate to 
	denote spelling errors on the clusters, 
	but these were few (the children had 
	paid attention to spelling as they used the dictionary, thereby learning to 
	check their own work). Variations in 
	thenodalconnotationswereperceived 
	as a desideratum reflecting student 
	individuality, and commendations were noted in cases of unique perceptions. “Metamorphosis” was added as a marginal notation on all clusters, along with suggestions for other improvementswhereverappropriate.The suggestions were explained as areas for growth rather than indications of inadequacy, and were not considered for grading 
	-
	-

	Some children had stood out more inthehands-onexplorations,andsome were more involved with the computers. Still others excelled at the collecting and manipulating information in group sessions, and others could infer fascinating connections from even the simplest children’s books. However, noneofthesefactorsconstitutedabasis for rewarding or penalizing individuals.Allstudentshaddemonstratedsubstantial learning about insects, using whatever learning style served them best, andthat was the lessonobjective. Al
	-
	-
	-
	-

	Interpretiveinterviewswerescheduled with six students, who had been purposefully selected as representative of the demographic scope of the class, to look for reasons the concept of metamorphosis never surfaced in the lesson. There seemed to be a more or less common perception that, in the words of one student, “It’s what happened when the mealworms in the can changed into insects, you know.” Butterflies were also mentioned, but again in the sense that metamorphism involved changing from something else into
	Interpretiveinterviewswerescheduled with six students, who had been purposefully selected as representative of the demographic scope of the class, to look for reasons the concept of metamorphosis never surfaced in the lesson. There seemed to be a more or less common perception that, in the words of one student, “It’s what happened when the mealworms in the can changed into insects, you know.” Butterflies were also mentioned, but again in the sense that metamorphism involved changing from something else into
	-
	-
	-

	ers anticipated an insect would look, but a mealworm didn’t. Anticipation, in this case, precluded realization of an obvious connection. After brief discussionofwhattheyhadseengoing on in the can, the interviewees seemed comfortable with the realization that mealworms were insects – they had to be, they understood, because they had witnessed the change. The children had not realized what they 

	had seen. However, when faced with 
	a need to analyze their thinking, the six interviewees readily made the connections needed to understand the concept of metamorphosis as change withinthelifecycleofinsects.Clearly, the teacher concluded, this must be a topic for a follow-up SCVA lesson 
	– perhaps in a unit on the meaning of “change” itself. 
	The final question solicited open-ended observations of the students’ reactions to the lesson. “I liked it because I got to do what I wanted to do” was typical of the interviewees’ responses. A comment from the third intervieweewasparticularlytouching. The class had known there would not be a traditional test, but each group would be expected to share its ideas with the class: “I was feeling good when we had to write (our overview) on the board,” she said, “and everybody else thought what we did was good, t
	-


	Conclusion 
	Conclusion 
	The outcome of integrated science and language arts instruction in the SCVA lesson supported Alexander, 
	The outcome of integrated science and language arts instruction in the SCVA lesson supported Alexander, 
	Schallert, and Hare’s (1991) conclusion that knowledge of language is not distinct from an individual’s knowl
	-
	-


	edge base. Rather, as they contended, 
	knowledge of vocabulary overlaps discourse and content knowledge because “word knowledge entails two related components: the actual labels themselves and the concepts that are being represented by those 
	labels” (p. 327). This was the case 
	in the SCVA lesson, where students reported fascination with the learning process, satisfaction from acquisition of knowledge and skills needed to understand and validate a concept, and a sense of self-worth enhanced by successful learning . The students realizedtheeuphoriaofunderstanding as they wrestled with the meaning of things, and most likely they will appreciate that dimension of learning for the rest of their lives. 
	-
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	Visions: Teachers’ Perceptions of .Reform Goals in Science Education. 
	Visions: Teachers’ Perceptions of .Reform Goals in Science Education. 
	Results are presented from an examination of 
	high school teachers’ perceptions of, and commitment to, the contemporary goals of science education. 
	high school teachers’ perceptions of, and commitment to, the contemporary goals of science education. 
	Abstract 
	Abstract 
	Abstract 
	The purpose of this study was to discern high school teachers’ perceptions of, and commitment to, the contemporary goals of science education. Findings suggested that a minority of teachers hold past goal orientations as strongly as the majority who hold contemporary views, and resist the introduction of moral and ethical issues, integration among subjects and heterogeneous grouping practices. Resultsalsorevealedashift insecondary science teachers embracing more contemporary orientations. Finally, analyses 
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	Purpose of Study 
	Purpose of Study 
	“I am for ‘Peace, retrenchment, 
	and reform’, the watchword of 
	the great Liberal party 30 years 
	ago” (John Bright, 1859). 
	Perhaps the contemporary science education community would be happy with the first two out of three. “Reform” has arguably been the watchword in science education for the past 30 years, yet it seems elusive: 
	-

	ebbing, flowing, and changing as different visions snap into the forefront of the science education community each passing decade. The early part 
	-

	of the 1990s has borne witness to yet 
	another quest in an attempt to secure a collective vision of reform for the next millennium in science education. 
	Project 2061 (American Association fortheAdvancementofScience,1989) and Benchmarks (AAAS, 1993) have been the impetuses for a “grass-roots effort” to bring “vision and determination” to science education reform 
	-

	(AAAS, 1993, p.VII). Accordingly, 
	these projects “press for nationwide 
	Figure
	“Reform” has arguablybeen the watchword in science education for the past 30 years, yet it seems elusive:
	ebbing, flowing, and



	changing as different visions snap into theforefront of the science education communityeach passing decade. 
	changing as different visions snap into theforefront of the science education communityeach passing decade. 
	changing as different visions snap into theforefront of the science education communityeach passing decade. 
	acceptance of the goals and philosophies of Science for All Americans” 
	-

	(AAAS, 1993,p.379) whileserving as 
	a foundation for additional systemic 
	reforminitiatives(i.e., DesignsforScience Literacy, Blueprints for Reform, Resources for Science Literacy, and Project 2061 Curriculum‑Design & Resources System). The development 
	‑

	of these initiatives has reached critical mass, as evidenced by the introduction of the National Science Education Standards (National Research Council, 1996). A renewed flurry of 
	-
	‑

	reform issues and the role of research appliedtopracticeinscienceeducation have surfaced as key issues in recent research literature. Critical issues of reform were outlined and discussed at some length in a special issue of the Journal of Research in Science Teaching (Shymansky & Kyle, 1992), and Science Education (Kyle, 1991; Kyle,Linn,Bitner,Mitchener,&Perry, 
	1991). A common theme appears to 
	be that understanding issues of reform requires “a new view of curriculum” 
	(Shymansky & Kyle, p. 757); and that 
	a sincere commitment to nurturing the relationship between research and practiceinschools,andconnectingthis to the aim of schooling, is needed to 
	bring about “a vision of hope” (Kyle, 1991, p. 407). 
	Figure


	If reform efforts are to impact urban,suburban, and rural school systems, thenadvocates of reform must consider the perspectives and viewsof these practicingteachers. 
	If reform efforts are to impact urban,suburban, and rural school systems, thenadvocates of reform must consider the perspectives and viewsof these practicingteachers. 
	If reform efforts are to impact urban,suburban, and rural school systems, thenadvocates of reform must consider the perspectives and viewsof these practicingteachers. 
	Acentral task for science educators 
	of the 1990s and beyond seems to be 
	twofold. First, research into understanding the status of reform-related issues and goals amongst practicing teachersiswarrantediftrulygrassroots efforts are to impact practicing teachers, and second, connecting research to the improved practice of science teaching is also a pressing concern. 
	-
	-

	Yager (1992) reminded us that as a 
	profession, we need to be clear about the questions we seek to address. 
	O’Loughlin (1992) further reminded 
	usofthe“Bakhtinian”question,“Who is doing the talking?” and suggested that one’s understanding of any issue ismultivoicedandsocioculturallysituated. This latter point is an important one; any vision the science education researchcommunityadvancesisinherently linked to a broad array of shared perspectives,andone’sunderstanding of that perspective is never formed in isolation of social, and local, and community factors. If reform efforts are to impact urban, suburban, and rural school systems, then advocates 
	usofthe“Bakhtinian”question,“Who is doing the talking?” and suggested that one’s understanding of any issue ismultivoicedandsocioculturallysituated. This latter point is an important one; any vision the science education researchcommunityadvancesisinherently linked to a broad array of shared perspectives,andone’sunderstanding of that perspective is never formed in isolation of social, and local, and community factors. If reform efforts are to impact urban, suburban, and rural school systems, then advocates 
	-
	-
	-

	understanding of change in science education and, therefore, contributing toeducational reformis a high priority 

	(Shymansky & Kyle, 1990). 
	To investigate the perceptions of contemporary goals in science education among various professional organizations and practicing teachers is tantamount to a study of change. Both goals and perceptions are dynamic; major redirections of science education goals have been occurring, it appears, with the onset of each decade (National Science Teachers Association, 1971; NSTA, 1983; AAAS, 1993). The dissemination of goalsisrelegatedprimarilyto theprint media and is emphasized at meetings of professional science
	-
	-
	-
	-

	Recently,therehasbeenaproliferationofpublisheddocumentsandpolicy statements by professional organizations concerning new directions for thegoalsofscienceeducation(AAAS, 1989; Carnegie Commission, 1991; NSTA, 1990, 1992, NRC, 1996). Past research has indicated that involvement in professional organizations, attendance at inservice workshops, and teaching middle school (but not secondary school) are moderately associatedwithpurportedcommitments to 1980s goals of science education (McIntosh & Zeidler, 1988). A
	-
	-
	-
	-
	-
	-
	-

	been drastically cut. From 1950 to 1970ahalfbilliondollarswasspenton 
	the development and implementation 
	of science education curricula (Yager, 1988). With the decrease of funding during the 1980s, a question arose as 
	to the extent to which contemporary science education goals developed in 
	the late 1980s and in the 1990s, were 
	adoptedbyscienceteachers.Considering the heavy competition for limited federal funding earmarked for science education and the dismal condition of many state and local education bud-gets,thestatusofteachers’perceptions ofcontemporarygoalorientationswas uncertain. 
	-

	The purpose of this study was to examine high school teachers’ perceptions of, and commitment to, contemporary goals and trends of science education, by expanding the work of Zeidler & Duffy (1994) using a geographically diverse sample of high school teachers. Collecting data on teachers’ beliefs related to science education goals was accomplished by the development of a Contemporary Goals Survey. Information on professional development factors (e.g., available funding and teacher involvement in workshops, 
	-
	-
	-


	Significance of Study
	Significance of Study
	Significance of Study
	Evolution is described as a process of punctuated equilibrium (Gould, 1977). As organisms evolve, they first go through a period of enormous 
	diversity and numbers, then through natural selection they settle into a period of lessened diversity and reduced extremes. Metaphorically, perhaps the evolution of contemporary goals for science education may be thought of as an ontogenetic mirror of this biological process. As with evolution, 
	-

	contemporary goals (or life forms) are 
	not necessarily “better” in some ethical sense; to claim so would run the risk of committing the philosopher’s “naturalistic fallacy”. To claim contemporary goals are better according to pedagogical criteria may depend on one’s educational ideology. But the shifts found in current reform 
	-
	-

	trends (cited in the introduction) do 
	represent a departure from a previous state of affairs. It is my contention that awareness and understanding of these differences is a necessary step for any 
	kind of reflective practice in science 
	education. 
	Reform efforts by national organizationsthatadvancenewphilosophies (e.g., AAAS, 1989, 1993;NRC, 1996) andrefinepreviouspedagogicalefforts (e.g., NSTA, 1971) may be necessary steps to produce a vision of scientific literacy sensitive to an international economy. However, such efforts may fall short of their mark if science teachers in the public schools are unaware of, do not agree with, or are misinformed as to the nature of those goals. This study is designed to ascertain the degree to which the perception
	-
	-
	-
	-

	fined goals at the local level may be 
	implemented consistently. Effective schools and effective supervision are characterized by the presence of 
	well-defined goals (National Science SupervisorsAssociation,1980;Purdey & Smith, 1982). 
	Procedure Instrumentation 
	The survey instrument for the presentstudywasdevelopedfrommultiple sources (listed below) that contained policies relevant to the field of science education. It is important to note that a deliberate effort was made to identify present contemporary goals and trends, andcontrastthemtoprevailing but possibly obsolete 1960s orientations. These sources included: Scope, Sequence, and Coordination: The Content Core, (NSTA, 1992); Project 2061,(AAAS,1989);andBenchmarks (AAAS,1993);LeadPaperonScience and Technology
	-
	-
	-
	-
	-
	-
	-

	suggested by Singer & Presser (1989) and Fowler and Mangione (1991). (Note that at the time of item development the National Science Education Standards [NRC, 1996] had not been printed.)Table1includesthefinalgoal 
	-

	statements, which have been grouped in pairs representing contrasting orientations. 
	-

	Faceandcontentvaliditywereverified by sending the questionnaire to five prominent teachers and researchers in science education who hold (or have held) elected positions in NSTA, National Association for Research in Science Teaching (NARST), or AssociationfortheEducationofTeachersin Science(AETS). Reliabilityestimates were established using Spearman’s rank order correlation coefficients (Blalock,1979)andSpearman-Brown split-half procedures (Mehrens & Lehmann (1987). Split-half reliability was found to be 0.
	-
	-
	-
	-

	0.84 (p = .0001). Considering the 
	relatively small number of items for 
	each half (16) to the total number of items (32), the reliability coefficients 
	suggest reasonably good internal consistency. Additionally, old goal state
	-
	-

	ments did not significantly correlate 
	with contemporary goal statements 
	(-0.02; p=.34) suggesting appropriate 
	divergentinternalvalidity. Aquestionnaire containing items to ascertain descriptive information pertinent to 
	-

	professionaldevelopmentfactors(see Purpose) was also included. It should 
	benotedthatthesereliabilityestimates are consistent with those previously reported for this same instrument 
	(Zeidler & Duffy, 1994). 
	Population and Sample 
	Becausepastresearch(McIntosh& Zeidler, 1988) indicated that secondary school teachers were more likely 
	-
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	31. *Science education should not include career awareness. 234 (72.2) 57 (17.6) 23 (7.1) 10 (3.1) 0.41 1.90 2. **Science courses should promote career awareness 2 (0.6) 44 (13-5) 175 (53. 105 (32.2) 2.18 2.33 in the sciences. 
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	16. The most important knowledge that a science student 36 (11.2) 144 (44-7) 107 (33.2) 35 (32.2) 1.44 2.11 should have are those facts, concepts principles andprocesses that are specific to each discipline.3. The most important knowledge that a science student 2 (0.6) 49 (15.0) 163 (50.0) 112 (34.4) 2.18 2.40 should have are those facts, concepts, principles, andprocesses that are common to all science disciplines.
	16. The most important knowledge that a science student 36 (11.2) 144 (44-7) 107 (33.2) 35 (32.2) 1.44 2.11 should have are those facts, concepts principles andprocesses that are specific to each discipline.3. The most important knowledge that a science student 2 (0.6) 49 (15.0) 163 (50.0) 112 (34.4) 2.18 2.40 should have are those facts, concepts, principles, andprocesses that are common to all science disciplines.

	29. Science education should demand those logical, 26 (8.0) 104 (31.9) 130 (39.9) 66 (20.2) 1.72 2.39 convergent thought processes that are associated with the“scientific method.”12. Science education should demand the development of 7 (2.2) 59 (18.5) 137 (42.9) 116 (36.4) 2.14 2.45 divergent thought processes associated with a range ofsocietal, personal, social, and technological problems.
	29. Science education should demand those logical, 26 (8.0) 104 (31.9) 130 (39.9) 66 (20.2) 1.72 2.39 convergent thought processes that are associated with the“scientific method.”12. Science education should demand the development of 7 (2.2) 59 (18.5) 137 (42.9) 116 (36.4) 2.14 2.45 divergent thought processes associated with a range ofsocietal, personal, social, and technological problems.

	30. Science education should focus on knowledge acquisition 167 (52.2) 83 (25.9) 49 (15 3) 21 (6.6) 0.76 2.30 and process skill unrelated to the interactions of science,technology, and society.4. Science education should stress the interactions among 2 (0 6) 23 (7 0) 134 (40.9) 169 (51.5) 2.43 2.56 science, technology, and society.
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	5. Science courses should be offered in a similar ability 46 (14.2) 93 (28.6) 93 (28.6) 88 (27.1) 88 (27.1) 2.43 (homogeneous) classroom.23. Science courses should be offered in a mixed ability 68 (20.09) 109 (33.5) 109 (33.5) 74 (22.8) 74 (22.8) 2.50 (heterogeneous) classroom.
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	24. Science should be presented as value-free without moral or 145 (45.3) 81 (25.3) 57 (17.8) 37 (11.6) 0.96 2.35 ethical issues.9. Science should be presented as a value-laden subject 29 (8.8) 106 (32.3 124 (37.8) 69 (21.0) 1.71 2.33 that has both moral and ethical dimensions.
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	8. Science courses should be organized around a single discipline. 89 (27.6) 134 (41.5) 73 (22.6) 27 (8.4) 1.12 2.27 21. Science courses should be organized around themes 17 (5.2) 86 (26.5) 137 (42.2) 85 (26.2) 1.89 2.06 such as energy, stability, evolution, systems, and inquiry.
	8. Science courses should be organized around a single discipline. 89 (27.6) 134 (41.5) 73 (22.6) 27 (8.4) 1.12 2.27 21. Science courses should be organized around themes 17 (5.2) 86 (26.5) 137 (42.2) 85 (26.2) 1.89 2.06 such as energy, stability, evolution, systems, and inquiry.

	25. In science courses competition among students should be 85 (26.1) 139 (42.6) 85 (26.1) 17 (5.2) 1.10 2.16 encouraged.17. Science education should stress cooperation rather than 7 (2.2) 34 (10.6) 157 (48.9) 123 (38.3) 2.23 2.43 competition. 
	25. In science courses competition among students should be 85 (26.1) 139 (42.6) 85 (26.1) 17 (5.2) 1.10 2.16 encouraged.17. Science education should stress cooperation rather than 7 (2.2) 34 (10.6) 157 (48.9) 123 (38.3) 2.23 2.43 competition. 


	Table 1 – Science Education Goals Survey - frequency (percent)  -continued Item no slight moderate strong weighted number Goal Statements emphasis emphasis emphasis emphasis mean mean 
	Table 1 – Science Education Goals Survey - frequency (percent)  -continued Item no slight moderate strong weighted number Goal Statements emphasis emphasis emphasis emphasis mean mean 
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	18. Science courses should help students acquire facts, 11 (3.4) 68 (21.1) 163(50.5) 81(25.1) 1.97 1.97 concepts, and principles.11. Science courses should help students restructure their 5 (1.6) 42 (13.1) 138 (43.0) 136 (42.4) 2.26 2.26 own knowledge, thereby acquiring new knowledge.
	18. Science courses should help students acquire facts, 11 (3.4) 68 (21.1) 163(50.5) 81(25.1) 1.97 1.97 concepts, and principles.11. Science courses should help students restructure their 5 (1.6) 42 (13.1) 138 (43.0) 136 (42.4) 2.26 2.26 own knowledge, thereby acquiring new knowledge.

	28. Science education should provide a learning environment 110 (34.5) 114 (35.7) 78 (24.5) 17 (5-3) 1.00 2.17 where scientific understanding precludes aesthetic considerations.19. Science education should provide a learning 5 (1.6) 31 (9.6) 124 (38.5) 162 (50.3) 2.38 2.59 environment in which students are able to broaden anddeepen their responses to the beauty of ideas, methods,tools, structures, objects, and living organisms.
	28. Science education should provide a learning environment 110 (34.5) 114 (35.7) 78 (24.5) 17 (5-3) 1.00 2.17 where scientific understanding precludes aesthetic considerations.19. Science education should provide a learning 5 (1.6) 31 (9.6) 124 (38.5) 162 (50.3) 2.38 2.59 environment in which students are able to broaden anddeepen their responses to the beauty of ideas, methods,tools, structures, objects, and living organisms.

	27. Science courses should cover as many topics as possible. 124 (38.2) 108 (33.2) 72 (22.2) 21 (6.5) 0.97 2.22 15. Science courses should cover a few topics in depth. 24 (7.6) 94 (29.7) 141 (44.5) 58 (18.3) 1.74 2.28 
	27. Science courses should cover as many topics as possible. 124 (38.2) 108 (33.2) 72 (22.2) 21 (6.5) 0.97 2.22 15. Science courses should cover a few topics in depth. 24 (7.6) 94 (29.7) 141 (44.5) 58 (18.3) 1.74 2.28 

	6. Science courses should be primarily designed to produce 75 (23.2) 143 (41.3) 81 (25.1) 24 (7.4) 1.17 2.23 scientists to solve scientific problems.1. Science courses should be primarily designed to 3 (0.9) 18 (5.5) 112 (34.3) 194 (59.3) 2.52 3.90 produce a scientifically literate citizenry.
	6. Science courses should be primarily designed to produce 75 (23.2) 143 (41.3) 81 (25.1) 24 (7.4) 1.17 2.23 scientists to solve scientific problems.1. Science courses should be primarily designed to 3 (0.9) 18 (5.5) 112 (34.3) 194 (59.3) 2.52 3.90 produce a scientifically literate citizenry.

	20. Science education should focus on knowledge acquisition 14 (4.3) 114 (35.1) 130 (40.0) 67 (20.6) 1.77 2.34 and process skill development specific to each discipline.13. Science education should focus on attitudes, values, 11 (3.4) 88 (27.2) 140 (43.2) 85 (26.2) 1.92 2.37 beliefs, risks, and economic considerations related toscience, technology, and society.
	20. Science education should focus on knowledge acquisition 14 (4.3) 114 (35.1) 130 (40.0) 67 (20.6) 1.77 2.34 and process skill development specific to each discipline.13. Science education should focus on attitudes, values, 11 (3.4) 88 (27.2) 140 (43.2) 85 (26.2) 1.92 2.37 beliefs, risks, and economic considerations related toscience, technology, and society.

	26. Science should be presented as a rigid unchanging discipline. 280 (86.4) 28 (8.0) 13 (4.0) 5 (1.5) 0.21 2.27 32. Science courses should provide students with the 3 (0.9) 24 (7.4) 86 (29.0) 212 (65.2) 2.56 2.98 opportunity for experiencing science as a process forextending understanding, not as unalterable truth.
	26. Science should be presented as a rigid unchanging discipline. 280 (86.4) 28 (8.0) 13 (4.0) 5 (1.5) 0.21 2.27 32. Science courses should provide students with the 3 (0.9) 24 (7.4) 86 (29.0) 212 (65.2) 2.56 2.98 opportunity for experiencing science as a process forextending understanding, not as unalterable truth.

	14. Science education should focus on the training of future scientists. 37 (11.4) 174 (53.7) 94 (29.0) 19 (5.9) 1.29 2.37 10. Science education should stress the intrinsic nature of each 13 (4.1) 95 (29.8) 141 (44.2) 70 (21.9) 1.84 2.33 subject area. 
	14. Science education should focus on the training of future scientists. 37 (11.4) 174 (53.7) 94 (29.0) 19 (5.9) 1.29 2.37 10. Science education should stress the intrinsic nature of each 13 (4.1) 95 (29.8) 141 (44.2) 70 (21.9) 1.84 2.33 subject area. 

	7. Science courses should emphasize inquiry skills. 3 (0.9) 17 (5.2) 111 (34.2) 194 (59.7) 2.53 2.83 22. Science education should emphasize higher order thinking skills. 1 (0.3) 18 (5.5) 110 (33.4) 200 (60.8) 2.55 3.90 * Old goals are in normal type.** Contemporary goals are in bold type. 
	7. Science courses should emphasize inquiry skills. 3 (0.9) 17 (5.2) 111 (34.2) 194 (59.7) 2.53 2.83 22. Science education should emphasize higher order thinking skills. 1 (0.3) 18 (5.5) 110 (33.4) 200 (60.8) 2.55 3.90 * Old goals are in normal type.** Contemporary goals are in bold type. 


	to hold earlier (1960s) orientations of scienceratherthan1980sviews,when 
	to hold earlier (1960s) orientations of scienceratherthan1980sviews,when 
	compared to their middle school colleagues, the present study focused on secondary school teachers to examine their beliefs in the present goals of science education. The population chosen for study was secondary science teachers whose high schools belong to the Association for Supervision and 
	-
	-
	-

	Curriculum Development’s (ASCD) HighSchoolFuturesPlanningConsortium III (HSFPC III), and secondary scienceteachersselectedfrom48 high schoolsin26statesrepresentingallregions of the country. While some may 
	-
	-

	suggest that the HSFPC III population 
	may not be representative of science teachers in general, but is indicative of schools where some commitment to educational reform was taking place, this study sought to include the latter group from a broader spectrum of high schools across the nation. At 
	the time of this study, 24 high schools 
	from various states were members 
	of HSFPC III. Responses from 16 of the 24 HSFPC III schools were received (n = 113), whereas teachers from all 48 high schools in the latter group responded (n=218). The total 
	number of respondents provided a 
	sample size of 331 secondary science teachers. Hence, this study evoked a 
	combination of purposeful sampling and maximum variation sampling techniques (Wiersma, 1995). Inasmuch as an effort was made to select schoolsthatwereurban,suburban,and rural, this particular sample and the corresponding response rate was in
	-
	-

	ferred to reflect an appropriate diverse 
	geographic and demographic cross 
	section of respondents. However, as 
	with most survey research, the reader must temper the results with the open questionastowhetherrespondentsare representative of nonrespondents. 
	Results and Discussion Part I: Homogeneity Within Sample 
	Results and Discussion Part I: Homogeneity Within Sample 
	The rationale to expand the original sample to include science teachers in general (beyond those whose schools are members of the Futures Consortium) was the impetus for the present study. However, the question may arise as to whether or not both groups could be pooled together to create a larger national sample. A Mann-Whitney U test (corrected for ties) was performed between both groups and yielded no significance (z = -.94, p = .34). This result suggested that there are no uniform differences concerning 
	-
	-
	-


	Part II: Comparison of Past and Contemporary Goals 
	Part II: Comparison of Past and Contemporary Goals 
	Items reflecting past (1960s) goal orientations were contrasted with items representing contemporary goals. A Wilcoxon Matched-pairs Signed-ranks Test (Blalock, 1979) revealed that the sample significantly favored contemporary goals to past goals (193 to 66, with 11 ties; z = 9.33, p = .00001). It is worth noting that this finding represents a shift in favor of contemporary views for secondary teachers since the 1980s (McIntosh & Zeidler, 1988). While this shift indicates beliefs that are more in line with 
	-

	current trends, it does not indicate the extenttowhichcontemporarygoalsare favored nor the degree of conviction with which teachers hold particular goal orientations. This analysis is provided in Part III below. 
	Part III: Conviction to Goal Orientations 
	A descriptive analysis of the questionnaire was undertaken to provide a more detailed overview of the results. Responsefrequenciesandpercentages were tabulated for each statement. The questionnaire was coded from 0 to 3, with higher numbers representing stronger goal orientations. Table I providesanoverviewofitemresponse frequencies, means, and weighted means. It is of interest to note that the weighted mean may be conceptualized as a “strength of conviction” index, inasmuch as it was performed on the moder
	A descriptive analysis of the questionnaire was undertaken to provide a more detailed overview of the results. Responsefrequenciesandpercentages were tabulated for each statement. The questionnaire was coded from 0 to 3, with higher numbers representing stronger goal orientations. Table I providesanoverviewofitemresponse frequencies, means, and weighted means. It is of interest to note that the weighted mean may be conceptualized as a “strength of conviction” index, inasmuch as it was performed on the moder
	-
	-
	-
	-
	-
	-
	-

	conviction one may have to previous 

	trends,andareasfollows: 29-12;5-23; 24-9; 27-15; and 20-13. Surprisingly, 
	in these cases, the strength of conviction for past goals was not substantiallydifferentfromthecorresponding contemporary goals. This suggested that while those who embrace past goals may constitute the minority, they embrace those orientations as strongly as those holding the majority view. Inparticular,theseteachersmay tend to discourage divergent thinking related to science-technology-society issues, resist the introduction of moral and ethical issues in science, 
	-
	-
	-

	favordiscipline-specificsubjectsover 
	integration among subjects, prefer to 
	focus on skills and content specific 
	to each discipline, oppose heterogeneous grouping practices, and focus their teaching on the development of knowledge acquisition and process skills in contrast to developing “habits 
	-

	of mind” (values and beliefs related to the practice of science). Perhaps the 
	lack of strong predilections regarding theseperceptionsmaybeexplained,in part,bythe“contentconscious”nature of some secondary school teachers, a perception that would be consistent 
	with the finding of McIntosh and Zeidler (1988). 

	Part IV:  Professional Development Factors 
	Part IV:  Professional Development Factors 
	An exploratory analysis was undertaken to determine if differences in definitive past and contemporary goals perceptions (lowest third of scores representing older goal orientations verses highest third of scores representing contemporary goal orientations) were associated with professional development activities (e.g., inservice workshop and conferenceattendance),frequencyofreading science education journals, and years 
	An exploratory analysis was undertaken to determine if differences in definitive past and contemporary goals perceptions (lowest third of scores representing older goal orientations verses highest third of scores representing contemporary goal orientations) were associated with professional development activities (e.g., inservice workshop and conferenceattendance),frequencyofreading science education journals, and years 
	-
	-
	-

	of teaching science. Discriminant 

	analysisusingRao’sVforthestepwise 
	method for selection of variables was 
	selected because Rao’s V maximizes separation of group centroids (in this 
	case—contemporarygoalorientations 
	versus dated goal orientations). 
	Theresultssuggestthatprofessional developmentfactors,yearsofteaching science, and frequent reading of science education journals (in that order) producedsignificantstepwisechanges in Rao’s V (p < .01), indicating that they were predictive of goal orientations. These variables also form one significantstandardizedcanonicaldiscriminant function (p < .001) that produced the following coefficients with respect to that function: Professional Development(0.55);ReadingScience Education Journals (0.52); Years of Te
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Ontheotherhand, the presentfindings 
	departfromScharmannandMcLellan, who also reported that recent graduates did not possess an advantage over less recent graduates in holding more contemporary beliefs after a one week professional development workshop. Perhaps the clear dichotomy of teaching experience in the present study 
	-
	-

	(less than 5 years versus more than 15 years) could explain these seemingly conflicting results. Nevertheless, the 
	results indicate while professional development factors and familiarity with current journals are important predictors of contemporary goals, it is also important to consider the currency of one’s degree. Furthermore, the results of the discriminate analysis demonstrated that these variables correctly predicted group membership for 73% of those teachers composing a contemporary orientation and 
	-
	-
	-

	58% of those with past orientations. 
	Although the recency of a teacher’s degree is beyond the control of sciencesupervisors or departmentheads, encouragingteacherstoremaincurrent 
	-

	with the emerging trends in their field 
	by reading relevant science education journals and nurturing professional development through conference or workshop participation are viable means by which contemporary goals orientations may be fostered. These results are also in line with Kahle’s 
	(1997) claim that systemic reform can 
	be accomplished if accompanied by a “culture shift” in teachers through sustained professional development. 



	Implications for Future .Research. 
	Implications for Future .Research. 
	Implications for Future .Research. 
	For the past 30 years, the science education community has been obsessed with its own vision concerning the acceptance by practicing teachers 
	For the past 30 years, the science education community has been obsessed with its own vision concerning the acceptance by practicing teachers 
	-

	of particular pedagogical and curricular goals. Similar to the process of punctuated equilibrium, reform 
	-


	movements and goals of the last 30 
	years have seen enormous diversity and numbers, but beginning with the dissemination of Project 2061, the science education community has settled into a period of lessened diversity and reduced extremes. Although there seems to be consensus and movement toward contemporary 
	-

	goals, barring the red flags described 
	above, it would not be judicious to 
	believe (nor does the author believe it to be necessarily desirable) that the 
	goals of professional organizations and practicing teachers’ beliefs are isomorphic. As with the process of punctuated equilibrium, the idea of 
	a final endpoint is a phantom image; 
	ideologies and needs of teachers, students, and the communities they serve are dynamic. Perhaps all a profession may ask is that its members actively 
	-

	engage in reflection--questioning 
	contemporary practice to examine if our needs are being met, while trying to project future needs and reform our goals accordingly. 
	Questions concerning curriculum reform are a current (and ongoing) issue for the science education research community, which asks: “What are theprevailingpersonalepistemologies of (science) teachers...and how do these compare with the epistemologies embedded in routine practices?” (Shymansky & Kyle, 1990, p. 19). The present author contends that this study provides a partial vision into the personal epistemologies of secondary science teachers with respect to the reform of science curriculum goals. There ar
	Questions concerning curriculum reform are a current (and ongoing) issue for the science education research community, which asks: “What are theprevailingpersonalepistemologies of (science) teachers...and how do these compare with the epistemologies embedded in routine practices?” (Shymansky & Kyle, 1990, p. 19). The present author contends that this study provides a partial vision into the personal epistemologies of secondary science teachers with respect to the reform of science curriculum goals. There ar
	-
	-
	-
	-

	ies of high school science teachers have shown that simply possessing particular conceptions of science are not always translated into classroom 

	practice (Lederman & Zeidler, 1987), 
	or are conveyed to students in un
	-

	witting ways (Zeidler & Lederman, 1989), the question remains as to what 
	extent evidence of science teachers’ stated goals are, in fact, embedded in routine practice? Second, Corbett and Wilson point out that there is a dearth of information in the reform literature of ideas concerning how students can become participants in a process of change, rather than simple recipients of change, and they make a case for researchers and reformers to “make a difference with, not for, students” 
	(1995, p. 12). Until these issues are 
	addressed, our visions of reform are likely to remain just a bit blurred. 
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