
  

 

 

         
           

         
          

          

   
    

   

     

   
   

    

   

    
    

    
    

     

     

   
      

   
    

    
    

   

     
      

    
  

    

  

     
     

   
    

    
   

Richard M. Ingersoll 

Is There a Shortage Among

Mathematics and Science Teachers?1
 

Findingsshowthatcontrarytoconventionalwisdom,theproblemsschools 
arehavingstaffingclassroomswithqualifiedteachersarenotduetoincreases 
in student enrollment or increases in teacher retirement. An argument 
is made that educational policy initiatives will not solve school staffing 
problems if they do not address the problem of teacher retention. 

Introduction 
Few educational problems have 

received more attention in recent 
years than the failure to ensure that 
elementary andsecondaryclassrooms 
are all staffed with qualified teachers. 
Severe teacher shortages, education 
researchers and policy makers have 
toldus,areconfrontingourelementary 
and secondary schools. At the root 
of these problems, we are told, is a 
dramatic increase in the demand for 
new teachers primarily resulting from 
twoconvergingdemographic trends— 
increasing student enrollments and 
increasing teacher turnover due to a 
“graying” teachingforce.Shortfallsof 
teachers, the argument continues, are 
forcing many school systems to resort 
to lowering standards to fill teaching 
openings, inevitably resulting in high 
levels of underqualified teachers 
and lower school performance (e.g. 
NationalCommissiononExcellencein 
Education1983;NationalAcademyof 
Sciences 1987; National Commission 
on Teaching 1997). These researchers 
and policy analysts have also stressed 
that shortages will affect some 
teaching fields more than others. 

Specialeducation,mathandscience, in 
particular, have usually been targeted 
as fields with especially high turnover 
and those predicted most likely to 
suffer shortages (e.g. Murnane et al. 
1991; Boe, Bobbitt and Cook 1997; 
GrissmerandKirby1992,1997;Weiss 
and Boyd 1990). As a result, over the 
past decade the inability of schools 
to adequately staff classrooms with 
qualified teachers (hereafter, school 
staffing problems) has increasingly 
been recognized as a major social 
problem, has received widespread 
coveragein thenationalmedia,andhas 
been the target of a growing number 
of reform and policy initiatives. 

The prevailing policy response 
to these school staffing problems 

In recent years 
a wide range of
initiatives have been 
implemented to recruit 
new candidates into 
teaching. 

has been to attempt to increase the 
quantity of teacher supply. In recent 
years a wide range of initiatives have 
been implemented to recruit new 
candidates into teaching.Amongthese 
are career-change programs, such 
as “troops-to-teachers,” designed to 
entice professionals into mid-career 
switches to teaching and Peace Corps-
like programs, such as Teach for 
America,designedto lure the“bestand 
brightest” into understaffed schools. 
Manystateshave institutedalternative 
certification programs, whereby 
collegegraduatescanpostponeformal 
education training and begin teaching 
immediately. Financial incentives, 
such as signing bonuses, student loan 
forgiveness, housing assistance and 
tuition reimbursement have all been 
instituted to aid recruitment (for a 
reviewof these initiatives, see,Hirsch, 
KoppichandKnapp200�).Thefederal 
“No Child Left Behind Act,” passed 
in winter 2002, provides extensive 
funding for such initiatives. 

Concern over school staffing 
problems has also given impetus 
to empirical research on teacher 
shortages and turnover. However, 

� This article draws from a chapter that appeared in Science Teacher Retention: Mentoring and Renewal. Edited by J. Rhoton and P. Bowers. Arlington, VA: 
National Science Teachers Association (2002). 
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as numerous analysts have noted, it 
was difficult, initially, to study these 
issues because of a lack of accurate 
data, especially at a nationally 
representative level, on many of the 
pertinent issues surrounding teacher 
supply,demandandquality. Inorder to 
obtain such data, the National Center 
for Education Statistics (NCES), the 
statistical arm of the U.S. Department 
of Education, designed the Schools 
and Staffing Survey (SASS) and its 
supplement, the Teacher Followup 
Survey (TFS), in the late 1980s. 

The Project
Over the past decade I have been 

undertaking research using SASS 
and TFS to study a number of issues 
concerned with teacher supply, 
demand and quality (for summaries, 
see Ingersoll 1999, 2001a, 2001b). In 
this article I will briefly summarize 
what the data tell us about the realities 
ofschoolstaffingproblemsandteacher 
shortages, especially for math and 
science teachers. I will argue that 
the conventional wisdom on teacher 
shortages is largely a case of a wrong 
diagnosis and a wrong prescription 
and that while the above policy efforts 
are often worthwhile, the data show 
they will not solve the teacher staffing 
problems schools are facing. 

SASS and TFS are the largest and 
most comprehensive data source 
availableonthestaffing,occupational, 
and organizational aspects of 
schools. SASS administers survey 
questionnaires to a random sample of 
about52,000 teachers fromall typesof 
schools and from all 50 states. NCES 
has administered SASS on a regular 
basis; to date, four cycles have been 
completed — 1987-88; 1990-91; 
1993-94; 1999-2000. In addition, all 
those teachers who left their teaching 
jobs in the year subsequent to the 

administration of the initial survey 
questionnaire are again contacted to 
obtain informationontheirdepartures. 
This supplemental study – theTFS – is 
the largest and most comprehensive 
data source on teacher turnover in 
the U.S. 

The data presented here come 
primarily from the two most recent 
cycles of the TFS (1994-95 and 
2000-01; the last cycle of TFS was 
not entirely released as of fall 2002) 
and represent all teachers for grades 
k through 12 and from all types of 
schools, both public and private. Math 
andscienceteachers, theprimaryfocus 
of this article, are those identified by 
their principals as having their main 
teaching assignment in either math or 
scienceandrepresentabout11percent 
of the total teaching force. About 22 
percentof thesemath/science teachers 
are employed in elementary or middle 
schools, another 73 percent are in 

Many assume that
teacher migration is 
a less significant form
of turnover because it 
does not increase or 
decrease the overall 
supply of teachers, as
do retirements and 
career changes and, 
hence, assume it does 
not contribute to the 
problem of staffing 
schools and does not 
contribute to overall 
shortages. 

secondaryschoolsandabout5percent 
are incombined(k-�2grades) schools. 
Throughout, Iwill compare thedataon 
math/science teacherswith thedata for 
all teachers. (For information on the 
TFS see, Whitener et al. 1997.) 

There are two types of teacher 
turnover from schools. The first, 
often called teacher attrition, refers 
to those who leave the occupation of 
teaching altogether. The second type, 
often called teacher migration, refers 
to those who transfer or move to 
different teachingjobsinotherschools. 
Research on teacher supply and 
demand has often emphasized the first 
type and neglected the second type. 
Many assume that teacher migration 
is a less significant form of turnover 
becauseitdoesnot increaseordecrease 
the overall supply of teachers, as do 
retirements and career changes and, 
hence, assume it does not contribute 
to the problem of staffing schools and 
doesnotcontributetooverallshortages. 
From a systemic point of view, this is 
probably correct. However, from the 
viewpoint of those managing schools, 
teacher migration and attrition have 
the same effect — in either case it 
results in a decrease in staff, which 
usually must be replaced. Hence, 
from the school’s perspective, teacher 
migration can, indeed, contribute 
to the problem of keeping schools 
staffed with qualified teachers. For 
this reason, this article will present 
data on both teacher migration and 
teacher attrition. Hereafter, I will refer 
to teacher migration as “movers,” 
teacher attrition as “leavers” and total 
turnover as “departures.” 

In the next section I will present 
dataonhowmanyteachersdepart from 
their teaching jobs, how these rates 
compare with some other occupations 
andestablish the importanceof teacher 
turnover for teacher shortages. In 
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the following section I will present 
statistics on the reasons why teachers 
move from or leave their teaching 
jobs. These latter data are drawn from 
items in theTFSquestionnaire thatask 
teachers to indicate the reasons (up to 
three) for their departures, from a list 
provided in the survey questionnaire 
(see appendix). In addition, I present 
datafromanadditionalsetof itemsthat 
asks teachers to indicate the sources 
(up to three) of their dissatisfaction, 
if they had indicated dissatisfaction 
either with teaching, with their school 
or with their salary as a reason for 
their turnover. Finally, I conclude by 
briefly discussing the implications of 
these findings for understanding and 
addressing the staffing problems of 
schools. 

Results 
The Importance of Teacher 
Turnover for Teacher Shortages 

Cons i s t en t w i th sho r t age 
predictions, the data show that the 
demand for teachers has indeed 
increased. Since 1984, student 
enrollments have increased, teacher 
retirements have also increased, most 
schools have had job openings for 
teachers and the sizeof theelementary 
andsecondary teachingworkforcehas 
increased. More important, the SASS 
data tell us substantial numbers of 
those schools with teaching openings 
have experienced difficulties finding 
qualified candidates to fill their 
positions. 

But, the data also show that 
the demand for new teachers and 
subsequent staffing difficulties are not 
primarily due to student enrollment 
and teacher retirement increases.Most 
of the demand and hiring is simply to 
replace those who recently departed 
fromtheir teachingjobsand,moreover, 

Teaching is a relatively 
large occupation – it
represents 4% of the 
entire nationwide 
civilian workforce. 
most of this teacher turnover has little 
to do with a “graying workforce.” 

Teaching is a relatively large 
occupation — it represents 4% 
of the entire nationwide civilian 
workforce. There are, for example, 
over twice as many k-�2 teachers as 
registered nurses and five times as 
many teachers as either lawyers or 
professors (US Bureau of the Census 
1998). Moreover, the rate of turnover 
for teachers appears to be higher than 
in many other occupations. One of the 
best known sources of national data 
on rates of employee turnover, the 
Bureau of NationalAffairs, has shown 
that nationwide levels of employee 
turnover, gathered from a wide range 
of occupations, have been quite stable 
over the past decade; averaging 11.9 
percent per year (Bureau of National 
Affairs 2002). The employee turnover 
rate provides a rough benchmark; 
comparison of the TFS data with the 
rate for employees in general suggests 
that teaching has a relatively high 
turnover rate:14.5percent in1988-89; 
13.2 percent in 1991-92; 14.3 percent 
in1994-95and15.7percent in2000-01 
(see Figure 1). Total teacher turnover 
is about evenly split between movers 
and leavers; in 1994-95 7 percent of 
teacher turnover was migration and 
7.3 percent was attrition. 

The sheer size of the teaching 
force combined with the relatively 
high annual turnover of the teaching 
occupation means that there are 

relatively large flows in, through, and 
out of schools each year. For instance, 
the SASS/TFS data show that about 
535,000 teachers (including within-
district school-to-school transfers) 
entered schools just prior to the 1999-
2000schoolyear.But, in the following 
12 months even more – about 540,000 
teachers – departed their jobs. In other 
words, in that �2-month period over 
a million teachers – almost one third 
of the teaching force – were in job 
transitions. The image that these data 
suggest is one of a “revolving door.” 

Of course, not all teacher or 
employee turnover is detrimental. 
Thereisanextensiveresearchliterature 
on employee turnover conducted by 
those who study organizations and 
occupations in general (e.g., Price 
1977;Mobley 1982).On theonehand, 
researchers in this tradition have long 
held that a low level of employee 
turnover is normal and efficacious 
in a well-managed organization. Too 
little turnover of employees is tied to 
stagnancy in organizations; effective 
organizations usually both promote 
and benefit from a limited degree of 
turnover by eliminating low-caliber 
performers and bringing in “new 
blood” to facilitate innovation. On the 
otherhand, researchers in this tradition 
have also long held that high levels 
of employee turnover are both cause 
and effect of performance problems 
in organizations (Price 1989). 

From th i s o rgan i za t i ona l 
perspective, employee turnover is 
especiallyconsequential inworksites, 
like schools, which have “production 
processes” requiring extensive 
interaction among participants 
(Lortie 1977; Ingersoll 2003). Such 
organizationsareunusuallydependent 
upon commitment, continuity and 
cohesion among employees and, 
hence, especially vulnerable to 
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Figure 1 – Percent annual employee turnover and percent annual
teacher turnover 

Source: Teacher Followup Survey and Bureau of National Affairs 

employee turnover. Hence, from this 
perspective, high turnover of teachers 
from schools is of concern not simply 
because it may be an indicator of 
sites of potential staffing problems, 
but because of its relationship to 
school performance. Moreover, from 
this perspective high rates of teacher 
turnover are of concern not only 
because they may be an indication 
of underlying problems in how well 
schools function,butalsobecause they 
canbedisruptive, inandof themselves, 
for the quality of school cohesion and 
performance. 

However, while the data show that 
teaching has relatively high turnover, 

the data also show that the revolving 
door varies greatly among different 
kindsof teachers.Notably, theturnover 
rate formath/science teachers ishigher 
than for teachers in a number of other 
fields (see figure 2). Moreover, as 
found in previous research (Murnane 
et al. 1991), the TFS data show that 
teaching is an occupation that loses 
many of its newly trained members 
veryearly in theircareers– longbefore 
the retirement years. I used the TFS 
data to provide a rough estimate of 
the cumulative attrition of beginning 
teachers from the occupation in their 
first several years of teaching. The 
data suggest that after just five years, 

between 40 and 50 percent of all 
beginning teachers have left teaching 
altogether. 

In short, the demand for new 
teachers, and thesubsequentproblems 
schools face ensuring classrooms are 
staffed with qualified teachers, are to 
a significant extent due to teachers 
moving from or leaving their jobs 
at higher rates than in many other 
occupations. These patterns are 
chronic — similar results are found in 
all four cycles of the TFS data from 
the late 1980s to 2001. 

These data raise an important 
question: why do teachers depart their 
jobs at relatively high rates? 

The Sources of Teacher Turnover 
Thisnextsectionturnstothereasons 

behind teacher turnover, especially 
among math and science teachers. 
Table � lists the data on teachers’ 
reasons for their turnover, separately 
for all teachers and for math/science 
teachersandalsoseparatelyformovers 
and leavers. Note that the column 

In short, the demand 
for new teachers, 
and the subsequent
problems schools face 
ensuring classrooms 
are staffed with 
qualified teachers, are 
to a significant extent
due to teachers moving
from or leaving their
jobs at higher rates 
than in many other
occupations. 
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Figure 2 – Percent annual teacher turnover, by field
	

Source: 1994-95 Teacher Followup Survey 

segments in table � displaying percent 
teachers giving various reasons for 
turnover each add up to more than 
100 percent, because respondents 
could indicate up to three reasons for 
their departures. The same applies to 
the columns displaying reasons for 
dissatisfaction-related turnover.These 
samedata(butwithmoversandleavers 
combined) are also more succinctly 
illustrated in Figures 3 and 4. 

As illustrated in Figure 3 and Table 
�,overall,math/scienceteachersdonot 
greatly differ from other teachers in 
the reasons why they depart from their 
teachingjobs.Contrarytoconventional 
wisdom,retirement isnotanespecially 

prominent factor. The latter actually 
accounts foronlyasmallpart (13%)of 
total turnover.Ofcourse, ifonefocuses 
on attrition alone (only those leaving 
teachingaltogether) retirement ismore 
prominent because, by definition, 
migration excludes retirement. Even 
in this case, however, retirement is 
not an especially prominent factor; 
retirement accounts for only a quarter 
of leavers (25%). Notably, retirement 
also does not account for the relatively 
high rates of turnover by math/science 
teachers. 

School staffing cutbacks, due 
to lay-offs, school closings and 
reorganizations, account for a larger 

proportion of total turnover than does 
retirement. Staffing actions more 
often result in migration to other 
teaching jobs rather than leaving the 
teaching occupation altogether (34% 
of migration and 8% of attrition). 

School staffing
cutbacks, due to lay
offs, school closings
and reorganizations, 
account for a larger
proportion of total 
turnover than does 
retirement. 

Personalreasons,suchasdepartures 
for pregnancy, child rearing, health 
problems and family moves are more 
often given as reasons for turnover 
than are either retirement or staffing 
actions (36 percent of migration and 
44 percent of attrition). 

Finally, two related reasons are, 
collectively, a very prominent source 
of turnover. About half of all teachers 
who depart their jobs give as a reason 
either job dissatisfaction or the desire 
to pursue another job, in or out of 
education. Notably, math/science 
teachers are significantly more likely 
to move from or leave their teaching 
jobs because of job dissatisfaction 
than are other teachers (40 percent 
of math/science and 29 percent of all 
teachers). 

As illustrated in Figure 4 and Table 
1, of those who depart because of job 
dissatisfaction, the most common 
reasons given are: low salaries; a lack 
of support from the administration; 
student discipline problems; lack 
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Table 1 - Percent Teacher Turnover and Percent Teachers Giving Various Reasons for their Turnover 

Movers Leavers Movers Leavers 
Rates of Turnover 7 7.3 9 7 
Reasons for Turnover 
Retirement - 25 - 26 
School Staffing Action 34 8 28 11 
Family or Personal 36 44 32 45 
To Pursue other Job 29 25 33 21 
Dissatisfaction 32 25 48 28 

Reasons for Dissatisfaction 
Poor Salary 49 61 53 66 
Poor Administrative Support 51 32 57 22 
Student Discipline Problems 22 24 33 21 
Lack of Faculty Influence & Autonomy 18 15 11 15 
Poor Student Motivation 12 18 17 32 
Poor Opportunity for 

Professional Advancement 8 5 4 1 
Inadequate Time to Prepare 5 6 3 6 
Intrusions on Teaching Time 5 11 6 12 

3 11 .5 9Class Sizes too Large 

All Teachers Math and Science Teachers 

of student motivation; and lack of 
influenceoverschooldecisionmaking. 
Moreover, several factors stand out 
because few teachers tie them to their 
turnover: large class sizes; intrusions 
on classroom time; lack of planning 
time; and lack of opportunity for 
professional advancement. 

I have found these findings to be 
true across different cycles of the data 
and across different subsets of teacher 
turnover. For example, in general, 
similar kinds of dissatisfactions lie 
behind both teacher migration and 
teacher attrition. Further analyses of 
theTFSmigrationdatashowthat there 

is a strong flow of teachers from more 
desirable to less desirable schools. 
Aftercontrollingfor the typeofschool, 
four factors stand out as related to 
both teacher migration and attrition: 
schools with low salaries, student 
discipline problems, little support for 
new teachers and little faculty input 
into school decision making tend to 
lose teachers to schools without these 
problems. 

In sum, the data indicate that math/ 
science teachers, like other teachers, 
depart their jobsforavarietyofreasons. 
Retirement accounts for a relatively 
small number of total departures, 

a moderate number of departures 
are due to school staffing actions, a 
large proportion indicate they depart 
for personal reasons, and a large 
proportionalsoreport theydeparteither 
because they are dissatisfied with their 
jobs or in order to seek better jobs or 
other career opportunities. 

Implications
Since the early 1980s, educational 

policy analysts have predicted that 
shortfalls of teachers resulting 
primarily from two converging 
demographic trends — increasing 
student enrollments and increasing 
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teacher retirements — will lead 
to problems staffing schools with 
qualified teachers and, in turn, lower 
educational performance. 

This analysis suggests, however, 
that school staffing problems for 
both math/science and other teachers 
are not solely or even primarily due 
to teacher shortfalls resulting from 
either increases in student enrollment 
or increases in teacher retirement. In 
contrast, the data suggest that school 
staffing problems are also a result of 
a “revolving door” — where large 
numbers of teachers depart teaching 
for reasons other than retirement. 

Teacher turnover is a significant 
phenomenon and a dominant factor 
driving demand for new teachers. The 
data show that, while it is true that 
studentenrollmentsare increasing, the 
demand for new teachers is primarily 
dueto teachersmovingfromor leaving 
their jobs at relatively high rates. 
Moreover, this analysis shows that, 
while it is true that teacher retirements 
are increasing, the overall amount of 
turnover accounted for by retirement 
is relatively minor when compared 
to that resulting from other causes, 
such as teacher job dissatisfaction and 
teachers seeking to pursue better jobs 
or other careers. 

These findings have important 
implications for educational policy. 
Supply and demand theory holds 
that where the quantity of teachers 
demanded is greater than the quantity 
ofteacherssupplied, therearetwobasic 
policy remedies: increase the quantity 
supplied or decrease the quantity 
demanded. As noted in the beginning 
of this article, teacher recruitment, an 
example of the former approach, has 
been and continues to be a dominant 
approach toaddressingschool staffing 
inadequacies. However, this analysis 
suggests that recruitment programs 

Figure 3 – Percent teachers giving various reasons for their turnover 

Source: 1994-95 Teacher Followup Survey 

The data show that, 
while it is true that 
student enrollments are 
increasing, the demand 
for new teachers 
is primarily due to
teachers moving from 
or leaving their jobs at 
relatively high rates. 

alone will not solve the staffing 
problems of schools, if they do not 
also address the problem of teacher 
retention. In short, this analysis 
suggests that recruiting more teachers 
will not solve staffing inadequacies if 
large numbers of such teachers then 
prematurely leave. 

What then can be done? From the 
perspective of this analysis, schools 
are not simply victims of inexorable 
demographic trends, and there is a 
significant role for the management 
of schools in both the genesis of and 
solution to school staffing problems. 
Rather then increase the quantity 
of teacher supply, an alternative 
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Figure 4 – Percent teachers giving various reasons for their
dissatisfaction-related turnover 

Schools across the 
country where there is 
more support from the 
school administration 
for new teachers, 
such as induction and 
mentoring programs 
have significantly
lower levels of teacher 
turnover. 
data document that changing these 
things would all contribute to lower 
rates of turnover, in turn, diminish 
school staffing problems and, hence, 
ultimately, aid the performance of 
schools. 

References 
Boe, E., Bobbitt, S., Cook, L. 1997. 

“Whither didst Thou Go?” Journal of 
Special Education. 30:371-389. 

Bureau of National Affairs. 2002. “BNAs 
Quarterly Report on Job Absence and 
Turnover.” Bulletin to Management. 
Washington D.C.: Bureau of National 
Affairs solution to school staffing problems, Grissmer, D. and Kirby, S. 1992. Patterns

documented by this analysis, is to of Attrition Among Indiana Teachers, 
decrease the demand for new teachers Rather then increase 1965_1987. Santa Monica, CA: Rand 
by decreasing turnover. The data Corporation.the quantity of teacher suggest that thewaytoimproveteacher 	 Grissmer,D.,&Kirby,S. (1997).“Teacher 

supply, an alternative 	 retention is to improve the conditions turnoverand teacherquality.”Teachers 
of the teaching job. Schools across the College Record, 99, 45-56.solution to school 
country where there is more support 	 Hirsch, Koppich and Knapp (200�). 

staffing problems, 	 Revisiting what states are doing to from the school administration for 
improve the quality of teaching: An documented by this 	 new teachers, such as induction and 
update on patterns and trends. Center mentoringprogramshavesignificantly analysis, is to decrease 	 for the Study of Teaching and Policy, 

lower levels of teacher turnover. The University of Washington.the demand for new same holds for schools with higher 	 Ingersoll, R. (1999) “The Problem of 
teachers by decreasing 	 salaries, fewer student discipline Underqualified Teachers in American 

problems, and enhanced faculty input Secondary Schools.” Educational turnover. into school decision-making. The Researcher. 28: 26-37. (also on the 

Source: 1994-95 Teacher Followup Survey 

Science educator 8 



  

  

    

   

 

    

 

 

   

     

    

    

 

 

    

       

     

     
   

 

 

     

    

 

 
 

 
 

  
   

 

       
      
     

      

   

 
  

     
   

   

 
      

    

     

   

  

 

 

      
     

    

American Educational Research As-
sociationwebsite:http://www.aera.net/ 
pubs/er/arts/28-02/ingsoll01.htm). 

Ingersoll, R. (2001a).“Misunderstanding 
the ProblemofOut-of-FieldTeaching” 
Educational Researcher 30: No 1: 21-
22. For publication review see: http:// 
www.aera.net/pubs/er/pdf/vol30_01/ 
AERA300105.pdf 

Ingersoll, R. (2001b). “Teacher Turnover 
and Teacher Shortages: an Organiza-
tionalAnalysis”AmericanEducational 
Research Journal. 38: No.3: 499-534. 
For publication review see: outreach 
@aera.net 

Ingersoll, R. (2002b). “Turnover and 
Shortages among Science and Math-
ematics Teachers in the United States.” 
Pp. �-�2 in Science Teacher Retention: 
Mentoring and Renewal. Edited by 
J. Rhoton and P. Bowers. Arlington, 
VA: National Science Teachers As-
sociation. 

Ingersoll, R. 2003. Who Controls Teach-
ers’ Work? : Power and Accountabil-
ity in America’s Schools. Cambridge, 
MA: Harvard University Press. For 
publication review see: http://www. 
hup.harvard.edu/catalog/INGWHO. 
html 

Lortie, D. (1975). School teacher. Chi-
cago: University of Chicago Press. 

Mobley, W. 1982. Employee turnover: 
Causes, consequences and control. 
Reading, MA: Addison-Wesley. 

Murnane, R., Singer, J., Willett. J., 
Kemple, J., & Olsen, R. (1991). Who 
Will Teach?: Policies that Matter. 
Cambridge, MA: Harvard University 
Press. 

National Academy of Sciences. 1987. 
Toward Understanding Teacher Sup-
ply and Demand. Washington, D.C.: 
National Academy Press. 

National Commission on Excellence in 
Education. 1983. A Nation at Risk: 
The Imperative for Educational Re-
form. Washington, D.C.: Government 
Printing Office. 

National Commission on Teaching and 
America’s Future. 1997. Doing What 
Matters Most: Investing in Quality 
Teaching. New York: National Com-
mission on Teaching and America’s 
Future. 

Price,J.1977. Thestudyof turnover.Ames, 
IA: Iowa State University Press. 

Price, J. (1989). The impact of turnover 
on theorganization. WorkandOccupa-
tions, 16, 461-473. 

U.S. Bureau of the Census. (1998). 
Statistical abstract (117th Edition). 
Washington, DC: U.S. Department of 
Commerce. 

Weiss, I. R., & Boyd, S. E. (1990). Where 
are they now?: A follow-up study of 
the 1985-86 science and mathemat-
ics teaching force. Chapel Hill, NC: 
Horizon Research, Inc. 

Whitener, S., Gruber, K., Lynch, H.; 
Tingos, K., Perona, M. (1997). Char-
acteristics of stayers, movers, and 
leavers: Results from the Teacher Fol-
lowup Survey, 1994-95. Washington, 
DC: National Center for Education 
Statistics. 

Appendix 
Definitions of Measures 
of Reasons for Turnover 

In the TFS teachers could list up to 3 
choices from a list of �2 reasons for their 
departures. I grouped the 12 reasons into 
5 categories, as follows: 
•	 Retirement. 
•	 School Staffing Action: reduction-in-

force/lay-off/school closing/reassign-
ment. 

•	 Family or Personal: family or per-
sonal move; pregnancy/child rear-
ing; health; other family or personal 
reason. 

•	 To Pursue other Job: to pursue 
another career; to take courses to 
improve career opportunities in or 
outside the field of education; for 
better teaching job. 

•	 Dissatisfaction: dissatisfied with 
teaching as a career; dissatisfied with 
the school; for better salary or ben-
efits. 

Of those teachers who indicated dissat-
isfaction, as defined above, as a reason 
for their departure, they could list up to 3 
choices from a list of �2 reasons for their 
dissatisfaction. I grouped the 12 reasons 
into 9 categories, as follows: 
•	 Poor Salary 
•	 Poor Administrative Support: lack 

of recognition and support from 
administration; lack of resources 
and material/equipment for your 
classroom; inadequate support from 
administration 

•	 Student Discipline Problems 
•	 Lack of Faculty Influence and 

Autonomy: lack of influence over 
school policies and practices; lack of 
control over own classroom 

•	 Poor Student Motivation: poor 
student motivation to learn 

•	 Poor Opportunity for Professional 
Advancement 

•	 Inadequate Time to Prepare: inad-
equate time to prepare lesson/teaching 
plans 

•	 Intrusions on Teaching Time: intru-
sions on teaching time (i.e. not enough 
time working directly with teaching 
students) 

•	 Class Sizes too Large 

Richard M. Ingersoll, a former high school 
teacher, is currently an associate professor of 
education and sociology at the University of 
Pennsylvania. Dr. Ingersoll’s research looks 
at elementary and secondary schools as work-
places, teachers as employees, and teaching as 
a job. He is a nationally recognized expert on 
the problem of out-of-field teaching and has 
published numerous articles on the problems 
of teacher turnover and teacher shortage. He is 
also author of Who Controls Teachers Work? 
PowerandAccountability inAmerica’sSchools 
(Harvard University Press 2002), which 
examines the degree to which schools are 
centralized or decentralized and its impact 
on school performances. Correspondence 
concerning this article may be sent to Rmi@ 
gse.upenn.edu. 
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John A. Dunkhase 

The Coupled-Inquiry Cycle:

A Teacher Concerns-based Model for
 

Effective Student Inquiry
 
The science education reform movement that emphasizes student-centered 
constructionandmeaningfulunderstandingofscienceconcepts,has identified 
inquiry teaching and learning as an effective strategy for student learning. 

The National Science Education 
Standards(NationalResearchCouncil, 
1996) has become, arguably, the most 
importantsingle influenceinreshaping 
K-12 science instruction in the United 
States during the past several years. 
Central to their vision of effective 
science teaching and learning is the 
strategy of student-centered inquiry 
as the primary vehicle for students to 
develop meaningful understandings 
of key science concepts as well as 
learn about the nature and process of 
science. 

During the past five years, in 
response to the strong emphasis 
on inquiry by the National Science 
Education Standards (NSES), I have 
been involved in developing and 
facilitating professional development 
workshops for K-�2 science teachers 
on the use of inquiry strategies and 
practices for meaningful learning of 
science concepts. These workshops 
have been designed to model inquiry 
by doing hands-on investigations 
on a wide variety of physical, earth, 
and biological phenomena. In the 
workshops, these investigations are 
combinedwithreflectionanddiscussion 
of both the inquiry experience and the 
vision for inquiry promoted by the 

NSES and other science education 
literature. While participant response 
has been generally very positive about 
inquiry-style learning, there has also 
been a great deal of concern expressed 
about theactual implementationof this 
vision in the classroom. 

As a result of the reflections and 
discussions with hundreds of K-12 
teachers in more than 30 different 
workshops, a model of inquiry has 
emerged that seems to balance the 
vision of student-centered inquiry 
described in the NSES with an 
inquiry strategy that reflects teacher 
concerns. This model, called the 
Coupled Inquiry Cycle, combines, or 
“couples”, “teacher guided” inquiry 
with “full” or “open” inquiry, into 
an inquiry cycle based on a learning 
cycle format (Dunkhase, J.A., 2000; 
Martin-Hansen, L., 2001). 

Inquiry and the National Science 
Education Standards (NSES) 

“Inquiry into authentic questions 
generated from student experience 
is the central strategy for teaching 
science.”Thispowerfulstatementfrom 
the teaching standards section of the 
NationalScienceEducationStandards 
(NSES p. 31) illustrates the important 

role inquiry plays in the NSES vision 
for science education reform. Inquiry 
is pervasive throughout the standards 
as the driving force for effective 
teachingand learning inscience.From 
the teaching standards to the content 
standards, the assessment standards, 
and the professional development 
standards, inquiry is central to the 
missionofacquiringscientific literacy 
forall learners.Tofurther reinforce the 
importance of inquiry as a learning 
strategy for scientific literacy, the 
National Research Council has 
subsequently published an additional 
volume entitled Inquiry and the 
NationalScienceEducationStandards 
which is dedicated specifically to 
elaborating on the inquiry standards 
(National Research Council, 2000). 

What is Inquiry and Why is it so 
Important? 

Historically, science instruction 
and the assessment of achievement 
in science, has focused on students 
acquiring the products of scientific 
inquiry – content knowledge – the 
all too familiar encyclopedic body 
of facts, formulas, definitions, and 
equations, to be memorized and 
regurgitated on the chapter-end or 
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semester-end quizzes and tests. This 
knowledge has not served the needs of 
most of our science students because 
they generally have not learned the 
science concepts meaningfully for 
understanding. As a result, students 
have not gained useful knowledge 
that is relevant to their lives or science 
understandings that help them make 
informed choices as scientifically 
literate citizens. 

Inquiry, on the other hand, is a 
much more powerful way to learn 
science meaningfully. It focuses on 
content knowledge in the context of 
the process of developing scientific 
understanding. That is, it is a strategy 
for learning science concepts that are 
constructed by students doing science 
- “not something that is done to them” 
(NSES p20).This isnot tobe confused 
with learning “science process skills” 
or the “discovery” science teaching 
strategy of the ’60’s. It is also not 
simply doing experiments, hands-on 
activities, “labs”, or “the scientific 
method”.Rather, theNSESgrade-level 
chapters on content standards define 
inquiry as a series of abilities and 
understandings that students should 
know and be able to do to develop 
BOTH the important products AND 
processes of the scientific endeavor. 

Whiletheinquiryabilitiesarticulated 
in the NSES are slightly different for 
each grade- level cluster (K-4, 5-8, 
9-12) there are basic elements of the 
inquiry vision that are common across 
allgradelevels.Thesecommonabilities 
are modified somewhat to form the 
core of the coupled inquiry cycle and 
summarized in Table 1. 

Why isn’t inquiry eagerly 
embraced by teachers? 

The science education reform 
c o m m u n i t y g e n e r a l l y a n d 
enthusiastically advocates inquiry. In 

Table 1. Inquiry Abilities 

1. Asking a question about a natural phenomenon.
2. Designing an investigation to try and answer the question.
3. Conducting the investigation to collect data and evidence.
4. Using reason and logical thinking to interpret the evidence to
create the best answer to the question.
5. Presenting the results of the investigation to the community. 

spiteofthewelldocumentedadvantages 
andbenefitsof inquiry-driven learning 
for students (Shymansky, et. al., 1990) 
and despite attempts to promote some 
variation of inquiry in schools for the 
past 70 years, the actual practice of 
inquiry has rarely been successfully 
implementedbypracticing teacherson 
a large-scale with long-term positive 
results (Yager, 1997). The reasons 
for this failure may be related to the 
concerns and perceptions of teachers 
charged with the task of making 
inquiry work in real classrooms. 
There appear to be several important 
issues and challenges related to the 
“comfort-zone” of teachers that need 
to be overcome in order for practicing 
teachers to implement the idealof“full 
inquiry” as envisioned by the NSES. 
The concerns most often identified 
relate to “control issues” dealing with 
time,materials, safety, andcurriculum 
goals (Anderson, 1998). Rightly or 
wrongly, the NSES vision of inquiry 
has often been perceived as being 
too “open”, or too “student-driven”, 
without enough teacher input into 
the direction and outcomes of inquiry 
investigations. 

The Coupled Inquiry Cycle
During the course of designing 

and facilitating teacher inquiry 
workshops, the concerns voiced by 
participants, and reinforced by the 
research literature, led to theevolution 
of an inquiry model that addresses 

many of the reservations teachers 
express about using inquiry as a 
teaching strategy in their classrooms. 
This model specifically addresses 
the issues of control over content and 
curriculum goals; teachers’ need to 
“lecture” to make sure students “get 
it”; and control over safety, time, and 
materials. The coupled inquiry cycle 
endeavors to balance these needs, 
while still adhering to the vision of 
true student-centered “full” inquiry, 
by combining or “coupling” together 
“teacherguided”inquirieswith“open” 
inquiries that are completely student-
driven. These “coupled inquiries” 
(Figure 1) are embedded in a cycle 
based on traditional learning cycle 
models, suchas the5EmodelofBybee 
(1997) and problem solving models, 
such as the Search, Solve, Create, and 
Share(SSCS)model (Pizzini,1989).A 
description of the components of the 
coupled inquiry cycle is as follows: 

1. Invitation to Inquiry: The 
“invitation” stage of the cycle is the 
motivator or “hook” activity designed 
to stimulate student interest in the 
topic or concept to be investigated. 
Rather than the teacher simply 
announcing that “todaywe’regoing to 
investigate soils” because it is next in 
the curriculum, the invitation stage of 
the cycle provides the opportunity for 
teachers to get the students personally 
involved and invested in the topic. 
Teachers can use demonstrations, 
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current events, field trips, guest 
speakers, and other mechanisms to 
help generate interest and excitement 
to help students become fully engaged 
in the pursuit of understanding that the 
inquiry learning process promotes. 

Example:Tobegin a middleschool-
levelinquirycycleonforceandmotion, 
the teacher reads “Cosmo Zooms”, 
by Arthur Howard to the class. This 
is a book about a dog that learns to 
skateboard. The teacher then helps the 
students relate the story to their own 
experiences on skateboards, bicycles, 
and roller blades and probes their 
thinking about what factors influence 
howfast theymightgo down ahill.The 
teacher specifically asks the students 
to think about whether the weight of 
dogs (or kids) has a significant effect 
on the speed and write about their 
experienceand thoughts on the subject 
in their journals or science notebooks. 
The cycle then proceeds to a guided 
balls and ramps investigation. 
2. Guided Inquiry: The guided stage 
ofthecycleprovidestheopportunityfor 

the teacher to direct students towards 
specific concept objectives that may 
be required by their curriculum or the 
NSEScontentstandards.Thisgivesthe 
teacher control over where the initial 
investigation is going and what the 
outcomes will be. It has been found 
that this approach seems to fit well 
within teachers’ comfort zones. The 
“steps” in this inquiry are basically the 
same as those advocated in the NSES 
(Table 1, Figure 2) but in the Coupled 
Inquiry Cycle the teacher structures 
both thequestion and the investigation 
(Table 2). Traditional lab activities 
teachers haveused successfullycan be 
modified slightly to provide effective 
guided inquiries. Even though there 
is significant teacher direction in 
structuring the inquiry, the inquiry is 
still strongly student–centered (Table 
2) in that the students conduct the 
investigation, interpret the results, 
and create presentations to explain 
their findings. 

Example: Based on curriculum 
objectives related to relevant NSES 

grade-level content standards and 
Project 2061 benchmarks related 
to force and friction, the teacher 
structured an investigation for the 
learners to investigate the question: 
Do heavy balls or light balls roll down 
a ramp fastest? After individually 
predicting which balls might be fastest 
and slowest, and giving their personal 
explanations for their predictions, 
the students are grouped into small 
teams of 3 or 4 and given a set of six 
– 1” balls of different weights that are 
carefully chosen so that the frictional 
effects of their surfaces have been 
minimized. The students roll each of 
the balls down the ramp and time them 
for five trials to test their predictions. 
Theythengraphandanalyzetheirdata, 
compare it to their predictions, and 
create a presentation to communicate 
their results to the class toexplain what 
happened and why. Students are often 
surprised at the results and lively class 
discussions follow. It should be noted 
that this guided inquiry is simply a 
slightly modified version of a standard 
classroom activity. 

Figure 1
Complete Coupled Inquiry Cycle Model 

Figure 2
Details of the Coupled

Inquiry Stages of the Cycle 
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3. “Explore on your own”: This 
may be THE most important stage of 
the coupled inquiry cycle because it 
explicitly promotes the curiosity of 
the learners by encouraging them to 
personally explore the phenomena 
of interest. Here the investigators are 
allowed to explore, or “play around” 
with the materials used in the guided 
investigation and most importantly, to 
generate theirownquestions thatmight 
be investigated in the next stage of the 
cycle – the open inquiry. This provides 
the critical link between the guided 
inquiry and open inquiry to follow. 

Example: After the presentations 
and discussions related to the guided 
inquiry are finished the students are 
eager to investigate theballsandramps 
phenomena further. They generally 
have many ideas and questions about 
what is usually a discrepancy between 
what they thought would happen and 
what actually occurred. The teacher 
has made some additional materials 
available for the students such as 
more ramp lengths, balls of different 
diameters,ballswithdifferentsurfaces, 
other timingdevices,etc.The“explore 
on your own” stage of the cycle gives 
the students the opportunity to “play” 
with the materials to try out some 
of their own ideas preliminarily and 
informally and to generate additional 

questions much in the same way 
scientists often do when the are 
exploring a new idea or phenomena 
before they begin a formal research 
project. After allowing the students a 
reasonableamountof timeexploringin 
this stage of the cycle (as determined 
by the teacher), the student groups are 
asked to list their “burning questions” 
andcometoconsensusas towhichone 
or ones they want to investigate. 

4. “Open” Inquiry: The “open” or 
“full” inquiry is intended to be totally 
student-centered and fully reflect the 
vision of inquiry discussed in the 
NSES. Here, questions generated in 
the “explore on your own” stage are 
discussed bystudent investigatorsand 
the teacher. Questions are negotiated 
and selected for further investigations 
thatare reasonable in thecontextof the 
curriculum, time,materials, andsafety 
concernsasdiscussedearlier.Students 
thendesignthe investigations,conduct 
and interpret the study, and finally 
share their results with the teacher, the 
restof theclass, and/or thecommunity 
(Table 2 and Figure 2). 

Example: The students are now 
asked to take theirdesignatedquestion 
and refine it into one that is clear and 
can be investigated using available 
classroom materials. Students then 

design their own investigations, carry 
them out, analyze their data, and 
present the evidence and explanations 
to the class. 

Teachers often find that for 
themselves and their students, this 
is the most interesting and exciting 
part of the cycle because the richness 
of student thinking about the topic 
becomes apparent. Contrary to what 
teachers sometimes expect, the 
questions and investigations students 
generate will generally be very 
productive extensions of the teacher’s 
initialguided inquiry.Often,however, 
the students’ questions and findings 
will be something the teacher never 
anticipated and the both the students 
and teachers are rewarded by learning 
something new. This is the real 
“payoff” inexcitementandsatisfaction 
for the teacher that is rarely, if ever, 
experienced in traditional textbook 
driven classrooms. 

5. Inquiry Resolution: One of the 
concerns many teachers express 
about inquiry is that they don’t feel 
“comfortable” that students have 
learned anything at the end of student-
generated investigations. The inquiry 
resolutionstageof thecycle is intended 
to provide an opportunity for the 
teacher to help students come to some 
cognitive closure regarding the target 

Table 2 – Comparison of Inquiry Responsibilities 

NSES Inquiry Ability Guided Inquiry Open Inquiry
Stage Stage 

Whose responsibility is it to: 
1. Ask the question to be investigated. Teacher Student 
2. Plan the Investigation. Teacher Student 
3. Conduct the Investigation to collect data. Student Student 
4. Construct explanations from the data. Student Student 
5. Communicate the results of the investigation. Student Student 
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science concepts and satisfy the 
curriculumobjectives.Theteachercan 
review the student inquiry presenta-
tions for common understandings; 
ask students what they’ve learned and 
what they would investigate next; do a 
demonstration that challenges or 
supports student findings; or even do 
some direct instruction if necessary, 
to clarify the science content. And, 
importantly, inquiry resolution is a 
perfect time to discuss applications 
of the science concepts and inquiry 
results to the students’ lives. 

Example: At the end of the student 
presentationsandensuingdiscussions, 
the teacher realized that even though 
the students had constructed the 
important understanding that the 
weight, or mass, of the ball doesn’t 
significantly influence it’s accelera-
tion down the ramp, they still don’t 
understand that friction is a force and 
that changes in motion are related to 
forces. The teacher then did some 
“direct instruction” and a demonstra-
tion to clarify the definitions and 
concepts of force and friction; how 
they relate to changes in motion; and 
another inquiry for the students to 
investigate these concepts further. 

6. Inquiry Assessment: Formative 
assessment should be occurring 
during all parts of the inquiry cycle. 
This process is important to inform 
the teacher about the progress the 
students are making and what content 
issuesorquestionsmightbeaddressed 
by “direct instruction” in the inquiry 
resolution stage discussed above. 
It is also often valuable to do a 
summative evaluation assessment 
at the end of the cycle. Even though 
summative assessment might be used 
for evaluation purposes, ideally it also 
should have some kind of “authentic” 

or “performance” component rather 
than simply being a traditional paper 
and pencil test. This might involve 
havingstudentsapply theirknowledge 
of targetconcepts toaproblem-solving 
activity or creating a need for them 
to use the knowledge in a personal or 
societaldecisioncontext–thescientific 
literacyandinformeddecisionmaking 
assessment. This assessment stage 
should also be structured in a way 
that is useful in initiating additional 
inquiries to continue the cycle as time 
and curriculum pressures permit. 

Example: As students have been 
doingtheirinvestigationstheteacher,as 
part of the inquiry facilitation process, 
has been informally monitoring the 
students and helping them by asking 
probing questions and making subtle 
suggestions. During the guided and 
open inquiry presentations a rubric 
that was generated by the students 
and the teacher was used to assess for 
both their content understandings and 
inquiry abilities. Finally, the teacher 
gave them an authentic/performance 
assessment problem to solve using 
a real Tonka-toy dump truck to haul 
bricks down a hill (plywood ramp) to 
see if the students could transfer their 
knowledge to a novel situation. 

Conclusions 
Duringthecourseof thepastseveral 

years the coupled inquiry cycle model 
has been used in many professional 
development workshops for science 
teachers. Discussions during the 
workshops,aswellaswrittenworkshop 
evaluation feedback, suggest that this 
model successfully addresses teacher 
concerns about using inquiry as a 
strategy for meaningful learning of 
science content. Coupled inquiry 
workshop participants indicate that 
they are more likely to apply inquiry 

in their classrooms than participants 
in similar inquiry workshops that 
focused only on the strictly student-
centered “full” inquiry model. This 
is in concert with the findings of 
Hall and Hord (1987) who found that 
for effective change to occur in the 
classroom the process must reflect 
the concerns of the participants most 
directly implementing the change. 

It is not intended that the coupled 
inquiry cycle be strictly interpreted 
or rigidly applied. Science content 
doesn’t have to be addressed only 
after the open inquiry - some can be 
addressed before or during the inqui-
ries as well. The “explore on your 
own” phase can be, and often is, an 
on-going process throughout the 
inquiry process for many students. 
And certainly, assessment could and 
shouldbepresent throughout thecycle. 
This model is suggested as a starting 
point to provide a teacher-friendly 
structure that can be modified as 
appropriate by the teacher. There is no 
absolute right or wrong way to apply 
the coupled inquiry model and there 
is no implication that an effective 
science learningenvironment requires 
“all inquiry all the time.” For teach-
ers who want to try student-centered 
inquiry in their classrooms but are 
hesitant for reasons discussed above, 
coupled inquiry can provide a frame-
work for a successful experience for 
both students and teachers. 
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Jo Anne Vasquez, Mulugheta Teferi, William W. Schicht 

Science in the City: Consistently 

Improved Achievement in Elementary 

School Science Results from Careful 

Planning and Stakeholder Inclusion
 
Setting high expectations in science education in the elementary grades, 
leading to increasingly improved achievement for both poor and minority 
students, is being demonstrated convincingly by a large urban school 
district. 

Introduction 
Our future depends upon a strong, 

competitive workforce and upon 
citizensequippedtofunctioninaworld 
of great and growing complexity. 
Central to producing such results is 
a system of education that specifies 
what every student in each grade 
should know and be able to do 
in both mathematics and science. 
Educational excellence in these 
disciplines improvesmorethanjust the 
health of the disciplines themselves. 
It also improves the everyday lives 
and productivity of those who see 
the world through eyes enlightened 
by a knowledge of math and science. 
But America’s world leadership in 
innovationis jeopardizedifschoolsfail 
to respond to this challenge. Although 
educational leaders acknowledge 
these facts, a dangerous movement is 
stirring, determined to water down or 
even eliminate science instruction in 
elementary schools. 

On January 8, 2002, President 
George W. Bush signed into law the 
No Child Left Behind (NCLB) Act, 
the sweeping new federal education 

reform bill that will affect virtually 
everyaspectofK-12education.NCLB 
raises accountability in math and 
reading skills for students, teachers, 
and administrators; beginning in SY 
2005-2006, the law requires annual 
testing of both subjects in each grade 
from grades 3 through 8. Each of us 
involved in science education has 
almost certainly started to feel the 
downside of the law’s initial emphasis 
on math and reading. NCLB’s 
immediate adverse effects are evident 

The growing numbers 
and percentage of our
citizens who come from 
racial/ethnic minority
groups, combined with 
gaps in achievement
between majority and
minority students, pose
serious challenges to
our schools. 

whenever we are forced to defend 
science education against a rising 
swell of attempts by local districts to 
devoteevermore timeto the twotested 
disciplines, or to defend it against 
national efforts to abandon science 
altogether in grades K through 6. 

Eventually, however, NCLB may 
actually benefit science education, 
although not immediately. Beginning 
in SY 2007-2008, NCLB requires all 
states tobegin testingscienceannually 
in one grade in each of three grade 
ranges: 3-5, 6-9, and 10-12. But the 
sad truth is that, until then, teachers 
will teach only that which gets tested 
and administrators will promote only 
that which is needed to keep their 
schools off the list of underachieving 
schools. 

Challenges to Our Schools 
The growing numbers and 

percentage of our citizens who come 
from racial/ethnic minority groups, 
combined with gaps in achievement 
between majority and minority 
students,poseseriouschallengestoour 
schools. To counter these challenges, 
we must resolve to improve science 
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programs at all levels if we hope to 
be able to supply professionals who 
are literate in those topics of science, 
technology,andmathematicssocritical 
toourneedforanexpandingworkforce 
in thefieldsofscienceandengineering. 
In the next decade, the total U.S. work 
force is projected to expand by 12.3%; 
minorities will account for more than 
40% of these new participants in the 
labor force (Fullerton, 1999). Such 
jobs will require workers who are 
capable of processing information 
quickly, critical thinking, problem 
solving,andteamwork.Unfortunately, 
many educators and parents—often 
unknowingly—act in such a way as 
to perpetuate the common myth that 
mathandsciencearesubjects forwhite 
males only. Females and minority 
students often experience active 
discouragement, few role models, and 
less access to advanced coursework 
as obstacles to choosing a career in 
science, technology, or engineering 
(Catsambis, 1995). 

As more schools are held 
accountable, will we see science 
instruction relegated toa regurgitation 
of facts (“drill and kill”), with the 
“hands-on” style of inquiry-based 
instruction confined to gifted students 
only? Unfortunately, such a scenario 
is not impossible, given the prevalent 
attitude among some educational 
leaders that not all children need to 
besystematicallyexposed toscientific 
content and methods from the earliest 
grades. 

Socioeconomic status (SES) is an 
educational issue only slightly less 
significant than minority status. In our 
country, the fact that family wealth 
(or lack thereof) is invariably the 
single best predictor of demonstrated 
academic achievement has been 
repeatedly documented. But those 
exceptionalchildrenwhooccasionally 

Education can be a 
great equalizer. Thus, 
we should demand high
achievement of all our 
students, regardless of 
their background. 

break through the constraints that 
poverty typically places on academic 
achievement prove conclusively that 
SES does not determine potential. 
Education can be a great equalizer. 
Thus, we should demand high 
achievement of all our students, 
regardlessof theirbackground.Setting 
highexpectations inscienceeducation 
in the elementary grades, leading to 
increasingly improved achievement 
for both poor and minority students, 
isbeingdemonstratedconvincinglyby 
the St. Louis City Public Schools. 

Case Study: St. Louis Public 
Schools 

St. Louis Public Schools (SLPS) is 
the largest school district in Missouri. 
It has about 41,000 students in 112 
schools, 68 of which are elementary 
schools. About 81% of students in 
SLPS are African American; 82% of 
its student population qualify for free 
or reduced lunchstatus.SLPSstudents 
havedemonstratedgains inelementary 
school science on the standardized 
test that the state of Missouri has 
administered statewide since 1998. 
This test, the Missouri Assessment 
Program (MAP), is given annually to 
eachstudent inGrade3 in everypublic 
school in the state. Table � (below) 
demonstrates the improvementsmade 
since 1998 by Grade 3 students in 
SLPS compared with the Missouri 
statewide totals. 

Key facts to note in Table � (next 
page) are that since 1998, SLPS 
students improved in the following 
areas: 

�) bottom two achievement 
categories (i.e., Combined 
Step �& Progressing) at an 
average annual rate of 6%, a 
rate 600% greater than the 1% 
average annual improvement 
rate achieved by all Grade 3 
students statewide; 

2) top two achievement categories 
(i.e., Combined Advanced & 
Proficient) at an average annual 
rate of 5%, a rate more than 
200% greater than the 2% 
average annual improvement 
rate achieved by all Grade 3 
students statewide; and 

3) composite MAP Index Score 
by an average 8 points per year, 
a rate more than 200% greater 
than the 3 point average annual 
improvement rate achieved by 
all Grade 3 students statewide. 

Althoughthere isstillagapbetween 
thestateaverageinGrade3scienceand 
the average of students in SLPS, the 
gap is smaller thaneverandnarrowing 
rapidly. 

Figure 1 (page 19) provides 
addit ional evidence that the 
achievement gap associated with 
students’race/ethnicity isbeingclosed 
gradually by SLPS. Figure 1 for 
Grade 3 Science shows the composite 
MAP Index Score by year for black 
students and for white students 
within SLPS compared with black 
students and white students in the 
rest of Missouri (excluding students 
from SLPS). The Department of 
Elementary and Secondary Education 
(DESE) provided these MAP results 
disaggregated by race/ethnicity on 
their web page, but only for the four 
most recent years since 1999. The 
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Table 1 
Missouri Assessment Program (MAP) Results* in Grade 3 Science from 1998-2002 

* Note: MAP results reported by the Missouri Dept. of Elementary and Secondary Eduation (DESE), and found on their web site 
** Note: Annual Rate of change from 1998 to 2002 calculated by formula ((% 2002 - % 1998)/4)
	
*** Note: MAP index calculated by DESE formula: (% Step 1 * 1) + (% Progressing * 1.5) + (% Nearing Proficient * 2)


+ (% Proficient * 2.5) + (% Advanced *3) 

compositeMAPIndexScore takes into 
account all five levels of achievement, 
as shown in the formula contained in 
a footnote to Table �. 

It ispossibletoquantifytheapparent 
convergence of achievement scores 
evident on Figure 1 by calculating 
the rate of change of the MAP Index 
Scoreannuallysince1999. In the three 
years subsequent to 1999, the MAP 
Index Score has improved annually 
at different average rates of change 
for the four groups represented on 
Figure 1. Black third graders in SLPS 
averaged the highest rate of change, 
9.6 score units per year. Following 
them were the black students in the 
rest of the state who changed by an 
average of 6.2 score units annually. 
Next were white third grade students 
from SLPS who averaged 4.8 units of 
change annually, while white students 
from the rest of Missouri improved on 
average by 4.0 score units per year on 
MAP science in the third grade. 

The degree of recent improvement 
in science test scores at theelementary 

level in SLPS schools has been 
dramatic, particularly during the last 
school year of 2001-2002. In fact, 
abouttwothirdsofallSLPSelementary 
schools improvedinsciencecompared 
with the year before. This means that 
science improved most of all last year 
(2002) compared with any of the other 
three tested subjects of mathematics, 
communicationarts,andsocial studies 
at the elementary level. Additionally, 
a separate analysis showed that, in 
science, black elementary students in 

The degree of recent 
improvement in 
science test scores at 
the elementary level in
SLPS schools has been 
dramatic, particularly
during the last school
year of 2001-2002. 

the SLPS are doing on average as well 
asorbetter than theircounterpartswho 
volunteer to be bused to more affluent 
schools in 15 largely white public 
school districts within the adjoining 
St. Louis County. 

Understanding the Data 
During her interviews with key 

stakeholders in SLPS, the first author 
identifiedseveralkeyfactors important 
to the improvement process. These 
factors are as follows: 

• District administrators provided 
leadership to bring about 
change. 

• New instructional materials that 
not only met the needs of the 
district but also fit well with 
state and national standards were 
selected. 

•	 Extensive professional develop-
ment was provided by the text-
book authors to acquaint teachers 
with the new materials and to fa-
miliarize themwithnewermodels 
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 Figure 1: Results of the State Test (MAP) for Science in Grade 3;

MAP Index Score of Students in SLPS vs. Missouri (Excluding SLPS)


By Year, and by Race of Student (B=Black; W=White)
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of instruction and learning, such 
as inquiry and discovery. 

• Multiple		stakeholders were 
broughttogetherduringeachphase 
ofplanningandimplementingthe 
new instructional materials and 
curriculum. 

• The curriculum was segmented, 
prioritized, timed,andsequenced 
into content units by teachers 
and administrators, so that each 
school would be teaching from 
the same unit at the same time. 

• Regular evaluation and feedback 
wasobtained toguidesubsequent 
training and classroom support. 

Thefollowingsectionwillelaborate 
on several of these success factors. 

School Year 

Selection of New Instructional 
Materials 

The new science materials that 
were adopted during SY 2001-2002 
were carefully evaluated and pilot 
tested during the previous school 
year (SY 2000-200�). Pilot testing 
was a process new to the district. 
Ad hoc selection committees of 
teachers and administrators had made 
all prior textbook adoptions, with 
the final decision based largely or 
exclusively on formal presentations 
to the committee by the vendors. The 
pilot testingdesignedfor thisoccasion, 
however, was noteworthy for being 
both intensive and extensive. 

• About half of the district’s 
elementary schools participated 
in pilot testing. 

• The pilot testing was conducted 
for a period of ten weeks. 

• Three to five different vendor 
packages were evaluated at each 
participating school, each in a 
different classroom. 

• All		supplementary materials 
were evaluated in addition to the 
textbooks. 

• Vendor support and professional 
development were evaluated in 
addition to the textbooks. 

• All participants		discussed all 
competingvendorsduringseveral 
general sessions held prior to a 
final vote by the participants. 

Planning for Implementation 
All stakeholders were involved 

in careful implementation planning. 

Spring 2003 Vol. 12, no. 1 19 



 

    
   

    
    

   
   

    
   

  

    
   

     
   

    
     

    

     
    

    

    

     

   

     

     

  

    

   
      

     
  
   

    
   

    

   
        

    

   

   

     

    
     

     

    

   

     

    

    

These parties included the publisher, 
the chief academic officer, the 
science curriculum supervisor, and 
the divisions of accounting and 
transportation. The parties met to 
set details such as time lines, phased 
implementation, preparing vouchers, 
shipment schedules and destinations, 
handling and warehousing the 
textbooks and supplies, special 
planning to accommodate the needs 
of special education teachers, and 
planning the initial professional 
development needed by both teachers 
and school administrators. 

Sustained Professional 
Development 

Professional development was 
done in the summer before the new 
instructional materials were to be 
implemented. Teachers needed to 
become familiar with the style of 
instruction featuringhands-on inquiry 
and experimentation. Many did not 
know how to use demonstration 
materials in theirclassrooms,norwere 
they completely comfortable with and 
competent in the use of questioning 
techniques toguidestudentdiscussion 
and discovery of general principles 
based on observations. Two one-week 
training sessions in the summer, plus 
one make-up session in the early fall, 
were arranged. About 95% of the 
district’s 1,300 teachers in grades 
K through 5 attended one of these 
sessions, for which they received a 
stipend from the district’s systemic 
reform grant through the National 
Science Foundation. 

In order to sustain momentum 
during the school year itself, teachers 
received additional training sessions 
designed by local science institutions, 
suchastheMissouriBotanicalGarden, 
the St. Louis Science Center, and the 
St. Louis Zoo. These and other major 

community partners attended the 
district’s summer training sessions in 
order tobecomebetteracquaintedwith 
the new teaching materials. This also 
allowed them to observe the teachers 
during these sessions in order to 
identify special needs to be addressed 
through subsequent professional 
development. Furthermore, all such 
organizationswereinstructedtoensure 
that all future proposals for training of 
the district staff must conform to the 
district’s new content standards and 
instructional materials. 

Involving All Stakeholders 
The district’s reading specialists 

were also included as part of the 
science implementation team. In fact, 
the connections between science and 
reading literacy were made explicit 
during a portion of the district’s 
summer professional development 
training sessions. Science content 
questions now form portions of the 
district’s quizzes in communication 
arts, and school administrators use 
science materials as the base texts 
for practice sessions in reading and 
writing.AccordingtoPrincipalMamie 
Womack of Froebel Elementary 
School, “Reading is not just reading 
in the basal reading text. It is reading 
in the content areas and giving a grade 
in reading while covering content 
areas.” 

Froebel Elementary School is 
typicalof the typeofschool inSt.Louis 
that has recently begun to embrace 
new standards-based, inquiry-mode 
instruction, and which has started 
to make significant gains in student 
achievement as a consequence. 
Froebel is a large, non-magnet school 
with rates of minority enrollment and 
family poverty significantly above 
the district’s average. Yet the recent 
improvement in Froebel’s test scores 

is evidence that change is taking 
place. Last year, Froebel improved 
on all four subjects of the MAP, and 
in both indicators for each subject. 
The school improved most of all in 
science.Thisoverall improvementwas 
possibleonly throughthededication to 
reform and improvement of Froebel’s 
principal,Ms.Womack,whoisstarting 
just her third year at the school. 

PrincipalWomackhasmadescience 
a priority at the school, where teachers 
include science in their morning block 

Having a common
schedule of 
instructional topics
across the district’s 
schools helps to ensure 
that students who move 
do not experience any
discontinuity of content
from one school to the 
next. 

of literacy practice. Teachers use a 
variety of instructional strategies 
to engage the students and to hold 
their attention, including the use of 
science content readers, read-aloud 
big books, having students read along 
while listening to text on audio CD, 
and doing shared reading. Instruction 
relevant tosciencecontent ispresented 
during afternoon activities that are 
primarily of the “hands-on” variety. 
Subsequently, students devote time to 
writingdescriptions of theexperiment 
and to building their vocabulary by 
explicating the science words used 
in the demonstration or experiment. 
The teachers also have students 
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practice writing stories that include 
the new science words and content. 
In addition, one Friday per month is 
designated as “Science Friday” and 
dedicatedtoscience.Thewholeschool 
participates in Science Friday, during 
which students demonstrate hands-on 
activities and share what they have 
learned in their own classroom with 
students in other classrooms. 

Finally, the“buy-in”ofprincipals to 
thenewcurriculum,thenewtextbooks, 
and the new methods of instruction in 
sciencewascrucial to thesuccessof the 
implementation process. Principals, 
even in schools not involved in pilot 
testing, clearly noticed or heard about 
the excitement generated by the pilot-
testingprocess. Inpart because of this, 
the principals proved to be a receptive 
and supportive audience at their 
orientation workshop held just prior 
to the start of the school year. 

Developing Paced Modules of 
Instructional Content 

Thirty to forty percent of the 
district’s students typically change 
schools duringanygivenyear.Having 
a common schedule of instructional 
topics across the district’s schools 
helps toensure thatstudentswhomove 
do not experience any discontinuity of 
content from one school to the next. 
Keeping teachers on-track within this 
instructional framework is primarily 
the responsibility of school-based 
instructional coordinators and school 
principals. The district’s Curriculum 
Supervisor, Loretha Allen, the 
district’sCurriculumandProfessional 
Development Coordinator, Robin 
Kyles, and the Title 1 Supervisor, 
Mary Schroeder provide assistance 
and oversight. One of their jobs is to 
make sure that teachers and school 
administrators have, understand, and 
use the printed guide to the district’s 

science curriculum, the schedule of 
instruction (pacing chart), and the 
district’s “home grown” periodic 
assessments. By moving the physical 
science module to the beginning of 
the school year, for example, they 
helped to ensure that this topic, so 
often neglected or omitted, was 
actually taught. Changing the order of 
instruction may help to explain why 
the students improved so much in the 
MAP content standards of matter and 
energy, and force and motion. 

Periodic Review and Feedback 
A full-time internal evaluator 

now covers the divisions of math 
and science. This position provides 
these two divisions with quick 
access to, and analysis of, results of 
national (TerraNova), state (MAP), 
and local (district “quizzes”) results 
shortly after they become available. 
Getting time-critical information in 
a timely fashion makes it possible 
for curriculum supervisors and 
coordinators to identify problemareas 
and schools in need so that effective 
intervention can be swiftly applied. 
Schools continue to contribute to the 
feedback process by sending their key 
teachers (“lead” teacher for science) to 
periodicmeetingsheldby thedistrict’s 
curriculumspecialists.Thesemeetings 

Success in teaching
science in the 
elementary schools of
SLPS has taken a great 
deal of collaboration 
among support staff,
teachers, and school 
administrators. 

serve to inform the schools about 
current status, as well as to inform 
district-level staff of any strategies 
that are not working as intended or 
planned. 

Success in teaching science in 
the elementary schools of SLPS has 
taken a great deal of collaboration 
among support staff, teachers, and 
school administrators. Now teachers 
are guiding and assisting each other, 
both within schools on a daily basis, as 
well as through grade-specific formal 
training that is offered monthly by 
a cadre of trained teachers to their 
fellow teachers in the district. These 
training workshops also include 
multi-grade sessions designed just for 
special education teachers. Providing 
such science enrichment activities to 
teachers on a periodic, routine basis is 
proving to be a vital link in improving 
the quality of science teaching. The 
hope is that successwillbreedsuccess. 
That is, teachers become enthusiasts 
for science as they begin to recognize 
the increased mastery of science on 
the part of their students. 

Conclusion 
Bat Masterson, one-time sheriff 

of Dodge City and a friend of Wyatt 
Earp, spent the last twenty years of 
his life as a sports writer in New 
York City. In one of his articles he 
concluded: “Everybody in life gets 
the same amount of ice except that the 
richget it in thesummerwhile thepoor 
[get it] in the winter.” (Montini, 1998). 
Elementary school science education 
is in danger of becoming like ice in 
the summer, a treat only for students 
whoarealreadyhighachievers,butnot 
something for the masses of average 
or underachieving students. Through 
the efforts of many dedicated people, 
the Public School District in St. Louis 
is beginning to show that it is possible 
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for an entiredistrict to achievesuccess 
in science, and that it is not just an 
isolated effect confined to a few 
privilegedschools. It is theirhope, and 
their intention, to continue to progress 
toward higher science achievement 
in the future—achievement of ALL 
students. 

JoAnneVasquez,Ph.D., isascienceauthor, sci-
ence educational consultant, and professional 
developer.Dr.Vasquezwas recentlyappointed 
by President Bush to the National Science 
Board. She is a former science specialist for 
the Mesa, Arizona, Public Schools and Past 
President, National Science Teachers Associa-
tion. Correspondence concerning this article 
may be sent to JJ5012@AOL.COM. 

William W. Schicht received a doctorate in 
biological psychology from the University 
of Oklahoma. He has taught at Virginia Tech, 
done evaluation research at the University of 
Missouri, and worked as an analyst in public 
mental health and substance abuse services. 
Currently he is a senior evaluator for the math 
and science programs of the St. Louis Public 
Schools. 

References 
Catsambis, S. 1995. Gender, Race, Eth-

nicity, and Science Education in the 
Middle Grades. Journal of Research in 
Science Teaching. 32 (3): 243-257. 

Fullerton, H. N., Jr. 1999. Labor Force 
Projections to 2008: Steady Growth 
and Changing Composition. Monthly 
Labor Review. 122 (11): 19-32. 

Montini, E. J. Editorial. The Arizona 
Republic. February 22, 1998. 

Mulugheta Teferi was recently appointed as 
the Chief Academic Officer of the St. Louis 
City Public Schools. Mr. Teferi has served 
this school district since 1978, initially as a 
high school science teacher and most recently 
as director of the district’s math and science 
programs. He received a bachelor’s degree 
in biology from St. Louis University and a 
master’s degree in science education from 
Webster University. 

Science educator 22 

mailto:JJ5012@AOL.COM


  

   

    

    

 
    

    

   

    
   

 

    

  

      
   

    

    

   

    

    

    

     

 

   

   

Andrew C. Porter, Michael S. Garet, Laura M. Desimone, and Beatrice F. Birman 

Providing Effective Professional 

Development: Lessons From the 


Eisenhower Program
 

Results are presented that show specific management and implementation 
strategies, such as aligning standards and assessments with professional 
development activities, continuous improvement efforts, and coordination 
with other funding sources, lead to higher quality professional development, 
as characterized by six identified features of professional development. 

Our country’s current education 
reforms seek to foster high standards 
for teaching and learning for all chil-
dren. Such standards are intended to 
create a fundamental shift in what 
students learn and how they are taught 
(National Educational Goals Panel, 
1995; Porter, Archibald, & Tyree, 
1991; Porter, Smithson, & Osthoff, 
1994). The success of such ambitious 
education reforms hinges, in large 
part, on the qualifications of teachers. 
Student learning will be transformed 
only if high standards are reflected in 
teachers’classroom practice (Loucks-
Horsley, Hewson, Love, & Stiles, 
1998;NationalCommissiononTeach-
ing & America’s Future, 1996). Not 
surprisingly, teachers’professionalde-
velopment has been the single largest 
investment of most reform initiatives. 
Unfortunately,muchofthis investment 
supports ineffectivepractices (Cohen, 
1990; Cohen, McLaughlin, & Talbert, 
1993; Elmore, Peterson, & McCarthy, 
1996; Little, 1993; Richardson, 1994; 
Stiles, Loucks-Horsley, & Hewson, 
1996). 

The work described here identi-
fies specific characteristics that make 
in-service professional development 
effective, and the strategies school 
districts can use to provide such effec-
tive professional development. Find-
ings are based on national probability 
samples of teachers and professional 
developmentproviders,andapurpose-
ful longitudinal sample of teachers. 

Results come from a coordinated 
set of studies designed to evaluate 
the effectiveness of the federal gov-
ernment’s Eisenhower Professional 
Development Program ( Birman et al., 
2000; Garet et al., 2001; Desimone, 
Porter,Garet,Yoon&Birman, inpress; 
Desimone, Porter, Birman, Garet 
& Yoon, in press). The Eisenhower 
Professional Development Program, 
established in 1984 and reauthorized 
in 1988 and 1994 as Title II of the Ele-
mentaryandSecondaryEducationAct 
(ESEA), is the federal government’s 
largest investment solely focused on 
developing the knowledge and skills 
ofclassroomteachers.TheEisenhower 
program aims to support high-quality 

professionaldevelopmentprimarily in 
mathematics and science. Part B of 
the Eisenhower program, with a 1999 
appropriation of about $335 million, 
providesfunds throughstateeducation 
agencies (SEAs) to school districts, 
and through state agencies for higher 
education (SAHEs) to institutions of 
highereducation (IHEs)andnonprofit 
organizations. 

The study of Eisenhower profes-
sional development reported here 
contributes to our general knowledge 
about effective professional develop-
ment activities and policies for pro-
moting themfor several reasons.First, 
our sample is generalizable to 93% 
of U.S. school districts, since at the 
time of the study, only 7% of districts 
did not receive Eisenhower funding. 
Second, the Eisenhower program is 
a source of funding for professional 
development activities, not a specific 
approachtoprofessionaldevelopment. 
The program funds a wide range of 
activities, including workshops and 
conferences, study groups, profes-
sional networks and collaboratives, 
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task forces, and peer coaching. 
Third, activities supported by Eisen-
hower are often co-funded with 
other sources—Eisenhower-assisted 
activities also may receive funding 
from states, school districts, and other 
federal programs. Therefore the 
information in this study about the 
quality and effects of Eisenhower-
assisted activities also applies to 
professional development funded 
through other sources, at least in 
mathematics and science. 

Data 
During the 1997-98 school year, 

we conducted telephone interviews 
with a national probability sample 
of Eisenhower coordinators in 363 
school districts.� We also collected 
data from a mail survey of a national 
probability sample of 1,027 teachers 
who participated in 657 Eisenhower-
assisted activities.2,3 To complement 
these findings from our national, 
cross-section sample of teachers, we 
surveyed287mathematicsandscience 
teachers in 30 schools, at three points 
in time—the fall of 1997, the spring of 
1998, and the spring of 1999.4 

The multiple sources of data are 
designed to provide an accurate 
description of program-funded 
activities, analyses of the features 
of these activities, and their effects 
on teacher practice. Our national and 
longitudinal data have a number of 
strengths. First, our descriptions of 
the nature and quality of professional 
development provided through the 
Eisenhower program are based on 
national probability samples, which 
increases the representativeness and 
generalizability of the findings; and 
eachsamplehadanexcellent response 
rate.5 Second, our longitudinal data 
provide direct estimates of changes 
in teaching practice over time. We 

use the more rigorous longitudinal 
data to test whether the results 
identifying the characteristics of 
effective professional development 
based on cross-sectional data can be 
replicated. Finally, we have taken 
a number of steps to maximize the 
validity and reliability of the national 
surveydata.Forexample,althoughthe 
telephoneinterviewandteachersurvey 
data are based on self-report, most of 
the data represent an accounting of 
behaviors, not direct judgments of 
quality that might be more likely to 
be biased in a positive direction. And 
the measures we use are composites, 
whichhavebeenshowntohavegreater 
reliability and validity than single 
indicators (Mayer, 1999). In addition, 
the substantial variation in responses 
teachers and district administrators 
provided to these behavioral items, 
as well as the consistency in teacher 
and district administrator responses, 
tends to bolster our confidence in the 
validity of the data. 

Our data do, of course, have 
limitations. First, we used only one 
district informant in our district data 
set. Other informants might have 
responded differently (e.g., Spillane, 
1998), affecting the reliability but not 
the validity of our variables. Second, 
our dependent variables are teacher 
reportsofchangeanddistrict reportsof 
features of professional development; 
we do not have direct measures of 
gains in student achievement. Third, 
our survey results lack in depth 
what case-study research lacks in 
generalizability; the variables in 
our analyses were identified a priori 
based on previous research. Both the 
strengths and limitations of our data 
sets should be kept in mind in the 
interpretation of the results. 

In this article, we first describe 
how we identified the key features of 
effective, high-quality professional 
development, and present results 
from our national probability sample 
of teachers about the extent to which 
thesefeaturesrelate to teachers’reports 
of changes in teacher knowledge, 
skills, and practice. Second, we 
report the results of our longitudinal 
study showing the characteristics 
of professional development that 
change teaching practice, and discuss 
how these compare to results from 
our national probability sample of 
teachers. Third, we use results from 
the national probability sample of 
teachers todescribe theextent towhich 
Eisenhower-assisted activities have 
the high-quality features associated 
with changes in practice. Fourth, we 
use our data from district Eisenhower 
coordinators to examine district 
policies and procedures that are 
associatedwithprovidinghigh-quality 
professional development, and the 
extent to which districts engage in 
these practices. Finally, we conclude 
by highlighting policy implications 
for schools and districts for designing 
effective professional development 
for teachers. 

What Are the Key Quality 
Features of Professional 
Development? 

Overthepastdecade,aconsiderable 
literaturehas emergedonprofessional 
development, teacher learning, and 
teacher change (Corcoran, 1995; Har-
greaves & Fullan, 1992; Lieberman, 
1996; Little, 1993; Loucks-Horsley et 
al., 1998; Richardson, 1994; Sparks & 
Loucks-Horsley, 1989; Stiles et al., 
1996).Theresearch literaturecontains 
amixof large-andsmall-scalestudies, 
including intensive case studies of 
classroom teaching, evaluations 

Science educator 24 



  

    
 
 

    
    

   
 

      
   

 
   

      
    

    

   

   
   

    
      

     

   
 

 
   

      
     

     

    

  

 

 

  

   

 
     

 

    
    

   

    
 

   

     
    

   

   
      

   

Despite the size of the
literature, relatively 
little systematic
research has been 
conducted on the 
effects of professional 
development on
improvements in 
teaching or on student 
outcomes. 
of programs designed to improve 
teaching and learning, and surveys of 
teachers about their preservice and 
in-service professional development 
experiences. In addition, there is 
a large literature describing “best 
practices” in professional develop-
ment, drawing on expert experiences. 
Despite the size of the literature, 
relatively little systematic research 
has been conducted on the effects of 
professional development on im-
provements in teaching or on student 
outcomes. Also, there is very little 
research on the relative effects of 
alternative forms of professional 
development.The research that exists, 
however, along with the experiences 
of expert practitioners, does provide 
some preliminary guidance about the 
characteristics of high-quality profes-
sionaldevelopment(seeLoucks-Hors-
ley et al., 1998). 

In particular, several recent 
studies suggest that professional 
development that focuses on specific 
mathematics and science content, and 
the ways students learn such content, 
is especially helpful (Cohen & Hill, 
2000; Kennedy, 1998). 

Based on the available research 
and the ideas in the literature on 
“best practices,” we created a set of 
measuresdescribingsixkeyfeaturesof 
professional development. Although 
there are other potentially important 
features of professional development, 
the set we chose is well grounded in 
the literature. 

Our analysis of the characteristics 
of high-quality professional devel-
opment first focuses on “structural 
features”: (a) the form or organiza-
tion of the activity—that is, whether 
the activity is organized as a reform 
type, such as a study group, teacher 
network, mentoring relationship, 
committee or task force, internship, 
individual research project, or teacher 
research center, in contrast to a tradi-
tional workshop or conference; (b) 
the duration of the activity, including 
the total number of contact hours that 
participants spend in the activity, as 
well as the span of time over which 
the activity takes place; and (c) the de-
gree to which the activity emphasizes 
the collective participation of groups 
of teachers from the same school, 
department, orgrade level, asopposed 
to theparticipationof individual teach-
ers from many schools. 

In addition to these structural 
features, we focus on three dimen-
sions of the substance or core of the 
professionaldevelopmentexperience. 
We examine three “core features”: (a) 
the content focus of the activity—that 
is, the degree to which the activity is 
focused on improving and deepen-
ing teachers’ content knowledge in 
mathematics or science; (b) the extent 
to which the activity offers oppor-
tunities for active learning—that is, 
opportunities for teachers to become 
actively engaged in the meaningful 
analysis of teaching and learning, for 

example, by reviewing student work 
or obtaining feedback on their teach-
ing; and (c) the degree to which the 
activity promotes coherence between 
teachers’ professional development 
and other experiences, for example, 
by encouraging the continued profes-
sionalcommunicationamongteachers 
and by incorporating experiences that 
are consistent with teachers’goals and 
alignedwithstateanddistrictstandards 
and assessments. 

How Do Each of the Six Quality 
Features Relate to Teacher 
Outcomes? 

The literature suggests that all 
six of these features—the three 
structural and three core features— 
would influence the effectiveness of 
professionaldevelopment inchanging 
teacher practice. We used our survey 
of teachers who participated in 
Eisenhower-assisted professional 
development to estimate the strength 
of the relationships among features of 
professionaldevelopmentand teacher 
outcomes—enhanced knowledge and 
skills and changed teaching practice. 
We developed a formal model to 
represent the relationships and to 
test the view that structural features 
of professional development play 
an important role in determining the 
substance or core of the professional 
developmentexperiencedbyteachers; 
and that the core features of the 
professional development experience 
contribute to teacher outcomes, 
including enhanced knowledge and 
skills and improvements in teaching 
practice.6 

Although we suggest a logic of 
events here (and similarly in our pre-
sentation of results from the district 
data), it should be emphasized that 
components of the system are likely 
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interactive and may occur simultane-
ously. These national data are not 
longitudinal, so we cannot test the 
causal ordering. We can, however, 
identify the strength of relationships 
among variables. We suggest a logic 
of events to help explain how features 
of professional development might 
affect changes in classroom practice, 
but our model should not be con-
sidered to exclude the possibility of 
nonrecursive effects or an alternative 
temporal ordering. 

We estimated the size of the 
relationships with ordinary least 
squares (OLS) regression, a statistical 
approach that allows us to measure 
the relationships among features 
of professional development while 

separating out the effects of the other 
factors. In our recursive system of 
simultaneousequations,usingseparate 
OLS estimates for each equation is 
equivalent to full system maximum 
likelihood (e.g., Greene, 1993) and is 
a commonly accepted method of path 
modeling(Bohrnstedt &Knoke,1982; 
Li, 1975; Pedhazur, 1982). That is, the 
variables are ordered from left to right, 
and variables on the right depend only 
on variables to their left. We included 
the full set of control variables in each 
equation.7 

We found that all three core 
features—content focus, active 
learning, and coherence—have a 
positive association with enhanced 
knowledge and skill, which in turn 

Figure 1
The Relationships of Features of Professional Development to Teacher Outcomes 

affectschangesinteachingpractices,as 
reportedbytheteachers inoursample.8 

Figure 1 depicts these relationships. 
(See Table A.� in the Appendix for 
the regression coefficients that support 
Figure 1.) Both content focus and 
coherence have substantial positive 
associationswithenhancedknowledge 
andskills, indicating thatactivities that 
give greater emphasis to content and 
that are better connected to teachers’ 
experiencesandreformeffortsaremore 
likely to produceenhanced knowledge 
and skills. Professional development 
that provides opportunities for active 
learning for teachers is also related to 
enhanced knowledge and skills, but 
the relationship is less strong. 

Note: A dashed line 
indicates a coeficient 
of .09 or less. 

Controls 
School % Poverty
School % Minority
Teacher’s Gender 
Subject (Math & Science)
Grade level (El, Middle, High)
In-Field Certification 
Teaching Experience 
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Both content focus 
and coherence have 
substantial positive
associations with 
enhanced knowledge
and skills, indicating
that activities that give
greater emphasis to 
content and that are 
better connected to 
teachers’ experiences 
and reform efforts are 
more likely to produce 
enhanced knowledge
and skills. 

Teachers who report enhanced 
knowledge and skills also are likely 
to report changing their teaching 
practices. Further, independent of 
this relationship between knowledge 
and skills and teaching practice, the 
coherence of professional develop-
ment activities has an important posi-
tive relationship to change in teaching 
practice. This suggests that teachers 
aremore likely tochange theirpractice 
if their professional development is 
connected to their other professional 
development experiences, is aligned 
with standards and assessments, and 
fosters professional communication. 
These features of professional devel-
opment relate to changes in practice 
evenamong teacherswhohavegained 
the same underlying knowledge and 
skills through their other professional 
development experiences. 

As suggested in the literature on 
professional development, reform 

types of activities tend to produce 
more positive reported outcomes 
than traditional types, but our results 
indicate that this relationship is largely 
indirect. That is, reform activities tend 
to produce better outcomes primarily 
because they tend to be of longer 
duration. Traditional and reform 
activities of the same duration tend 
to have the same association with 
reported outcomes. The results also 
show that activities of longer duration 
andactivities thatencouragecollective 
participation of teachers in the same 
school or grade tend to place more 
emphasis on content, provide more 
opportunities for active learning, and 
provide more coherent professional 
development than other activities. 
Thesefeatures in turnpromotepositive 
teacher outcomes, as we discussed 
earlier. 

How Does Professional 
Development Change Teaching 
Practice Over Time? 

Mathematics and science teachers 
in our longitudinal study reported 
on their classroom practices in Year 
1 (1997), characteristics of their 
professional development in Year 2 
(1998), and thenagain their classroom 
practices in Year 3 (1999). With these 
three years of data we were able to 
look at changes in teaching practice 
over time and analyze the effect 
that participation in a professional 
development activity had on those 
changes.Teachersreportedononlyone 
professional development activity, so 
our measure is conservative. A more 
complete accounting of professional 
development experiences, had that 
been feasible, would likely have 
produced stronger relationships 
between professional development 
characteristicsandchanges in teaching 
practice. 

We focused on three areas of 
teaching practice that are considered 
desirable by researchers and 
school reformers, and for which 
we had exactly parallel measures 
of professional development. The 
three areas are (1) use of technology, 
such as calculators and computers, 
to develop models or collect data 
(Cognition and Technology Group at 
Vanderbilt University, 1994; Means, 
1994; Means et al., 1993; Means & 
Olsen, 1995; Sivin-Kachala & Bialo, 
1996), (2) higher order instruction, 
such as work on problems with no 
obvious solution and debating ideas 
and explaining reasoning (Raizen, 
1998; NCTM, 1998; NRC, 1996), and 
(3)useofalternativeassessments, such 
asperformancetasks, reports,projects, 
and essays (Koretz, Stecher, Klein, & 
McCaffrey, 1994; Mitchell, 1996). 

In addition to asking teachers to 
describe the extent to which their 
professional development focused 
on these strategies, we asked teachers 
to describe the features of their 
professionaldevelopmentactivity.We 
used the same measures we used in 
the national teacher survey—reform 
type,collectiveparticipation,duration, 
active learning, and coherence. The 
sixth feature, content, was defined 
by the emphasis of the strategy, 
i.e., technology use, higher order 
instruction, and use of alternative 
assessments. 

Estimatingtheeffectsofprofession-
al development using a hierarchical 
linear model, we found that teach-
ers who participated in professional 
development in Year 2 that focused 
on a particular strategy in technology 
use, use of higher order instruction, 
or use of alternative assessments were 
significantly more likely to increase 
their use of these strategies in Year 
3. (Results showing the effect of pro-
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fessional development on changes in 
teaching practice in technology are 
presented in Table A.2; the results for 
instructionandassessment,andamore 
detailed explanation of our methods, 
can be found in Desimone et al., in 
press.) More important, we found 

that, consistent with results from our 
national probability sample, features 
of high quality (e.g., contact hours, 
collective participation) increased the 
effectof theprofessionaldevelopment. 
Table 1 shows the effect that quality 
features had on the magnitude of the 

change in teachers’ practice due to 
participation in professional develop-
ment. All of these relationships are in 
the hypothesized direction, but some 
are not significant, perhaps due to the 
small sample size. 

TABLE 1
 
Relationship Between Features of Professional Development


and Activities Focused on Specific Teaching Practices
(Sign and Significance of Relationships)1 

Technology Instruction Assessment 

Independent Effect of Effect of Effect of Effect of Effect of Effect of 
Variable: Features 

of Quality of
Professional 

Specific
Strategya 

β21 
(relative

Set of 
Related 
Strategiesb 

β06 

Specific
Strategy 
β21 
(relative

Set of 
Related 
Strategies 
β06 

Specific
Strategy 
β21 
(relative

Set of 
Related 
Strategies 
β06 

Development focus) (mean focus) (mean focus) (mean
focus) focus) focus) 

Reform type -.049 .170 .018 .872** -.225 .932* 
Time span .042 .039 .035 .065 -.014 .095 
Contact hours .000 -.004 .002 .004 -.001 .008 
Collective participation .326* .027 .011 .193 -.183 .313 
Active learning .041+ .019 .001 .057+ -.023 .042 
Coherence .047 .045 .011 .086 .046 .141+ 

a This indicates the effect of professional development if it focused on only one practice in a particular area. 
b This indicates the effect of professional development if it focused on all the practices in a particular area. 
c Gray shading indicates that the effects are statistically significant.
+ p<.10, * p<.05, **p<.01 

How to read this exhibit: The “-“ in the first row in the first column on the left shows that participating
in a professional development activity that is a reform-type activity decreases the effect of professional 
development focused on technology use, but this relationship is not statistically significant. The “*” in the 
fourth row in the first column on the left shows that participating in a professional development activity
that has collective participation increases the effect of professional development focused on technology 
use, and this relationship is statistically significant (indicated by the gray shading). 

� “Content focus” is not included in the list of features of quality because the measure of whether the activity focused on a particular 
teaching practice is a proxy measure for content focus. 
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How Common Are the Six 
Features of Quality? 

Ournationalandlongitudinalteacher 
data describe how the six features of 
professional development are related 
tooneanotherandtoteacheroutcomes. 
This leads us to ask how prevalent 
these features are in professional 
development activities. Our national 
probability sample of teachers who 
have participated in Eisenhower-
funded professional development 
activities provides a national picture 
of professional development. In this 
sectionwedescribe the characteristics 
of theEisenhowerdistrictprofessional 
development in which teachers in our 
national sample participated. 

Between 75% and 80% of teachers 
participate in district activities that are 
traditional in form,suchasworkshops, 
courses,orconferences; relatively few 
activitiesare reformtypesofactivities, 
such as study groups, networks, or 
mentoring relationships. Further, 
while the average number of contact 
hours of district activities (25 hours) 
has approximately doubled since the 
last evaluation of the Eisenhower 
Professional Development Program, 
conducted in 1988-89, the median 
number of hours for district activities 
is only 15 hours.9 Only 20% of district 
activities span at least six months. But 
our data also show that there is a great 
amount of variability in the time span 
of district activities.Finally, relatively 
few district activities emphasize the 
collective participation of teachers 
fromthesamedepartment,gradelevel, 
or school; 20% of teachers in district 
Eisenhower-assisted activities report 
participating with other teachers in 
their department or grade level. 

Fifty-onepercent (51%)of teachers 
in district activities participate in 
activities that place a major emphasis 

on mathematics or science content. 
Relatively few teachers report a major 
emphasis on each of 18 separate 
indicators of active learning. For 
example,only5%ofteachers indistrict 
activities report that their teaching 
was observed by the activity leader. 
However, professional development 
does tend to have elements that 
promote coherence with other aspects 
of teachers’professional experiences. 
For example, more than three quarters 
of teachers in district activities report 
that their activities are aligned with 
state and district standards; between 
30% and 40% of teachers report 
that their activities build on prior 
professional development; and 50-
70% say the activities are followed 
up with later activities. 

Our data show that few features 
of high quality are prevalent in 
professional development activities. 
However, given the enormous 
variability inthequalityofprofessional 
development activities, our data show 
that some districts are providing high-
quality professional development. 
For example, although many district 
activities are short, 2% of teachers 
in district activities are in activities 
spanningmore thanoneyear, and18% 
are in activities lasting 6-12 months. 
That some districts provide activities 
of extended duration, with collective 
participation, amajor focusoncontent 
knowledge,amajoremphasisonactive 
learning,andcoherencewith teachers’ 
other experiences, represents an 
“existence proof” that it is possible for 
districts to provide such activities. 

Thereasonmanydistrictsgenerally 
donotprovidehigh-qualityprofessional 
development may be the cost. High-
quality professional development 
is expensive, and we estimate that 
districts spend only $185 per teacher 

participation.�0 Districts may spend 
so little money per teacher because 
they feel a responsibility to provide 
professionaldevelopment toallof their 
teachers. This may push them in the 
directionofprofessionaldevelopment 
with lower costs per participation. 

How Do District Policies and 
Practices Relate to the Quality of 
Professional Development That 
They Provide? 

Thequalityofprofessionaldevelop-
ment activities also may be a function 
of how districts operate and manage 
these activities. Our national prob-
ability samples of district Eisenhower 
coordinators provide data to describe 
howdistrictsoperateandmanage their 
professional development activities, 
and how this relates to their quality. 

Characteristics and Effects 
of District Policies and 

Practices 
Each district receiving Eisenhower 

funds generally uses the funds to 
support a collection of professional 
developmentactivities.Thecollection 
ofprofessionaldevelopmentactivities 
that a district supports can be viewed 
in its entirety as its “portfolio” of 
Eisenhower-assisted professional 
developmentactivities. Inouranalysis, 
we examine the factors that influence 
the quality of district portfolios of 
professional development activities. 

School districts play a critical role 
in setting the context for professional 
developmentactivities (Elmore,1993; 
Knapp et al., 1991; Spillane, 1996; 
Spillane & Jennings, 1997; Spillane 
& Thompson, 1997). Districts can 
set a vision or focus for professional 
development by aligning professional 
developmentactivitieswithstandards, 
assessments, and other reform efforts 
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in the district (Cohen & Spillane, 
1992; Elmore & Burney, 1996; 
Spillane, 1996; Webb, 1998). This 
increases program coherence (Smith 
& O’Day, 1991; Cohen & Hill, 2000), 
which in turn can increase teacher 
motivation and encourage changes 
in instruction (Fullan, 1996; Spillane 
& Jennings, 1997). Districts can also 
establish a vision by their use of funds. 
Leveraging resources can affect the 
quality of professional development 
that districts offer (Corcoran, 1995); 
and co-funding activities can indicate 
that districts have a coherent focus 
for their professional development 
program (Elmore & Burney, 1996; 
Guskey, 1997). 

Teacherinvolvementinplanningfor 
professional development is another 
district strategy associated with more 
effective professional development 
(Clark, 1992; Loucks-Horsley et al., 
1998). In addition, district strategies 
of continuous improvement have 
been shown to help target local 
priorities and increase the quality of 
professional development. 
Such strategies include 
establishing evaluation and 
accountability mechanisms 
(O’Day, Goertz, & Floden, 
1995)andusingindicators to 
shapeprioritiesandevaluate 
activities (Fuhrman, Clune, 
& Elmore, 1988; Guskey, 
1997; Loucks- Horsley et 
al., 1998). 

In assessing district poli-
cies and practices, we focus 
on the role of the following 
key management mecha-
nisms, discussed in the 
literature and required in the 
Eisenhower legislation: (�) 
the coordination (co-fund-

sources of funding for professional 
development; (2) the alignment of ac-
tivitieswithstateanddistrict standards 
and assessments; (3) the participation 
of teachers and school-level staff in 
planning professional development 
activities; and (4) the use of a process 
of continuous improvement, including 
monitoring progress against measur-
able objectives and performance 
indicators. 

The measures we used to 
characterize the quality of a district’s 
portfolio of Eisenhower-assisted 
professional development were 
similar to those we used to measure 
the quality of individual activities on 
the teacher survey: (1) the percent of 
the districts’ participation in reform 
types of activities, (2) the average 
span of time of activities (i.e., number 
of days, weeks, or months), (3) the 
number of opportunities for active 
learning in in-district workshops 

Figure 2

and institutes, and (4) the degree of 
collective participation in in-district 
workshopsandinstitutes.Asdescribed 
earlier, the data from our national 
sample of teachers show that each 
of these dimensions is related, either 
indirectlyordirectly, to improvements 
in teachers’ knowledge and skills and 
changes in teachingpractice.Thus,we 
considereachofthesedimensionsasan 
indicator of high-quality professional 
development. 

As with our analysis of the national 
teacher data, we developed a model of 
the relationships among district man-
agement strategies and the quality of 
activities, showninFigure2(seeTable 
A.3 in theAppendix forcorresponding 
regression coefficients.) Using data 
from our national district Eisenhower 
coordinator surveys, we estimated the 
size of the relationships among the 
variables in our model. We found that 
districts are more likely to have higher 

Relationship of District Management
to Features of Professional Development 

ing) of activities with other 
Building a Vision Implementation Portfolio Features 
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quality professional development 
activities when they: (1) use multiple 
funding sources to co-fund profes-
sional development activities; (2) 
align activities with state or district 
standardsandassessments; (3)monitor 
activities and their effects using con-
tinuous improvement efforts; and (4) 
plan at the district level and involve 
teachers in planning. 

Specifically, districts that engage 
in more co-funding of Eisenhower 
activities with other programs tend to 
support more reform types of activi-
ties than districts that engage in less 
co-funding, and they tend to support 
professional development with more 
opportunities for collective participa-
tion. In addition, districts that engage 
in more co-funding tend to engage in 
more extensive continuous improve-
ment efforts and they tend to involve 
teachers more widely in planning, 
both of which are related to increased 
opportunities for active learning. 
Finally, districts that align profes-
sionaldevelopmentwithstandardsand 
assessments are more likely to offer 
reform types of professional develop-
ment activities and to engage in con-
tinuous improvement efforts, which 
are related to increased opportunities 
for active learning. 

Districts vary in their adoption 
of these management strategies that 
lead to high-quality professional 
development. Most districts report 
co-funding professional development 
with other sources of funding, 
aligning activities with standards and 
assessments, and including teachers in 
planning, but few engage in a process 
of continuous improvement, such as 
developing and using performance 
indicators (see Desimone, Porter, et 
al., in press, for complete data on these 
descriptivestatistics).Specifically, for 
example, on average districts co-fund 

with 2 out of 10 major Department of 
Education programs (more districts 
co-fund with the National Science 
Foundation—for example, 86% co-
fund with NSF’s Urban Systemic 
Initiative); reports of alignment 
range from 85% of districts reporting 
that their professional development 
activities are aligned with state 
and district standards, to 69% of 
districts reporting that professional 
development is aligned with district 
assessments; 65% of teachers are in 
districts in which teachers participate 
in formal committees at the district 
level, and 62% of teachers are in 
districts in which teachers participate 
in formal committees at the school 
level; and fewer than one in five, 
or about 18%, of teachers are in 
districts that currently collect data on 
performance indicators that they have 
established to guide their professional 
development efforts. Similarly, less 
than 25% of the nation’s teachers are 
indistricts that reportbeingaffectedby 
their states’indicators forprofessional 
development. 

Further, we found significant and 
systemic differences in how large 
districts manage their professional 
development activities. Compared 
to small districts, large districts are 
generally more likely to manage their 
portfolios better and to provide higher 
quality professional development. 
Specifically, larger districts are more 
likely to align their professional 
development with standards and 
assessments, to co-fund their 
professional development activities, 
and to engage in more continuous 
improvement efforts; large districts 
alsoprovideprofessionaldevelopment 
activities of longer duration, with 
more opportunities for collective 
participation and active learning.�� 

Large districts may outperform 
smaller districts because they have a 
better infrastructureandmorecapacity 
(e.g., large districts more often have 
curriculum specialists), which may 
enable them to provide higher quality 
professional development. Large 
districts also may have a greater 
variety of funding sources in addition 
to Eisenhower. This could create a 
larger pool of funding for professional 
development and encourage large 
districts to provide higher quality 
professionaldevelopment,whichcosts 
more. Finally, large districts may face 
complexity that demands more efforts 
to monitor professional development 
activities. 

Implications for Professional 
Development Funders and 
Providers 

These findings from our national 
probabil i ty samples and our 
longitudinal sample have a number 
of implications for policy. By using 
national probability samples, our 
analyses support and extend previous 
case-study and smaller scale survey 
work in identifying six key features 
ofeffectiveprofessionaldevelopment. 
Our analysis of longitudinal teacher 
data over three years supports and 
validates these findings. Specifically, 
ourresearchindicates thatprofessional 
development should focus on 
deepeningteachers’contentknowledge 
and knowledge of how students 
learn particular content, providing 
opportunities for active learning, and 
encouraging coherence in teachers’ 
professionaldevelopmentexperiences. 
Schools and districts should pursue 
these goals using activities that are of 
greaterdurationandinvolvecollective 
participation. While reform types of 
professional development are more 
effective than traditional types, the 
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advantages of reform activities are 
explained primarily by their greater 
duration. Our research also identifies 
the high-quality characteristics that 
are more prevalent (e.g., coherence) 
and those that are less common (e.g., 
opportunities for active learning). 
Generally, there is much room for 
improvement. 

Our analyses replicate for the 
first time on a national probability 
sample the importance of duration 
and active learning. Our analyses 
extend earlier work, directing us to 
rethink these mechanisms through 
which “reform” activities may be 
more effective. Specifically, we found 
that the strength of reform activities 
is that they tend to have more contact 
hours and span a longer period of 
time than traditional activities. In 
turn, reform activities are more likely 
to have the core features of high 
quality—active learning, coherence, 
and content focus. We also provide 
evidence for previous speculation that 
coherenceandcollectiveparticipation 
are important components of high-
qualityprofessionaldevelopment.And 
our research is one of several recent 
works that document the profound 
importance of content (e.g., Cohen 
& Hill, 2000; Kennedy, 1998). We 
found this in both our longitudinal 
and national cross-sectional samples 
of teachers. Generic professional 
development that focuses on teaching 
techniques without a content focus 
does not appear to be effective. 

Our analyses provide three main 
insights into managing professional 
development activities. 

First, our analysis of a national 
probability sample of Eisenhower 
district professional development 
coordinators shows that certain 
management and implementation 

strategies are related to the quality of 
professional development activities 
that districts provide to teachers. 
Specifically, alignmentwithstandards 
and assessments, district co-funding, 
continuous improvement efforts 
such as establishing indicators and 
conducting needs assessments and 
evaluation, and teacher involvement 
in district-level planning predict 
the core and structural features of 
professional development activities. 
Thus, our findings provide support 
for encouraging districts to use 
these policies and practices toward 
the provision of higher quality 
professional development. 

Second, district capacity plays a 
critical role in determining which 
districts provide high-quality profes-
sionaldevelopment.Wespeculate that 
districts could provide high-quality 
professional development, and we 
find some examples of districts doing 
exactly that. What we do not know 
from our analyses is the percentage 
of districts that have the capacity to 
offer such high-quality professional 
development. Our analyses indicate 
that larger districts have greater ca-
pacity. This greater capacity may be 
explained, in part, by their larger dis-
trict staff and, in part, by their greater 
funds. Future research should explore 
in more detail the characteristics and 
conditions that give some districts the 
capacity to provide high-quality pro-
fessional development. 

Third, our analyses suggest that, in 
addition to management and imple-
mentation and capacity issues, one 
reason districts may provide lower 
quality professional development is 
cost. Not surprisingly, high-quality 
professional development costs more 
per participant than lower quality pro-
fessional development. Districts may 

feel a responsibility to reach a large 
numberof teachers,andthis isreflected 
in thecostperparticipant.Thequestion 
is, should districts continue to spread 
moneyacrossasmanyteachersaspos-
sible? Or should they focus the money 
on a small number of teachers, so that 
they can provide higher quality, more 
influentialprofessionaldevelopment? 
Our results suggest the money should 
befocused.Districtscould increase the 
quality of the professional develop-
ment they provide by focusing their 
money on a small number of teachers, 
rather than spreading it across a large 
number of teachers. 

These lessons are timely, given the 
current emphasis of standards-based 
reform on teachers’ professional 
development. In this study we 
have used our national probability 
and longitudinal data to identify 
features of effective professional 
development activities, describe 
their prevalence, and determine the 
district management practices that 
are related to the provision of high-
qualityactivities.Ourfindingssuggest 
positive directions for schools and 
districts to increase the quality of the 
professional development activities 
that they provide and thus to increase 
the chances of having a positive effect 
on teachers and, ultimately, student 
learning. 
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Notes 
�.	 The probability of a district’s being 

chosen for our sample was propor-
tional to district size (i.e., the number 
of teachers in the district). The sample 
was also selected to allow variation on 
poverty level. 

2.	 See Garet et al. (200�) for additional 
details about the sampling design and 
methodology. 

3.		 As part of the study we also conducted 
a series of case studies in 10 school 
districts (two districts in each of five 
states). The case studies provide 
detailed information about how the 
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Eisenhower Professional Develop-
ment Program operates in selected 
states, schooldistricts,andschools; for 
the most part case study data support 
and help to explain findings from the 
survey data. 

4.		 Four hundred thirty (430) teachers 
responded to the 1996-97 survey; 429 
teachers responded to the 1997-98 
survey; and 452 teachers responded 
to the 1998-99 survey. The response 
rate for the first wave was 75%; for the 
second wave, it was 74%; and for the 
final wave in 1998, 75%. Given our 
analysis strategy of looking for change 
over time in the same teachers, the 
sample for the analysis is restricted to 
teachers who returned all three waves 
of the survey, who participated in pro-
fessional development in 1997-98, and 
who continued to teach the same course 
over all three waves of the survey. The 
last restriction is necessary because 
changes in the course taught might 
introduce changes in teaching practice 
apart from the effects of professional 
development experiences. Finally, the 
sample is restricted to teachers who 
provided complete data on all of the 
necessary items. The number of teach-
ers meeting these conditions ranged 
from about 125 to 135, depending on 
the specific analysis. See Desimone, 
Porter,Garet,Yoon,&Birman (inpress) 
for a more complete description of the 
sampling, response rates, design, and 
methodology. 

5.		 The national probability sample for 
district program coordinators has an 
88% response rate. The national prob-
ability sample of teachers who par-
ticipated in Eisenhower professional 
development activities has a response 
rate of 72%. The 72% response rate 
is especially high considering the 
multistage process necessary to com-
plete the sample.District coordinators 
had to submit the complete list of 
professional development activities 
provided during the prior year and the 
number of participants. Two activities 
were selected from each district with 

probability in proportion to size, 
and from those, complete rosters of 
teachers were collected from which 
two teachers were randomly selected 
and surveyed. 

6.		 Since it is possible that teachers in 
different types of schools or teachers 
with different characteristics may 
experience different types of profes-
sional development, we included 
school and teacher characteristics as 
control variables in our model. The 
model includes the characteristics of 
the schools in which the participating 
teachers teach: the percent of students 
eligible for free lunch and the percent 
of minority enrollment. The model 
also includes five characteristics of 
the participating teachers: gender, 
subject of the teacher’s professional 
developmentexperience(mathematics 
or science); grade level (elementary, 
middle, or high school); whether the 
teacher is certified in the teacher’s 
main teaching field; and the teacher’s 
teaching experience, in years. In ad-
dition, since we were interested in 
understanding the differences be-
tween activities supported through 
the district and IHE component of the 
program, we also included the spon-
sorship of the activity as a variable in 
the model (coded 1=IHE, 0=district). 
Results for these differences are not 
reported here, but are discussed in 
Garet et al. (200�). 

7.		 Estimating this model with structural 
equations (e.g., LISREL) would not 
enable us to estimate a nonrecursive 
model, but would allow us to take into 
account the reliability of the measures 
(Bollen, 1989; Hanushek & Jackson, 
1977). 

8.		 For more detail on these and other 
results reported in this article, see Bir-
man et al. (2000), Garet, et al. (200�), 
Desimone, Porter, et al. (in press) and 
Desimone, Porter, et al. (in press). 

9.		 The1988-99evaluationcollecteddata 
on duration from districts rather than 

teachers, so a comparison of results 
from the 1988-89 and the current 
evaluation should be interpreted as 
providing an indication of the general 
magnitude of the change rather than 
a precise numerical estimate. See 
Knapp, Zucker, Adelman, & St. John 
(1991). 

�0. A “participation” is a teacher par-
ticipant in an Eisenhower-assisted 
activity. Teachers who participate in 
more than one activity are counted 
separately for each activity in which 
they participate. The dollar per par-
ticipation figure for districts includes 
federal Eisenhower dollars only and 
does not include the 33% matching 
requirement. 

11. Throughout our analyses of district 
data, we tested to see where patterns 
of Eisenhower support for profes-
sionaldevelopmentdiffersignificantly 
according to the district poverty level 
or the size of the district. All of our 
analyses simultaneously control for 
size and poverty, so any effects are 
independent of one another. We also 
tested for the interaction between 
these two variables. For more details 
onourdistrictfindings, seeDesimone, 
Porter, et al. (in press). 

Appendix 
The results from our analyses of 

longitudinal data are presented in Table 
A.2. To estimate the magnitude of 
participating inprofessionaldevelopment 
focused on a particular teaching practice 
within one of the three areas (i.e., 
technology, higher order instruction, 
and alternative assessments), we created 
two new variables to characterize each 
professional development activity: the 
mean focus the activity gave to the set of 
practices within an area and the relative 
focus the activity gave to each of the 
specific practices in an area. 

Mean focus. To assess the extent to 
which the professional development 
activity that a teacher attended 
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focused on multiple, related practices, 
we calculated the average or mean 
focus given to the teaching practices 
we measured. The mean focus for 
technology use is the averageemphasis 
placedonthefour technologypractices; 
mean focus for higher order instruction 
is the average emphasis placed on the 
fivehigherorder instructionalpractices; 
and for alternative assessments, mean 
focus is the average emphasis placed 
on the six alternative assessment 
strategies. Since each practice is coded 
� if it was given attention as part of the 
teacher’s professional development 
activity and 0 if it was not, the mean 
focus for each of the three areas 
ranges from 0, if no practices within 
a particular area were covered in the 
activity, to 0.5, if half of the practices 
in an area were covered, to �, if all of 
the practices in an area were covered. 
The more practices the activity focused 
on, the higher the mean focus. 
Relative focus. To measure the effects 
of focusing on one practice rather 
than another within a professional 
development activity, we used a 
measureof relativefocus.For example, 
if an activity focused on two of the 
four technology practices, including 
the use of calculators and computers to 
develop models, the relative focus for 
the use of calculators and computers 
to develop models would have a value 
of 0.5—calculated as the difference 
between the value of 1 for the use of 
calculators or computers to develop 
models and the mean focus of 0.5. 
We chose to use mean focus and 

relative focus to characterize professional 
development activities because the 
variables clearly distinguish between 
the benefits of focusing on one practice 

rather than another within a professional 
development activity (captured by 
the relative focus) and the benefits of 
professional development activities that 
focus on many or few practices (captured 
by the mean focus).2 

Statistical Methods 
Technically, our data have a two-level 

structure, with a set of teaching practices 
in a particular area (e.g., the set of five 
higher order teaching practices) nested 
within teachers. We refer to the two levels 
at which we have data as the “strategy” 
and the “teacher/activity” levels. We use 
the term teacher/activity for the teacher 
level because our data at that level include 
both teacher characteristics (e.g., subject 
taught) and characteristics of the quality 
of the professional development activity 
the teacher attended in 1997-98. 

Given the two-level (strategy-level 
and teacher/activity-level) structure of 
the data, we estimated the effects of 
professional development by using a 
hierarchical linear model. The model for 
the effects of professional development 
on the use of teaching practices in one 
of the three areas includes the following 
teacher/activity-level and strategy-level 
variables: 

Strategy-level variables. For each 
teaching practice within a particular 
area, we included two variables in the 
model: the teacher’s 1996-97 use of the 
practice and the relative focus given 
to the practice during the professional 
development the teacher attended 
in 1997-98. We also included a set 
of indicator variables specifying the 
particular practice. These variables 
represent the fact that on average, 
teachers may have increased their use 

ofsomepractices more thanothersover 
the period under study. 
Teacher/activity-level variables. At 
the teacher/activity level, we included 
the following variables in the model: 
the mean focus given to the set of 
practices in a particular area during the 
professional development activity the 
teacher attended in 1997-98, controls 
for the teacher’s subject (mathematics 
orscience)andgradelevel (elementary, 
middle, or high school), and the quality 
of the professional development (e.g., 
the time span or degree of collective 
participation).3 

We assumed that two key parameters 
in the strategy-level model would vary 
among teachers: the strategy-level inter-
cept, which represents the average use of 
all of the teaching practices in a particular 
area, in 1998-99, controlling for their use 
in 1996-97 and for the teacher’s 1997-98 
participation in professional develop-
ment; and the strategy-level slope, which 
represents the effects of focusing on one 
particular practice during professional 
development on classroom use of the 
practice in 1998-99. Thus, we modeled 
these two parameters as random effects. 
We modeled all other parameters as fixed 
effects.These assumptions reflect the idea 
that teachers may differ in the degree to 
which they changed practice over the 
period from 1996-97 through 1998-99 
and in their responsiveness to professional 
development. One key analysis question 
concerns the extent to which a teacher’s 
strategy-level slope and intercept are 
affected by characteristics of the activities 
in which the teacher participated—in par-
ticular, the mean focus on a set of practices 
in a particular area and the quality features 
of the activity. 

2 The approach we followed is similar to the approach used by Bryk and Raudenbush (1992) to distinguish individual and contextual effects in models involving 
students nested within schools. In such models, Bryk and Raudenbush propose centering measures of student background on the school mean and entering both 
the centered student values and the school means in the analysis. 

3 Mean focus is a teacher/activity-level variable because it characterizes the activity the teacher attended as a whole (the average emphasis the professional develop-
ment activity placed on the four technology practices); it does not characterize each strategy separately. 
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TABLE A.1
 
The Relationships of Features of Professional Development to Teacher Outcomes
 

Predictors Span Contact Collective Focus on Active Coherence Enhanced Change in
Hours Participation Content Learning Knowledge Teaching 

Knowledge and Skills Practice 

Dependent Variables a 

Sponsor
(1=District,
2=SAHE grantee)............ .27*** .............. .27*** ........ -.13***............. .15*** .............08**............. .01 .................02 .............. -.01
	

1.25 26.27 -.36 .40 .15 .02 .04 -.02 
(.15) (3.27) (.10) (.09) (.05) (.06) (.06) (.06)

Type
(1=Traditional,
2=Reform)....................... .21*** .............. .10** .......... .04 ................. .01 .................02................ .02 .................05* .............. .04 

.88 9.29 .11 .02 .03 .03 .11 .08 
(.14) (2.98) (.09) (.08) (.05) (.06) (.05) (.05)

Span
(1=<a day …
9=over a year)................................................................................... .08*................30*** ........... .26***.............02 ............... .02 

.05 .12 .11 .01 .01 
(.02) (.01) (.01) (.01) (.01) 

Contact Hours .................................................................................... .10** ..............31*** ........... .16***.............03 ............... .09** 
.00 .01 .00 .00 .00 

(.00) (.00) (.00) (.00) (.00) 

Collective Participation ..................................................................... .06 .................13*** ........... .08** ..............03 ............... .02 
.05 .08 .06 .02 .00 

(.02) (.02) (.02) (.02) (.00)
Focus on 

Content Knowledge .........................................................................................................................................33*** .......... -.11*** 
.29 -.08 

(.02) (.02) 

Active Learning ....................................................................................................................................................14*** ........... .03 
.18 .04 

(.04) (.04) 

Coherence ............................................................................................................................................................42*** ......... 0.21*** 
.51 0.22 

(.03) 0.04 
Enhanced Knowledge

and Skills (EKS) ................................................................................................................................................................... .44*** 
.39 

(.03) 

R2 (in percentage) ........12.3 ................10.5 ............. 6.1 ............... 11.3 ..............34.9.............. 19.6 ..............51.7 ............. 41.6
 

a For each dependent variable, standardized regression coefficient (b) is shown on the first line; unstandardized regression
coefficient (b) on the second line; standard error (in parentheses) on the third line. Sponsor and type were considered exogenous
variables in the model. 

* p<.05; ** p<.01; *** p<.001 
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TABLE A.2
 
Effects of Professional Development on the Use of Technology
 

Coefficient Model 1: Model 2: Model 3: Model 4: 
Base Reform type Time span Hours 

Level 1 model: Use of teaching strategies
1996–97 Extent of classroom use of strategy, π2 .............................. .462***................. .465***................. .452*** ..................463*** 
Calculators or computers to develop models (0/1), π3 .076 .071 .093 .099 
Calculators or computers for data collection (0/1), π4 .071 .066 .090 .094 
Computers to write reports (0/1), π5 ................................................... .179** .................. .165*.................... .176** ...................185** 
(reference category: computers to access the Internet) 

Level 2 model: Teacher/activity-level effects
Effects on intercept in strategy model (π0i)

Baseline, β00 ...................................................................................... .384***................. .449***................. .338** ...................356***
 
Mean focus on set of strategies, β01 .342** -.028 .188 .444*
	
Subject taught: (Mathematics), β02 -.068 -.060 -.078 -.080
	
Elementary school, β03 ...................................................................... -.338***................ -.343***................-.352*** ................-.351***
 
High school, β04 -.071 -.059 -.055 -.075
	

Reform type, b05 .............................................................................................................-.072
	
Time span, β05 ...............................................................................................................................................010
	
Hours, β05 ...................................................................................................................................................................................001
	
Collective participation, β05
	

Active learning, β05
	

Coherence, β05
	

Reform type x mean focus, ............................................................................................ .170
	
Time span x mean focus, β06 ........................................................................................................................039
	
Hours x mean focus, β06 ..........................................................................................................................................................-.004
	
Collective participation x mean focus, β06
	

Active learning x mean focus, β06
	

Coherence x mean focus, β06
	

Effects on dpi slope in strategy model (π1i)
Baseline, β20 ...................................................................................... .310***................. .235..................... .139 ......................299* 
Reform type, β21 .............................................................................................................-.049 
Time span, β21 ...............................................................................................................................................042 
Hours, β21 ...................................................................................................................................................................................000 
Collective participation, β21 
Active learning, β21 
Coherence, β21 

Variance components
Between-teacher variance in intercept ............................................... .076***................. .081***................. .080*** ..................079*** 
Between-teacher variance in slope .167* .182* .184* .190* 
Covariation in intercept/slope .048 .048 .043 .046 
Residual.............................................................................................. .222..................... .222..................... .207 ......................207 

Degrees of freedom
Strategy level................................................................................ 351...................... 341......................341 ......................347

Teacher/activity level 114 109 109 111 

+ p<.10, * p<.05, **p<.01, ***p<.001 
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TABLE A.2 (Continued)

Effects of Professional Development on the Use of Technology
 

Coefficient Model 5: Model 6: Model 7: 
Collective Active Coherence 

participation learning 

Level 1 model: Use of teaching strategies
1996–97 Extent of classroom use of strategy, π2 ............................ .454*** .......................423*** ..................... .436*** 
Calculators or computers to develop models (0/1), π3 .082 .083 .069 
Calculators or computers for data collection (0/1), π4 .071 .081 .078 
Computers to write reports (0/1), π5 ................................................. .177** ........................183**....................... .184** 
(reference category: computers to access the Internet) 

Level 2 model: Teacher/activity-level effects
Effects on intercept in strategy model (π0i)
Baseline, β00 .................................................................................... .350*** .......................368**....................... .206 
Mean focus on set of strategies, β01 .328* .203 .055 
Subject taught: (Mathematics), β02 -.082 -.095 -.080 
Elementary school, β03 ....................................................................-.348*** .................... -.336*** .................... -.315** 
High school, β04 -.055 -.028 -.046 

Reform type, β05 
Time span, β05 
Hours, β05 
Collective participation, β05 ................................................................ .101 
Active learning, β05 ..............................................................................................................014 
Coherence, β05 .................................................................................................................................................... .033 

Reform type x mean focus, β06 
Time span x mean focus, β06 
Hours x mean focus, β06 
Collective participation x mean focus, β06 ........................................ .027 
Active learning x mean focus, β06 .......................................................................................019 
Coherence x mean focus, β06 ............................................................................................................................. .045 

Effects on dpi slope in strategy model (π1i)
Baseline, β20 .................................................................................... .190+ .........................137.......................... .048 
Reform type, β21 
Time span, β21 
Hours, β21 
Collective participation, β21 .326* 
Active learning, β21 ..............................................................................................................041+ 
Coherence, β21 .................................................................................................................................................... .047 

Variance components
Between-teacher variance in strategy intercept ............................... .074*** .......................075*** ..................... .078*** 
Between-teacher variance in strategy slope .148+ .080 .166+ 
Covariation in intercept/slope .040 .030 .045 
Residual............................................................................................ .221 ...........................228.......................... .229 

Degrees of freedom
Strategy level..............................................................................350 ...........................332........................... 323 
Teacher/activity level 112 106 103 

+ p<.10, * p<.05, **p<.01, ***p<.001 
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Table A.3
 
Relationship of District Management and Implementation to Characteristics of Professional Development
 

Dependent Variables ab 

District Continuous Teacher Collective Active 
Predictors Planning Improvement Planning Reform Time Span Participation Learning Targeting 

Alignment .............................-.08 ..................16**.............. .16** .......... .15*........... -.01..................14* .................04...............17** 
-.03 .03 .03 .01 .00 .03 .00 .04 
(.02) (.02) (.01) (.01) (.01) (.01) (.01) (.01)

Coordination ..........................07 ..................16*** ............ .02............. .12*............ .03................. .05..................07...............05 
.06 .11 .01 .03 .01 .02 .02 .03 

(.04) (.03) (.02) (.01) (.02) (.02) (.01) (.03)
District-vs. School-
Level Planning .....................................................................................-.07 ............. .11*................-.09 .............. -.09...............08 

-.02 .06 .04 .02 .05 
(.01) (.03) (.02) (.01) (.03)

Continuous Improvement .................................................................... .06 ............. .08................. .13..................20*** ..........17** 
.02 .06 .02 .07 .14 

(.02) (.04) (.04) (.02) (.04)
Teacher Participation
in Planning ...........................................................................................-.07 ............. .03................. .08..................20*** ..........16*** 

-.04 .04 .08 .12 .24 
(.03) (.06) (.06) (.03) (.07)

Reform vs. Traditional ............................................................................................. .40*** 
.88 

(.11) 

R2 (in percentage) ...............6.6 ...............23.0................. 2.9............. 6.2 ........... 20.6................... 9.5.............23.1............23.0
	

a For each dependent variable, standardized regression coefficient (b) is shown on the first line; unstandardized regression
coefficient (b) on the second line; standard error (in parentheses) on the third line.
bThese analyses control for cluster, consortium, size, size by consortium, and poverty. 

*p<.05; ** p<.01; *** p<.001 

The effects of focusing on a set of 
practices in a professional development 
activity can be examined by comparing 
the magnitude of the coefficients for 
mean focus and relative focus. If the 
coefficient for mean focus is higher than 
the coefficient for relative focus, there 
is a “spillover” effect in which focusing 
on a set of related practices has an effect 
over and above the effect of focusing 
on an individual practice alone. If the 
coefficients for the twovariablesareequal, 

focusing on multiple practices neither 
helps nor hurts. If the coefficient for mean 
focus is lower than the coefficient for 
relative focus, it indicates that focusing 
on multiple practices detracts from the 
effect of the single practice. Because the 
effects for mean focus must be interpreted 
in comparison to the effect for relative 
focus, the results for relative focus are 
presented first. 

We conducted separate analyses for 
each of the three areas under study (use of 

technology, higher order instruction, and 
alternative assessments). For each area, 
weestimatedsevenmodels,one including 
only themeanfocusand relative focusand 
controls, and the others adding each of 
the six professional development quality 
features,oneata time.Given the relatively 
small overall sample size, we estimated 
separate models for each quality feature 
instead of including all quality features in 
a single model. 
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Valarie L. Akerson and Larry E. Dickinson 

Using GIS Technology to Support

K-8 Scientific Inquiry Teaching


and Learning
 
A model program for using GIS technology is described in the context of 
science content to help K-8 teachers become proficient in learning and 
teaching through scientific inquiry.
	

During the 1980s a revolutionary 
type of computer software called 
Geographic Information Systems 
(GIS) was developed for integrating 
environmental data bases with 
automated map makers, using 
satellites called Global Positioning 
Systems (GPS) (Audet, Hushold, & 
Ramasubramanian, 1993). GIS is 
a tool for spatial data analysis. The 
typical display of a GIS is a map-
based image where layers represent 
distinct components or types of 
information (Baker, 2000). These 
layers can be manipulated, making 
them accessible to more data than 
traditional cartography. Educational 
applications of GIS are gaining 
attention, and promise to impact 
classrooms. By emphasizing local 
information GIS can make learning 
about the environment relevant and 
meaningful in a global setting. GIS 
allows teachers to integrate scientific 
disciplines in their research efforts to 
askquestionsandsolveproblemsabout 
their environment. With the inclusion 
of remote sensing, desktop GIS, and 
Internet-based mapping, teachers are 
gaining opportunities to become fully 
immersed in the analysis of spatial 
data (Baker, 2000). Current science 

education research in GIS instruction 
calls for more teacher workshops to 
prepare teachers to learnaboutGISand 
apply it in their instruction (Audet & 
Abegg, 1996; Paladino, 2000). 

Using GIS requires a content area 
as a context (Baker & Case, 2000). 
Thecontentareaandsocialproblemof 
salmon recovery supports the current 
elementary and middle school science 
curriculum and meets the ecosystems 
standard for national (AAAS, 1993; 
NRC, 1996) levels. The salmon 
recovery issue is also a good subject 
to study because there are so many 
local influences that can be explored 
through GIS technology. 

The National Science Education 
Standards (NRC, 1996) recommend 
that all science teachers continue to 
develop their pedagogy and content 

It has been 
traditionally thought of
as difficult to prepare 
teachers to use inquiry
methods to teach 
science. 

knowledge through inquiry. Inquiry 
is defined as raising an investigable 
question, developing methods to 
answer that question, carrying out 
those methods, analyzing the data, 
and reporting findings and making 
conclusions. It has been traditionally 
thought of as difficult to prepare 
teachers to use inquiry methods to 
teach science. The goal of the current 
project was to provide elementary 
and middle school science teachers 
with content background and inquiry 
strategies for delivering effective 
inquiry instruction for environmental 
problems such as the salmon issue, 
through use of GIS technology. 

Theoretical Background
Though it has been deemed 

important to teach science using 
inquirymethods, ithasalsobeenfound 
difficult to prepare teachers to do so, 
particularly elementary teachers who 
have limited science backgrounds 
and likely no experience in actually 
conducting a science investigation 
(Kielborn & Gilmer, 1999). Weaker 
preparation in science could make 
them weaker in their knowledge of 
science content (Atwater, Gardener, 
& Kight, 1991; Schoeneberger & 
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Russell, 1986), and less confident 
about their skills in teaching science 
(Cox&Carpenter,1989;Perkes,1975; 
Tilgner, 1990). 

Giving K-8 teachers experiences 
with scientific inquiry has been shown 
to improve their understandings of 
inquiry, hopefully relating to their 
abilities to apply inquiry to their own 
teaching (Kielborn & Gilmer, 1999). 
Additionally, learning in context is 
important, (Saxe,1988), and thus, 
this project used a local controversial 
science issue as a context for inquiry. 
Baker and Case (2000) also found 
that content can provide a context for 
science teachers to learn to use GIS 
technology. Thus, the science content 
provided by investigating the salmon 
issue provided a context for both 
science inquiry and GIS technology 
learning. 

The teaching methods used in 
the project are based on Harlen’s 
(1997)recommendations.Specifically 
participants were (a) asked to express 
their ideas about content studied, 
(b) provided with opportunities 
for exploration and involvement to 
develop their knowledge and skills 
through hands-on inquiry activities, 
and(c)askedtoreflectontheir learning 
to help develop and assess change in 
knowledge. 

Description of the Project
Five primary teachers (grades 

1-3), ten middle school (6-8), one 
para-educator, one school librarian, 
one high school and one college 
instructor enrolled in a specially 
designed summer course at a Pacific 
Northwest university. Fifteen of 
those teachers enrolled in the course 
as a part of their master’s program. 
All teachers but one enrolled in this 
particular course to learn more about 
the controversial environmental issue 

Table 1. Summary of course participants. 

Grade Levels Number of Teach Only Graduate 
participants Science Student 

K-3 5 
6-8 10 
High School 1 
College 1 
School Librarian 1 
Para Educator 1 

of salmon recovery. The librarian 
enrolled in the course specifically 
to learn to use GIS technology. One 
teacher was specifically a science 
teacher, the rest were generalists 
without special science training or 
knowledge.SeeTable1forasummary 
of participants. 

The course instructor formed a 
partnership witha local company, Soil 
Search,LLC,who hadaspecialtywith 
using GIS and GPS technology. The 
company provided the teachers with 
training in theuseofArcViewGIS3.2a 
for both data collection and analysis, 
as well as training with handheld GPS 
units (Garmin eMaps). The teachers 
received a full 7 hour day training 
fromaGISspecialist fromSoilSearch, 
LLC, in using ArcView GIS 3.2a, and 
were required to use it during the rest 
of the course for data collection and 
analysis. The specialist was available 
by phone, email, and often gave face-
to-face individual consultations as 
teachers were learning the software. 
The specialist was also available at 
the end of the course for support in 
analysis of the data. 

The course instructor provided 
instructionininquiryteachingmethods, 
as well as content surrounding the 
salmon recovery issue. In the Pacific 
Northwest this environmental issue 

0 5 
0 9 
1 0 
0 1 
0 0 
0 0 

is very controversial. Simply put, the 
issue surrounds whether, and which, 
species of salmon are endangered. 
Contributors to the demise of salmon 
include but are not limited to: 
dams, hatcheries, changing water 
temperature, changing water quality, 
river habitat, ocean habitats, and over-
harvesting of fish at different points of 
their life cycles (Lichatowich, 1999). 
Additionally, others question whether 
there actually is a decrease in numbers 
of salmon, and raise the point that to 
fully recover salmon numbers life in 
the Pacific Northwest would have 
to return to colonial days. Thus, the 
science topic was ripe for inquiry, 
and GIS was an appropriate tool for 
collection and analysis of data. 

Description of Activities 
Teachers participated in a 7 hour 

a day, two week course that focused 
on learning to teach inquiry science 
using a real-world problem through 
GIS technology. On the first day of 
the course the problem of salmon 
recovery was identified and clarified, 
and teachers selected focus groups 
on which to conduct inquiries. Many 
issues were identified that were 
contributors toward salmon recovery, 
but because of the size and time limits 
of the class, the focus was limited to 
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five topics.Thesefive topicsgenerated 
by the teachers for in-depth inquiry 
were: dams, agriculture and land 
development, hatcheries, water and 
environmental habitats, and Native 
American perspectives. 

The course facilitators organized 
field trips and speakers that would 
provide the teachers with diverse 
views regarding the salmon issues. 
Ideally, the teachers would seek the 
information themselves, but given the 
length of the course this organization 
was done in advance. Teachers did, 
however, conduct other research on 
their own during the course. The 
teachers heard from selected guest 
speakers regarding the Endangered 
Species Act and the Clean Water 
Act, visited dams to see what ways 
they were investigating protecting 
salmon, visited the Conservation 
District Office, and salmon hatcheries 
to get perspectives on what is being 
done to produce more salmon that 
are genetically hardy and can keep 
characteristics similar to wild salmon 
(Levin & Schiewe, 200�). They also 
heard from a guest speaker from the 
Umatilla Tribe to hear viewpoints 
from Native Americans and the role 
salmon plays in their culture and 
economy. Additionally, the groups 
had afternoons to conduct inquiry 
into their own focus topics, and were 
charged with writing a summary 
report and presenting that report 
orally to their classmates so all shared 
benefits of their investigations. The 
culmination of the course consisted 
of the class debating and making a 
recommendation for resolving the 
salmon recovery issue. 

Within the scope of the above 
framework, teachers also learned to 
use GIS to help collect, organize, 
analyze, and present their data. They 
spent one 7 hour session learning 

conceptually about GPS/GIS by using 
the Garmin eMaps, and then learning 
the ArcView 3.2a software for use 
during the rest of the workshop. 
They identified fields and made data 
collection tables that would serve as a 
startingpoint foreachfocusgroup.The 
data collection tables were modified 
and filled in during the remainder 
of the workshop as investigations 
proceeded. The data tables could then 
be connected to overlaying maps of 
areas in the Pacific Northwest that 
matched the data, for instance, for 
which dams in Washington State had 
what numbers of fish passing over it 
during certain years. On the final day 
of data analysis the teachers were able 
tocombine theirdataanalyses intoone 
layered map in which it was possible 
tocomparenumbers offish goingover 
each dam, to numbers of fish released 
in nearby hatcheries, to harvesting 
data, for instance. These numbers 
could then be converted to layered 
graphic data, enabling a comparison 
of different factors. 

Data Collection 
Athree-item content questionnaire 

was given to all teachers pre and post 
instruction, as well as an eight-item 
questionnaire designed to tap their 
understandings of nature of science 

There was a strong 
need for in-depth 
understanding of
teacher conceptions 
and a desire to 
appropriately 
interpret questionnaire 
responses. 

(See Appendix). There was a strong 
need for in-depth understanding of 
teacher conceptions and a desire to 
appropriately interpret questionnaire 
responses. Therefore ten graduate 
students were randomly selected 
to participate in semi-structured 
interviews, five pre-instruction, and 
five post-instruction. The teachers 
were provided with copies of their 
questionnaires, and asked to elucidate 
their points verbally to the interviewer 
(either a faculty member or trained 
graduate teacher). This approach 
allowed the use of the post-instruction 
interview data both to establish the 
validity of the questionnaires and 
facilitate the interpretation of changes 
in participants’views. The interviews 
were audio taped and transcribed for 
later analysis. 

The researcher maintained a log 
of daily class activities, as well as 
perceptions of teacher learning, use 
of technology, and inquiry. Teacher 
logs were collected and read for their 
developing ideas and understandings 
of the salmon recovery issue, inquiry 
teaching, and use of GIS technology. 

Data Analysis 
Initiallytheresearcheranalyzedpre-

instructionquestionnaires forbaseline 
knowledge about the salmon recovery 
issue as well as understandings of 
nature of science. The author sought 
patterns in her researcher log and 
teachers’ logs for references to use 
of technology, specifically GIS 
technology, in teachers’datacollection 
and analysis. Next the interview 
transcripts were analyzed similarly, 
searching for patterns in teacher 
understandings of nature of science as 
wellassalmonrecovery,andreference 
made to GIS technology. Viewing 
the interview transcripts enabled 
the researcher to be assured she was 
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interpreting questionnaire responses salmon recovery issue. In their pre-
appropriately, further enhancing the instruction responses to what issues 
validityof theanalysis.Post instruction they could identify that contributed Because teachers had a 
questionnaires and interviews were 	 to salmon demise only 4 issues were more informed view of similarly analyzed, resulting in a identified, and these were restricted 
summary of general understandings mostly to fourteen teachersstating that elements of nature of 
held by the class pre and post- dams (14) were the cause of salmon science post instruction
instruction. The summaries were 	 demise, and ten (some identified both) as pre-instruction, it is soughtforpatternsorcategories,which commenting that over harvesting 
were checked against confirmatory or was a contributor to salmon loss. likely they will have a
contradictory evidence, and were After instruction many more issues more informed view of modified.		 were identified, with the responses 

being mostly to contributions of (a) inquiry. Pre and post summaries were 

hatcheries (9), (b)dams(8), (c) culture 
compared to assess changes in 

place for salmon recovery, prior to and society’s views, including Native participants’understandingsofsalmon 
instruction teachers identified only 9 American (7), and (d) water use (6).recovery issues, nature of science, and 
remediations, with the most common Pre-instruction responses to the the use of GIS technology. 
response being the controversial questionnaire indicate that there were 
solution of breaching dams (11). many misconceptions regarding the Results Following instruction the types of salmon life cycle. Several teachers Understandings of salmon recovery	 more recovery recommendations did not realize that salmon were 

There was quite a range of science anadromous and spent time in both than doubled, with nineteen different 
backgrounds for the participants in the fresh and ocean water. They did not responses. The flavor of the responses 
class.Teachershadtakenfrom3science generally know the names of each changed as well. While there were 
credits to 30. Many teachers in the fourteen teachers who included dams stage of the life cycle. However, at 
class emphasized education or English/ the post-instruction questionnaire on their post-instruction responses, 
language arts as their undergraduate and interview all teachers were able noneof themspokesolelyofbreaching 
majors.Thus, teacherswerenot science dams, but more of modifications that to identify the appropriate life cycle 
specialists. It is not surprising to see stages, and all knew that salmon were being made on dams to make 
that their initial understandings of the trekked from stream to ocean, and them more salmon friendly. 
salmon issue were not substantial. back to stream. Several included other Understandings of nature of science Table 2 summarizes the pre- and post- details, such as the length of time 
instruction responses. Teachers improved in their different species of salmon spent at 

Virtually all teachers who 	 understandings of nature of science different points in their travels. 
participatedintheinstitutesubstantially (NOS),asevidencedfromacomparison In response to the question of what 
improved their knowledge of the 	 oftheirpre/postresponsesontheViews remediations were already taking 

of Nature of Science Questionnaire 
(VNOS) (See Table 3 for an overview Table 2. Comparison of pre- and post-understandings of salmon of their responses). Because teachers recovery issues had a more informed view of elements 
of nature of science post instruction 

Pre- Post- as pre-instruction, it is likely they 
instruction instruction will have a more informed view of 

inquiry. Number of Salmon issues identified 4 20 Prior to instruction most (18) Number Accurate Salmon teachers could not state that science Life Cycle Descriptions		 4 18 differedfromotherdisciplinesbecause Number of Remediations Identified 9 19 it required evidence, and yet after 
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Table 3. Number of teachers with adequate views of target NOS 
elements. 

Pre- Post-
instruction instruction 

Empirical
Tentative 
Creative and imaginative
Subjective (theory-laden)
Social and cultural 
Observation vs. inference 
Theories and laws 

instruction 9 teachers stated that 
science was differentiated from 
other disciplines because it required 
empirical evidence to make claims. 
Thus, teachers improved in their 
understandings of the empirical 
NOS. 

Teachers’ conceptions of the 
tentative NOS also improved. Prior to 
instruction one teacher believed that 
onceascientific theorywasdeveloped 
it never changed. Others stated that 
science finds exact, final answers. 
Following instruction 18 teachers 
believed that science was tentative, 
and with new evidence theories 
can change, while the teacher who 
believed that scientific theories never 
change was now uncertain about her 
response. 

Prior to instruction teachers did not 
hold complete understandings of the 
subjectiveNOS.Frompost-instruction 
responses it is evident that teachers 
improved in their ideas that science is 
somewhat subjective. Indeed, someof 
the subjectivity can be due to social 
and cultural influences, and teachers’ 
viewpoints of the social and cultural 
element of NOS also improved. 

Teachers’ views of the distinction 
between observation and inference 
also improved. Following instruction 

0 9 
4 18 

18 18 
14 18 
3 11 
4 18 
0 5 

teachers recognized that scientists 
couldusetheircreativityininterpreting 
evidence when developing models 
that represent reality (i.e., an atomic 
model) whereas prior to instruction 
four teachers believed scientists had 
to actually observe and see something 
to be able to make a claim for their 
explanations. 

Prior to instruction 15 teachers 
believed that theories are untested 
ideas, and laws are proven facts. The 
others believed that theories would 
become laws after they had been 
accepted, or “better proven.” After 
instruction four teachers still held that 
idea,butfiveteachersheldtheaccepted 
view that theory is an explanation for 
a law which is observable, and others 
had developed similar ideas that were 
closer to the accepted view. 

Use of GIS technology for Inquiry 
Four themes emerged from the 

data regarding how GIS technology 
can be used to support inquiry 
teaching and learning. First, it was 
found that teachers commented both 
verbally and in their logs about the 
role of technology, particularly GIS 
technology, on their learning of 
the inquiry teaching process. One 
representative comment was “it 

seems that technology is making this 
data collection both easier and more 
difficult. It is more difficult at first, but 
once I get the hang of it, I can organize 
my data quickly.” 

Second, when teachers responded 
on nature of science surveys, they 
included the importance of GIS 
technology in helping to develop 
scientific knowledge and thinking. 
For example, one teacher wrote on her 
questionnaire “technology, like GIS is 
helpful in developing scientific ideas 
because it can extend your senses, 
make it easier for you to observe 
different things.” Another said, “The 
GIS is particularly nice because you 
can organize your data into different 
layers and see things you might not 
haveotherwiseseen inyourdata. It can 
help build scientific knowledge.” 

Third, teachers mentioned 
difficulties associated with learning 
GIS. It appeared very important to 
have the support available to them 
to help overcome these difficulties. 
One teacher mentioned in her log “if 
it weren’t for being able to contact 
Jason (the GIS specialist), I probably 
never would have figured out the GIS 
fields.” Another noted, “I’m glad we 
had work time in the lab while Jason 
was there. If he wasn’t there I might 
nothavefigured itout.”Another stated 
in an interview, “usually I just don’t 
have time or the resources to learn a 
new software program, no matter how 
beneficial it might be in the long run. 
It was good to have both the time and 
the support for learning the ArcView 
program.” 

Finally, teachers commented on 
how they could at last see how inquiry 
teaching could be approached. They 
did not get “bogged down” in data 
analysis, but rather could spend their 
time interpreting the data as it was 
displayed in different ways in their 
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to participate in a scientific inquiry Without being required to learn the 
about a controversial topic that gener- GIS software, and giving time and 

It is apparent from ated much interest. They were able to support to learning, it may not have 
select areas of interest about which beenasconvenient for teachers to learn this study that with to design in depth inquiries, put the software. Additionally, without 

time and support together the information from their the problem-solving context in which 
group and other groups’ inquiries via teachersdesiredtofindanswers to their teachers can use GIS 
GIS technology, and analyze the data foci, they may not have seen a need for technology to enhance again using GIS technology, making a learning or using the GIS technology. 

their inquiry science reasonable recommendation for A desire to use the technology to find 
resolving the issue based on these an answer to their problems, coupled learning, and hopefully analyses. They were aware that their with time and support to learn the 

that will translate into recommendations may have been technology, helped the teachers use 
a positive teaching different had they selected to focus the technology to assist their authentic 

on different contributing factors, and inquiry. experience for them if they had more data and informa- Theauthorsofthispaperrecommend 
as they put it into tion in their given topics as well as that teacher educators who want to 
classroom practice. how they looked at the data. They promoteuseof technologyby teachers 

gained a better understanding of the find authentic reasons for teachers to 
ArcView program. One teacher stated tentative nature of science, in part, use such technology, to model how 
in an interview “It was helpful to be because they could look at the data in 
able to look for trends in the data and different ways through the ArcView 
see patterns without having to do all GIS software, allowing them to make 
kinds of wild calculations. It helped better interpretationsof thedata.Thus, A desire to use the 
me in interpreting the data.” Another GIS technology in scientific inquiry 
stated on her questionnaire, “I finally can possibly influence conceptions of technology to find 
get inquiry! It seems I was always so NOS; a topic for future study. an answer to their 
focused on getting the results I never From the teacher logs, course problems, coupled with 
spent enough time figuring out what evaluations, questionnaire and 
the results really meant. And that is the interview responses, it is apparent time and support to 
real purpose of inquiry!” And finally, that teachers had an enhanced view learn the technology, 
from the course evaluation, “This was of inquiry teaching at the conclusion helped the teachers use
a great model for inquiry teaching. of the course. Additionally, from 
And using the GIS was scary at first, viewingtheirpresentationsandpapers, the technology to assist 
but really helped when interpreting it is apparent that the GIS technology their authentic inquiry. 
the data.” component enhanced their ability to 

record, organize, and analyze data 
Implications and allowing them to make important that technology can be used to support 

Conclusions interpretations for their inquiry. Akey goals teachers must already help their 
It is apparent from this study that to the success of the GIS component students meet (e.g. national science 

with time and support teachers can was the specialist who was able to education inquiry standards), and to 
use GIS technology to enhance their provide both group and individual provide time and support to those 
inquiry science learning, and hope- support as teachers were using the teachers in learning such technology. 
fully that will translate into a positive GISsoftware.Anotherkey tousing the Theauthorsfoundthemodelcontained 
teaching experience for them as they software to enhance inquiry learning within this report to be an effective 
put it into classroom practice. From was the requirement to do so, and way in helping teachers recognize 
this course the teachers were able the science content as the context. how technology, particularly GIS 
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technology, can support their efforts 
in learning and teaching scientific 
inquiry. 
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Appendix 
Pre and Post-Questionnaires (Content 

and Nature of Science). 
Salmon Questionnaire 
1.		 What issues can you identify that 

affect salmon recovery? 
2.	 Please describe the life cycle of the 

salmon, including its migrations 
3.		 What kinds of recommendations do 

Nature of science Questionnaire 

4.		 After scientists have developed a 
theory (e.g. atomic theory), does the 
theoryeverchange?Ifyoubelieve that 
theories do change, explain why we 
bother to teach theories. Defend your 
answer with examples. 

5.		 What does an atom look like? How 
certain are scientists about the struc-
ture of atoms? What specific kinds of 
evidencedoyouthinkscientistsusedto 
determine what an atom looks like? 

6.		 Is there a difference between a sci-
entific theory and a scientific law? 
Give an example to illustrate your 
answer. 

7.		 How are science and art similar? How 
are they different? 

8.		 Scientists perform experiments/in-
vestigations when trying to solve 
problems.Other than the planningand 
designof theseexperiments/investiga-
tions, do scientists use their creativity 
and imagination during and after data 
collection?Pleaseexplainyouranswer 
and provide examples if appropriate. 

9.		 Is thereadifferencebetweenscientific 
knowledge and opinion? Give an ex-
ample to illustrate your answer. 

�0. Some astronomers believe that the 
universe is expanding while others 
believe it is shrinking; still others 
believe that the universe is in a static 
state without any expansion or shrink-
age. How are these different conclu-
sions possible if all of these scientists 
are looking at the same experiments 
and data? 

Valarie L. Akerson, Assistant Professor, Sci-
ence Education, Indiana University, 201 North 
Rose Avenue, Bloomington, IN 47405. Cor-
respondance pertaining to this article may be 
sent to vakerson@indiana.edu. 

Larry E. Dickinson, Soil Search, LLC, 42125 

South Morton Road, Kennewick, WA 99337.
	

you currently know of that are being 
made to help salmon recovery? 
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José M. Rios 

Teaching to the Science Standards:

Stories from the Classroom
 

Results of qualitative research indicate that although teachers do not object to 
standards-based instruction, they are not receiving sufficient support to align 
current instructional and assessment practices with published benchmarks. 

Research on Science Standards. 
Standards and science. The debate 

has been in the news since the 
publication of A Nation At Risk in 
1983. Researchers have documented 
the struggles of creating science 
standards (Kennedy, 1998; Roberts, 
2000; Forster & Wallace, 2002), 
while pointing out the strengths and 
weaknesses of the current movement 
inscienceeducation(Rodriguez,1997; 
Guskey, 2001; Hill, 2001). In recent 
years, there have been articles dealing 
with teachers’ views and practices in 
planning science instruction (Levitt, 
2002),connectionsbetween thenature 
of scientific inquiry and classroom 
activities (Keys & Bryan, 2002), 
teachers’ struggles with aligning 
standards-based science curricula 
with the needs of diverse students 
(Ruiz-Primo et al., 2002), and ways to 
involve teachers in science education 
reform (Weidenmann & Humphrey, 
2002). Few studies, however, look at 
connections between state standards 
and the actual process of science 
instruction. 

Some of the classroom-based 
researchfocusonconnectionsbetween 
thenatureof science, teachers’beliefs, 
and classroom practice (Bryan, 1998; 
Tobin & McRobbie, 1996; Keys & 
Kang , 2000). Only recently have 

researchers begun to examine some 
of the connections between science 
standards and the realities of public 
schools (Hayes & Deyble, 2001; 
Puskin, 2002; Barton & Tobin, 2002). 
According to Spillane et al. (200�), 
“Because of the nature and magnitude 
of the reforms, most teachers struggle 
tounderstand their substanceand their 
implications for practice” (p. 918). 
Thesestruggleshavebeendocumented 
in other states that are working toward 
aligning curricula with state standards 
and creating statewide assessments. 
Unfortunately, there have been few 
studies focusing on Washington State 
(LaGuardia et al., 1999). 

Background on Washington State 
TheWashingtonEssentialAcademic 

Learning Requirements (EALRs). 
In Washington State, the EALRs 
(Washington State Commission on 
StudentLearning,1998)haveaffected 
thewaydistrictsapproach the teaching 
of math, reading, writing, and science. 
The EALRs represent Washington 
State’s translation of the National 
Science Education Standards (NRC, 
1996) for districts, teachers, students, 
andparents.Like the NationalScience 
Education Standards, these general 
guidelines are broken down into three 
categories of benchmarks (K-5, 6-8, 
and 9-10), which address systems, 

physical science, Earth and space 
science, life science, scientific inquiry, 
problem solving, nature of science, 
and science/technology/society. 
These benchmarks are blueprints for 
developinggradelevelframeworksthat 
will help teachers and administrators 
make curricular, instructional, and 
assessment decisions. Ultimately, the 
EALRs and benchmarks will help 
teachers and students prepare for the 
Washington Assessment of Student 
Learning (WASL). 

The Washington Assessment of 
StudentLearning(WASL).TheWASL, 
which is administered in grades 
5, 8, and 10, is a criterion-based 
assessment consisting of multiple 
choice, short answer, and extended 
response items. Currently, the WASL 
examination is in the pilot stages, 
with voluntary participation from 
schools and districts. However, the 
8th and �0th grade assessments will 
become operational in 2003-04, while 
the 5th grade assessment will become 
operational in 2004-05. 

With the WASL’s operational 
deadlines looming, partnerships have 
formedamongK-12districts,business 
leaders, universities, and informal 
science education agencies to assist 
teachers in making the transition to 
standards-based science instruction. 
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Some of the work focuses on creating 
workable frameworks for teachers. 
These frameworksprovidegrade level 
targets in the subdisciplines. Other 
work is more systemic in nature, 
involving districts in professional 
development, assessment, and 
curriculum development. What all of 
this work has in common is the desire 
to help teachers help students meet 
the goals of the EALRs. The goal of 
this paper is tell some of the teachers’ 
stories about science teaching and 
science standards. 

Purpose
The purpose of this research 

study was to examine teachers’ 
experiences with the EALRs and 
explore the relationships between 
science standards and science 
teaching. Specifically, five questions 
guided this research: (a) What are 
practicing teachers’perceptions of the 
Washington State science standards? 
(b)What are the connections between 
these standards and curriculum 
planning? (c) How do practicing 
teachers address the standards in 
their classroom instruction? (d) 
What factors impede or facilitate the 
integration of these standards into 
science instruction? (e) What are the 
connections between these standards 
and assessment? 

Method 
Rationale 

According to Anderson and Helms 
(200�), the most promising research 
on science standards and science 
instruction will: 

(�) be approached from 
multiple perspectives, (2) be 
conducted in the “real world,” 
(3) focus on interventions into 
conventional schoolpractice, (4) 

not assume that change can be 
driven from the top down, (5) be 
interpretive in nature, (6) focus 
on student roles and student 
work, (7) give major attention to 
teacher learning(which includes 
addressing values and beliefs), 
(8) attend to parents’ concerns, 
and(9)beapproachedsystemati-
cally. (p. ��) 

This research project incorporated 
these criteria into its design. Using 
an interpretive approach to classroom 
research (Strauss & Corbin, 1990), I 
focused on identifying meanings that 
participants assigned to the EALRs 
and the WASL. Data were collected 
over the course of three quarters 
(September 2000 – June 2001) in 
which participants were enrolled in 
three courses at the University of 
Washington, Tacoma. 

Context of the Study 
Participants enrolled in three 

courses, which are required for a 
study option in science education. 
The first course, Curriculum Design 
and Assessment in Science Education, 
explores the relationship between 
standards and the construction and 
evaluationofcurrentsciencecurricula. 
The second course, Inquiry in the 
Science Classroom, examines the 
connections between these standards 
and classroom instruction. The final 
course, Using Technology in Science 
Education, introduces teachers to 
new technology and how they can use 
that technology to enhance science 
teaching. 

All classes met for three hours on a 
weeklybasisfortenweeks.Participants 
explored theoretical and pedagogical 
issues related to standards-based 
instruction through required readings. 
They also engaged in discussions and 

hands-onactivitiesdesignedtoexplore 
participants’ ideas about standards 
and how they affect curriculum 
design, instruction, and assessment. 
Participants led discussions, gave 
teaching demonstrations, and wrote 
critical reflections of these activities. 
Other course assignmentsencouraged 
participants to examine their teaching 
responsibilities critically and make 
changes based on their emerging 
understandingofthesciencestandards. 
These assignments included personal 
essays,technologyreviews,curriculum 
analyses, lesson plans and video 
production. 

Participants 
Twenty teachers (17 females and 

3 males) participated in this study. 
19 were public school teachers and 
one taught at a private religious 
school. The participants’ ages ranged 
from 22 to 48, with a median age of 
33. All participants were working 
toward a Master of Education degree 
(M.Ed.) with 12 students declaring a 
science education study option. With 
the exception of two participants 
with science degrees, the science 
backgrounds of the class members 
were similar. 

Data Sources 
Overall, there were four primary 

sources of data for this study. The first 
source includedaudiotapedrecordings 
ofallclasssessions, includinglectures, 
whole group discussions, and small 
group work. The second source, 
videotapes of teacher-led activities, 
was used by each participant for the 
reflective assignments and by me as a 
sourceforexamplesof teacher-teacher 
interactions. Field notes, the third 
data source, documented contextual, 
theoretical, and methodological 
issues as they arose during the classes 
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(Corsaro, 1985). Finally, the fourth 
data source included the assignments 
and reflections turned in by each 
participant. These multiple data 
sourceswereessential for thepurposes 
of triangulation (Merriman, 1988). 

Data Analysis 
All audiotapes and videotapes 

were transcribed on an ongoing basis. 
These transcripts were compared 
to field notes and emerging themes 
were noted (Erickson, 1986; Strauss 
& Corbin, 1990; Bogdan & Biklin, 
1992). Through an iterative process 
of reading transcripts and refining 
themes, I then looked at work samples 
to find examples of those themes. At 
theendofeachcourse,volunteers from 
the course checked the clarity of the 
themes and examples from various 
data sources. Unclear themes were 
reexamined, revised, and presented 
again to members for discussion. 
Finally, I used a reflective journal 
to track all decisions regarding data 
collection and analysis during the 
study; this constituted an audit trail. 
Thusdataanalysisoccurredthroughout 
the entire research project (Strauss & 
Corbin, 1990). 

Findings 
Assertion 1: Teachers are not 
seeing standards-based curricula. 

The teachers in this study knew 
about the science standards, but have 
not seen good examples of standards-
based curriculum. Of those who 
have worked with standards-based 
curriculum, there was a largedisparity 
about what counts as curriculum. For 
some, thecurriculumis justa textbook. 
For others, a series of kits suffice. 
Yet, when we explored the idea that 
a curriculum is more than just books, 
videos and kits, I was surprised by the 

participants’ lack of experiences with 
standards-based curricula. 

Whatcountsascurriculum?During 
the very first class session, I asked 
a series of questions about science 
teaching, science curriculum, and 
knowledge of the state standards. 
One particular question, “What does 
your science curriculum look like?” 
elicited some interesting responses 
including “Our adopted textbook”, 
“The electricity kit that comes in 
November”,“TheFOSSunitonsimple 
machines”, and “ Whatever I can fit in 
between reading and math”. Stunned 
by this range of answers, I asked who 
determines what they teach in science 
at any given time. The middle and 
high school teachers gave a variety 
of answers. “Me”, “The department 
chair”, and “The school board” were 
a few of the responses. 

Several elementaryschool teachers 
indicated that they were often left 
to make choices regarding science 
instruction. Molly, a fourth grade 
teacher, had an interesting situation 
in her district: 

Rios:		 And what’s the situation in 
your district? 

Molly: Actually we don’t even 
have [a] science [curricu-
lum], we integrate it with 
social studies.So likewhen 
we’re studying Indians, we 
study mechanics or simple 
machines. I mean, we have 
it all corresponding, so we 
don’t even have science 
books, which was really 
interesting to me. There is 
no curriculum, no science 
teachers. We just have a 
list of trade books, that’s 
what we have for a science 
curriculum.” 

Rios: So, who defines the 
science curriculum? 

Molly: I think that teachers indi-
vidually make it. 

Allof theelementary teachers in the 
class identifiedwithMolly’s response. 
Although they taughta rangeof topics, 
many of them were on their own when 
choosing science topics. Some had 
chosen familiar topics and stuck with 
them from year to year. Others either 
waited for preassigned science kits 
to arrive or avoided teaching science 
altogether. Betty, who was finding 
ways to supplement her kits, provided 
insights about her science teaching 
experiences in this vignette: 

OnaTuesdayafternoonwhile 
my students were at recess, I 
carefully set up supplies for 
the planned science activity 
on solutions. I poured oil, salt, 
corn meal, and pepper in small 
cups and I filled larger cups 
with water. Each table would 
have four cups of water, the 
materials to mix with the water, 
and a spoon. When the students 
returnedfromrecess, Iexplained 
the activity then passed out the 
materials. Twenty-two active 
second graders enjoyed mixing 
different substances into water. I 
observed the students and asked 
them about what they noticed. 
Some groups just mixed one 
substance at a time into a glass 
of water and watched carefully. 
Other groups began to mix all 
the mixtures together, spilling 
on the table and making quite a 
mess. At this point, I decided it 
was timeforcleanupanddiscus-
sion. It was now 2:55 PM and 
my students had to be ready to 
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go home by 3:05. I gave direc-
tions to the students to bring the 
materials to the counter by the 
sink and wash up any spills. As 
the students sprung into action, 
there was much commotion. 
Some students continued to mix 
solutions while others began 
cleaning up. I was helping at 
the sink when a student came 
running with a cup of oily water 
and spilled it on me. I threw up 
my hands and said under my 
breath“Ihatescience!”Astudent 
quietly approached me and said, 
“ButMrs.Ucker, I lovescience.” 
Followedbyotherswhosaid,“So 
do I.” When things were finally 
cleaned up and thestudentswere 
ready to leave, I felt compelled 
to explain that I really did liked 
science but I did not like the 
messanddisordercreatedduring 
science activities. 

Betty is not alone in her struggles. 
Although she is aware of the science 
standards, and their emphasis on 
content and inquiry, she would rather 
deal with the content and not get into 
the messy stuff of science. For her, 
content is easier to teach. Addressing 
the other areas of the standards 
(i.e., process skills and the nature of 
science) required more preparation, 
management, and materials. Yet with 
further probing, I learned that despite 
knowledge of the standards, there was 
more to what I was hearing than just a 
lack of curricular materials; there was 
a lack of standards-based curriculum 
in their schools. 

What counts as standards-based 
curriculum? Using the National 
Science Education Standards (NRC, 
1996) as a guide, we explored what 
were the key elements of standards-
based curriculum. After lengthy 

discussions and an essay devoted 
to the topic, we agreed on 5 key 
elements. They included 1) explicit 
connectionstotargetedbenchmarks,2) 
developmentallyappropriate language 
and activities, 3) logical sequence of 
lessonsfromonegradeleveltothenext, 
4) multiple assessments to address 
content and process skills, 5) and 
informationonprerequisiteknowledge 
and students’ misconceptions. With 
this information in hand, we returned 
to our initial discussions on curricula. 
As expected, few students had seen 
what they believed were standards-
based curricula. 

Frustrated, they began to discuss 
what it would take to transform their 
existing curricula into something 
that resembled a standards-based 
curriculum. One teacher, Leslie, was 
adamant about what she wanted, “The 
one thing that troubles me whenever I 
read these [ideasaboutcurricula], they 
are wonderful ideas and we should 
employ them in the classroom. But 
weneedmoreexamplesand training!” 
Leslie’s outburst was representative 
of what I heard from other teachers in 
the study – they wanted to see models 
of competent curricula and receive 
training in how to use it. They had 
hadenoughof thepiecemealapproach 
of their districts. Rather than having 
one set of kits in first grade, and a 
completely different set in second 
grade, they wanted to see a clearly 
articulated progression of kits. For 
these teachers, it’s important to know 
what skills are taught in first grade. 
Then, second grade teachers can build 
on those skills and teach new ones, 
and so forth. 

Theparticipantsexpressedthesame 
concerns about content. Rather than 
study dinosaurs three times during 
elementary school and once during 

middleschool,schoolsshouldorganize 
curricula to examine the “big ideas,” 
or unifying concepts, of science. 
These core concepts (NRC, 1996) 
include form and function; evolution 
and equilibrium; constancy, change, 
and measurement; evidence, models, 
and explanation; and systems, order, 
and organization. With an increased 
emphasis on “big ideas,” each grade 
level could explore topics in each 
discipline of science. One teacher, 
Mike, found that no one publisher 
could provide a curriculum that met 
his ideas for an effective, standards-
based curriculum. He actually found 
the standards useful in creating 
assessment tools for examining 
published curricula. In the end, he and 
his team had chosen the best models 
in that curriculum set, hoping to find 
better matches in other places. 

Assertion 2 – We actually don’t 
mind standards, but… 

In a recent survey of Washington 
teachers, I learned that teachers 
actually felt positive about the science 
standards in that they provided 
direction and targets for instruction 
and assessment (Rios & Beaudoin, in 
preparation). However, they weren’t 
sure if districts were providing 
enough guidance for teachers to 
align instruction with the proposed 
state assessment in science (i.e., the 
WASL).With this informationinhand, 
I explored these issueswith teachers in 
my study. Like teachers in the survey, 
they echoed the same sentiments. 

Standards Make Sense. I had 
prepared myself for an outpouring 
of anger and angst. After all, the 
newspapers were filled with stories 
about WASL boycotts and increasing 
tensionsinschools.However,Debbie’s 
journal entry reflected another 
important theme in this study. 
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And see, I used to think that 
wasoverwhelming[theEALRs], 
that was like wow, it’s all right 
here, in one 1-inch book! 

Teachers initially felt apprehensive 
about thesciencestandards,especially 
thosewhohadnotreadthemthoroughly 
prior to my classes. After reading 
through them and examining how 
existing curriculum addressed the 
standards, I saw some changes in their 
perceptions. 

Elementary teachers, for one, 
felt that the K-4 benchmarks were 
straightforward and attainable. “After 
all, we know more about this stuff 
than our kids, right?” Well, yes and 
no. In biology, for example, they were 
at ease with the content. “I can teach 
bugs and plants. I do that already,” 
said one elementary school teacher 
with confidence. That confidence 
began to wane when I followed up 
with “What about simple machines, 
solutions,andplate tectonics?”Among 
themostprevalentproblemswere lack 
of materials and insufficient content 
knowledge. Reflecting on a unit on 
plate tectonics, Kim, a fifth grade 
teacher, wrote this vignette: 

When I began teaching nine 
years ago, I did very little sci-
ence in my classroom. In fact, 
it wasn’t until about seven years 
ago that I began to realize that 
I was a doing a great disservice 
to my students by not teaching 
more science. When I came to 
this realization, I also began to 
panic because I did not feel like 
I was really qualified to teach 
sciencetomystudents.However, 
I decided that I was a qualified 
professional and I could figure 
out how to teach some science 
to my students. 

I asked my teaching partner at 
the time what we were supposed 
to teach in science. She an-
swered, ‘Plate tectonics.’ ‘Plate 
tectonics! What do we have?’ I 
answered. “Just a kit on convec-
tion.’ she said walking away. In 
a panic, I ran out to the local 
teacher supply store tofindsome 
materialsbecausewedidn’thave 
many at our school. 

Still, Kim found that the targeted 
benchmarkshelpedhermakedecisions 
about what she needed to learn and 
what to teach students (e.g., latitude, 
longitude, and layers of the Earth). 
The standards, however, did not help 
her with how to teach plate tectonics 
andwhatmaterials sheneeded to teach 
the content effectively. 

Materials to meet the standards. 
Billy, a middle school teacher, faced 
similar issues as his elementary 
school colleagues. His excitement for 
teachingsciencemadeabigdifference 
in his ability to overcome a lack of 
materials and supplies. Billy made 
connections with other teachers and 
local suppliers for science materials. 
Over time, he “kind of accumulated 
lots of things.” But just having 
materialswasnotenoughtoaddressthe 
issue of teaching to the standards. For 
some teachers, the issue was finding 
new ways to teach the content. For 
others, the standards asked for more 
thanjust teachingthecontent.Students 
should be able to relate the content 
to the unifying concepts of science. 
Most importantly, teachers needed to 
provide more inquiry-based activities 
that did more than just reinforce the 
content; these activities needed to 
provide more opportunities for doing 
science as it is practiced. “That is hard 
with what we have. I mean, I can only 
do so much with old microscopes,” 

said another middle school teacher. 
Still, they weren’t opposed to trying. 

One high school teacher, Amy, 
had established relationships with the 
science faculty at a nearby university. 
These faculty members served as 
mentors, providing content and 
pedagogical expertise in tough areas 
liketranscriptionandproteinsynthesis. 
Through these relationships, Amy 
revised her existing curriculum from 
one that was heavily lecture-driven 
to one that utilized guest speakers, 
videodiscs, computer simulations, 
and video. To her, the mechanism 
of transcription was made more 
understandable through these varied 
instructional strategies. For example, 
using a film created in the technology 
class she was able illustrate some of 
major players in protein synthesis, as 
wellas involvestudents insimulations 
of transcription. In her opinion, the 
less she relied on lecture, the clearer 
the lesson became. “I’m finding that 
I’m talking less and doing more. The 
kids really like it.” Fortunately for 
Amy, she had found something that 
worked. With some time and practice, 
she would make similar changes in 
other content areas. 

Assertion 3: Practice makes for 
more practice 

One of the luxuries of having the 
same students for an entire academic 
year is being able to witness their 
growth over time. In the three classes 
used for this study, participants 
focused on the same topic for nine 
months. They used these topics 
to explore issues of curriculum 
design, instruction, assessment, 
and technology. I found that these 
teachersappreciated thedetailedwork 
on one area. In their experiences, 
professionaldevelopmentexperiences 
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on the standards were one shot deals. 
Someonetold themwhat todo,showed 
them examples of how it’s done, and 
allowed them to try out these ideas in 
their classrooms, if time permitted. In 
the case of these teachers, these three 
classes were the longest professional 
development experiences of their 
careers. 

Show me how it’s done. Telling 
teachers what to do only gets you so 
far. My goal in these classes was to 
show them how to address science 
standards from the start. In modeling 
this approach, I discussed how I 
started with the standards, decided 
which ones would serve as foci for my 
courses, and constructed a sequence 
of activities illustrating issues of 
planning, instruction, andassessment. 
What was most interesting for me 
was how few textbooks existed for 
me to use in this process. So, I used a 
variety of materials, both purchased 
and created, to meet my goals. 

For these classes, I chose the 
unifyingconceptof formandfunction. 
The specific topic that I used was the 
skeletal system. I wanted to explore 
how animals solve issues related to 
supportandlocomotionandgearedmy 
activities for a 7th grade class. During 
the first quarter, we explored how I 
prepared a series of lessons designed 
to address this topic. The first step was 
to determine prerequisite knowledge 
for this topic. Then, I determined what 
content issues were relevant to this 
topicandsequencedthemaccordingly. 
Only after I was clear on the concept, 
prerequisite knowledge, and content 
did I begin to address process skills. 
For the sake of simplicity, I decided to 
focus on observation, inference, and 
data collection. With these decisions 
made, it was easy to sequence 
lessons. For the mini-unit on animal 
movement, the lessons included: (a) 

How do animals stay up? (b) How do 
animals move? (c) How do animals 
differ in their movements? (d)What’s’ 
the relationship between support and 
movement? (e)Why do some animals 
move differently than others in the 
same environment? 

Obviously these lessons were a 
snapshot of a full unit, but I wanted 
to focus our discussions and not get 
overwhelmed by the scope of the 
lessons. I also wanted to illustrate 
the relationship between standards 
and instruction. In my opinion, 
standards-based instruction is more 
than just matching EALRs to lessons; 
it involves attention to concepts, prior 
knowledge, and a deliberate sequence 
of instructional activities. Suffice it 
to say that teachers were surprised at 
how much work went into these five 
lessons. Leslie, after asking how long 
it took me to develop the mini-unit, 
exclaimed “A couple of days! And 
you’re an expert. It would take me 
weeks!” 

Let us try. After modeling the 
phase appropriate to the course (e.g., 
designing the unit for the Curriculum 
Design course), it was each student’s 
turn to engage in the same struggle. 
Oneparticular student,Don, struggled 
with issues that were common to most 
teachers. Don struggled with the time 
demands of the task and needed a 
great deal of guidance. The realities of 
teaching school and being responsible 
for other subjects, like reading and 
math, kept him from devoting full 
attention to this task. Instead, he tried 
a short cut and searched for existing 
resourcesandmaterials. Inhisopinion, 
someone else should be doing this 
work for teachers so that they can get 
on with the business of teaching. 

Is that your job to do that? 
[Evaluate curriculum] Do you 

think that’s your job? I mean, it’s 
a real question. Is it your job to 
develop those units, or is it the 
job of somebody else to give it 
to you to implement? Boy, it’d 
be nice if it was somebody else 
doing it. 

Despite his protests, Don still tried 
to revise his current unit – the solar 
system – into a standards-based unit. 
Unfortunately,his search formaterials 
came up short. Although he found 
activities that supported his ideas, he 
was still faced with the challenge of 
adapting these activities to meet the 
benchmarks.Forexample,Benchmark 
1.2.7states thatchildrenshould“know 
that Earth is one of several planets that 
orbits the sun, and the moon orbits the 
Earth”(p.5).Additionally,Benchmark 
1.3.6 asks students to “observe and 
describe the patterns of movement 
of the sun and moon relative to each 
other and Earth, and relate them to 
Earth’s rotation” (p. 8). To Don, he 
faced an impossible task because it 
was winter in the Pacific Northwest 
(cloudy and rainy) and he didn’t have 
the students after dark. Moreover, 
his school couldn’t afford to send his 
class on a field trip. So what should 
he to do? 

Likehisfellowclassmates,Donfirst 
made decisions about what to teach. 
Once he had struggled with the core 
concepts, process skills, and essential 
content,he thenbegan toput togethera 
seriesof lessons thatweremanageable 
given his teaching situation. The first 
try was a compromise. He reconciled 
(reluctantly) the content that he had 
to teach with the materials that were 
available to him. The most important 
realization was the alignment of 
lessons with standards, and the 
potential for future revision. 
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Ok, want me to start? … 
basically what we did was we 
looked over what materials we 
had, since all we can remember 
iswe’veseensomebeforebutwe 
don’t exactly know what’s in the 
closet. Then, we looked over the 
EALRs, ...Sowhatwe’reassum-
ing when we teach this lesson is 
that we will have had a couple 
of lessons on that before we go 
into doing this. What we were 
thinking about doing, is doing a 
play,debrief, replay type inquiry 
typelesson.It’sgonnachangebut 
we wanted to start there and use 
what we had. 

When it came time to actually 
teach several lessons to his peers, 
and reflecting on this experience, 
Don had accepted the standards as 
guidelines for instruction. He took 
more responsibility for the direction 
of his curriculum and had discovered 
resources available for materials 
and content advice. Perhaps the 
biggest advancement involved the 
use of technology in the unit. Don had 
searched the Internet for inexpensive 
simulations and instructional aids 
and came upon the NASA website 
(www.nasa.gov). Here he found 
numerous CD ROMs for teachers, 
lesson plans, and instructional aids. 
Most importantly, he experimented 
with using the Internet as a teaching 
tool and supplementing his lectures 
and activities with multimedia. If 
you knew Don, you would appreciate 
the magnitude of these instructional 
choices. In one of his last reflections, 
Don wrote, 

This inquiry stuff is still kinda 
hard for me. I liked what we did 
this quarter and tried some stuff 
out with the kids. For my project 
[M.Ed. Final Project], I taught 

one class the regular way and 
the other class got inquiry and 
technology. They’re really into 
it! It’s tough on me but the kids 
like it. That’s cool! 

Don’s struggle exemplifies what 
most of the teachers struggled with 
during our year together – finding the 
timetoaligninstructionwithstandards. 
In Don’s case, the struggle resulting 
in a revised unit that incorporated 
multimedia, hands-on learning, and 
some lecture/demonstration.Hemade 
tough choices and looked for ways to 
tackle his choices. Most importantly, 
he had ongoing support from his 
fellow classmates and me. Planning 
lessons and teaching turned out to be 
the easy part; assessment was another 
story altogether. 

Assertion 4: How do you test 
science skills on a paper and 
pencil test? 

According to the National Science 
Education Standards (NRC, 1996), 
teachersofsciencearedoingmorethan 
just assessing content understanding. 
If the goal of the standards is to 
engage students in the exploration 
of “learning science (understanding 
content), learningtodoscience(ability 
to do scientific inquiry), and learning 
aboutscience(understandingscientific 
inquiry)” (Krueger and Sutton, 2001, 
p.40), then teachersmustdomore than 
provide traditional paper and pencil 
tests. One of the struggles that we 
encountered as a class was addressing 
the NRC charge to use “exercises 
that closely approximate the intended 
outcome of science education” (p. 
78). Unlike instructional issues, the 
assessment issue was much tougher 
to overcome. 

I already use multiple assessments. 
Prior to delving into issues of 
assessment, I surveyed my class to 

determine what types of assessment 
strategiestheyusedintheirclassrooms. 
They listed a number of assessment 
strategies including quizzes, tests, lab 
reports, worksheets, and projects. On 
the surface, it seemed as though they 
were in a good position to address 
aligning standards with instruction 
and assessment. Yet as we began to 
read the book A Science Educator’s 
Guide to Assessment (Doran et. al., 
1998), the teachers began to realize 
that their approaches were all geared 
forassessingstudents’understandings 
of content. Carol, who taught a unit on 
salmon, was the first one to reach this 
conclusion. Like other teachers, Carol 
sawapattern inherassessments.Many 
of her questions focused on factual 
information. How many salmon do 
you observe in the stream? What color 
are they? In which direction are they 
swimming? Even when she asked 
seemingly open-ended questions, the 
students could find the answers in 
their textbook. So what could Carol 
dodifferently tomakeherassessments 
more authentic? 

Toss out the canned stuff. In 
many instances, adopted curricula 
provided few answers to questions of 
authentic assessment. Many times, 
the curriculum provided ideas for 
extension, assuming that the teacher 
understood the extension activity and 
couldcreatebothspecific instructional 
activitiesandappropriateassessments. 
In Carol’s case, she had neither. Like 
Don,shestartedbywritingappropriate 
goals for the unit and identifying 
important prerequisite knowledge. 
Unlike Don, she decided to tackle 
assessment issuesprior toconstructing 
(or in her case, revising) instructional 
activities. For her, assessment would 
guide her instruction and she wanted 
to embed assessment activities 
throughout the unit, not just at the 
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end. Given the complex nature of the 
salmon unit, she needed to check for 
understanding constantly in order to 
make adjustments to the unit. Her 
reasons were practical: if they made a 
mistake, theclasswouldhaveanumber 
of dead salmon on their hands. That 
would not only be disastrous for the 
class, it would also be very expensive. 
Driven by this urgency, she set out to 
integrate instruction and assessment. 

Pretest, pretest, pretest. Carol’s 
unit involved raising salmon in the 
classroom and setting them free after 
a certain period of time. In order to 
set them free, the class needed to 
meet certain goals related to the life 
cycle, nutritional needs, and health 
of salmon. The curriculum provided 
sufficient details in each area. It also 
provided guidelines for feeding and 
measuring growth and health. Given 
this information, she still felt the need 
to determine what her students knew 
abouteachareaprior toengaging them 
in the unit. 

[I’d] have them take post-its 
and do simple concept maps on 
their own. I use them as a pre-
assessment. I teach kids how to 
do concept maps, and I’ll say ok, 
we’re going to do something on 
salmon. I want you to create a 
concept map of what you know 
about salmon. … they would do 
a concept map, I’d collect them 
and I would get a sense of what 
they know. So I use it as a pre-
assessment. Not graded at all. 

With this information in hand, she 
could tailor her activities based on the 
class’ knowledge base. It also gave 
her a good idea on who could be on 
the feeding team first and how much 
training to provide in the first few days 
of instruction. Most importantly, she 

could determine what assessments 
were needed throughout the unit and 
how frequently she needed to give 
them. 

In addition to collecting content 
information from students, Carol 
also took notes on interactions among 
team members, the types of questions 
students were asking, and the types 
of mistakes made during each class 
session. Much to her surprise, the 
students did not get bored with the 
routine; rather, it only contributed 
to their excitement about the unit. In 
her opinion, they knew that the stakes 
were high and took ownership of the 
project. One student commented that 
shewanted their salmon“tobe thebest 
tasting ones in Washington.” 

What about the nature of science? 
Carol’s unit turned out very well. She 
documented content understanding 
usingquizzes,discussion,worksheets, 
and tests. Daily team reports, 
observation checklists, and her 
teaching journal gave her invaluable 
informationaboutprocess skills.After 
several months of working with this 
unit, another teacher asked Carol how 
she was addressing standards related 
to the open-ended nature of scientific 
investigations. Perplexed, Carol went 
back to her curriculum and discovered 
that as much as she tried to work 
outside the existing curriculum, she 
had still fallen short of addressing this 
area of science standards. On the one 
hand, her students were engaged, had 
taken responsibility for their learning, 
and were involved in activities related 
to issues outside of the classroom. 
Afterall, theywere takingcareof these 
salmon and planning to release them 
to the wild in a few months. So what 
was missing? Many of their activities 
provided few opportunities for open-
ended exploration. 

Engaging students in Nature of 
Science (NOS) activities involved 
a level of risk not normally found 
in traditional curricula. It involves 
not only a change in the types of 
activities presented, but changes in 
the conversations among students 
(Lederman, 1992). In Carol’s case, 
students might experiment with 
different foods, schedules, and water 
temperatures to determine what was 
optimal for raisingsalmon.Theycould 
set up controlled experiments and 
collect data over time. Carol would 
also need to provide opportunities for 
students to present their information 
and persuade others of the validity 
of their findings. Given the nature of 
this particular unit, and the emphasis 
on not harming the salmon, Carol felt 
that this unit was not the best one to 
explore the nature of science using 
experimentation. She could provide 
scenarios that allowed students to 
performpaperandpencilexperiments, 
butshecouldnotafford(literally) to let 
them experiment with their stock. In 
the end, she decided to locate current 
dataonsalmonsurvival rates,andhave 
studentsperformresearchtodetermine 
the potential causes for the trends in 
the data. To her, this approach allowed 
students to appreciate the open-ended 
nature of science, while preserving 
the current stock of salmon. After 
presenting this activity to her peers 
during class, she wrote: 

I like doing the salmon unit a 
lot. I still don’t know if I can do 
much with the nature of science. 
Icanuseobservationsandcheck-
lists, bulletin boards, presenta-
tions and written reflections. We 
can even talk to the people at the 
salmon [research] center about 
what theydo,but it’snot thesame 
as doing experiments. 
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We all learned an important lesson 
about assessment through Carol’s 
experiences.Assessment isanongoing 
activity and it’s not always possible to 
addresseveryaspectof thestandards in 
a unit. What’s important is that we use 
activities that are true to the intended 
outcomes of our instruction. 

Discussion 
In addition to discussing directions 

for future research on standards, An-
derson and Helms (200�) provided 
an overview of what we do and do 
not already know about implement-
ing science standards. On the one 
hand, we know that time, changing 
roles, issues of equity, preparation 
in standards-based teaching, and 
the realties of schools all affect how 
well teachers address standards in 
their classrooms. Working with these 
teachers confirms the claims made by 
Anderson and Helms. These teachers 
found that teaching tostandardsmeant 
more than just matching activities to 
specific benchmarks. They needed to 
reconceptualizewhat theywere teach-
ing,planappropriate instructional and 
assessment activities, and oftentimes 
engage in activities that were outside 
of their comfort zones (e.g., technol-
ogy). Their districts and departments 
provided only minimal support in 
addressing the standards in all phases 
of instruction. And even with some 
support, issues of time, lack of ma-
terials, and pressure to teach read-
ing, writing, and math affected their 
ability to focus fully on examining 
their existing curriculum and make 
substantial changes. With this study, 
we now join the growing number of 
studies exploring teachers’ struggles 
with standards-based education. 

On the other hand, there are four 
things that we still need to learn 
more about: the role of students in 

standards-based education, the nature 
of the desired student work, parental 
involvement in science education 
reform, how teachers can best be 
engaged in reassessing their personal 
values and beliefs, and how teachers 
can take major personal responsibility 
foracquiringneedednewprofessional 
competencies. This research focused 
primarily on numbers three and four. 
Over the course of three quarters, 
we learned that teachers needed: 
(a) a challenging and supportive 
environmenttoreexaminetheircurrent 
curricular and instructional practices; 
(b) an iterative forum where they can 
plan, implement, and revisit their 
classroom activities; (c) assistance 
in deconstructing the instructional 
process into smaller chunks (i.e., 
conceptidentification,lessonplanning, 
assessment, and reflection); and (d) to 
see models of standards-based reform 
in action, both at the curricular and 
instructional levels. 

Even with the best of intentions, 
we sometimes miss the mark in 
implementingstandards-basedreform 
(e.g., Carol’s struggles with the nature 
of science). Keys and Bryan’s work 
(2002) provided some insight into the 
natureofourdifficulties.Oneproblem 
with implementing standards is the 
lack of understanding about teachers’ 
knowledge base for implementing 
inquiry. Inquiry is a “cognitively 
complex process requiring that 
learners have background knowledge 
in the scientific concept they plan to 
investigate…” (p. 639). By extension, 
if we expect to engage students in 
this complex process, then it stands 
to reason that teachers should also 
have experience in the same process. 
Although this study did not examine 
the issues of inquiry exclusively, it 
does point to similar needs regarding 
theStandards themselves. Ifweexpect 

students to engage in instructional 
activities related to the Standards, 
then teachers should also have 
similar opportunities to engage the 
Standards. 

Theseopportunities shouldexplore 
teachers’ current beliefs and content 
understanding, as well as clarify the 
meanings of each benchmark and 
implications for instruction.AsIwrote 
in my journal: “One thing that I’ve 
learnedabout the standards is that they 
don’t tell you about instruction, they 
don’t tell you about misconceptions, 
and theydefinitely don’t tell youmuch 
aboutassessment.”Inmyownattempts 
at planning a sequence of lessons that 
were aligned with the standards, I 
realized how complex this process 
was. I spent time thinking about 
prerequisite knowledge, addressing 
basic skills, sequencing lessons, 
and incorporating formative and 
summative assessments. The amount 
of work for a small number of lessons 
was staggering! I can empathize with 
teachers who are asked to do the same 
work with much larger units of study. 
“Conceptual learning takes time for 
reflection, for cycles of experience 
and discussion, and often included 
surprises” (Drayton & Falk, 2002, 
p. �2). 

Help is here! In Washington State, 
there are numerous examples of 
initiatives that support teachers in 
their struggles with science education 
reform. At the statewide level, 
WashingtonStateLASER(Leadership 
and Assistance for Science Education 
Reform) helps teachers learn about 
the science education standards, 
examine current practice, and explore 
successful models of standards-based 
curricula through numerous projects 
and institutes. At the district level, the 
Spokane school district has designed 
four core science unit outlines 
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(chemistry, physics, life science, 
and earth science) at the 7-10th grade 
levels, examined current curricula 
materials for alignment with the unit 
learning targets, adopted appropriate 
instructional materials, and provided 
teachers at all these levels with 
focused professional development 
(unit organization and sequence, 
content background, pedagogy, and 
use of assessment data). Finally, 
Kentridge High School has worked 
over the last three years to examine 
alignment issues related to units on 
evolution and classification. With the 
help of experts at both the K-�2 and 
university levels, teachers at this high 
school are redesigning their formative 
and summative assessments (see 
Ketover & Rios, 2002). Based on this 
initial work, they are beginning to 
examine assessments in other science 
subjects. 

Conclusion 
Science and standards. Some 

teachers believe that the pendulum of 
this movement will swing back soon. 
Others see the immediate impact of 
reform (e.g., schools on probation, 
ties between test scores and merit pay, 
and anxiety among students) and are 
taking reform seriously. Regardless of 
their positions on science education 
reform, they all agree that the EALRs 
and WASL have changed the way we 
look at science teaching and learning. 
Supporting our teachers should be our 
firstpriority ifweare to“leavenochild 
behind” during our quest for national 
excellence in science education 
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Olaf Jorgenson, Gregory MacDougall, Douglas Llewellyn 

Science Leadership

In an Era of Accountability:


A Call for Collaboration
 
Collaborationisdescribedasanimportantcomponent inachievingmeaningful 
leadership initiatives at the local, state, and national levels. 

America’s public schools encom-
pass an amazing diversity of unique 
communities and constituents, so 
diverse in fact that they are immune 
to sweeping, generalized descrip-
tions. But it is now conceivable to 
characterize the focus of American 
public education using one catch-all 
term: accountability. High-stakes as-
sessment, standards-basedcurriculum 
reform, and the notion of teaching-to-
the-test are certainly not novel or even 
recent developments in the education 
profession, though it is arguable that 
they have never saturated local, state, 
andfederalpracticeandpolicymaking 
on such a sweeping nationwide basis. 
Accountability, in any of its manifes-
tations, is woven through state and 
federal education legislation, local 
school board meetings, newspaper 
articles, re-election speeches, journal 
reports and professional conferences; 
scienceeducators,parents,andcitizens 
find it everywhere they turn. 

How does the current context 
of accountability and high-stakes 
consequences impact the nature of 
science leadership? What strategies 
will foster more and better science 
leadership in this new era? This 
article examines ways in which 
science educators can address the 
challenges and mandates of the 

accountability movement through 
increased collaboration, forming 
networks to support sustainable, 
meaningful leadership initiativesat the 
local, state, and national levels. 

The Changing Context of Science 
Leadership 

The role of science leadership 
has changed significantly in the past 
decade alone. Hounshell & Madrazo 
(1987;1997)foundthatovera ten-year 
period, the definition of the science 
supervisor’sroleremainedambiguous, 
perceived differently by principals, 
district administrators, teachers, and 
the supervisors themselves (Madrazo 
& Hounshell, 1987; Hounshell & 
Madrazo, 1997). Characterizing the 
identity, role, andobjectivesofscience 
leaders today is complex, at a time 
when science instruction appears to 
have been set back as a lower priority 
in the general public and political 
conceptionsofwhatmattersinmanyK-
12 schools. Today’s science educators 
face a nationwide challenge that is 
unequaled since the Sputnik crisis of 
the 1950s. The nation’s increasingly 
politicized focus on reading, writing, 
and math high-stakes testing has led 
to federal funding cuts to science 
education, and mounting evidence of 
lagging student science achievement. 

Science supervisors across the United 
States grapple with ways to reform 
curriculum and instruction in some 
consistent, meaningful manner, 
using guidelines such as the National 
Science Education Standards (NSES) 
(National Research Council, 1996). 
At the same time, an increasing body 
of empirical evidence supports the 
advantages of progressive, inquiry-
based science instruction, showing 
that it contributes to improved student 
achievement in reading, writing, and 
math as well as science competency 
(Klentschy,Garrison,&Amerol,2001; 
Einstein Project, 2001; Jorgenson 
& Vanosdall, 2002). Ironically, the 
nation’s political leaders, as well as 
the public, are generally less receptive 
to the results of these data than at any 
time in the recent past. 

Nonetheless, the charge to science 
teachers,coordinators,andsupervisors 
istoidentifyandimplementmeaningful 
solutions to reform the systemic 
weaknesses pinpointed in American 
K-12 science education. Researchers, 
including Valverde & Schmidt (1997) 
analyzed the fundamental reasons for 
the shortcomings in student science 
achievement data provided by the 
Third International Math and Science 
Study (TIMSS) (2001), and they 
argue that the challenge to science 
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leaders is profound at every level of 
leadership. From the classroom to the 
state department, educators call for 
reform:deepeningandnarrowingwhat 
is taught, reducing redundancy, and 
critically examining the merit of the 
so-calledspiralcurriculum,navigating 
overstuffed but underdeveloped 
textbooks,andresisting the temptation 
tosimplyimposeupper-gradescourses 
on younger students in an attempt to 
emulate TIMSS countries that are 
considered successful. The scope of 
the necessary reform ranges from 
unifying the nation’s local school 
districts behind a common set of 
standards on the national level, to 
training teachers and providing 
resources forbetter science instruction 
– including resource-poor rural and 
urban schools – at the local level 
(Schmidt,McKnight,&Raizen,1997). 
It is a daunting charge for science 
leaders everywhere, a huge task at 
every level of leadership. 

Further, the science leader’s job 
description has expanded, adding 
another layer of challenge that 
impacts the effectiveness of teachers, 
coordinators, and supervisors alike. 
According to Zuckerman (1997), 
science leadership now entails a wider 
spectrum of collegial and managerial 
functions than ever before, beyond 
improvingcurriculumandinstruction. 
Some science supervisors are called 
to provide guidance and resources for 
science teachers, serving as mentors 
and administrative liaisons; others 
have evaluative responsibilities, of-
ten delegated by overburdened site 
administrators; and a third group 
struggles with the difficult task of 
providing colleagues with support 
and guidance while conducting those 
same teachers’ evaluations. Wildy & 
Wallace (1997) assert that, “science 
leaders have responsibilities … to 

activelyandexplicitlyhelpcolleagues 
improve their performance by devel-
oping trusting collaborative relation-
ships that focusontheir improvement” 
(p.14). The instructional specialist 
function is laudable and yet complex, 
perhapsunrealistic, forsomeindividu-
als in science leadership roles, such as 
principals inunderservedschoolswho 
lack the subject expertise, site per-
sonnel, or district-based resources to 
offer such help. All these challenges, 
within the broadened scope of the 
science leader’s role, are complicated 
in the context of increased account-
ability, particularly in schools and 
districts where resources and support 
for science instruction are diminished 
by emphasis on “The Three Rs.” 

Finally, science leaders themselves 
must be identified in the new era of 
high-stakes testing and basic skills 
priorities.Traditionally,scienceleaders 
included state science supervisors, 
district science supervisors, building-
level science curriculum specialists, 
science department heads, and faculty 
at colleges and universities. Recently, 
social and educational changes, 
especially the focus on accountability, 
have resulted in a diversified science 
leadership: superintendents, state 
educationofficials,buildingprincipals, 
lead teachers,mentors,andnationally-
organized coordinators such as 
Building a Presence: Key Leaders and 
Points of Contact (National Science 
Teachers’ Association, 1995). All 
these play increasing roles in local 
science decision-making. While 
these individuals worked for student 
learning and school improvement in 
thepast, systemicchangerequires their 
increasedcollaborationfor thepurpose 
of empowering networks dedicated 
to improving student achievement in 
science. This new collaboration takes 
shapeat a time when such efforts seem 

Recently, social and 
educational changes,
especially the focus on
accountability, have 
resulted in a diversified 
science leadership: … 
more urgent, but less widely received, 
than in any recent era of American 
K-12 education. 

How the Accountability Era 
Impacts Science Leadership 

Science education reform must 
now advance, and some aspects of 
science leadership may be at risk. As 
the public eye moves away from the 
state of science readiness in the K-�2 
population, and legislation from the 
federal and many state governments 
diverts funding once used to promote 
science instruction toward other 
curriculumpriorities, scienceeducators 
must encourage a new generation of 
science leaders to take charge, despite 
a grim short term outlook. First, the 
charge to science leaders must be re-
evaluatedandfocusedtoreflect thenew 
realities in American public education. 
Years of research and investigation 
led to Project 2061 (1989) and NSES 
(1996); it must now be codified and 
promoted beyond the readership of the 
professional journals or the attendees 
at science education conferences and 
workshops. 

To this end, the NSTA Committee 
on Coordination and Supervision of 
Science Teaching (work in progress) 
developed a position statement 
addressing thenatureandobjectivesof 
science education leadership. Twelve 
educators representing K-12 schools, 
state departments of education, 
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educational support organizations, 
and higher education gathered to 
help redefine and flesh out the key 
responsibilities of today’s science 
leader, in conjunction with the 
framework established by NSES. 
Drawing from a wealth of information 
from sources such as the NCMST 
(2000), TIMSS (2001), analyses 
includingValverde&Schmidt (1997), 
and pivotal work by other experts, 
committeemembersbroughtfromtheir 
ownexperienceshelpfulguidelinesfor 
today’s leaders in science education. 
Thecommittee foundthat theessential 
priorities and responsibilities for 
developing and promoting science 
leadership for the future include: 

• Ensuring that all students have 
the opportunity to achieve 
science literacy 

• Aligning district		curricula, 
instruction, and assessment with 
national and state standards 

• Articulating		a district’s pre-K 
through 12 science program 

• Implementing effective profes-
sional development based on 
district needs and objectives 

• Managing resources that support 
standards-based instruction 

• Selecting and retaining excellent 
teachers 

• Collaborating with post-sec-
ondary institutions, community 
organizations, and businesses 
(NSTAPosition Statement, work 
in progress). 

All these responsibilities of 
science supervisors are essential 
in realizing a meaningful, lasting, 
systemic implementation of the 
NSES. Fundamental to all of these 
important duties, and to the very 
nature of science leadership in the 
current era of accountability, is the 

Science leadership
entails responsibility 
for identifying and 
promoting effective 
teaching, professional 
development, 
assessment, content, 
program, and system 
reform. 

last objective: determining how to 
increase collaboration. 

How Science Leaders Can Enact 
Reform: Collaboration is the Key 

Science leadership entails respon-
sibility for identifying and promot-
ing effective teaching, professional 
development, assessment, content, 
program, and system reform. None 
of these important functions can be 
aligned and coordinated in a national 
science reform effort without deliber-
atemeasures to increasecollaboration 
among current and future science 
leaders. Meaningful collaboration 
entailsgreatdetermination,hardwork, 
compromise and diplomacy. It is not 
only feasible; it is happening among 
science leaders on the national and 
local levels. The following are some 
examples. 

Grassroots Collaboration at the 
Local Level: Science Coordinator 
Associations 

Excellent science instruction 
takes place in schools in every state. 
Sometimes teachers at a single 
school move against the tide of the 
surrounding district in establishing a 
science magnet, or one district with 
a vision for science stands alone in 

a state. One teacher in a grade level 
or department, who has embraced 
national standards and oriented 
instruction toward learner-centered, 
inquiry-based strategies, functions 
very differently than colleagues using 
more traditional teacher-centered, 
text-bound methods in the same grade 
level and subject area. Many excellent 
science educators operate in relative 
isolation in their K-�2 schools, and 
this isolation undermines their ability 
to spread ideas, to mobilize reform, or 
to lobby for change. 

Elmore & Burney (1998) assert, 
“the enemy of instructional change 
… is isolation” (p.8). Fullan & Har-
greaves (1996) state further, that true 
reform requires “trust in expertise 
and in processes of collaboration and 
continuous improvement” (p.100), 
rather than the efforts of a certain 
individual in a leadership role. 
Accordingly, meaningful reform 
efforts must systematically integrate 
collaborative practices into the day-
to-day routine work environment 
in U.S. schools. From national and 
state leaders to the classroom teacher, 
collaboration and ongoing commu-
nication need to increase along two 
dimensions: among peers at each 
level, and among the various levels of 
science education leadership. Major 
challenges facing science education 
leadership involve removing barri-
ers that restrict collaboration, while 
installing systems that facilitate it. 
In some cases, the shrill call for ac-
countability and the simultaneous de-
emphasis of science have become the 
very catalyst to awaken collaboration, 
in earnest. 

Arizona,andotherstatescontending 
with high stakes testing, share similar 
challenges and constituencies, who 
have labored to initiate science reform 
despite fundingcutsandisolationfrom 
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Major challenges 
facing science
education leadership
involve removing 
barriers that restrict 
collaboration, while 
installing systems that
facilitate it. 
oneanother, fromthestatedepartment 
of education, and from the state’s 
universities. Last year (2001), with 
the announcement of the state science 
test mandated by the federal No Child 
Left Behind legislation, science 
coordinators from several Phoenix-
area districts gathered for thefirst time 
in a decade to share ideas and develop 
a collective strategy to prepare for 
the looming state test, and to discuss 
other obstacles to reform common to 
their separate programs. At this first 
meeting, the Greater Phoenix Science 
Coordinators Consortium (GPSCC) 
decided on the following principles to 
guide its future collaboration: 

1. It is		illogical for districts to 
solve problems individually, 
in isolation, which may be 
shared by all members or which 
may have been successfully 
addressedalreadybyoneormore 
member districts. 

2. There is strength in numbers. 
The more members GPSCC 
enlists, the louder its voice in 
influencing the decisions of the 
state department of education 
and the state’s legislators. 

3. For		the collaboration to be 
sustainable, it cannot rest on one 
district’s shoulders. (Members 

decided to rotate meeting sites 
and share responsibility for 
communicating, organizing, 
and recruiting/mobilizing new 
member districts.) 

4. Collaboration must take place 
in an atmosphere of sharing 
rather than the competition that 
previously existed between 
certain districts. (This is 
addressed through a periodic 
exchangeofnews,resources,and 
tips on “what works,” as well as 
inclusionof teachersand teacher 
leaders in all planning sessions 
with the goal of developing a 
cadreof futurecoordinatorswith 
ashared,proactive,collaborative 
outlook.) 

5. Consortiummeetingsmusthave 
clear goals and a central speaker 
or theme, so that themeetingsdo 
not become simply social occa-
sions to exchange concerns and 
complaintswhileaccomplishing 
little. 

The principles took hold; and in 
Arizona, this grassroots effort has 
expanded at an astonishing pace. 
Four member districts gathered for 
the first meeting in the fall of 2001. 
By its second meeting in April 2002, 
GPSCCincludedrepresentatives from 
over twenty K-12 districts, including 
Arizona State University, the Arizona 

Science Center, and the Phoenix Zoo. 

Initial communications between 
GPSCC and the state department of 
education were promising, in terms 
of the state’s shift toward involving 
educators in the realignment of state 
standards leading to the testwriting 
process. By the consortium’s third 
meeting in September 2002, the host 
district had to find meeting space for 
representatives from 45 members, 

and the group was renamed Arizona 
Science Coordinators Association 
(ASCA) to reflect its statewide 
membership. 

At this third meeting, members 
celebratedthenewsthatkeyleadership 
spots had been reserved in the state’s 
alignment and testwriting planning 
team for association delegates. In the 
new era of accountability, the ASCA 
membership is keenly aware that the 
nature of the state’s science standards 
and its eventual statewide assessment 
will largely dictate the nature of the 
science that is taught in Arizona 
schools; as such, having a voice in 
the process simultaneously signaled 
the association’s political clout 
(strength in numbers) and a reason for 
optimism unknown prior to the first 
collaborative foray. The association’s 
successful push for representation in 
the standards alignment process was a 
smallbut importantvictoryforscience, 
teachers, and children in Arizona. 
True “grassroots” hope, energy, and 
planningpropelledthestate’sfledgling 
scienceleadershiporganizationtoward 
a first step in realizing statewide 
science reformin Arizona. This model 
of local collaboration is flexible, 
dynamic, and replicable in any state’s 
science reform initiative. 

Collaboration Between Districts 
and States, Organized at the 
National Level: NSTA’S Building 
a Presence for Science 

The National Science Teachers 
Association (NSTA) launched the 
BuildingaPresenceforScienceprogram 
in 1995 to address science reform in a 
nationwide, systemic manner, and to 
end the isolation of classroom science 
teachers. The two-fold mission of the 
program is to end this isolation and 
to provide teachers with professional 
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development opportunities, as well 
as science teaching resources aligned 
with national and state standards. 
Such systemic changes will facilitate 
collaboration along a continuum from 
national science education leaders to 
the classroom teacher, and the goal 
is to connect statewide efforts in an 
expanding network of science reform 
across the United States. 

Building a Presence works as 
an intra- and inter-district vehicle 
for collaboration. For example, in 
Virginia,astate-levelparticipant in the 
program, district science supervisors 
regularly meet under the guidance of 
state science supervisors to review 
national and state goals in the context 
of local needs. Mass mailing and 
group e-mail are utilized to distribute 
information from the state to all 
science supervisors enrolled as Key 
Leaders. In turn, Key Leaders forward 
information to Points of Contact 
(POCs) at each school in the state. The 
roleof thePOC, then, is todisseminate 
this information toall science teachers 
in that school. Communication can 
also be streamlined by distributing 
information directly from the state 
level to POCs at each school. 

It is important to note, however, 
that this communication is not 
“one-way.” The Building a Presence 
communication structure is designed 
for teachers to have access to local 
and state science supervisors, making 
leadership responsive to local needs 
in a feedback-rich environment. 
Virginia Beach Schools, for example, 
implemented a system networking 
science department chairs, program 
PointsofContact, andsubject-specific 
facilitatorsunderthecoordinationofthe 
districtsciencesupervisor.Thissystem 
enhances teachercollaborationwithin 
and across schools, exemplifying 
the pattern that Building a Presence 

offers science leaders on a national 
scale. The direct contact provided in 
the NSTA program among science 
supervisors, the state level, district 
and site coordinators, and teachers 
is an excellent model for articulated 
collaboration, linking the levels of 
science leadership. 

Collaboration at the National 
Level: Initiatives for Systemic 
Change in Science Leadership 

Models of collaboration serve 
to develop leadership at the site, 
district, and state levels, and NSTA’s 
programfacilitatesanational structure 
of local collaboration; however, 
what vision can direct meaningful 
collaborative local and state reform 
efforts, assimilating the national 
standards into best instructional 
practices?Sodoingwould incorporate 
the current context of accountability 
and fundamental benchmarks for 
science reform, such as are suggested 
by Rutherford & Alhgren (1990), 
TIMSS(1997),Schmidt, etal., (1997), 
and MCMST (2000). 

Since 1989, Leadership and 
Assistance for Science Education 
Reform (LASER), a joint effort of 
the National Science Resources 
Center (NSRC), the Smithsonian 
Institute, and theNationalAcademies, 
has provided national and regional 
weeklong institutes dedicated to 
guidingeducatorswhoseektoimprove 
science education at the local, state, 
national, and international levels. 
The institutes include intense training 
in best-practice science instruction 
and curriculum design, professional 
development,materialsandresources, 
assessment, and enlisting community 
andadministrative support for science 
reform, all guided by the NSES and 
supported by corporate sponsors 
includingDuPont,Michelin,Hewlett-

Packard, and BMW. Districts teams 
taking part in the LASER training 
week are charged with developing a 
workable draft of a strategic plan for 
science reform, under the tutelage of 
experienced LASER mentor leaders, 
customized to meet the needs and 
challenges of their specific learning 
communities. 

The hub of LASER’s success in 
trainingnearly1,000schoolteamsin13 
yearshasbeen theprogram’semphasis 
on thecollaborativenatureofeffective 
sciencereform.EachLASERworkshop 
helpsscienceeducatorscometogether 
with community partners, scientists, 
corporate advocates, university 
science faculty, and science advocates 
from twelve U.S. and international 
participant teams to share ideas, 
examine common problems, and 
determine the best strategies to enact 
reform given their individual needs 
and circumstances. Thus, LASER 
provides a template patterned after the 
fundamental reforms outlined in the 
national standards and advocated by 
leaders in science education, industry, 
and national science policy that is 
individually tailored to meet state and 
local needs of the science teachers, 
leaders,andthefamiliesservedbytheir 
respectiveschools.Thecentralelement 
ofLASER’ssuccess is theopportunity 
for ongoing collaboration among 
local, state, national and international 
science leaders, engendered by a 
week of intensive, exhausting, and 
highly relevant training in science 
reform. The LASER project is linked 
with other national reform initiatives 
such as the Association of Science 
Materials Centers’ (ASMC) Next 
Steps Institute, which serves to assist 
districts in implementing the strategic 
plans developed in the LASER 
experience. 
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The Future of Science Leadership 
and Reform: Standing Together 

Some educators in states and 
districts contend with the realities 
of accountability and high-stakes 
education, and the day-to-day 
experience is analogous to passing 
through the stages of grief for a 
loved one. At first there is denial, 
then a protracted period of anger at 
the source of the grief; next comes 
depression, followed by a period 
of gradual resignation; and finally, 
acceptance occurs. One must only 
visit a staff lounge in schools during 
the first few years of a statewide 
graduation test implementation to see 
the steady, predictable progression 
through the grief process and feel the 
pain of educators struggling to let go 
of a bygone era while simultaneously 
comprehending the new age of 
accountability that has arrived, and 
will not soon pass. 

Clearly, the accountabil i ty 
movement has profoundly impacted 
science education and science 
leadership in this nation’s public 
schools, as well as postsecondary 
institutions that train teachers, 
coordinators , pr incipals and 
superintendents. If science educators 
are to cope with the de-emphasis 
on science as a core subject, they 
must find ways to more effectively 
interact with other K-�2 science 
leaders, community representatives, 
university colleagues, and other 
science-interested professionals. 
This is particularly important in 
states where science is not part of the 
testing mandate, and therefore less 
urgent than the academic subjects 
connected to school funding, labeling, 
and teacher pay. There is reason for 
hope, swept along by many promising 
developments in science teaching 
and learning, such as those described 

in this article. However, given the 
storm clouds gathering ahead, science 
educators must bind together, locally 
and on a nationwide scale, and push 
through reform efforts from which 
science education will emerge intact, 
well-funded,andwidelyregardedasan 
essential learner skill.Collaboration is 
the key to achieving such meaningful, 
lasting, systemic science education 
reform. 
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	employee turnover. Hence, from this perspective, high turnover of teachers 
	employee turnover. Hence, from this perspective, high turnover of teachers 
	from schools is of concern not simply 
	because it may be an indicator of sites of potential staffing problems, but because of its relationship to school performance. Moreover, from 
	this perspective high rates of teacher 
	turnover are of concern not only because they may be an indication of underlying problems in how well schoolsfunction,butalsobecausethey canbedisruptive,inandofthemselves, for the quality of school cohesion and 
	performance. However, while the data show that 
	teaching has relatively high turnover, 

	the data also show that the revolving door varies greatly among different 
	kindsofteachers.Notably,theturnover 
	rateformath/scienceteachersishigher 
	than for teachers in a number of other fields (see figure 2). Moreover, as found in previous research (Murnane et al. 1991), the TFS data show that teaching is an occupation that loses 
	many of its newly trained members 
	veryearlyintheircareers–longbefore the retirement years. I used the TFS data to provide a rough estimate of the cumulative attrition of beginning teachers from the occupation in their first several years of teaching. The data suggest that after just five years, 
	veryearlyintheircareers–longbefore the retirement years. I used the TFS data to provide a rough estimate of the cumulative attrition of beginning teachers from the occupation in their first several years of teaching. The data suggest that after just five years, 
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	beginning teachers have left teaching altogether. 
	beginning teachers have left teaching altogether. 
	In short, the demand for new teachers,andthesubsequentproblems schools face ensuring classrooms are staffed with qualified teachers, are to a significant extent due to teachers moving from or leaving their jobs at higher rates than in many other occupations. These patterns are chronic — similar results are found in all four cycles of the TFS data from the late 1980s to 2001. 
	These data raise an important 
	question: why do teachers depart their 
	jobs at relatively high rates? 
	The Sources of Teacher Turnover 
	Thisnextsectionturnstothereasons behind teacher turnover, especially among math and science teachers. Table . lists the data on teachers’ reasons for their turnover, separately for all teachers and for math/science teachersandalsoseparatelyformovers and leavers. Note that the column 
	In short, the demand for new teachers, and the subsequentproblems schools face ensuring classrooms are staffed with 
	qualified teachers, are to a significant extent
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	Figure 2 – Percent annual teacher turnover, by field..
	Artifact
	Source: 1994-95 Teacher Followup Survey 
	Source: 1994-95 Teacher Followup Survey 
	Source: 1994-95 Teacher Followup Survey 



	segments in table . displaying percent 
	segments in table . displaying percent 
	teachers giving various reasons for turnover each add up to more than 100 percent, because respondents could indicate up to three reasons for their departures. The same applies to the columns displaying reasons for dissatisfaction-relatedturnover.These samedata(butwithmoversandleavers combined) are also more succinctly illustrated in Figures 3 and 4. 
	As illustrated in Figure 3 and Table .,overall,math/scienceteachersdonot greatly differ from other teachers in the reasons why they depart from their teachingjobs.Contrarytoconventional wisdom,retirementisnotanespecially 

	prominent factor. The latter actually accountsforonlyasmallpart(13%)of totalturnover.Ofcourse,ifonefocuses 
	on attrition alone (only those leaving teachingaltogether)retirementismore 
	prominent because, by definition, migration excludes retirement. Even 
	in this case, however, retirement is 
	not an especially prominent factor; retirement accounts for only a quarter of leavers (25%). Notably, retirement also does notaccountfor the relatively high rates of turnover by math/science 
	teachers. 
	teachers. 

	School staffing cutbacks, due 
	to lay-offs, school closings and 
	reorganizations, account for a larger 
	proportion of total turnover than does 
	proportion of total turnover than does 
	retirement. Staffing actions more 
	often result in migration to other 
	teaching jobs rather than leaving the 
	teaching occupation altogether (34% of migration and 8% of attrition). 
	School staffing


	cutbacks, due to layoffs, school closingsand reorganizations, account for a largerproportion of total turnover than does retirement. 
	cutbacks, due to layoffs, school closingsand reorganizations, account for a largerproportion of total turnover than does retirement. 
	cutbacks, due to layoffs, school closingsand reorganizations, account for a largerproportion of total turnover than does retirement. 
	Personalreasons,suchasdepartures for pregnancy, child rearing, health problems and family moves are more often given as reasons for turnover than are either retirement or staffing actions (36 percent of migration and 44 percent of attrition). 
	Finally, two related reasons are, collectively, a very prominent source of turnover. About half of all teachers who depart their jobs give as a reason either job dissatisfaction or the desire to pursue another job, in or out of education. Notably, math/science teachers are significantly more likely to move from or leave their teaching jobs because of job dissatisfaction than are other teachers (40 percent of math/science and 29 percent of all teachers). 
	As illustrated in Figure 4 and Table 1, of those who depart because of job dissatisfaction, the most common reasons given are: low salaries; a lack of support from the administration; student discipline problems; lack 

	Table 1 - Percent Teacher Turnover and Percent Teachers Giving Various Reasons for their Turnover 
	Table
	TR
	Movers 
	Leavers 
	Movers 
	Leavers 

	Rates of Turnover 
	Rates of Turnover 
	7 
	7.3 
	9 
	7 

	Reasons for Turnover 
	Reasons for Turnover 

	Retirement 
	Retirement 
	-
	25 
	-
	26 

	School Staffing Action 
	School Staffing Action 
	34 
	8 
	28 
	11 

	Family or Personal 
	Family or Personal 
	36 
	44 
	32 
	45 

	To Pursue other Job 
	To Pursue other Job 
	29 
	25 
	33 
	21 

	Dissatisfaction 
	Dissatisfaction 
	32 
	25 
	48 
	28 

	Reasons for Dissatisfaction 
	Reasons for Dissatisfaction 

	Poor Salary 
	Poor Salary 
	49 
	61 
	53 
	66 

	Poor Administrative Support 
	Poor Administrative Support 
	51 
	32 
	57 
	22 

	Student Discipline Problems 
	Student Discipline Problems 
	22 
	24 
	33 
	21 

	Lack of Faculty Influence & Autonomy 
	Lack of Faculty Influence & Autonomy 
	18 
	15 
	11 
	15 

	Poor Student Motivation 
	Poor Student Motivation 
	12 
	18 
	17 
	32 

	Poor Opportunity for Professional Advancement 
	Poor Opportunity for Professional Advancement 
	8 
	5 
	4 
	1 

	Inadequate Time to Prepare 
	Inadequate Time to Prepare 
	5 
	6 
	3 
	6 

	Intrusions on Teaching Time 
	Intrusions on Teaching Time 
	5 
	11 
	6 
	12 

	TR
	3 
	11 
	.5 
	9


	Class Sizes too Large 
	Class Sizes too Large 
	Class Sizes too Large 
	Class Sizes too Large 
	All Teachers 

	Math and Science Teachers 

	of student motivation; and lack of influenceoverschooldecisionmaking. Moreover, several factors stand out because few teachers tie them to their turnover: large class sizes; intrusions on classroom time; lack of planning time; and lack of opportunity for 
	professional advancement. 
	I have found these findings to be true across different cycles of the data and across different subsets of teacher turnover. For example, in general, similar kinds of dissatisfactions lie behind both teacher migration and teacher attrition. Further analyses of theTFSmigrationdatashowthatthere 
	I have found these findings to be true across different cycles of the data and across different subsets of teacher turnover. For example, in general, similar kinds of dissatisfactions lie behind both teacher migration and teacher attrition. Further analyses of theTFSmigrationdatashowthatthere 
	is a strong flow of teachers from more 


	desirable to less desirable schools. Aftercontrollingforthetypeofschool, 
	four factors stand out as related to 
	both teacher migration and attrition: 
	schools with low salaries, student discipline problems, little support for new teachers and little faculty input 
	into school decision making tend to 
	lose teachers to schools without these 
	problems. 
	problems. 

	In sum, the data indicate that math/ science teachers, like other teachers, departtheirjobsforavarietyofreasons. Retirement accounts for a relatively small number of total departures, 
	a moderate number of departures are due to school staffing actions, a 
	a moderate number of departures are due to school staffing actions, a 
	large proportion indicate they depart for personal reasons, and a large proportionalsoreporttheydeparteither 
	because they are dissatisfied with their 
	jobs or in order to seek better jobs or 
	other career opportunities. 

	Implications
	Implications
	Implications
	Since the early 1980s, educational 
	policy analysts have predicted that 
	shortfalls of teachers resulting 
	primarily from two converging demographic trends — increasing 
	student enrollments and increasing 
	teacher retirements — will lead 
	to problems staffing schools with qualified teachers and, in turn, lower educational performance. 
	This analysis suggests, however, that school staffing problems for both math/science and other teachers are not solely or even primarily due to teacher shortfalls resulting from either increases in student enrollment or increases in teacher retirement. In contrast, the data suggest that school staffing problems are also a result of a “revolving door” — where large numbers of teachers depart teaching for reasons other than retirement. 
	Teacher turnover is a significant phenomenon and a dominant factor driving demand for new teachers. The data show that, while it is true that studentenrollmentsareincreasing,the demand for new teachers is primarily duetoteachersmovingfromorleaving their jobs at relatively high rates. Moreover, this analysis shows that, while it is true that teacher retirements are increasing, the overall amount of turnover accounted for by retirement is relatively minor when compared to that resulting from other causes, suc
	or other careers. These findings have important 
	implications for educational policy. Supply and demand theory holds that where the quantity of teachers demanded is greater than the quantity ofteacherssupplied,therearetwobasic policy remedies: increase the quantity supplied or decrease the quantity 
	demanded. As noted in the beginning 
	of this article, teacher recruitment, an 
	example of the former approach, has 
	been and continues to be a dominant approachtoaddressingschoolstaffing inadequacies. However, this analysis suggests that recruitment programs 

	Figure 3 – Percent teachers giving various reasons for their turnover 
	Artifact
	Source: 1994-95 Teacher Followup Survey 
	Source: 1994-95 Teacher Followup Survey 




	The data show that, while it is true that student enrollments are increasing, the demand for new teachers is primarily due toteachers moving from or leaving their jobs at relatively high rates. 
	The data show that, while it is true that student enrollments are increasing, the demand for new teachers is primarily due toteachers moving from or leaving their jobs at relatively high rates. 
	The data show that, while it is true that student enrollments are increasing, the demand for new teachers is primarily due toteachers moving from or leaving their jobs at relatively high rates. 
	alone will not solve the staffing problems of schools, if they do not also address the problem of teacher 
	retention. In short, this analysis suggests that recruiting more teachers will not solve staffing inadequacies if large numbers of such teachers then prematurely leave. 
	What then can be done? From the perspective of this analysis, schools are not simply victims of inexorable demographic trends, and there is a significant role for the management of schools in both the genesis of and solution to school staffing problems. Rather then increase the quantity of teacher supply, an alternative 

	Figure 4 – Percent teachers giving various reasons for theirdissatisfaction-related turnover 
	Schools across the country where there is more support from the school administration for new teachers, such as induction and mentoring programs 
	Schools across the country where there is more support from the school administration for new teachers, such as induction and mentoring programs 
	have significantly


	lower levels of teacher turnover. 
	lower levels of teacher turnover. 
	lower levels of teacher turnover. 
	data document that changing these things would all contribute to lower rates of turnover, in turn, diminish school staffing problems and, hence, ultimately, aid the performance of 
	schools. 
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	Appendix 
	Appendix 

	Definitions of Measures 
	Definitions of Measures 
	Definitions of Measures 
	of Reasons for Turnover 

	In the TFS teachers could list up to 3 
	choices from a list of .2 reasons for their 
	departures. I grouped the 12 reasons into 5 categories, as follows: 
	•. 
	•. 
	•. 
	•. 
	Retirement. 


	•. 
	•. 
	School Staffing Action: reduction-inforce/lay-off/school closing/reassignment. 
	-
	-



	•. Family or Personal: family or personal move; pregnancy/child rearing; health; other family or personal reason. 
	-
	-

	•. To Pursue other Job: to pursue another career; to take courses to improve career opportunities in or outside the field of education; for better teaching job. 
	•. Dissatisfaction: dissatisfied with teaching as a career; dissatisfied with the school; for better salary or benefits. 
	-

	Of those teachers who indicated dissat
	Of those teachers who indicated dissat
	-

	isfaction, as defined above, as a reason for their departure, they could list up to 3 
	choices from a list of .2 reasons for their 
	dissatisfaction. I grouped the 12 reasons into 9 categories, as follows: 
	•. 
	•. 
	•. 
	Poor Salary 

	•. 
	•. 
	Poor Administrative Support: lack 


	of recognition and support from administration; lack of resources and material/equipment for your classroom; inadequate support from 
	administration 
	•. 
	•. 
	•. 
	Student Discipline Problems 

	•. 
	•. 
	Lack of Faculty Influence and Autonomy: lack of influence over school policies and practices; lack of 


	control over own classroom 
	•. Poor Student Motivation: poor 
	student motivation to learn 
	•. 
	•. 
	•. 
	Poor Opportunity for Professional Advancement 

	•. 
	•. 
	Inadequate Time to Prepare: inad
	-



	equate time to prepare lesson/teaching 
	plans 
	•. Intrusions on Teaching Time: intrusions on teaching time (i.e. not enough 
	-

	time working directly with teaching 
	students) 
	•. Class Sizes too Large 
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	at elementary and secondary schools as workplaces, teachers as employees, and teaching as a job. He is a nationally recognized expert on 
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	The Coupled-Inquiry Cycle:.A Teacher Concerns-based Model for. Effective Student Inquiry. 
	The Coupled-Inquiry Cycle:.A Teacher Concerns-based Model for. Effective Student Inquiry. 
	The science education reform movement that emphasizes student-centered constructionandmeaningfulunderstandingofscienceconcepts,hasidentified inquiry teaching and learning as an effective strategy for student learning. 
	The science education reform movement that emphasizes student-centered constructionandmeaningfulunderstandingofscienceconcepts,hasidentified inquiry teaching and learning as an effective strategy for student learning. 
	The National Science Education Standards(NationalResearchCouncil, 1996) has become, arguably, the most importantsingleinfluenceinreshaping K-12 science instruction in the United States during the past several years. Central to their vision of effective science teaching and learning is the strategy of student-centered inquiry as the primary vehicle for students to develop meaningful understandings of key science concepts as well as learn about the nature and process of science. 
	The National Science Education Standards(NationalResearchCouncil, 1996) has become, arguably, the most importantsingleinfluenceinreshaping K-12 science instruction in the United States during the past several years. Central to their vision of effective science teaching and learning is the strategy of student-centered inquiry as the primary vehicle for students to develop meaningful understandings of key science concepts as well as learn about the nature and process of science. 
	During the past five years, in 
	response to the strong emphasis 
	on inquiry by the National Science Education Standards (NSES), I have 
	been involved in developing and facilitating professional development workshops for K-.2 science teachers 
	on the use of inquiry strategies and practices for meaningful learning of 
	science concepts. These workshops 
	have been designed to model inquiry 
	by doing hands-on investigations on a wide variety of physical, earth, 
	and biological phenomena. In the 
	workshops, these investigations are 
	combinedwithreflectionanddiscussion of both the inquiry experience and the vision for inquiry promoted by the 
	combinedwithreflectionanddiscussion of both the inquiry experience and the vision for inquiry promoted by the 
	NSES and other science education literature. While participant response has been generally very positive about inquiry-style learning, there has also 

	been a great deal of concern expressed 
	abouttheactualimplementationofthis 
	vision in the classroom. 
	As a result of the reflections and discussions with hundreds of K-12 teachers in more than 30 different workshops, a model of inquiry has emerged that seems to balance the vision of student-centered inquiry described in the NSES with an inquiry strategy that reflects teacher concerns. This model, called the Coupled Inquiry Cycle, combines, or “couples”, “teacher guided” inquiry with “full” or “open” inquiry, into an inquiry cycle based on a learning cycle format (Dunkhase, J.A., 2000; Martin-Hansen, L., 200
	Inquiry and the National Science Education Standards (NSES) 
	Inquiry and the National Science Education Standards (NSES) 
	“Inquiry into authentic questions generated from student experience is the central strategy for teaching science.”Thispowerfulstatementfrom the teaching standards section of the NationalScienceEducationStandards (NSES p. 31) illustrates the important 
	“Inquiry into authentic questions generated from student experience is the central strategy for teaching science.”Thispowerfulstatementfrom the teaching standards section of the NationalScienceEducationStandards (NSES p. 31) illustrates the important 
	role inquiry plays in the NSES vision for science education reform. Inquiry is pervasive throughout the standards 

	as the driving force for effective teachingandlearninginscience.From the teaching standards to the content standards, the assessment standards, and the professional development 
	standards, inquiry is central to the missionofacquiringscientificliteracy foralllearners.Tofurtherreinforcethe importance of inquiry as a learning strategy for scientific literacy, the National Research Council has subsequently published an additional volume entitled Inquiry and the NationalScienceEducationStandards which is dedicated specifically to elaborating on the inquiry standards (National Research Council, 2000). 


	What is Inquiry and Why is it so Important? 
	What is Inquiry and Why is it so Important? 
	What is Inquiry and Why is it so Important? 
	Historically, science instruction 
	and the assessment of achievement 
	in science, has focused on students acquiring the products of scientific inquiry – content knowledge – the 
	all too familiar encyclopedic body 
	of facts, formulas, definitions, and equations, to be memorized and regurgitated on the chapter-end or 
	of facts, formulas, definitions, and equations, to be memorized and regurgitated on the chapter-end or 
	semester-end quizzes and tests. This 


	knowledge has not served the needs of 
	knowledge has not served the needs of 
	most of our science students because 
	they generally have not learned the 
	science concepts meaningfully for understanding. As a result, students have not gained useful knowledge 
	that is relevant to their lives or science 
	understandings that help them make informed choices as scientifically 
	literate citizens. 
	Inquiry, on the other hand, is a much more powerful way to learn science meaningfully. It focuses on content knowledge in the context of the process of developing scientific understanding. That is, it is a strategy for learning science concepts that are constructed by students doing science 
	-“not something that is done to them” 
	(NSES p20).This isnottobe confused 
	with learning “science process skills” or the “discovery” science teaching 
	strategy of the ’60’s. It is also not 
	simply doing experiments, hands-on 
	activities, “labs”, or “the scientific 
	method”.Rather,theNSESgrade-level 
	chapters on content standards define inquiry as a series of abilities and understandings that students should 
	know and be able to do to develop 
	BOTH the important products AND processes of the scientific endeavor. 
	Whiletheinquiryabilitiesarticulated in the NSES are slightly different for each grade- level cluster (K-4, 5-8, 9-12) there are basic elements of the inquiry vision that are common across allgradelevels.Thesecommonabilities are modified somewhat to form the core of the coupled inquiry cycle and summarized in Table 1. 
	Why isn’t inquiry eagerly embraced by teachers? 
	The science education reform community generally and enthusiastically advocates inquiry. In 
	Table 1. Inquiry Abilities 

	1. 
	1. 
	1. 
	Asking a question about a natural phenomenon.

	2. 
	2. 
	Designing an investigation to try and answer the question.

	3. 
	3. 
	Conducting the investigation to collect data and evidence.

	4. 
	4. 
	Using reason and logical thinking to interpret the evidence tocreate the best answer to the question.

	5. 
	5. 
	Presenting the results of the investigation to the community. 


	spiteofthewelldocumentedadvantages andbenefitsofinquiry-drivenlearning forstudents(Shymansky,et.al.,1990) 
	spiteofthewelldocumentedadvantages andbenefitsofinquiry-drivenlearning forstudents(Shymansky,et.al.,1990) 
	and despite attempts to promote some 
	variation of inquiry in schools for the past 70 years, the actual practice of inquiry has rarely been successfully 
	implementedbypracticingteacherson a large-scale with long-term positive 
	results (Yager, 1997). The reasons for this failure may be related to the 
	concerns and perceptions of teachers charged with the task of making 
	inquiry work in real classrooms. 
	There appear to be several important 
	issues and challenges related to the 
	“comfort-zone” of teachers that need to be overcome in order for practicing 
	teacherstoimplementtheidealof“full inquiry” as envisioned by the NSES. The concerns most often identified relate to “control issues” dealing with time,materials,safety,andcurriculum goals (Anderson, 1998). Rightly or wrongly, the NSES vision of inquiry 
	has often been perceived as being 
	too “open”, or too “student-driven”, without enough teacher input into the direction and outcomes of inquiry 
	investigations. 


	The Coupled Inquiry Cycle
	The Coupled Inquiry Cycle
	The Coupled Inquiry Cycle
	During the course of designing and facilitating teacher inquiry workshops, the concerns voiced by participants, and reinforced by the researchliterature,ledtotheevolution of an inquiry model that addresses 
	many of the reservations teachers 
	express about using inquiry as a 
	teaching strategy in their classrooms. 
	This model specifically addresses the issues of control over content and curriculum goals; teachers’ need to “lecture” to make sure students “get it”; and control over safety, time, and materials. The coupled inquiry cycle 
	endeavors to balance these needs, while still adhering to the vision of 
	true student-centered “full” inquiry, by combining or “coupling” together “teacherguided”inquirieswith“open” inquiries that are completely student-driven. These “coupled inquiries” (Figure 1) are embedded in a cycle 
	based on traditional learning cycle 
	models,suchasthe5EmodelofBybee (1997) and problem solving models, such as the Search, Solve, Create, and Share(SSCS)model(Pizzini,1989).A 
	description of the components of the 
	coupled inquiry cycle is as follows: 
	1. Invitation to Inquiry: The “invitation” stage of the cycle is the motivator or “hook” activity designed 
	to stimulate student interest in the 
	topic or concept to be investigated. Rather than the teacher simply 
	announcingthat“todaywe’regoingto investigate soils” because it is next in the curriculum, the invitation stage of the cycle provides the opportunity for teachers to get the students personally 
	involved and invested in the topic. 
	Teachers can use demonstrations, 

	Table
	current events, field trips, guest speakers, and other mechanisms to help generate interest and excitement to help students become fully engaged in the pursuit of understanding that the inquiry learning process promotes. Example:Tobegin a middleschoollevelinquirycycleonforceandmotion, the teacher reads “Cosmo Zooms”, by Arthur Howard to the class. This is a book about a dog that learns to skateboard. The teacher then helps the students relate the story to their own experiences on skateboards, bicycles, and 
	current events, field trips, guest speakers, and other mechanisms to help generate interest and excitement to help students become fully engaged in the pursuit of understanding that the inquiry learning process promotes. Example:Tobegin a middleschoollevelinquirycycleonforceandmotion, the teacher reads “Cosmo Zooms”, by Arthur Howard to the class. This is a book about a dog that learns to skateboard. The teacher then helps the students relate the story to their own experiences on skateboards, bicycles, and 
	-



	3. “Explore on your own”: This may be THE most important stage of 
	3. “Explore on your own”: This may be THE most important stage of 
	the coupled inquiry cycle because it explicitly promotes the curiosity of the learners by encouraging them to 
	personally explore the phenomena of interest. Here the investigators are 
	allowed to explore, or “play around” with the materials used in the guided 
	investigation and most importantly, to 
	generatetheirownquestionsthatmight 
	be investigated in the next stage of the 
	cycle – the open inquiry. This provides the critical link between the guided inquiry and open inquiry to follow. 
	Example: After the presentations and discussions related to the guided inquiry are finished the students are eagertoinvestigatetheballsandramps phenomena further. They generally have many ideas and questions about what is usually a discrepancy between what they thought would happen and what actually occurred. The teacher has made some additional materials available for the students such as more ramp lengths, balls of different diameters,ballswithdifferentsurfaces, othertimingdevices,etc.The“explore on your 
	Example: After the presentations and discussions related to the guided inquiry are finished the students are eagertoinvestigatetheballsandramps phenomena further. They generally have many ideas and questions about what is usually a discrepancy between what they thought would happen and what actually occurred. The teacher has made some additional materials available for the students such as more ramp lengths, balls of different diameters,ballswithdifferentsurfaces, othertimingdevices,etc.The“explore on your 
	questions much in the same way 

	scientists often do when the are exploring a new idea or phenomena before they begin a formal research 
	project. After allowing the students a reasonableamountoftimeexploringin 
	this stage of the cycle (as determined 
	by the teacher), the student groups are asked to list their “burning questions” andcometoconsensusastowhichone 
	or ones they want to investigate. 

	4. “Open” Inquiry: The “open” or 
	4. “Open” Inquiry: The “open” or 
	4. “Open” Inquiry: The “open” or 
	“full” inquiry is intended to be totally student-centered and fully reflect the vision of inquiry discussed in the NSES. Here, questions generated in the “explore on your own” stage are discussed bystudentinvestigatorsand the teacher. Questions are negotiated and selected for further investigations 
	thatarereasonableinthecontextofthe 
	curriculum,time,materials,andsafety concernsasdiscussedearlier.Students thendesigntheinvestigations,conduct and interpret the study, and finally share their results with the teacher, the restoftheclass,and/orthecommunity (Table 2 and Figure 2). 
	Example: The students are now askedtotaketheirdesignatedquestion and refine it into one that is clear and can be investigated using available classroom materials. Students then 
	design their own investigations, carry 
	them out, analyze their data, and 
	present the evidence and explanations to the class. 
	Teachers often find that for themselves and their students, this is the most interesting and exciting part of the cycle because the richness of student thinking about the topic becomes apparent. Contrary to what teachers sometimes expect, the questions and investigations students generate will generally be very productive extensions of the teacher’s initialguidedinquiry.Often,however, the students’ questions and findings will be something the teacher never anticipated and the both the students and teachers 
	5. Inquiry Resolution: One of the concerns many teachers express 
	about inquiry is that they don’t feel “comfortable” that students have learned anything at the end of student-generated investigations. The inquiry resolutionstageofthecycleisintended to provide an opportunity for the teacher to help students come to some cognitive closure regarding the target 

	Table 2 – Comparison of Inquiry Responsibilities 
	NSES Inquiry Ability Guided Inquiry Open InquiryStage Stage Whose responsibility is it to: 1. Ask the question to be investigated. Teacher Student 2. Plan the Investigation. Teacher Student 3. Conduct the Investigation to collect data. Student Student 4. Construct explanations from the data. Student Student 5. Communicate the results of the investigation. Student Student 
	science concepts and satisfy the 
	science concepts and satisfy the 
	curriculumobjectives.Theteachercan review the student inquiry presentations for common understandings; ask students what they’ve learned and what they would investigate next; do a 
	-

	demonstration that challenges or 
	supports student findings; or even do some direct instruction if necessary, 
	to clarify the science content. And, 
	importantly, inquiry resolution is a perfect time to discuss applications of the science concepts and inquiry results to the students’ lives. 
	Example: At the end of the student presentationsandensuingdiscussions, the teacher realized that even though the students had constructed the important understanding that the weight, or mass, of the ball doesn’t significantly influence it’s acceleration down the ramp, they still don’t understand that friction is a force and that changes in motion are related to forces. The teacher then did some “direct instruction” and a demonstration to clarify the definitions and concepts of force and friction; how they r
	-
	-




	6. Inquiry Assessment: Formative 
	6. Inquiry Assessment: Formative 
	6. Inquiry Assessment: Formative 
	assessment should be occurring during all parts of the inquiry cycle. 
	This process is important to inform 
	the teacher about the progress the students are making and what content issuesorquestionsmightbeaddressed by “direct instruction” in the inquiry resolution stage discussed above. It is also often valuable to do a summative evaluation assessment at the end of the cycle. Even though summative assessment might be used for evaluation purposes, ideally it also should have some kind of “authentic” 
	or “performance” component rather than simply being a traditional paper and pencil test. This might involve 
	havingstudentsapplytheirknowledge 
	oftargetconceptstoaproblem-solving activity or creating a need for them 
	to use the knowledge in a personal or societaldecisioncontext–thescientific 
	literacyandinformeddecisionmaking assessment. This assessment stage 
	should also be structured in a way that is useful in initiating additional inquiries to continue the cycle as time and curriculum pressures permit. 
	Example: As students have been 
	doingtheirinvestigationstheteacher,as 
	part of the inquiry facilitation process, 
	has been informally monitoring the 
	students and helping them by asking probing questions and making subtle suggestions. During the guided and open inquiry presentations a rubric that was generated by the students and the teacher was used to assess for both their content understandings and inquiry abilities. Finally, the teacher gave them an authentic/performance assessment problem to solve using a real Tonka-toy dump truck to haul 
	bricks down a hill (plywood ramp) to 
	see if the students could transfer their knowledge to a novel situation. 


	Conclusions 
	Conclusions 
	Conclusions 
	Duringthecourseofthepastseveral years the coupled inquiry cycle model has been used in many professional development workshops for science teachers. Discussions during the workshops,aswellaswrittenworkshop evaluation feedback, suggest that this model successfully addresses teacher concerns about using inquiry as a strategy for meaningful learning of science content. Coupled inquiry workshop participants indicate that they are more likely to apply inquiry 
	in their classrooms than participants 
	in similar inquiry workshops that focused only on the strictly student-centered “full” inquiry model. This is in concert with the findings of Hall and Hord (1987) who found that for effective change to occur in the classroom the process must reflect 
	the concerns of the participants most directly implementing the change. 
	It is not intended that the coupled inquiry cycle be strictly interpreted or rigidly applied. Science content doesn’t have to be addressed only after the open inquiry - some can be addressed before or during the inquiries as well. The “explore on your own” phase can be, and often is, an on-going process throughout the inquiry process for many students. And certainly, assessment could and shouldbepresentthroughoutthecycle. This model is suggested as a starting point to provide a teacher-friendly structure th
	-
	-
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	Science in the City: Consistently .Improved Achievement in Elementary .School Science Results from Careful .Planning and Stakeholder Inclusion. 
	Science in the City: Consistently .Improved Achievement in Elementary .School Science Results from Careful .Planning and Stakeholder Inclusion. 
	Setting high expectations in science education in the elementary grades, 
	leading to increasingly improved achievement for both poor and minority 
	students, is being demonstrated convincingly by a large urban school 
	district. 
	district. 
	district. 
	Introduction 
	Introduction 
	Our future depends upon a strong, competitive workforce and upon citizensequippedtofunctioninaworld of great and growing complexity. Central to producing such results is a system of education that specifies what every student in each grade should know and be able to do in both mathematics and science. Educational excellence in these disciplinesimprovesmorethanjustthe health of the disciplines themselves. It also improves the everyday lives and productivity of those who see the world through eyes enlightened
	On January 8, 2002, President George W. Bush signed into law the No Child Left Behind (NCLB) Act, the sweeping new federal education 
	On January 8, 2002, President George W. Bush signed into law the No Child Left Behind (NCLB) Act, the sweeping new federal education 
	reform bill that will affect virtually everyaspectofK-12education.NCLB raises accountability in math and reading skills for students, teachers, and administrators; beginning in SY 2005-2006, the law requires annual testing of both subjects in each grade from grades 3 through 8. Each of us involved in science education has 

	almost certainly started to feel the downside of the law’s initial emphasis on math and reading. NCLB’s immediate adverse effects are evident 


	The growing numbers and percentage of ourcitizens who come from racial/ethnic minoritygroups, combined with gaps in achievementbetween majority andminority students, poseserious challenges toour schools. 
	The growing numbers and percentage of ourcitizens who come from racial/ethnic minoritygroups, combined with gaps in achievementbetween majority andminority students, poseserious challenges toour schools. 
	whenever we are forced to defend 
	science education against a rising 
	swell of attempts by local districts to devoteevermoretimetothetwotested disciplines, or to defend it against national efforts to abandon science 
	altogether in grades K through 6. 
	Eventually, however, NCLB may actually benefit science education, although not immediately. Beginning in SY 2007-2008, NCLB requires all statestobegintestingscienceannually in one grade in each of three grade ranges: 3-5, 6-9, and 10-12. But the sad truth is that, until then, teachers will teach only that which gets tested and administrators will promote only that which is needed to keep their schools off the list of underachieving schools. 
	Challenges to Our Schools 
	Challenges to Our Schools 
	The growing numbers and percentage of our citizens who come from racial/ethnic minority groups, combined with gaps in achievement between majority and minority students,poseseriouschallengestoour schools. To counter these challenges, we must resolve to improve science 
	programs at all levels if we hope to 
	be able to supply professionals who 
	are literate in those topics of science, technology,andmathematicssocritical 
	toourneedforanexpandingworkforce inthefieldsofscienceandengineering. In the next decade, the total U.S. work force is projected to expand by 12.3%; minorities will account for more than 40% of these new participants in the labor force (Fullerton, 1999). Such jobs will require workers who are 
	capable of processing information 
	quickly, critical thinking, problem solving,andteamwork.Unfortunately, many educators and parents—often unknowingly—act in such a way as to perpetuate the common myth that mathandsciencearesubjectsforwhite 
	males only. Females and minority 
	students often experience active discouragement, few role models, and less access to advanced coursework 
	as obstacles to choosing a career in science, technology, or engineering 
	(Catsambis, 1995). 
	As more schools are held accountable, will we see science instructionrelegatedtoaregurgitation of facts (“drill and kill”), with the “hands-on” style of inquiry-based instruction confined to gifted students only? Unfortunately, such a scenario is not impossible, given the prevalent attitude among some educational leaders that not all children need to besystematicallyexposedtoscientific content and methods from the earliest grades. 
	Socioeconomic status (SES) is an educational issue only slightly less significant than minority status. In our country, the fact that family wealth (or lack thereof) is invariably the single best predictor of demonstrated academic achievement has been repeatedly documented. But those exceptionalchildrenwhooccasionally 



	Education can be a great equalizer. Thus, we should demand highachievement of all our students, regardless of their background. 
	Education can be a great equalizer. Thus, we should demand highachievement of all our students, regardless of their background. 
	Education can be a great equalizer. Thus, we should demand highachievement of all our students, regardless of their background. 
	break through the constraints that 
	poverty typically places on academic 
	achievement prove conclusively that 
	SES does not determine potential. 
	Education can be a great equalizer. Thus, we should demand high achievement of all our students, regardlessoftheirbackground.Setting highexpectationsinscienceeducation 
	in the elementary grades, leading to increasingly improved achievement 
	for both poor and minority students, 
	isbeingdemonstratedconvincinglyby 
	the St. Louis City Public Schools. 
	Case Study: St. Louis Public Schools 
	St. Louis Public Schools (SLPS) is the largest school district in Missouri. It has about 41,000 students in 112 schools, 68 of which are elementary schools. About 81% of students in SLPS are African American; 82% of its student population qualify for free orreducedlunchstatus.SLPSstudents havedemonstratedgainsinelementary school science on the standardized test that the state of Missouri has administered statewide since 1998. This test, the Missouri Assessment Program (MAP), is given annually to eachstudent
	Key facts to note in Table . (next 
	page) are that since 1998, SLPS students improved in the following 
	areas: 
	.) bottom two achievement categories (i.e., Combined Step .& Progressing) at an 
	average annual rate of 6%, a rate 600% greater than the 1% average annual improvement rate achieved by all Grade 3 students statewide; 
	2) top two achievement categories (i.e., Combined Advanced & 
	Proficient) at an average annual rate of 5%, a rate more than 200% greater than the 2% average annual improvement rate achieved by all Grade 3 students statewide; and 
	3) composite MAP Index Score by an average 8 points per year, a rate more than 200% greater than the 3 point average annual 
	improvement rate achieved by 
	all Grade 3 students statewide. 
	Althoughthereisstillagapbetween thestateaverageinGrade3scienceand the average of students in SLPS, the 
	gapissmallerthaneverandnarrowing rapidly. 
	Figure 1 (page 19) provides 
	additional evidence that the achievement gap associated with 
	students’race/ethnicityisbeingclosed gradually by SLPS. Figure 1 for Grade 3 Science shows the composite MAP Index Score by year for black students and for white students 
	within SLPS compared with black 
	students and white students in the rest of Missouri (excluding students 
	from SLPS). The Department of 
	Elementary and Secondary Education (DESE) provided these MAP results 
	disaggregated by race/ethnicity on 
	their web page, but only for the four most recent years since 1999. The 

	Table 1 
	Table 1 
	Table 1 

	Missouri Assessment Program (MAP) Results* in Grade 3 Science from 1998-2002 
	* Note: MAP results reported by the Missouri Dept. of Elementary and Secondary Eduation (DESE), and found on their web site 
	** Note: Annual Rate of change from 1998 to 2002 calculated by formula ((% 2002 - % 1998)/4)..*** Note: MAP index calculated by DESE formula: (% Step 1 * 1) + (% Progressing * 1.5) + (% Nearing Proficient * 2).
	+ (% Proficient * 2.5) + (% Advanced *3) 
	compositeMAPIndexScoretakesinto account all five levels of achievement, as shown in the formula contained in 
	compositeMAPIndexScoretakesinto account all five levels of achievement, as shown in the formula contained in 
	a footnote to Table .. 
	Itispossibletoquantifytheapparent 
	convergence of achievement scores 
	evident on Figure 1 by calculating the rate of change of the MAP Index Scoreannuallysince1999.Inthethree years subsequent to 1999, the MAP Index Score has improved annually 
	at different average rates of change 
	for the four groups represented on Figure 1. Black third graders in SLPS 
	averaged the highest rate of change, 
	9.6 score units per year. Following them were the black students in the 
	rest of the state who changed by an 
	average of 6.2 score units annually. Next were white third grade students from SLPS who averaged 4.8 units of change annually, while white students from the rest of Missouri improved on average by 4.0 score units per year on MAP science in the third grade. 
	The degree of recent improvement in sciencetestscores at theelementary 
	The degree of recent improvement in sciencetestscores at theelementary 
	level in SLPS schools has been 

	dramatic, particularly during the last school year of 2001-2002. In fact, abouttwothirdsofallSLPSelementary 
	schoolsimprovedinsciencecompared with the year before. This means that science improved most of all last year (2002) compared with any of the other 
	three tested subjects of mathematics, communicationarts,andsocialstudies 
	at the elementary level. Additionally, a separate analysis showed that, in 
	science, black elementary students in 



	The degree of recent improvement in science test scores at the elementary level inSLPS schools has been dramatic, particularlyduring the last schoolyear of 2001-2002. 
	The degree of recent improvement in science test scores at the elementary level inSLPS schools has been dramatic, particularlyduring the last schoolyear of 2001-2002. 
	The degree of recent improvement in science test scores at the elementary level inSLPS schools has been dramatic, particularlyduring the last schoolyear of 2001-2002. 
	the SLPS are doing on average as well 
	asorbetterthantheircounterpartswho volunteer to be bused to more affluent schools in 15 largely white public 
	school districts within the adjoining 
	St. Louis County. 
	Understanding the Data 
	During her interviews with key stakeholders in SLPS, the first author identifiedseveralkeyfactorsimportant 
	to the improvement process. These factors are as follows: 
	• District administrators provided 
	leadership to bring about 
	change. 
	• New instructional materials that 
	not only met the needs of the 
	district but also fit well with 
	state and national standards were selected. 
	•. Extensive professional development was provided by the text
	-
	-

	book authors to acquaint teachers 
	with the new materials and to familiarizethemwithnewermodels 
	-


	Figure 1: Results of the State Test (MAP) for Science in Grade 3;.MAP Index Score of Students in SLPS vs. Missouri (Excluding SLPS).By Year, and by Race of Student (B=Black; W=White). 
	MAP Index Score(Possible Range from 100 to 300) 1999 2000 2001 2002 
	of instruction and learning, such as inquiry and discovery. 
	of instruction and learning, such as inquiry and discovery. 
	• Multiple..stakeholders were broughttogetherduringeachphase 
	ofplanningandimplementingthe 
	new instructional materials and curriculum. 
	• The curriculum was segmented, prioritized,timed,andsequenced into content units by teachers 
	and administrators, so that each 
	school would be teaching from the same unit at the same time. 
	• Regular evaluation and feedback wasobtainedtoguidesubsequent training and classroom support. 
	Thefollowingsectionwillelaborate 
	on several of these success factors. 
	School Year 
	Selection of New Instructional Materials 
	Selection of New Instructional Materials 
	The new science materials that were adopted during SY 2001-2002 were carefully evaluated and pilot tested during the previous school year (SY 2000-200.). Pilot testing was a process new to the district. Ad hoc selection committees of teachers and administrators had made all prior textbook adoptions, with the final decision based largely or exclusively on formal presentations to the committee by the vendors. The pilottestingdesignedforthisoccasion, however, was noteworthy for being both intensive and extensi
	• About half of the district’s 
	elementary schools participated in pilot testing. 
	• The pilot testing was conducted 
	for a period of ten weeks. 
	• Three to five different vendor packages were evaluated at each 
	participating school, each in a different classroom. 
	• All..supplementary materials were evaluated in addition to the 
	textbooks. 
	• Vendor support and professional development were evaluated in 
	addition to the textbooks. 
	• All participants..discussed all competingvendorsduringseveral 
	general sessions held prior to a 
	final vote by the participants. 
	Planning for Implementation 
	All stakeholders were involved 
	in careful implementation planning. 
	These parties included the publisher, 
	the chief academic officer, the 
	science curriculum supervisor, and the divisions of accounting and 
	transportation. The parties met to 
	set details such as time lines, phased implementation, preparing vouchers, shipment schedules and destinations, handling and warehousing the textbooks and supplies, special 
	planning to accommodate the needs 
	of special education teachers, and 
	planning the initial professional development needed by both teachers and school administrators. 

	Sustained Professional Development 
	Sustained Professional Development 
	Professional development was done in the summer before the new instructional materials were to be implemented. Teachers needed to become familiar with the style of instructionfeaturinghands-oninquiry and experimentation. Many did not know how to use demonstration materialsintheirclassrooms,norwere they completely comfortable with and competent in the use of questioning techniquestoguidestudentdiscussion and discovery of general principles based on observations. Two one-week training sessions in the summer, 
	In order to sustain momentum during the school year itself, teachers received additional training sessions designed by local science institutions, suchastheMissouriBotanicalGarden, the St. Louis Science Center, and the St. Louis Zoo. These and other major 
	In order to sustain momentum during the school year itself, teachers received additional training sessions designed by local science institutions, suchastheMissouriBotanicalGarden, the St. Louis Science Center, and the St. Louis Zoo. These and other major 
	community partners attended the district’s summer training sessions in ordertobecomebetteracquaintedwith 

	the new teaching materials. This also allowed them to observe the teachers 
	during these sessions in order to 
	identify special needs to be addressed 
	through subsequent professional development. Furthermore, all such organizationswereinstructedtoensure that all future proposals for training of the district staff must conform to the 
	district’s new content standards and 
	instructional materials. 

	Involving All Stakeholders 
	Involving All Stakeholders 
	The district’s reading specialists were also included as part of the science implementation team. In fact, the connections between science and reading literacy were made explicit during a portion of the district’s summer professional development training sessions. Science content questions now form portions of the district’s quizzes in communication arts, and school administrators use science materials as the base texts for practice sessions in reading and writing.AccordingtoPrincipalMamie Womack of Froebel
	Froebel Elementary School is typicalofthetypeofschoolinSt.Louis that has recently begun to embrace new standards-based, inquiry-mode instruction, and which has started to make significant gains in student achievement as a consequence. Froebel is a large, non-magnet school with rates of minority enrollment and family poverty significantly above the district’s average. Yet the recent improvement in Froebel’s test scores 
	is evidence that change is taking place. Last year, Froebel improved 
	on all four subjects of the MAP, and in both indicators for each subject. 
	The school improved most of all in science.Thisoverallimprovementwas 
	possibleonlythroughthededicationto 
	reform and improvement of Froebel’s 
	principal,Ms.Womack,whoisstarting just her third year at the school. 
	PrincipalWomackhasmadescience a priority at the school, where teachers include science in their morning block 
	Having a commonschedule of instructional topicsacross the district’s schools helps to ensure that students who move 
	do not experience any
	discontinuity of contentfrom one school to the 

	next. 
	next. 
	of literacy practice. Teachers use a variety of instructional strategies to engage the students and to hold their attention, including the use of science content readers, read-aloud big books, having students read along while listening to text on audio CD, and doing shared reading. Instruction 
	relevanttosciencecontentispresented 
	during afternoon activities that are 
	primarily of the “hands-on” variety. 
	Subsequently, students devote time to 
	writingdescriptions oftheexperiment 
	and to building their vocabulary by explicating the science words used 
	in the demonstration or experiment. 
	The teachers also have students 
	The teachers also have students 
	practice writing stories that include 

	the new science words and content. 
	In addition, one Friday per month is 
	designated as “Science Friday” and dedicatedtoscience.Thewholeschool 
	participates in Science Friday, during which students demonstrate hands-on 
	activities and share what they have learned in their own classroom with 
	students in other classrooms. 
	Finally,the“buy-in”ofprincipalsto thenewcurriculum,thenewtextbooks, and the new methods of instruction in sciencewascrucialtothesuccessofthe implementation process. Principals, even in schools not involved in pilot testing, clearly noticed or heard about the excitement generated by the pilottestingprocess.Inpart because ofthis, the principals proved to be a receptive and supportive audience at their orientation workshop held just prior to the start of the school year. 
	-

	Developing Paced Modules of Instructional Content 
	Thirty to forty percent of the district’s students typically change schools duringanygivenyear.Having a common schedule of instructional topics across the district’s schools helpstoensurethatstudentswhomove do not experience any discontinuity of content from one school to the next. Keeping teachers on-track within this instructional framework is primarily the responsibility of school-based instructional coordinators and school principals. The district’s Curriculum Supervisor, Loretha Allen, the district’sCu
	Thirty to forty percent of the district’s students typically change schools duringanygivenyear.Having a common schedule of instructional topics across the district’s schools helpstoensurethatstudentswhomove do not experience any discontinuity of content from one school to the next. Keeping teachers on-track within this instructional framework is primarily the responsibility of school-based instructional coordinators and school principals. The district’s Curriculum Supervisor, Loretha Allen, the district’sCu
	science curriculum, the schedule of instruction (pacing chart), and the 

	district’s “home grown” periodic assessments. By moving the physical 
	science module to the beginning of 
	the school year, for example, they 
	helped to ensure that this topic, so 
	often neglected or omitted, was 
	actually taught. Changing the order of instruction may help to explain why the students improved so much in the MAP content standards of matter and 
	energy, and force and motion. 
	Periodic Review and Feedback 
	A full-time internal evaluator now covers the divisions of math and science. This position provides these two divisions with quick access to, and analysis of, results of national (TerraNova), state (MAP), and local (district “quizzes”) results shortly after they become available. Getting time-critical information in a timely fashion makes it possible for curriculum supervisors and coordinators toidentify problemareas and schools in need so that effective intervention can be swiftly applied. Schools continue



	Success in teachingscience in the elementary schools ofSLPS has taken a great deal of collaboration among support staff,teachers, and school administrators. 
	Success in teachingscience in the elementary schools ofSLPS has taken a great deal of collaboration among support staff,teachers, and school administrators. 
	Success in teachingscience in the elementary schools ofSLPS has taken a great deal of collaboration among support staff,teachers, and school administrators. 
	serve to inform the schools about current status, as well as to inform 
	district-level staff of any strategies that are not working as intended or planned. 
	Success in teaching science in the elementary schools of SLPS has taken a great deal of collaboration among support staff, teachers, and school administrators. Now teachers are guiding and assisting each other, both within schools on a daily basis, as well as through grade-specific formal training that is offered monthly by a cadre of trained teachers to their fellow teachers in the district. These training workshops also include multi-grade sessions designed just for special education teachers. Providing s

	Conclusion 
	Conclusion 
	Conclusion 
	Bat Masterson, one-time sheriff of Dodge City and a friend of Wyatt Earp, spent the last twenty years of his life as a sports writer in New York City. In one of his articles he concluded: “Everybody in life gets the same amount of ice except that the richgetitinthesummerwhilethepoor [get it]in the winter.”(Montini, 1998). Elementary school science education is in danger of becoming like ice in the summer, a treat only for students whoarealreadyhighachievers,butnot something for the masses of average or unde

	for an entiredistrict to achievesuccess in science, and that it is not just an 
	for an entiredistrict to achievesuccess in science, and that it is not just an 
	isolated effect confined to a few 
	privilegedschools.Itistheirhope,and their intention, to continue to progress 
	toward higher science achievement 
	in the future—achievement of ALL students. 
	JoAnneVasquez,Ph.D.,isascienceauthor,science educational consultant, and professional developer.Dr.Vasquezwasrecentlyappointed by President Bush to the National Science 
	-
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	Eisenhower Program. 
	Eisenhower Program. 
	Results are presented that show specific management and implementation strategies, such as aligning standards and assessments with professional development activities, continuous improvement efforts, and coordination with other funding sources, lead to higher quality professional development, as characterized by six identified features of professional development. 
	Results are presented that show specific management and implementation strategies, such as aligning standards and assessments with professional development activities, continuous improvement efforts, and coordination with other funding sources, lead to higher quality professional development, as characterized by six identified features of professional development. 
	Our country’s current education reforms seek to foster high standards for teaching and learning for all children. Such standards are intended to create a fundamental shift in what students learn and how they are taught (National Educational Goals Panel, 1995; Porter, Archibald, & Tyree, 1991; Porter, Smithson, & Osthoff, 1994). The success of such ambitious education reforms hinges, in large part, on the qualifications of teachers. Student learning will be transformed only if high standards are reflected in
	Our country’s current education reforms seek to foster high standards for teaching and learning for all children. Such standards are intended to create a fundamental shift in what students learn and how they are taught (National Educational Goals Panel, 1995; Porter, Archibald, & Tyree, 1991; Porter, Smithson, & Osthoff, 1994). The success of such ambitious education reforms hinges, in large part, on the qualifications of teachers. Student learning will be transformed only if high standards are reflected in
	-
	-
	-

	The work described here identi
	-

	fies specific characteristics that make 
	in-service professional development effective, and the strategies school districts can use to provide such effective professional development. Findings are based on national probability samples of teachers and professional developmentproviders,andapurposeful longitudinal sample of teachers. 
	-
	-
	-

	Results come from a coordinated set of studies designed to evaluate the effectiveness of the federal government’s Eisenhower Professional Development Program ( Birman et al., 2000; Garet et al., 2001; Desimone, Porter,Garet,Yoon&Birman,inpress; Desimone, Porter, Birman, Garet & Yoon, in press). The Eisenhower Professional Development Program, established in 1984 and reauthorized in 1988 and 1994 as Title II of the ElementaryandSecondaryEducationAct (ESEA), is the federal government’s largest investment sole
	-
	-

	professionaldevelopmentprimarilyin mathematics and science. Part B of 
	the Eisenhower program, with a 1999 appropriation of about $335 million, providesfundsthroughstateeducation 
	agencies (SEAs) to school districts, 
	and through state agencies for higher education (SAHEs) to institutions of highereducation(IHEs)andnonprofit 
	organizations. 
	The study of Eisenhower professional development reported here contributes to our general knowledge about effective professional development activities and policies for promotingthemforseveralreasons.First, our sample is generalizable to 93% of U.S. school districts, since at the time of the study, only 7% of districts did not receive Eisenhower funding. Second, the Eisenhower program is a source of funding for professional development activities, not a specific approachtoprofessionaldevelopment. The progra
	The study of Eisenhower professional development reported here contributes to our general knowledge about effective professional development activities and policies for promotingthemforseveralreasons.First, our sample is generalizable to 93% of U.S. school districts, since at the time of the study, only 7% of districts did not receive Eisenhower funding. Second, the Eisenhower program is a source of funding for professional development activities, not a specific approachtoprofessionaldevelopment. The progra
	-
	-
	-
	-

	task forces, and peer coaching. Third, activities supported by Eisenhower are often co-funded with other sources—Eisenhower-assisted activities also may receive funding 
	-


	from states, school districts, and other federal programs. Therefore the 
	information in this study about the quality and effects of Eisenhower-
	assisted activities also applies to 
	professional development funded through other sources, at least in 
	mathematics and science. 
	Data 
	Data 
	During the 1997-98 school year, we conducted telephone interviews with a national probability sample of Eisenhower coordinators in 363 school districts.We also collected data from a mail survey of a national probability sample of 1,027 teachers who participated in 657 Eisenhower-assisted activities.To complement these findings from our national, cross-section sample of teachers, we surveyed287mathematicsandscience teachers in 30 schools, at three points in time—the fall of 1997, the spring of 1998, and the 
	. 
	2,3 
	4 

	The multiple sources of data are designed to provide an accurate description of program-funded activities, analyses of the features of these activities, and their effects on teacher practice. Our national and longitudinal data have a number of strengths. First, our descriptions of the nature and quality of professional development provided through the Eisenhower program are based on national probability samples, which increases the representativeness and generalizability of the findings; and eachsamplehadan
	The multiple sources of data are designed to provide an accurate description of program-funded activities, analyses of the features of these activities, and their effects on teacher practice. Our national and longitudinal data have a number of strengths. First, our descriptions of the nature and quality of professional development provided through the Eisenhower program are based on national probability samples, which increases the representativeness and generalizability of the findings; and eachsamplehadan
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	use the more rigorous longitudinal data to test whether the results 

	identifying the characteristics of effective professional development based on cross-sectional data can be replicated. Finally, we have taken 
	a number of steps to maximize the 
	validity and reliability of the national 
	surveydata.Forexample,althoughthe telephoneinterviewandteachersurvey 
	data are based on self-report, most of 
	the data represent an accounting of behaviors, not direct judgments of quality that might be more likely to 
	be biased in a positive direction. And 
	the measures we use are composites, 
	whichhavebeenshowntohavegreater reliability and validity than single 
	indicators (Mayer, 1999). In addition, the substantial variation in responses 
	teachers and district administrators provided to these behavioral items, as well as the consistency in teacher and district administrator responses, 
	tends to bolster our confidence in the 
	validity of the data. 
	Our data do, of course, have limitations. First, we used only one district informant in our district data set. Other informants might have responded differently (e.g., Spillane, 1998), affecting the reliability but not the validity of our variables. Second, our dependent variables are teacher reportsofchangeanddistrictreportsof features of professional development; we do not have direct measures of gains in student achievement. Third, our survey results lack in depth what case-study research lacks in genera
	In this article, we first describe how we identified the key features of effective, high-quality professional development, and present results from our national probability sample of teachers about the extent to which thesefeaturesrelatetoteachers’reports of changes in teacher knowledge, skills, and practice. Second, we report the results of our longitudinal study showing the characteristics of professional development that change teaching practice, and discuss how these compare to results from our national

	What Are the Key Quality Features of Professional Development? 
	What Are the Key Quality Features of Professional Development? 
	Overthepastdecade,aconsiderable 
	literaturehas emergedonprofessional 
	development, teacher learning, and teacher change (Corcoran, 1995; Hargreaves & Fullan, 1992; Lieberman, 1996; Little, 1993; Loucks-Horsley et al., 1998; Richardson, 1994; Sparks & Loucks-Horsley, 1989; Stiles et al., 1996).Theresearchliteraturecontains amixoflarge-andsmall-scalestudies, including intensive case studies of classroom teaching, evaluations 
	-




	Despite the size of theliterature, relatively little systematicresearch has been conducted on the effects of professional development onimprovements in teaching or on student outcomes. 
	Despite the size of theliterature, relatively little systematicresearch has been conducted on the effects of professional development onimprovements in teaching or on student outcomes. 
	Despite the size of theliterature, relatively little systematicresearch has been conducted on the effects of professional development onimprovements in teaching or on student outcomes. 
	of programs designed to improve 
	teaching and learning, and surveys of teachers about their preservice and 
	in-service professional development 
	experiences. In addition, there is a large literature describing “best 
	practices” in professional development, drawing on expert experiences. 
	-

	Despite the size of the literature, 
	relatively little systematic research 
	has been conducted on the effects of 
	professional development on im
	-

	provements in teaching or on student outcomes. Also, there is very little 
	research on the relative effects of alternative forms of professional development.Theresearchthatexists, however, along with the experiences of expert practitioners, does provide 
	some preliminary guidance about the characteristics of high-quality professionaldevelopment(seeLoucks-Horsley et al., 1998). 
	-
	-

	In particular, several recent studies suggest that professional development that focuses on specific mathematics and science content, and the ways students learn such content, is especially helpful (Cohen & Hill, 2000; Kennedy, 1998). 
	Based on the available research 
	and the ideas in the literature on 
	“best practices,” we created a set of 
	measuresdescribingsixkeyfeaturesof professional development. Although 
	there are other potentially important 
	features of professional development, the set we chose is well grounded in the literature. 
	Our analysis of the characteristics of high-quality professional development first focuses on “structural features”: (a) the form or organization of the activity—that is, whether the activity is organized as a reform type, such as a study group, teacher network, mentoring relationship, committee or task force, internship, individual research project, or teacher research center, in contrast to a traditional workshop or conference; (b) the duration of the activity, including the total number of contact hours 
	-
	-
	-
	-
	-

	In addition to these structural features, we focus on three dimensions of the substance or core of the professionaldevelopmentexperience. We examine three “core features”: (a) the content focus of the activity—that is, the degree to which the activity is focused on improving and deepening teachers’ content knowledge in mathematics or science; (b) the extent to which the activity offers opportunities for active learning—that is, opportunities for teachers to become actively engaged in the meaningful analysis
	In addition to these structural features, we focus on three dimensions of the substance or core of the professionaldevelopmentexperience. We examine three “core features”: (a) the content focus of the activity—that is, the degree to which the activity is focused on improving and deepening teachers’ content knowledge in mathematics or science; (b) the extent to which the activity offers opportunities for active learning—that is, opportunities for teachers to become actively engaged in the meaningful analysis
	-
	-
	-

	example, by reviewing student work 

	or obtaining feedback on their teach
	-

	ing; and (c) the degree to which the 
	activity promotes coherence between teachers’ professional development and other experiences, for example, by encouraging the continued professionalcommunicationamongteachers 
	-

	and by incorporating experiences that are consistent with teachers’goals and alignedwithstateanddistrictstandards and assessments. 
	How Do Each of the Six Quality 

	Features Relate to Teacher Outcomes? 
	Features Relate to Teacher Outcomes? 
	Features Relate to Teacher Outcomes? 
	The literature suggests that all six of these features—the three structural and three core features— would influence the effectiveness of professionaldevelopmentinchanging teacher practice. We used our survey of teachers who participated in Eisenhower-assisted professional development to estimate the strength of the relationships among features of professionaldevelopmentand teacher outcomes—enhanced knowledge and skills and changed teaching practice. We developed a formal model to represent the relationship
	6 

	Although we suggest a logic of events here (and similarly in our presentation of results from the district data), it should be emphasized that components of the system are likely 
	-


	Table
	interactive and may occur simultaneously. These national data are not longitudinal, so we cannot test the causal ordering. We can, however, identify the strength of relationships among variables. We suggest a logic of events to help explain how features of professional development might affect changes in classroom practice, but our model should not be considered to exclude the possibility of nonrecursive effects or an alternative temporal ordering. We estimated the size of the relationships with ordinary le
	interactive and may occur simultaneously. These national data are not longitudinal, so we cannot test the causal ordering. We can, however, identify the strength of relationships among variables. We suggest a logic of events to help explain how features of professional development might affect changes in classroom practice, but our model should not be considered to exclude the possibility of nonrecursive effects or an alternative temporal ordering. We estimated the size of the relationships with ordinary le
	-
	-



	Both content focus and coherence have substantial positiveassociations with enhanced knowledgeand skills, indicatingthat activities that givegreater emphasis to content and that are better connected to 
	Both content focus and coherence have substantial positiveassociations with enhanced knowledgeand skills, indicatingthat activities that givegreater emphasis to content and that are better connected to 
	teachers’ experiences 



	and reform efforts are more likely to produce enhanced knowledgeand skills. 
	and reform efforts are more likely to produce enhanced knowledgeand skills. 
	and reform efforts are more likely to produce enhanced knowledgeand skills. 
	Teachers who report enhanced knowledge and skills also are likely to report changing their teaching practices. Further, independent of this relationship between knowledge and skills and teaching practice, the coherence of professional development activities has an important positive relationship to change in teaching practice. This suggests that teachers aremorelikelytochangetheirpractice if their professional development is connected to their other professional development experiences, is aligned with stan
	-
	-
	-

	As suggested in the literature on 
	professional development, reform 
	types of activities tend to produce more positive reported outcomes than traditional types, but our results 
	indicatethatthisrelationshipislargely indirect. That is, reform activities tend to produce better outcomes primarily because they tend to be of longer duration. Traditional and reform 
	activities of the same duration tend 
	to have the same association with 
	reported outcomes. The results also show that activities of longer duration andactivitiesthatencouragecollective 
	participation of teachers in the same school or grade tend to place more emphasis on content, provide more 
	opportunities for active learning, and 
	provide more coherent professional development than other activities. 
	Thesefeaturesinturnpromotepositive teacher outcomes, as we discussed 
	earlier. 

	How Does Professional Development Change Teaching Practice Over Time? 
	How Does Professional Development Change Teaching Practice Over Time? 
	How Does Professional Development Change Teaching Practice Over Time? 
	Mathematics and science teachers in our longitudinal study reported on their classroom practices in Year 1 (1997), characteristics of their professional development in Year 2 (1998),andthenagaintheir classroom practices in Year 3 (1999). With these three years of data we were able to look at changes in teaching practice over time and analyze the effect that participation in a professional development activity had on those changes.Teachersreportedononlyone professional development activity, so our measure is
	We focused on three areas of teaching practice that are considered desirable by researchers and school reformers, and for which we had exactly parallel measures of professional development. The three areas are (1) use of technology, such as calculators and computers, to develop models or collect data (Cognition and Technology Group at Vanderbilt University, 1994; Means, 1994; Means et al., 1993; Means & Olsen, 1995; Sivin-Kachala & Bialo, 1996), (2) higher order instruction, such as work on problems with no
	McCaffrey, 1994; Mitchell, 1996). In addition to asking teachers to 
	describe the extent to which their 
	professional development focused 
	on these strategies, we asked teachers 
	to describe the features of their used the same measures we used in the national teacher survey—reform type,collectiveparticipation,duration, 
	professionaldevelopmentactivity.We 

	active learning, and coherence. The 
	sixth feature, content, was defined 
	by the emphasis of the strategy, 
	i.e., technology use, higher order instruction, and use of alternative 
	assessments. Estimatingtheeffectsofprofession
	-

	al development using a hierarchical linear model, we found that teachers who participated in professional 
	-

	development in Year 2 that focused on a particular strategy in technology use, use of higher order instruction, or use of alternative assessments were significantly more likely to increase their use of these strategies in Year 
	3. (Results showing the effect of pro-
	fessional development on changes in teaching practice in technology are 
	presented in Table A.2; the results for instructionandassessment,andamore detailed explanation of our methods, can be found in Desimone et al., in press.) More important, we found 
	presented in Table A.2; the results for instructionandassessment,andamore detailed explanation of our methods, can be found in Desimone et al., in press.) More important, we found 
	that, consistent with results from our national probability sample, features of high quality (e.g., contact hours, 

	collective participation) increased the effectoftheprofessionaldevelopment. 
	Table 1 shows the effect that quality features had on the magnitude of the 
	change in teachers’ practice due to 
	participation in professional development. All of these relationships are in 
	-

	the hypothesized direction, but some are not significant, perhaps due to the 
	small sample size. 

	TABLE 1. Relationship Between Features of Professional Development.
	and Activities Focused on Specific Teaching Practices(Sign and Significance of Relationships)
	1 

	Technology Instruction Assessment 
	Independent 
	Independent 
	Independent 
	Effect of 
	Effect of 
	Effect of 
	Effect of 
	Effect of 
	Effect of 

	Variable: Features of Quality ofProfessional 
	Variable: Features of Quality ofProfessional 
	SpecificStrategya β21 (relative
	Set of Related Strategiesb β06 
	SpecificStrategy β21 (relative
	Set of Related Strategies β06 
	SpecificStrategy β21 (relative
	Set of Related Strategies β06 

	Development 
	Development 
	focus) 
	(mean
	focus) 
	(mean
	focus) 
	(mean

	TR
	focus) 
	focus) 
	focus) 

	Reform type 
	Reform type 
	-.049 
	.170 
	.018 
	.872** 
	-.225 
	.932* 

	Time span 
	Time span 
	.042 
	.039 
	.035 
	.065 
	-.014 
	.095 

	Contact hours 
	Contact hours 
	.000 
	-.004 
	.002 
	.004 
	-.001 
	.008 

	Collective participation 
	Collective participation 
	.326* 
	.027 
	.011 
	.193 
	-.183 
	.313 

	Active learning 
	Active learning 
	.041+ 
	.019 
	.001 
	.057+ 
	-.023 
	.042 

	Coherence 
	Coherence 
	.047 
	.045 
	.011 
	.086 
	.046 
	.141+ 


	This indicates the effect of professional development if it focused on only one practice in a particular area. This indicates the effect of professional development if it focused on all the practices in a particular area. 
	a 
	b 

	 Gray shading indicates that the effects are statistically significant.
	c

	+ p<.10, * p<.05, **p<.01 
	+ p<.10, * p<.05, **p<.01 

	How to read this exhibit: The “-“ in the first row in the first column on the left shows that participating
	in a professional development activity that is a reform-type activity decreases the effect of professional development focused on technology use, but this relationship is not statistically significant. The “*” in the fourth row in the first column on the left shows that participating in a professional development activity
	that has collective participation increases the effect of professional development focused on technology 
	use, and this relationship is statistically significant (indicated by the gray shading). 
	“Content focus” is not included in the list of features of quality because the measure of whether the activity focused on a particular teaching practice is a proxy measure for content focus. 
	. 

	Science educator 
	Science educator 
	How Common Are the Six 
	How Common Are the Six 
	Features of Quality? 
	Ournationalandlongitudinalteacher data describe how the six features of professional development are related tooneanotherandtoteacheroutcomes. This leads us to ask how prevalent these features are in professional development activities. Our national probability sample of teachers who have participated in Eisenhower-funded professional development activities provides a national picture of professional development. In this sectionwedescribe the characteristics oftheEisenhowerdistrictprofessional development i
	Between 75% and 80% of teachers 
	participate in district activities that are 
	traditionalinform,suchasworkshops, courses,orconferences;relativelyfew 
	activitiesarereformtypesofactivities, 
	such as study groups, networks, or mentoring relationships. Further, while the average number of contact hours of district activities (25 hours) has approximately doubled since the last evaluation of the Eisenhower 
	Professional Development Program, 
	conducted in 1988-89, the median number of hours for district activities is only 15 hours.Only 20% of district activities span at least six months. But our data also show that there is a great amount of variability in the time span 
	9 

	of districtactivities.Finally,relatively few district activities emphasize the collective participation of teachers fromthesamedepartment,gradelevel, 
	or school; 20% of teachers in district 
	Eisenhower-assisted activities report participating with other teachers in their department or grade level. 
	Fifty-onepercent(51%)ofteachers in district activities participate in activities that place a major emphasis 
	Fifty-onepercent(51%)ofteachers in district activities participate in activities that place a major emphasis 
	on mathematics or science content. Relatively few teachers report a major 

	emphasis on each of 18 separate 
	indicators of active learning. For 
	example,only5%ofteachersindistrict 
	activities report that their teaching was observed by the activity leader. However, professional development does tend to have elements that promote coherence with other aspects of teachers’professional experiences. 
	For example, more than three quarters 
	of teachers in district activities report that their activities are aligned with 
	state and district standards; between 30% and 40% of teachers report that their activities build on prior professional development; and 5070% say the activities are followed up with later activities. 
	-

	Our data show that few features of high quality are prevalent in professional development activities. However, given the enormous variabilityinthequalityofprofessional development activities, our data show that some districts are providing high-quality professional development. For example, although many district activities are short, 2% of teachers in district activities are in activities spanningmorethanoneyear,and18% are in activities lasting 6-12 months. That some districts provide activities of extende
	Thereasonmanydistrictsgenerally 
	donotprovidehigh-qualityprofessional 
	development may be the cost. High-
	quality professional development 
	is expensive, and we estimate that 
	districts spend only $185 per teacher 
	participation.Districts may spend 
	.0 

	so little money per teacher because 
	they feel a responsibility to provide professionaldevelopmenttoalloftheir 
	teachers. This may push them in the 
	directionofprofessionaldevelopment with lower costs per participation. 
	How Do District Policies and Practices Relate to the Quality of Professional Development That They Provide? 
	Thequalityofprofessionaldevelopment activities also may be a function of how districts operate and manage these activities. Our national probability samples of district Eisenhower coordinators provide data to describe howdistrictsoperateandmanagetheir professional development activities, and how this relates to their quality. 
	-
	-




	Characteristics and Effects of District Policies and Practices 
	Characteristics and Effects of District Policies and Practices 
	Characteristics and Effects of District Policies and Practices 
	Each district receiving Eisenhower funds generally uses the funds to support a collection of professional developmentactivities.Thecollection ofprofessionaldevelopmentactivities that a district supports can be viewed in its entirety as its “portfolio” of Eisenhower-assisted professional developmentactivities.Inouranalysis, we examine the factors that influence the quality of district portfolios of professional development activities. 
	School districts play a critical role in setting the context for professional developmentactivities(Elmore,1993; Knapp et al., 1991; Spillane, 1996; Spillane & Jennings, 1997; Spillane & Thompson, 1997). Districts can set a vision or focus for professional development by aligning professional developmentactivitieswithstandards, assessments, and other reform efforts 
	School districts play a critical role in setting the context for professional developmentactivities(Elmore,1993; Knapp et al., 1991; Spillane, 1996; Spillane & Jennings, 1997; Spillane & Thompson, 1997). Districts can set a vision or focus for professional development by aligning professional developmentactivitieswithstandards, assessments, and other reform efforts 
	in the district (Cohen & Spillane, 

	1992; Elmore & Burney, 1996; Spillane, 1996; Webb, 1998). This 
	increases program coherence (Smith 
	& O’Day, 1991; Cohen & Hill, 2000), which in turn can increase teacher motivation and encourage changes in instruction (Fullan, 1996; Spillane & Jennings, 1997). Districts can also establish a vision by their use of funds. Leveraging resources can affect the quality of professional development that districts offer (Corcoran, 1995); and co-funding activities can indicate that districts have a coherent focus 
	for their professional development 
	program (Elmore & Burney, 1996; Guskey, 1997). 
	Teacherinvolvementinplanningfor professional development is another district strategy associated with more effective professional development (Clark, 1992; Loucks-Horsley et al., 1998). In addition, district strategies of continuous improvement have been shown to help target local priorities and increase the quality of professional development. Such strategies include establishing evaluation and accountability mechanisms (O’Day, Goertz, & Floden, 1995)andusingindicatorsto shapeprioritiesandevaluate activiti
	In assessing district policies and practices, we focus on the role of the following key management mechanisms, discussed in the literature and required in the Eisenhower legislation: (.) the coordination (co-fund
	In assessing district policies and practices, we focus on the role of the following key management mechanisms, discussed in the literature and required in the Eisenhower legislation: (.) the coordination (co-fund
	-
	-
	-

	sources of funding for professional development; (2) the alignment of activitieswithstateanddistrictstandards 
	-


	and assessments; (3) the participation of teachers and school-level staff in planning professional development 
	activities; and (4) the use of a process of continuous improvement, including monitoring progress against measurable objectives and performance indicators. 
	-

	The measures we used to characterize the quality of a district’s portfolio of Eisenhower-assisted professional development were similar to those we used to measure the quality of individual activities on the teacher survey: (1) the percent of the districts’ participation in reform types of activities, (2) the average span of time of activities (i.e., number of days, weeks, or months), (3) the number of opportunities for active learning in in-district workshops 

	Figure 2
	and institutes, and (4) the degree of 
	and institutes, and (4) the degree of 
	collective participation in in-district 
	workshopsandinstitutes.Asdescribed earlier, the data from our national 
	sample of teachers show that each of these dimensions is related, either indirectlyordirectly,toimprovements in teachers’ knowledge and skills and 
	changesinteachingpractice.Thus,we 
	considereachofthesedimensionsasan 
	indicator of high-quality professional 
	development. 
	As with our analysis of the national teacher data, we developed a model of the relationships among district management strategies and the quality of activities,showninFigure2(seeTable 
	-

	A.3intheAppendixforcorresponding regression coefficients.) Using data from our national district Eisenhower coordinator surveys, we estimated the 
	size of the relationships among the 
	variables in our model. We found that 
	districts are more likely to have higher 

	Relationship of District Managementto Features of Professional Development 
	ing) of activities with other 
	ing) of activities with other 

	Building a Vision Implementation Portfolio Features 
	Building a Vision Implementation Portfolio Features 
	quality professional development activities when they: (1) use multiple funding sources to co-fund professional development activities; (2) 
	quality professional development activities when they: (1) use multiple funding sources to co-fund professional development activities; (2) 
	-

	align activities with state or district 
	standardsandassessments;(3)monitor activities and their effects using continuous improvement efforts; and (4) 
	-

	plan at the district level and involve teachers in planning. 
	Specifically, districts that engage in more co-funding of Eisenhower activities with other programs tend to support more reform types of activities than districts that engage in less co-funding, and they tend to support professional development with more opportunities for collective participation. In addition, districts that engage in more co-funding tend to engage in more extensive continuous improvement efforts and they tend to involve teachers more widely in planning, both of which are related to increas
	-
	-
	-
	-
	-
	-

	Districts vary in their adoption of these management strategies that lead to high-quality professional development. Most districts report co-funding professional development with other sources of funding, aligning activities with standards and assessments,andincludingteachersin planning, but few engage in a process of continuous improvement, such as developing and using performance indicators (see Desimone, Porter, et al., in press, for complete data on these descriptivestatistics).Specifically,for example,
	Districts vary in their adoption of these management strategies that lead to high-quality professional development. Most districts report co-funding professional development with other sources of funding, aligning activities with standards and assessments,andincludingteachersin planning, but few engage in a process of continuous improvement, such as developing and using performance indicators (see Desimone, Porter, et al., in press, for complete data on these descriptivestatistics).Specifically,for example,
	with 2 out of 10 major Department of Education programs (more districts co-fund with the National Science Foundation—for example, 86% co-fund with NSF’s Urban Systemic Initiative); reports of alignment range from 85% of districts reporting 

	that their professional development activities are aligned with state 
	and district standards, to 69% of 
	districts reporting that professional development is aligned with district 
	assessments; 65% of teachers are in 
	districts in which teachers participate in formal committees at the district 
	level, and 62% of teachers are in 
	districts in which teachers participate in formal committees at the school 
	level; and fewer than one in five, or about 18%, of teachers are in districts that currently collect data on 
	performance indicators that they have 
	established to guide their professional 
	development efforts. Similarly, less 
	than 25% of the nation’s teachers are 
	indistrictsthatreportbeingaffectedby theirstates’indicatorsforprofessional development. 
	Further, we found significant and systemic differences in how large districts manage their professional development activities. Compared to small districts, large districts are generally more likely to manage their portfolios better and to provide higher quality professional development. Specifically, larger districts are more likely to align their professional development with standards and assessments, to co-fund their professional development activities, and to engage in more continuous improvement effor
	.. 

	Large districts may outperform smaller districts because they have a betterinfrastructureandmorecapacity (e.g., large districts more often have curriculum specialists), which may enable them to provide higher quality professional development. Large districts also may have a greater variety of funding sources in addition to Eisenhower. This could create a larger pool of funding for professional development and encourage large districts to provide higher quality professionaldevelopment,whichcosts more. Finall



	Implications for Professional Development Funders and Providers 
	Implications for Professional Development Funders and Providers 
	Implications for Professional Development Funders and Providers 
	These findings from our national probability samples and our longitudinal sample have a number of implications for policy. By using national probability samples, our analyses support and extend previous case-study and smaller scale survey work in identifying six key features ofeffectiveprofessionaldevelopment. Our analysis of longitudinal teacher data over three years supports and validates these findings. Specifically, ourresearchindicatesthatprofessional development should focus on deepeningteachers’conte
	advantages of reform activities are explained primarily by their greater 
	duration. Our research also identifies the high-quality characteristics that 
	are more prevalent (e.g., coherence) and those that are less common (e.g., 
	opportunities for active learning). Generally, there is much room for 
	improvement. 
	Our analyses replicate for the first time on a national probability sample the importance of duration and active learning. Our analyses extend earlier work, directing us to rethink these mechanisms through which “reform” activities may be more effective. Specifically, we found that the strength of reform activities is that they tend to have more contact hours and span a longer period of time than traditional activities. In turn, reform activities are more likely to have the core features of high quality—act
	-

	Our analyses provide three main insights into managing professional development activities. 
	First, our analysis of a national probability sample of Eisenhower district professional development coordinators shows that certain management and implementation 
	strategies are related to the quality of 
	professional development activities that districts provide to teachers. 
	Specifically,alignmentwithstandards and assessments, district co-funding, continuous improvement efforts such as establishing indicators and conducting needs assessments and evaluation, and teacher involvement 
	in district-level planning predict 
	the core and structural features of 
	professional development activities. 
	Thus, our findings provide support for encouraging districts to use 
	these policies and practices toward 
	the provision of higher quality 
	professional development. 
	Second, district capacity plays a critical role in determining which districts provide high-quality professionaldevelopment.Wespeculatethat districts could provide high-quality professional development, and we find some examples of districts doing exactly that. What we do not know from our analyses is the percentage of districts that have the capacity to offer such high-quality professional development. Our analyses indicate that larger districts have greater capacity. This greater capacity may be explained
	-
	-
	-
	-

	Third, our analyses suggest that, in 
	addition to management and imple
	-

	mentation and capacity issues, one 
	reason districts may provide lower 
	quality professional development is cost. Not surprisingly, high-quality 
	professional development costs more per participant than lower quality professional development. Districts may 
	professional development costs more per participant than lower quality professional development. Districts may 
	-

	feel a responsibility to reach a large 

	numberofteachers,andthisisreflected inthecostperparticipant.Thequestion is, should districts continue to spread 
	moneyacrossasmanyteachersaspos
	-

	sible? Or should they focus the money on a small number of teachers, so that they can provide higher quality, more influentialprofessionaldevelopment? Our results suggest the money should befocused.Districtscouldincreasethe quality of the professional development they provide by focusing their money on a small number of teachers, 
	-

	rather than spreading it across a large 
	number of teachers. 
	These lessons are timely, given the 
	current emphasis of standards-based 
	reform on teachers’ professional 
	development. In this study we have used our national probability and longitudinal data to identify features of effective professional 
	development activities, describe their prevalence, and determine the district management practices that are related to the provision of high
	-

	qualityactivities.Ourfindingssuggest 
	positive directions for schools and 
	districts to increase the quality of the 
	professional development activities 
	that they provide and thus to increase 
	the chances of having a positive effect 
	on teachers and, ultimately, student 
	learning. 
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	Notes 
	... The probability of a district’s being chosen for our sample was proportional to district size (i.e., the number 
	-

	of teachers in the district). The sample was also selected to allow variation on poverty level. 
	2.. See Garet et al. (200.) for additional 
	details about the sampling design and 
	methodology. 
	3...As part of the study we also conducted a series of case studies in 10 school districts (two districts in each of five states). The case studies provide detailed information about how the 
	Eisenhower Professional Development Program operates in selected 
	-

	states,schooldistricts,andschools;for the most part case study data support and help to explain findings from the survey data. 
	4...Four hundred thirty (430) teachers responded to the 1996-97 survey; 429 teachers responded to the 1997-98 survey; and 452 teachers responded to the 1998-99 survey. The response rate for the first wave was 75%; for the second wave, it was 74%; and for the final wave in 1998, 75%. Given our analysis strategy of looking for change over time in the same teachers, the sample for the analysis is restricted to teachers who returned all three waves of the survey, who participated in professional development in 
	-
	-

	5...The national probability sample for district program coordinators has an 88% response rate. The national probability sample of teachers who participated in Eisenhower professional development activities has a response rate of 72%. The 72% response rate is especially high considering the multistage process necessary to completethesample.Districtcoordinators had to submit the complete list of professional development activities provided during the prior year and the number of participants. Two activities 
	5...The national probability sample for district program coordinators has an 88% response rate. The national probability sample of teachers who participated in Eisenhower professional development activities has a response rate of 72%. The 72% response rate is especially high considering the multistage process necessary to completethesample.Districtcoordinators had to submit the complete list of professional development activities provided during the prior year and the number of participants. Two activities 
	-
	-
	-

	probability in proportion to size, and from those, complete rosters of teachers were collected from which two teachers were randomly selected 

	and surveyed. 
	6...Since it is possible that teachers in different types of schools or teachers with different characteristics may experience different types of professional development, we included school and teacher characteristics as control variables in our model. The model includes the characteristics of the schools in which the participating teachers teach: the percent of students eligible for free lunch and the percent of minority enrollment. The model also includes five characteristics of the participating teacher
	-
	-
	-
	-

	7...
	7...
	7...
	Estimating this model with structural equations (e.g., LISREL) would not enable us to estimate a nonrecursive model, but would allow us to take into account the reliability of the measures (Bollen, 1989; Hanushek & Jackson, 1977). 

	8...
	8...
	For more detail on these and other results reported in this article, see Birman et al. (2000), Garet, et al. (200.), Desimone, Porter, et al. (in press) and Desimone, Porter, et al. (in press). 
	-


	9...
	9...
	The1988-99evaluationcollecteddata on duration from districts rather than 


	teachers, so a comparison of results from the 1988-89 and the current evaluation should be interpreted as 
	providing an indication of the general 
	magnitude of the change rather than a precise numerical estimate. See Knapp, Zucker, Adelman, & St. John (1991). 
	.0. A “participation” is a teacher participant in an Eisenhower-assisted activity. Teachers who participate in 
	-

	more than one activity are counted 
	separately for each activity in which they participate. The dollar per par
	-

	ticipation figure for districts includes 
	federal Eisenhower dollars only and 
	does not include the 33% matching requirement. 
	11. Throughout our analyses of district 
	data, we tested to see where patterns of Eisenhower support for professionaldevelopmentdiffersignificantly 
	-

	according to the district poverty level 
	or the size of the district. All of our analyses simultaneously control for 
	size and poverty, so any effects are 
	independent of one another. We also 
	tested for the interaction between these two variables. For more details 
	onourdistrictfindings,seeDesimone, 
	Porter, et al. (in press). 
	Appendix 
	The results from our analyses of longitudinal data are presented in Table 
	A.2. To estimate the magnitude of 
	participatinginprofessionaldevelopment 
	focused on a particular teaching practice 
	within one of the three areas (i.e., 
	technology, higher order instruction, 
	and alternative assessments), we created two new variables to characterize each professional development activity: the mean focus the activity gave to the set of practices within an area and the relative focus the activity gave to each of the 
	specific practices in an area. 
	Mean focus. To assess the extent to which the professional development activity that a teacher attended 

	Table
	focused on multiple, related practices, we calculated the average or mean focus given to the teaching practices we measured. The mean focus for technology useis the averageemphasis placedonthefourtechnologypractices; mean focus for higher order instruction is the average emphasis placed on the fivehigherorderinstructionalpractices; and for alternative assessments, mean focus is the average emphasis placed on the six alternative assessment strategies. Since each practice is coded . if it was given attention 
	focused on multiple, related practices, we calculated the average or mean focus given to the teaching practices we measured. The mean focus for technology useis the averageemphasis placedonthefourtechnologypractices; mean focus for higher order instruction is the average emphasis placed on the fivehigherorderinstructionalpractices; and for alternative assessments, mean focus is the average emphasis placed on the six alternative assessment strategies. Since each practice is coded . if it was given attention 
	-
	-
	-
	-



	Predictors Span Contact Collective Focus on Active Coherence Enhanced Change inHours Participation Content Learning Knowledge Teaching Knowledge and Skills Practice Dependent Variables a 
	TABLE A.1. The Relationships of Features of Professional Development to Teacher Outcomes. 
	TABLE A.1. The Relationships of Features of Professional Development to Teacher Outcomes. 


	Sponsor
	Sponsor
	Sponsor
	(1=District,

	2=SAHE **............. .01.................02 .............. -.01..
	grantee).............27***...............27***........-.13***..............15***.............08

	1.25 26.27 -.36 .40 .15 .02 .04 -.02 (.15) (3.27) (.10) (.09) (.05) (.06) (.06) (.06)
	1.25 26.27 -.36 .40 .15 .02 .04 -.02 (.15) (3.27) (.10) (.09) (.05) (.06) (.06) (.06)
	Type(1=Traditional,***...............10** .......... .04..................01 .................02................ .*.............. .04 .88 9.29 .11 .02 .03 .03 .11 .08 (.14) (2.98) (.09) (.08) (.05) (.06) (.05) (.05)
	2=Reform)........................21
	02.................05

	Span(1=<a day …9=over a *................30*** ........... .26***.............02 ............... .02 .05 .12 .11 .01 .01 (.02) (.01) (.01) (.01) (.01) 
	year)....................................................................................08

	Contact Hours .....................................................................................10** ..............31*** ........... .16***.............03 ............... .09** .00 .01 .00 .00 .00 (.00) (.00) (.00) (.00) (.00) 
	Collective Participation ......................................................................06 .................13*** ........... .08** ..............03 ............... .02 .05 .08 .06 .02 .00 (.02) (.02) (.02) (.02) (.00)
	Focus on Content Knowledge .........................................................................................................................................33*** .......... -.11*** .29 -.08 (.02) (.02) 
	Active Learning ....................................................................................................................................................14*** ........... .03 .18 .04 (.04) (.04) 
	Coherence ............................................................................................................................................................42*** ......... 0.21*** .51 0.22 (.03) 0.04 
	Enhanced Knowledgeand Skills (EKS) ................................................................................................................................................................... .44*** .39 (.03) 
	R (in percentage) ........12.3 ................10.5 ..............7 ............. 41.6. 
	2
	6.1...............11.3..............34.9..............19.6..............51

	For each dependent variable, standardized regression coefficient (b) is shown on the first line; unstandardized regressioncoefficient (b) on the second line; standard error (in parentheses) on the third line. Sponsor and type were considered exogenous
	a 

	variables in the model. 
	variables in the model. 
	* p<.05; ** p<.01; *** p<.001 

	TABLE A.2. Effects of Professional Development on the Use of Technology. 
	Coefficient Model 1: Model 2: Model 3: Model 4: 


	Base Reform type Time span Hours 
	Base Reform type Time span Hours 
	Level 1 model: Use of teaching strategies
	1996–97 Extent of classroom use of strategy, π...............................462***..................465***..................452***..................463*** Calculators or computers to develop models (0/1), π.076 .071 .093 .099 Calculators or computers for data collection (0/1), π.071 .066 .090 .094 Computers to write reports (0/1), π....................................................179**...................165*.....................176**...................185** (reference category: computers to access the I
	2 
	3 
	4 
	5 


	Level 2 model: Teacher/activity-level effects
	Level 2 model: Teacher/activity-level effects
	Effects on intercept in strategy model (π).Baseline, β...................................................................................... .384***................. .449***..................338** ...................356***. Mean focus on set of strategies, β.342** -.028 .188 .444*..Subject taught: (Mathematics), β-.068 -.060 -.078 -.080..Elementary school, β...................................................................... -.338***................-.343***................-.352***................-.351***.
	0i
	00 
	01 
	02 
	03 
	04 

	Reform type, b.............................................................................................................-.072..Time span, β...............................................................................................................................................010..Hours, β...................................................................................................................................................................................001..Collective participation, βAct
	05 
	05 
	05 
	05..
	05..
	05..

	Reform type x mean focus, ............................................................................................ .170..Time span x mean focus, β........................................................................................................................039..Hours x mean focus, β..........................................................................................................................................................-.004..Collective participation x mean focus, βActive learning
	06 
	06 
	06..
	06..
	06..

	Effects on dslope in strategy model (π)
	Effects on dslope in strategy model (π)
	pi 
	1i

	Baseline, β...................................................................................... .310***................. .235......................139 ......................299* Reform type, β.............................................................................................................-.049 Time span, β...............................................................................................................................................042 Hours, β....................................
	20 
	21 
	21 
	21 
	21 
	21 
	21 



	Variance components
	Variance components
	Variance components

	Between-teacher variance in intercept ............................................... .076***................. .081***..................080***..................079*** Between-teacher variance in slope .167* .182* .184* .190* Covariation in intercept/slope .048 .048 .043 .046 Residual.............................................................................................. .222..................... .222......................207 ......................207 

	Degrees of freedom
	Degrees of freedom
	Degrees of freedom

	Strategy level................................................................................351......................341......................341......................347.
	Teacher/activity level 114 109 109 111 
	+ p<.10, * p<.05, **p<.01, ***p<.001 
	+ p<.10, * p<.05, **p<.01, ***p<.001 

	TABLE A.2 (Continued).Effects of Professional Development on the Use of Technology. 
	Coefficient Model 5: Model 6: Model 7: Collective Active Coherence participation learning 

	Level 1 model: Use of teaching strategies
	Level 1 model: Use of teaching strategies
	1996–97 Extent of classroom use of strategy, π.............................454***.......................423***......................436*** Calculators or computers to develop models (0/1), π.082 .083 .069 Calculators or computers for data collection (0/1), π.071 .081 .078 Computers to write reports (0/1), π..................................................177** ........................183**....................... .184** (reference category: computers to access the Internet) 
	2 
	3 
	4 
	5 


	Level 2 model: Teacher/activity-level effects
	Level 2 model: Teacher/activity-level effects
	Effects on intercept in strategy model (π)Baseline, β.....................................................................................350***.......................368**....................... .206 Mean focus on set of strategies, β.328* .203 .055 Subject taught: (Mathematics), β-.082 -.095 -.080 Elementary school, β....................................................................-.348***.................... -.336*** ....................-.315** High school, β-.055 -.028 -.046 
	0i
	00 
	01 
	02 
	03 
	04 

	Reform type, βTime span, βHours, βCollective participation, β................................................................ .101 Active learning, β..............................................................................................................014 Coherence, β.................................................................................................................................................... .033 
	05 
	05 
	05 
	05 
	05 
	05 

	Reform type x mean focus, βTime span x mean focus, βHours x mean focus, βCollective participation x mean focus, β.........................................027 Active learning x mean focus, β.......................................................................................019 Coherence x mean focus, β............................................................................................................................. .045 
	06 
	06 
	06 
	06 
	06 
	06 

	Effects on dslope in strategy model (π)
	Effects on dslope in strategy model (π)
	pi 
	1i

	Baseline, β.....................................................................................190+ .........................137.......................... .048 Reform type, βTime span, βHours, βCollective participation, β.326* Active learning, β..............................................................................................................041+ Coherence, β...........................................................................................................................................
	20 
	21 
	21 
	21 
	21 
	21 
	21 



	Variance components
	Variance components
	Variance components

	Between-teacher variance in strategy intercept ................................074***.......................075*** ..................... .078*** Between-teacher variance in strategy slope .148+ .080 .166+ Covariation in intercept/slope .040 .030 .045 Residual.............................................................................................221 ...........................228.......................... .229 

	Degrees of freedom
	Degrees of freedom
	Degrees of freedom

	Strategy level..............................................................................350 ...........................332........................... 323 Teacher/activity level 112 106 103 
	+ p<.10, * p<.05, **p<.01, ***p<.001 
	+ p<.10, * p<.05, **p<.01, ***p<.001 

	Table A.3. Relationship of District Management and Implementation to Characteristics of Professional Development. 
	Dependent Variables ab District Continuous Teacher Collective Active Predictors Planning Improvement Planning Reform Time Span Participation Learning Targeting 
	Alignment .............................-.08 -................17** -.03 .03 .03 .01 .00 .03 .00 .04 (.02) (.02) (.01) (.01) (.01) (.01) (.01) (.01)
	..................16**.............. .16**...........15*........... 
	01..................14*.................04

	Coordination ..........................07 ..................16*** ............ .02............. .12*............ .03................. ................05 .06 .11 .01 .03 .01 .02 .02 .03 (.04) (.03) (.02) (.01) (.02) (.02) (.01) (.03)
	05..................07


	District-vs. School-
	District-vs. School-
	District-vs. School-

	Level Planning .....................................................................................-.07............. .11*................-.09 .............. -.09...............08 -.02 .06 .04 .02 .05 (.01) (.03) (.02) (.01) (.03)
	Continuous Improvement .................................................................... .06............. .08................. .13..................20*** ..........17** .02 .06 .02 .07 .14 (.02) (.04) (.04) (.02) (.04)

	Teacher Participation
	Teacher Participation
	Teacher Participation

	in Planning ...........................................................................................-.07............. .03................. .08..................20*** ..........16*** -.04 .04 .08 .12 .24 (.03) (.06) (.06) (.03) (.07)
	Reform vs. Traditional ............................................................................................. .40*** .88 (.11) 
	R (in percentage) ...............6.6 ...............23.0................. 2.9.............6.2........... 20.6.0..
	2
	................... 9.5.............23.1............23

	 For each dependent variable, standardized regression coefficient (b) is shown on the first line; unstandardized regression
	a

	coefficient (b) on the second line; standard error (in parentheses) on the third line.
	These analyses control for cluster, consortium, size, size by consortium, and poverty. 
	b

	*p<.05; ** p<.01; *** p<.001 
	*p<.05; ** p<.01; *** p<.001 
	The effects of focusing on a set of practices in a professional development activity can be examined by comparing the magnitude of the coefficients for mean focus and relative focus. If the coefficient for mean focus is higher than the coefficient for relative focus, there is a “spillover” effect in which focusing on a set of related practices has an effect over and above the effect of focusing on an individual practice alone. If the coefficientsforthetwovariablesareequal, 
	The effects of focusing on a set of practices in a professional development activity can be examined by comparing the magnitude of the coefficients for mean focus and relative focus. If the coefficient for mean focus is higher than the coefficient for relative focus, there is a “spillover” effect in which focusing on a set of related practices has an effect over and above the effect of focusing on an individual practice alone. If the coefficientsforthetwovariablesareequal, 
	focusing on multiple practices neither helps nor hurts. If the coefficient for mean focus is lower than the coefficient for relative focus, it indicates that focusing on multiple practices detracts from the effect of the single practice. Because the effects for mean focus must be interpreted 

	in comparison to the effect for relative 
	focus, the results for relative focus are presented first. 
	We conducted separate analyses for each of the three areas under study (use of 
	technology, higher order instruction, and 
	alternative assessments). For each area, 
	weestimatedsevenmodels,oneincluding onlythemeanfocusand relativefocusand 
	controls, and the others adding each of 
	the six professional development quality features,oneatatime.Giventherelatively 
	small overall sample size, we estimated 
	separate models for each quality feature instead of including all quality features in 
	a single model. 

	Valarie L. Akerson and Larry E. Dickinson 
	Using GIS Technology to Support.
	K-8 Scientific Inquiry Teaching.




	and Learning. 
	and Learning. 
	A model program for using GIS technology is described in the context of science content to help K-8 teachers become proficient in learning and 
	A model program for using GIS technology is described in the context of science content to help K-8 teachers become proficient in learning and 
	teaching through scientific inquiry...
	During the 1980s a revolutionary type of computer software called Geographic Information Systems (GIS) was developed for integrating environmental data bases with automated map makers, using satellites called Global Positioning Systems (GPS) (Audet, Hushold, & Ramasubramanian, 1993). GIS is a tool for spatial data analysis. The typical display of a GIS is a map-based image where layers represent distinct components or types of information (Baker, 2000). These layers can be manipulated, making them accessibl
	During the 1980s a revolutionary type of computer software called Geographic Information Systems (GIS) was developed for integrating environmental data bases with automated map makers, using satellites called Global Positioning Systems (GPS) (Audet, Hushold, & Ramasubramanian, 1993). GIS is a tool for spatial data analysis. The typical display of a GIS is a map-based image where layers represent distinct components or types of information (Baker, 2000). These layers can be manipulated, making them accessibl
	During the 1980s a revolutionary type of computer software called Geographic Information Systems (GIS) was developed for integrating environmental data bases with automated map makers, using satellites called Global Positioning Systems (GPS) (Audet, Hushold, & Ramasubramanian, 1993). GIS is a tool for spatial data analysis. The typical display of a GIS is a map-based image where layers represent distinct components or types of information (Baker, 2000). These layers can be manipulated, making them accessibl
	education research in GIS instruction 

	calls for more teacher workshops to 
	prepareteacherstolearnaboutGISand apply it in their instruction (Audet & Abegg, 1996; Paladino, 2000). 
	Using GIS requires a content area as a context (Baker & Case, 2000). Thecontentareaandsocialproblemof salmon recovery supports the current elementary and middle school science curriculum and meets the ecosystems standard for national (AAAS, 1993; NRC, 1996) levels. The salmon recovery issue is also a good subject to study because there are so many local influences that can be explored through GIS technology. 
	The National Science Education Standards (NRC, 1996) recommend that all science teachers continue to develop their pedagogy and content 
	It has been traditionally thought of
	as difficult to prepare 


	teachers to use inquirymethods to teach science. 
	teachers to use inquirymethods to teach science. 
	teachers to use inquirymethods to teach science. 
	knowledge through inquiry. Inquiry is defined as raising an investigable question, developing methods to answer that question, carrying out 
	those methods, analyzing the data, 
	and reporting findings and making conclusions. It has been traditionally thought of as difficult to prepare teachers to use inquiry methods to teach science. The goal of the current 
	project was to provide elementary and middle school science teachers 
	with content background and inquiry 
	strategies for delivering effective 
	inquiry instruction for environmental problems such as the salmon issue, through use of GIS technology. 
	Theoretical Background
	Theoretical Background
	Though it has been deemed important to teach science using inquirymethods,ithasalsobeenfound difficult to prepare teachers to do so, particularly elementary teachers who have limited science backgrounds and likely no experience in actually conducting a science investigation (Kielborn & Gilmer, 1999). Weaker preparation in science could make them weaker in their knowledge of science content (Atwater, Gardener, & Kight, 1991; Schoeneberger & 
	Though it has been deemed important to teach science using inquirymethods,ithasalsobeenfound difficult to prepare teachers to do so, particularly elementary teachers who have limited science backgrounds and likely no experience in actually conducting a science investigation (Kielborn & Gilmer, 1999). Weaker preparation in science could make them weaker in their knowledge of science content (Atwater, Gardener, & Kight, 1991; Schoeneberger & 
	Russell, 1986), and less confident about their skills in teaching science (Cox&Carpenter,1989;Perkes,1975; Tilgner, 1990). 

	Giving K-8 teachers experiences with scientific inquiry has been shown to improve their understandings of inquiry, hopefully relating to their abilities to apply inquiry to their own teaching (Kielborn & Gilmer, 1999). Additionally, learning in context is important, (Saxe,1988), and thus, this project used a local controversial science issue as a context for inquiry. Baker and Case (2000) also found that content can provide a context for science teachers to learn to use GIS technology. Thus, the science con
	The teaching methods used in 
	the project are based on Harlen’s 
	(1997)recommendations.Specifically 
	participants were (a) asked to express 
	their ideas about content studied, 
	(b) provided with opportunities 
	for exploration and involvement to develop their knowledge and skills 
	through hands-on inquiry activities, and(c)askedtoreflectontheirlearning 
	to help develop and assess change in knowledge. 


	Description of the Project
	Description of the Project
	Description of the Project
	Five primary teachers (grades 1-3), ten middle school (6-8), one para-educator, one school librarian, one high school and one college instructor enrolled in a specially designed summer course at a Pacific Northwest university. Fifteen of those teachers enrolled in the course as a part of their master’s program. All teachers but one enrolled in this particular course to learn more about the controversial environmental issue 

	Table 1. Summary of course participants. 
	Table 1. Summary of course participants. 
	Table 1. Summary of course participants. 

	Grade Levels 
	Grade Levels 
	Number of 
	Teach Only 
	Graduate 

	TR
	participants 
	Science 
	Student 


	K-3 
	K-3 
	K-3 
	K-3 
	5 

	6-8 
	6-8 
	10 

	High School 
	High School 
	1 

	College 
	College 
	1 

	School Librarian 
	School Librarian 
	1 

	Para Educator 
	Para Educator 
	1 


	of salmon recovery. The librarian 
	enrolled in the course specifically to learn to use GIS technology. One teacher was specifically a science 
	teacher, the rest were generalists 
	without special science training or knowledge.SeeTable1forasummary 
	of participants. 
	The course instructor formed a partnership withalocalcompany, Soil Search,LLC,who hadaspecialtywith using GIS and GPS technology. The company provided the teachers with for both data collection and analysis, as well as training with handheld GPS units (Garmin eMaps). The teachers received a full 7 hour day training fromaGISspecialistfromSoilSearch, LLC, in using ArcView GIS 3.2a, and were required to use it during the rest of the course for data collection and analysis. The specialist was available by phone
	trainingintheuseofArcViewGIS3.2a 
	-

	The course instructor provided instructionininquiryteachingmethods, as well as content surrounding the salmon recovery issue. In the Pacific Northwest this environmental issue 
	The course instructor provided instructionininquiryteachingmethods, as well as content surrounding the salmon recovery issue. In the Pacific Northwest this environmental issue 
	is very controversial. Simply put, the issue surrounds whether, and which, 

	0 
	0 
	0 
	5 

	0 
	0 
	9 

	1 
	1 
	0 

	0 
	0 
	1 

	0 
	0 
	0 

	0 
	0 
	0 


	species of salmon are endangered. 
	Contributors to the demise of salmon include but are not limited to: 
	dams, hatcheries, changing water 
	temperature, changing water quality, 
	river habitat, ocean habitats, and over-
	harvesting of fish at different points of their life cycles (Lichatowich, 1999). Additionally, others question whether there actually is a decrease in numbers 
	of salmon, and raise the point that to 
	fully recover salmon numbers life in the Pacific Northwest would have to return to colonial days. Thus, the science topic was ripe for inquiry, and GIS was an appropriate tool for 
	collection and analysis of data. 
	Description of Activities 
	Description of Activities 
	Teachers participated in a 7 hour a day, two week course that focused on learning to teach inquiry science using a real-world problem through GIS technology. On the first day of the course the problem of salmon recovery was identified and clarified, and teachers selected focus groups on which to conduct inquiries. Many issues were identified that were contributors toward salmon recovery, but because of the size and time limits of the class, the focus was limited to 
	Teachers participated in a 7 hour a day, two week course that focused on learning to teach inquiry science using a real-world problem through GIS technology. On the first day of the course the problem of salmon recovery was identified and clarified, and teachers selected focus groups on which to conduct inquiries. Many issues were identified that were contributors toward salmon recovery, but because of the size and time limits of the class, the focus was limited to 
	fivetopics.Thesefivetopicsgenerated by the teachers for in-depth inquiry were: dams, agriculture and land 

	development, hatcheries, water and environmental habitats, and Native American perspectives. 
	The course facilitators organized field trips and speakers that would provide the teachers with diverse views regarding the salmon issues. Ideally, the teachers would seek the information themselves, but given the length of the course this organization was done in advance. Teachers did, however, conduct other research on their own during the course. The teachers heard from selected guest speakers regarding the Endangered Species Act and the Clean Water Act, visited dams to see what ways they were investigat
	salmon recovery issue. Within the scope of the above 
	framework, teachers also learned to 
	use GIS to help collect, organize, 
	analyze, and present their data. They 
	spent one 7 hour session learning 
	spent one 7 hour session learning 
	conceptually about GPS/GIS by using the Garmin eMaps, and then learning the ArcView 3.2a software for use during the rest of the workshop. They identified fields and made data collection tables that would serve as a startingpointforeachfocusgroup.The data collection tables were modified and filled in during the remainder 

	of the workshop as investigations 
	proceeded. The data tables could then 
	be connected to overlaying maps of 
	areas in the Pacific Northwest that 
	matched the data, for instance, for 
	which dams in Washington State had what numbers of fish passing over it during certain years. On the final day 
	of data analysis the teachers were able tocombinetheirdataanalysesintoone layered map in which it was possible 
	tocomparenumbers offish goingover each dam, to numbers of fish released 
	in nearby hatcheries, to harvesting 
	data, for instance. These numbers could then be converted to layered 
	graphic data, enabling a comparison of different factors. 

	Data Collection 
	Data Collection 
	Athree-item content questionnaire 
	was given to all teachers pre and post 
	instruction, as well as an eight-item questionnaire designed to tap their understandings of nature of science 




	There was a strong need for in-depth understanding ofteacher conceptions and a desire to appropriately interpret questionnaire responses. 
	There was a strong need for in-depth understanding ofteacher conceptions and a desire to appropriately interpret questionnaire responses. 
	There was a strong need for in-depth understanding ofteacher conceptions and a desire to appropriately interpret questionnaire responses. 
	(See Appendix). There was a strong 
	need for in-depth understanding of 
	teacher conceptions and a desire to 
	appropriately interpret questionnaire responses. Therefore ten graduate students were randomly selected to participate in semi-structured interviews, five pre-instruction, and five post-instruction. The teachers 
	were provided with copies of their 
	questionnaires, and asked to elucidate 
	their points verbally to the interviewer 
	(either a faculty member or trained graduate teacher). This approach allowed the use of the post-instruction 
	interview data both to establish the 
	validity of the questionnaires and 
	facilitate the interpretation of changes in participants’views. The interviews 
	were audio taped and transcribed for 
	later analysis. 
	The researcher maintained a log of daily class activities, as well as perceptions of teacher learning, use of technology, and inquiry. Teacher logs were collected and read for their developing ideas and understandings of the salmon recovery issue, inquiry teaching, and use of GIS technology. 

	Data Analysis 
	Data Analysis 
	Data Analysis 
	Initiallytheresearcheranalyzedpreinstructionquestionnairesforbaseline knowledge about the salmon recovery issue as well as understandings of nature of science. The author sought patterns in her researcher log and teachers’ logs for references to use of technology, specifically GIS technology,inteachers’datacollection and analysis. Next the interview transcripts were analyzed similarly, searching for patterns in teacher understandings of nature of science as wellassalmonrecovery,andreference made to GIS tech
	Initiallytheresearcheranalyzedpreinstructionquestionnairesforbaseline knowledge about the salmon recovery issue as well as understandings of nature of science. The author sought patterns in her researcher log and teachers’ logs for references to use of technology, specifically GIS technology,inteachers’datacollection and analysis. Next the interview transcripts were analyzed similarly, searching for patterns in teacher understandings of nature of science as wellassalmonrecovery,andreference made to GIS tech
	-

	interpreting questionnaire responses salmon recovery issue. In their preappropriately, further enhancing the instruction responses to what issues validityoftheanalysis.Postinstruction they could identify that contributed 
	-





	Because teachers had a 
	Because teachers had a 
	Because teachers had a 

	questionnaires and interviews were .to salmon demise only 4 issues were 

	more informed view of 
	more informed view of 
	more informed view of 

	similarly analyzed, resulting in a identified, and these were restricted summary of general understandings mostlytofourteenteachersstatingthat elements of nature of held by the class pre and post-dams (14) were the cause of salmon 

	science post instruction
	science post instruction
	science post instruction

	instruction. The summaries were .demise, and ten (some identified both) 

	as pre-instruction, it is 
	as pre-instruction, it is 
	as pre-instruction, it is 

	soughtforpatternsorcategories,which commenting that over harvesting were checked against confirmatory or was a contributor to salmon loss. likely they will have acontradictory evidence, and were After instruction many more issues 

	more informed view of 
	more informed view of 
	more informed view of 

	modified...were identified, with the responses being mostly to contributions of (a) 
	inquiry. 

	Pre and post summaries were .hatcheries(9),(b)dams(8),(c)culture .
	compared to assess changes in 
	compared to assess changes in 
	compared to assess changes in 
	place for salmon recovery, prior to 

	and society’s views, including Native 
	participants’understandingsofsalmon 
	participants’understandingsofsalmon 
	instruction teachers identified only 9 

	American (7), and (d) water use (6).
	recovery issues, nature of science, and 
	remediations, with the most common 
	Pre-instruction responses to the 
	the use of GIS technology. 
	response being the controversial 

	questionnaire indicate that there were solution of breaching dams (11). 
	many misconceptions regarding the 
	many misconceptions regarding the 

	Results 
	Results 
	Results 
	Following instruction the types of 
	salmon life cycle. Several teachers 

	Understandings of salmon recovery. 
	Understandings of salmon recovery. 
	more 

	recovery recommendations 
	recovery recommendations 
	did not realize that salmon were 

	There was quite a range of science than doubled, with nineteen different backgrounds for the participants in the responses. The flavor of the responses class.Teachershadtakenfrom3science changed as well. While there were credits to 30. Many teachers in the fourteen teachers who included dams 
	anadromous and spent time in both 
	fresh and ocean water. They did not 
	generally know the names of each 

	stage of the life cycle. However, at 
	stage of the life cycle. However, at 

	class emphasized education or English/ on their post-instruction responses, language arts as their undergraduate noneofthemspokesolelyofbreaching majors.Thus,teacherswerenotscience dams, but more of modifications that 
	the post-instruction questionnaire 
	and interview all teachers were able 

	to identify the appropriate life cycle specialists. It is not surprising to see were being made on dams to make that their initial understandings of the them more salmon friendly. salmon issue were not substantial. 
	stages, and all knew that salmon 
	trekked from stream to ocean, and 

	back to stream. Several included other 
	back to stream. Several included other 


	Understandings of nature of science 
	Understandings of nature of science 
	Understandings of nature of science 
	Table 2 summarizes the pre- and post-

	details, such as the length of time instruction responses. Teachers improved in their 
	different species of salmon spent at 
	different species of salmon spent at 

	Virtually all teachers who .understandings of nature of science 
	different points in their travels. participatedintheinstitutesubstantially (NOS),asevidencedfromacomparison 
	In response to the question of what 
	In response to the question of what 

	improved their knowledge of the .oftheirpre/postresponsesontheViews 
	remediations were already taking 
	remediations were already taking 
	of Nature of Science Questionnaire (VNOS) (See Table 3 for an overview 

	Table 2. Comparison of pre- and post-understandings of salmon 
	of their responses). Because teachers 
	of their responses). Because teachers 
	recovery issues 
	had a more informed view of elements 
	of nature of science post instruction 
	Pre-Post
	-

	as pre-instruction, it is likely they 
	instruction instruction 
	will have a more informed view of 
	inquiry. 

	Number of Salmon issues identified 4 20 
	Prior to instruction most (18) 
	Prior to instruction most (18) 
	Number Accurate Salmon 
	teachers could not state that science 

	Life Cycle Descriptions..4 18 
	differedfromotherdisciplinesbecause 
	differedfromotherdisciplinesbecause 

	Number of Remediations Identified 9 19 
	it required evidence, and yet after 
	it required evidence, and yet after 

	Table 3. Number of teachers with adequate views of target NOS elements. 
	Pre-Postinstruction instruction 
	Pre-Postinstruction instruction 
	-

	Empirical
	Tentative 
	Creative and imaginative
	Subjective (theory-laden)
	Social and cultural 
	Observation vs. inference 
	Theories and laws 
	instruction 9 teachers stated that 
	science was differentiated from 
	other disciplines because it required 
	empirical evidence to make claims. 
	Thus, teachers improved in their understandings of the empirical 
	NOS. 
	Teachers’ conceptions of the tentative NOS also improved. Prior to instruction one teacher believed that onceascientifictheorywasdeveloped it never changed. Others stated that science finds exact, final answers. Following instruction 18 teachers believed that science was tentative, and with new evidence theories can change, while the teacher who believed that scientific theories never change was now uncertain about her response. 
	Prior to instruction teachers did not hold complete understandings of the subjectiveNOS.Frompost-instruction responses it is evident that teachers improved in their ideas that science is somewhatsubjective. Indeed, someof the subjectivity can be due to social and cultural influences, and teachers’ viewpoints of the social and cultural element of NOS also improved. 
	Teachers’ views of the distinction between observation and inference also improved. Following instruction 
	Teachers’ views of the distinction between observation and inference also improved. Following instruction 
	teachers recognized that scientists 

	0 
	0 
	0 
	9 

	4 
	4 
	18 

	18 
	18 
	18 

	14 
	14 
	18 

	3 
	3 
	11 

	4 
	4 
	18 

	0 
	0 
	5 


	couldusetheircreativityininterpreting 
	evidence when developing models that represent reality (i.e., an atomic 
	model) whereas prior to instruction four teachers believed scientists had to actually observe and see something 
	to be able to make a claim for their explanations. 
	Prior to instruction 15 teachers believed that theories are untested ideas, and laws are proven facts. The others believed that theories would become laws after they had been accepted, or “better proven.” After instruction four teachers still held that idea,butfiveteachersheldtheaccepted view that theory is an explanation for a law which is observable, and others had developed similar ideas that were closer to the accepted view. 


	Use of GIS technology for Inquiry 
	Use of GIS technology for Inquiry 
	Use of GIS technology for Inquiry 
	Four themes emerged from the data regarding how GIS technology can be used to support inquiry teaching and learning. First, it was found that teachers commented both verbally and in their logs about the role of technology, particularly GIS technology, on their learning of the inquiry teaching process. One representative comment was “it 
	seems that technology is making this data collection both easier and more 
	difficult. It is more difficult at first, but once I get the hang of it, I can organize my data quickly.” 
	Second, when teachers responded on nature of science surveys, they included the importance of GIS technology in helping to develop scientific knowledge and thinking. For example, one teacher wrote on her questionnaire “technology, like GIS is helpful in developing scientific ideas because it can extend your senses, make it easier for you to observe different things.” Another said, “The GIS is particularly nice because you can organize your data into different layers and see things you might not haveotherwis
	Third, teachers mentioned difficulties associated with learning GIS. It appeared very important to have the support available to them to help overcome these difficulties. One teacher mentioned in her log “if it weren’t for being able to contact Jason (the GIS specialist), I probably never would have figured out the GIS fields.” Another noted, “I’m glad we had work time in the lab while Jason was there. If he wasn’t there I might nothavefigureditout.”Anotherstated in an interview, “usually I just don’t have 
	program.” Finally, teachers commented on 
	how they could at last see how inquiry teaching could be approached. They 
	did not get “bogged down” in data 
	analysis, but rather could spend their 
	time interpreting the data as it was displayed in different ways in their 

	to participate in a scientific inquiry Without being required to learn the 
	about a controversial topic that gener-GIS software, and giving time and ated much interest. They were able to support to learning, it may not have 
	It is apparent from 

	select areas of interest about which beenasconvenientforteacherstolearn to design in depth inquiries, put the software. Additionally, without time and support together the information from their the problem-solving context in which 
	this study that with 

	group and other groups’inquiries via teachersdesiredtofindanswerstotheir 



	teachers can use GIS 
	teachers can use GIS 
	teachers can use GIS 

	GIS technology, and analyze the data foci, they may not have seen a need for again using GIS technology, making a learning or using the GIS technology. their inquiry science reasonable recommendation for A desire to use the technology to find 
	technology to enhance 

	resolving the issue based on these an answer to their problems, coupled 

	learning, and hopefully 
	learning, and hopefully 
	learning, and hopefully 

	analyses. They were aware that their with time and support to learn the recommendations may have been technology, helped the teachers use different had they selected to focus the technology to assist their authentic 
	that will translate into 
	a positive teaching 

	on different contributing factors, and inquiry. 
	experience for them 
	experience for them 
	experience for them 

	if they had more data and informa-Theauthorsofthispaperrecommend as they put it into tion in their given topics as well as that teacher educators who want to how they looked at the data. They promoteuseoftechnologybyteachers 
	classroom practice. 

	gained a better understanding of the find authentic reasons for teachers to tentative nature of science, in part, use such technology, to model how because they could look at the data in 
	ArcView program. One teacher stated 
	in an interview “It was helpful to be 

	able to look for trends in the data and see patterns without having to do all betterinterpretationsofthedata.Thus, 
	different ways through the ArcView 
	GIS software, allowing them to make 
	kinds of wild calculations. It helped 



	A desire to use the 
	A desire to use the 
	A desire to use the 

	me in interpreting the data.” Another stated on her questionnaire, “I finally get inquiry! It seems I was always so an answer to their focused on getting the results I never From the teacher logs, course spent enough time figuring out what evaluations, questionnaire and the results really meant. And that is the interview responses, it is apparent real purpose of inquiry!” And finally, that teachers had an enhanced view learn the technology, from the course evaluation, “This was of inquiry teaching at the co
	GIS technology in scientific inquiry 
	can possibly influence conceptions of 
	technology to find 
	NOS; a topic for future study. 
	problems, coupled with 
	time and support to 


	helped the teachers use
	helped the teachers use
	helped the teachers use

	a great model for inquiry teaching. of the course. Additionally, from And using the GIS was scary at first, viewingtheirpresentationsandpapers, but really helped when interpreting it is apparent that the GIS technology their authentic inquiry. the data.” component enhanced their ability to 
	the technology to assist 

	record, organize, and analyze data 
	record, organize, and analyze data 

	Implications and allowing them to make important that technology can be used to support 
	Conclusions interpretations for their inquiry. Akey goals teachers must already help their 
	It is apparent from this study that to the success of the GIS component students meet (e.g. national science with time and support teachers can was the specialist who was able to education inquiry standards), and to use GIS technology to enhance their provide both group and individual provide time and support to those inquiry science learning, and hope-support as teachers were using the teachers in learning such technology. fully that will translate into a positive GISsoftware.Anotherkeytousingthe Theauthor
	It is apparent from this study that to the success of the GIS component students meet (e.g. national science with time and support teachers can was the specialist who was able to education inquiry standards), and to use GIS technology to enhance their provide both group and individual provide time and support to those inquiry science learning, and hope-support as teachers were using the teachers in learning such technology. fully that will translate into a positive GISsoftware.Anotherkeytousingthe Theauthor
	technology, can support their efforts in learning and teaching scientific inquiry. 
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	Appendix 
	Pre and Post-Questionnaires (Content and Nature of Science). 
	Salmon Questionnaire 
	1...What issues can you identify that 
	affect salmon recovery? 
	2.. Please describe the life cycle of the 
	salmon, including its migrations 
	3...What kinds of recommendations do 
	Nature of science Questionnaire 
	4...After scientists have developed a 
	theory (e.g. atomic theory), does the 
	theoryeverchange?Ifyoubelievethat 
	theories do change, explain why we 
	bother to teach theories. Defend your 
	answer with examples. 
	5...What does an atom look like? How certain are scientists about the structure of atoms? What specific kinds of evidencedoyouthinkscientistsusedto determine what an atom looks like? 
	-

	6...Is there a difference between a scientific theory and a scientific law? Give an example to illustrate your answer. 
	-

	7...How are science and art similar? How 
	are they different? 
	8...Scientists perform experiments/investigations when trying to solve problems.Otherthanthe planningand designoftheseexperiments/investigations, do scientists use their creativity and imagination during and after data collection?Pleaseexplainyouranswer and provide examples if appropriate. 
	-
	-

	9...Isthereadifferencebetweenscientific 
	knowledge and opinion? Give an ex
	-

	ample to illustrate your answer. 
	.0. Some astronomers believe that the universe is expanding while others believe it is shrinking; still others believe that the universe is in a static state without any expansion or shrinkage. How are these different conclusions possible if all of these scientists are looking at the same experiments and data? 
	-
	-

	Valarie L. Akerson, Assistant Professor, Sci
	-

	ence Education, Indiana University, 201 North Rose Avenue, Bloomington, IN 47405. Correspondance pertaining to this article may be sent to . 
	-
	vakerson@indiana.edu

	Larry E. Dickinson, Soil Search, LLC, 42125 .South Morton Road, Kennewick, WA 99337...
	you currently know of that are being 
	made to help salmon recovery? 

	José M. Rios 


	Teaching to the Science Standards:.Stories from the Classroom. 
	Teaching to the Science Standards:.Stories from the Classroom. 
	Results of qualitative research indicate that although teachers do not object to standards-based instruction, they are not receiving sufficient support to align current instructional and assessment practices with published benchmarks. 
	Results of qualitative research indicate that although teachers do not object to standards-based instruction, they are not receiving sufficient support to align current instructional and assessment practices with published benchmarks. 
	Research on Science Standards. 
	Research on Science Standards. 
	Research on Science Standards. 
	Standards and science. The debate has been in the news since the publication of A Nation At Risk in 1983. Researchers have documented the struggles of creating science standards (Kennedy, 1998; Roberts, 2000; Forster & Wallace, 2002), while pointing out the strengths and weaknesses of the current movement inscienceeducation(Rodriguez,1997; Guskey, 2001; Hill, 2001). In recent years, there have been articles dealing with teachers’ views and practices in planning science instruction (Levitt, 2002),connections
	Some of the classroom-based researchfocusonconnectionsbetween thenatureofscience,teachers’beliefs, and classroom practice (Bryan, 1998; Tobin & McRobbie, 1996; Keys & Kang , 2000). Only recently have 
	Some of the classroom-based researchfocusonconnectionsbetween thenatureofscience,teachers’beliefs, and classroom practice (Bryan, 1998; Tobin & McRobbie, 1996; Keys & Kang , 2000). Only recently have 
	researchers begun to examine some 

	of the connections between science 
	standards and the realities of public schools (Hayes & Deyble, 2001; Puskin, 2002; Barton & Tobin, 2002). 
	According to Spillane et al. (200.), 
	“Because of the nature and magnitude of the reforms, most teachers struggle tounderstandtheirsubstanceand their implications for practice” (p. 918). Thesestruggleshavebeendocumented 
	in other states that are working toward 
	aligning curricula with state standards 
	and creating statewide assessments. 
	Unfortunately, there have been few studies focusing on Washington State (LaGuardia et al., 1999). 
	Background on Washington State 
	TheWashingtonEssentialAcademic Learning Requirements (EALRs). In Washington State, the EALRs (Washington State Commission on StudentLearning,1998)haveaffected thewaydistrictsapproachtheteaching of math, reading, writing, and science. The EALRs represent Washington State’s translation of the National Science Education Standards (NRC, 1996) for districts, teachers, students, andparents.Likethe NationalScience Education Standards, these general guidelines are broken down into three categories of benchmarks (K-
	physical science, Earth and space 
	science,lifescience,scientificinquiry, problem solving, nature of science, 
	and science/technology/society. 
	These benchmarks are blueprints for 
	developinggradelevelframeworksthat will help teachers and administrators 
	make curricular, instructional, and 
	assessment decisions. Ultimately, the EALRs and benchmarks will help 
	teachers and students prepare for the Washington Assessment of Student Learning (WASL). 
	The Washington Assessment of StudentLearning(WASL).TheWASL, which is administered in grades 5, 8, and 10, is a criterion-based assessment consisting of multiple choice, short answer, and extended response items. Currently, the WASL examination is in the pilot stages, with voluntary participation from schools and districts. However, the 8and .0grade assessments will become operational in 2003-04, while the 5grade assessment will become operational in 2004-05. 
	th 
	th 
	th 

	With the WASL’s operational 
	deadlines looming, partnerships have 
	formedamongK-12districts,business leaders, universities, and informal science education agencies to assist 
	teachers in making the transition to 
	standards-based science instruction. 
	Some of the work focuses on creating 
	workable frameworks for teachers. Theseframeworksprovidegradelevel 
	targets in the subdisciplines. Other work is more systemic in nature, 
	involving districts in professional development, assessment, and 
	curriculum development. What all of 
	this work has in common is the desire 
	to help teachers help students meet 
	the goals of the EALRs. The goal of this paper is tell some of the teachers’ 
	stories about science teaching and 
	science standards. 

	Purpose
	Purpose
	The purpose of this research study was to examine teachers’ experiences with the EALRs and explore the relationships between science standards and science teaching. Specifically, five questions guided this research: (a) What are practicing teachers’perceptions of the Washington State science standards? (b)What are the connections between these standards and curriculum planning? (c) How do practicing teachers address the standards in their classroom instruction? (d) What factors impede or facilitate the inte

	Method Rationale 
	Method Rationale 
	According to Anderson and Helms (200.), the most promising research on science standards and science instruction will: 
	(.) be approached from 
	multiple perspectives, (2) be conducted in the “real world,” (3) focus on interventions into conventionalschoolpractice,(4) 
	multiple perspectives, (2) be conducted in the “real world,” (3) focus on interventions into conventionalschoolpractice,(4) 
	not assume that change can be driven from the top down, (5) be interpretive in nature, (6) focus on student roles and student work, (7) give major attention to teacherlearning(whichincludes addressing values and beliefs), 

	(8) attend to parents’ concerns, and(9)beapproachedsystematically. (p. ..) 
	-

	This research project incorporated these criteria into its design. Using an interpretive approach to classroom research (Strauss & Corbin, 1990), I focused on identifying meanings that participants assigned to the EALRs and the WASL. Data were collected over the course of three quarters (September 2000 – June 2001) in which participants were enrolled in three courses at the University of Washington, Tacoma. 
	Context of the Study 
	Context of the Study 
	Participants enrolled in three courses, which are required for a study option in science education. The first course, Curriculum Design and Assessment in Science Education, explores the relationship between standards and the construction and evaluationofcurrentsciencecurricula. The second course, Inquiry in the Science Classroom, examines the connections between these standards and classroom instruction. The final course, Using Technology in Science Education, introduces teachers to new technology and how t
	All classes met for three hours on a weeklybasisfortenweeks.Participants explored theoretical and pedagogical issues related to standards-based instruction through required readings. They also engaged in discussions and 
	hands-onactivitiesdesignedtoexplore 
	participants’ ideas about standards and how they affect curriculum design, instruction, and assessment. Participants led discussions, gave 
	teaching demonstrations, and wrote 
	critical reflections of these activities. Other course assignmentsencouraged 
	participants to examine their teaching responsibilities critically and make changes based on their emerging 
	understandingofthesciencestandards. These assignments included personal essays,technologyreviews,curriculum 
	analyses, lesson plans and video 
	production. 
	Participants 
	Twenty teachers (17 females and 3 males) participated in this study. 19 were public school teachers and one taught at a private religious school. The participants’ ages ranged from 22 to 48, with a median age of 
	33. All participants were working toward a Master of Education degree (M.Ed.) with 12 students declaring a science education study option. With 
	the exception of two participants with science degrees, the science 
	backgrounds of the class members 
	were similar. 


	Data Sources 
	Data Sources 
	Overall, there were four primary sources of data for this study. The first sourceincludedaudiotapedrecordings ofallclasssessions,includinglectures, whole group discussions, and small group work. The second source, videotapes of teacher-led activities, was used by each participant for the reflective assignments and by me as a sourceforexamplesofteacher-teacher interactions. Field notes, the third data source, documented contextual, theoretical, and methodological issues as they arose during the classes 
	Overall, there were four primary sources of data for this study. The first sourceincludedaudiotapedrecordings ofallclasssessions,includinglectures, whole group discussions, and small group work. The second source, videotapes of teacher-led activities, was used by each participant for the reflective assignments and by me as a sourceforexamplesofteacher-teacher interactions. Field notes, the third data source, documented contextual, theoretical, and methodological issues as they arose during the classes 
	(Corsaro, 1985). Finally, the fourth data source included the assignments and reflections turned in by each participant. These multiple data sourceswereessentialforthepurposes of triangulation (Merriman, 1988). 

	Data Analysis 
	All audiotapes and videotapes were transcribed on an ongoing basis. These transcripts were compared to field notes and emerging themes were noted (Erickson, 1986; Strauss & Corbin, 1990; Bogdan & Biklin, 1992). Through an iterative process of reading transcripts and refining themes, I then looked at work samples to find examples of those themes. At theendofeachcourse,volunteersfrom the course checked the clarity of the themes and examples from various data sources. Unclear themes were reexamined, revised, a

	Findings 
	Findings 
	Assertion 1: Teachers are not seeing standards-based curricula. 
	The teachers in this study knew about the science standards, but have not seen good examples of standards-based curriculum. Of those who have worked with standards-based curriculum, there was a largedisparity about what counts as curriculum. For some,thecurriculumisjustatextbook. For others, a series of kits suffice. Yet, when we explored the idea that a curriculum is more than just books, videos and kits, I was surprised by the 
	participants’ lack of experiences with 
	standards-based curricula. 
	Whatcountsascurriculum?During the very first class session, I asked a series of questions about science teaching, science curriculum, and 
	knowledge of the state standards. 
	One particular question, “What does your science curriculum look like?” 
	elicited some interesting responses 
	including “Our adopted textbook”, 
	“The electricity kit that comes in 
	November”,“TheFOSSunitonsimple machines”, and “ Whatever I can fit in between reading and math”. Stunned by this range of answers, I asked who 
	determines what they teach in science at any given time. The middle and high school teachers gave a variety 
	of answers. “Me”, “The department 
	chair”, and “The school board” were a few of the responses. 
	Severalelementaryschoolteachers indicated that they were often left to make choices regarding science 
	instruction. Molly, a fourth grade teacher, had an interesting situation 
	in her district: 
	Rios:..And what’s the situation in your district? 
	Molly: Actually we don’t even have [a] science [curriculum], we integrate it with socialstudies.Solikewhen we’re studying Indians, we study mechanics or simple machines. I mean, we have 
	-

	it all corresponding, so we don’t even have science books, which was really interesting to me. There is 
	no curriculum, no science teachers. We just have a 
	list of trade books, that’s what we have for a science 
	curriculum.” 
	Rios: So, who defines the science curriculum? Molly: I think that teachers individually make it. 
	-

	Alloftheelementaryteachersinthe 
	classidentifiedwithMolly’sresponse. Althoughtheytaughtarangeoftopics, 
	many of them were on their own when choosing science topics. Some had 
	chosen familiar topics and stuck with 
	them from year to year. Others either waited for preassigned science kits to arrive or avoided teaching science 
	altogether. Betty, who was finding ways to supplement her kits, provided insights about her science teaching 
	experiences in this vignette: 
	OnaTuesdayafternoonwhile my students were at recess, I carefully set up supplies for 
	the planned science activity 
	on solutions. I poured oil, salt, 
	corn meal, and pepper in small 
	cups and I filled larger cups with water. Each table would have four cups of water, the 
	materials to mix with the water, 
	and a spoon. When the students returnedfromrecess,Iexplained the activity then passed out the 
	materials. Twenty-two active 
	second graders enjoyed mixing 
	different substances into water. I observed the students and asked them about what they noticed. Some groups just mixed one substance at a time into a glass of water and watched carefully. Other groups began to mix all the mixtures together, spilling on the table and making quite a mess. At this point, I decided it wastimeforcleanupanddiscussion. It was now 2:55 PM and my students had to be ready to 
	different substances into water. I observed the students and asked them about what they noticed. Some groups just mixed one substance at a time into a glass of water and watched carefully. Other groups began to mix all the mixtures together, spilling on the table and making quite a mess. At this point, I decided it wastimeforcleanupanddiscussion. It was now 2:55 PM and my students had to be ready to 
	-

	go home by 3:05. I gave directions to the students to bring the materials to the counter by the sink and wash up any spills. As the students sprung into action, there was much commotion. Some students continued to mix solutions while others began cleaning up. I was helping at the sink when a student came running with a cup of oily water and spilled it on me. I threw up my hands and said under my breath“Ihatescience!”Astudent quietly approached me and said, “ButMrs.Ucker,Ilovescience.” 
	-


	Followedbyotherswhosaid,“So 
	do I.” When things were finally cleaned up andthestudentswere ready to leave, I felt compelled to explain that I really did liked science but I did not like the messanddisordercreatedduring 
	science activities. 
	Betty is not alone in her struggles. Although she is aware of the science 
	standards, and their emphasis on 
	content and inquiry, she would rather 
	deal with the content and not get into 
	the messy stuff of science. For her, 
	content is easier to teach. Addressing the other areas of the standards 
	(i.e., process skills and the nature of science) required more preparation, 
	management, and materials. Yet with 
	further probing, I learned that despite 
	knowledge of the standards, there was 
	more to what I was hearing than just a lack of curricular materials; there was a lack of standards-based curriculum 
	in their schools. 
	What counts as standards-based 
	curriculum? Using the National 
	Science Education Standards (NRC, 
	1996) as a guide, we explored what 
	were the key elements of standards-
	based curriculum. After lengthy 
	discussions and an essay devoted to the topic, we agreed on 5 key elements. They included 1) explicit 
	connectionstotargetedbenchmarks,2) 
	developmentallyappropriatelanguage and activities, 3) logical sequence of 
	lessonsfromonegradeleveltothenext, 
	4) multiple assessments to address content and process skills, 5) and informationonprerequisiteknowledge and students’ misconceptions. With this information in hand, we returned to our initial discussions on curricula. As expected, few students had seen 
	what they believed were standards-
	based curricula. 
	Frustrated, they began to discuss what it would take to transform their existing curricula into something that resembled a standards-based curriculum. One teacher, Leslie, was adamant about what she wanted, “The one thing that troubles me whenever I readthese[ideasaboutcurricula],they are wonderful ideas and we should employ them in the classroom. But weneedmoreexamplesandtraining!” Leslie’s outburst was representative of what I heard from other teachers in the study – they wanted to see models of competent
	Theparticipantsexpressedthesame concerns about content. Rather than study dinosaurs three times during elementary school and once during 
	Theparticipantsexpressedthesame concerns about content. Rather than study dinosaurs three times during elementary school and once during 
	middleschool,schoolsshouldorganize curricula to examine the “big ideas,” or unifying concepts, of science. These core concepts (NRC, 1996) include form and function; evolution and equilibrium; constancy, change, and measurement; evidence, models, and explanation; and systems, order, and organization. With an increased 

	emphasis on “big ideas,” each grade 
	level could explore topics in each 
	discipline of science. One teacher, 
	Mike, found that no one publisher could provide a curriculum that met 
	his ideas for an effective, standards-
	based curriculum. He actually found the standards useful in creating 
	assessment tools for examining 
	published curricula. In the end, he and 
	his team had chosen the best models 
	in that curriculum set, hoping to find 
	better matches in other places. 
	Assertion 2 – We actually don’t mind standards, but… 
	In a recent survey of Washington teachers, I learned that teachers actually felt positive about the science standards in that they provided direction and targets for instruction and assessment (Rios & Beaudoin, in preparation). However, they weren’t sure if districts were providing enough guidance for teachers to align instruction with the proposed state assessment in science (i.e., the WASL).Withthisinformationinhand, Iexploredtheseissueswithteachersin my study. Like teachers in the survey, they echoed the
	Standards Make Sense. I had prepared myself for an outpouring of anger and angst. After all, the newspapers were filled with stories about WASL boycotts and increasing tensionsinschools.However,Debbie’s journal entry reflected another important theme in this study. 
	And see, I used to think that 
	wasoverwhelming[theEALRs], that was like wow, it’s all right 
	here, in one 1-inch book! 
	Teachers initially felt apprehensive 
	aboutthesciencestandards,especially thosewhohadnotreadthemthoroughly 
	prior to my classes. After reading 
	through them and examining how existing curriculum addressed the standards, I saw some changes in their 
	perceptions. Elementary teachers, for one, 
	felt that the K-4 benchmarks were 
	straightforward and attainable. “After 
	all, we know more about this stuff than our kids, right?” Well, yes and no. In biology, for example, they were at ease with the content. “I can teach bugs and plants. I do that already,” 
	said one elementary school teacher with confidence. That confidence 
	began to wane when I followed up with “What about simple machines, solutions,andplatetectonics?”Among 
	themostprevalentproblemswerelack 
	of materials and insufficient content knowledge. Reflecting on a unit on plate tectonics, Kim, a fifth grade 
	teacher, wrote this vignette: 
	When I began teaching nine years ago, I did very little science in my classroom. In fact, it wasn’t until about seven years ago that I began to realize that I was a doing a great disservice to my students by not teaching more science. When I came to this realization, I also began to panic because I did not feel like I was really qualified to teach sciencetomystudents.However, I decided that I was a qualified professional and I could figure out how to teach some science to my students. 
	-

	I asked my teaching partner at the time what we were supposed 
	to teach in science. She an
	-

	swered, ‘Plate tectonics.’ ‘Plate 
	tectonics! What do we have?’ I answered. “Just a kit on convection.’ she said walking away. In a panic, I ran out to the local teachersupply store tofindsome materialsbecausewedidn’thave many at our school. 
	-

	Still, Kim found that the targeted 
	benchmarkshelpedhermakedecisions 
	about what she needed to learn and what to teach students (e.g., latitude, longitude, and layers of the Earth). 
	The standards, however, did not help her with how to teach plate tectonics andwhatmaterialssheneededtoteach the content effectively. 
	Materials to meet the standards. 
	Billy, a middle school teacher, faced 
	similar issues as his elementary school colleagues. His excitement for 
	teachingsciencemadeabigdifference in his ability to overcome a lack of 
	materials and supplies. Billy made 
	connections with other teachers and 
	local suppliers for science materials. Over time, he “kind of accumulated lots of things.” But just having materialswasnotenoughtoaddressthe issue of teaching to the standards. For some teachers, the issue was finding 
	new ways to teach the content. For others, the standards asked for more 
	thanjustteachingthecontent.Students should be able to relate the content to the unifying concepts of science. Most importantly, teachers needed to provide more inquiry-based activities that did more than just reinforce the content; these activities needed to provide more opportunities for doing 
	science as it is practiced. “That is hard 
	with what we have. I mean, I can only do so much with old microscopes,” 
	said another middle school teacher. Still, they weren’t opposed to trying. 
	One high school teacher, Amy, had established relationships with the science faculty at a nearby university. These faculty members served as mentors, providing content and pedagogical expertise in tough areas liketranscriptionandproteinsynthesis. Through these relationships, Amy revised her existing curriculum from one that was heavily lecture-driven to one that utilized guest speakers, videodiscs, computer simulations, and video. To her, the mechanism of transcription was made more understandable through t
	Assertion 3: Practice makes for more practice 
	One of the luxuries of having the same students for an entire academic year is being able to witness their growth over time. In the three classes used for this study, participants focused on the same topic for nine months. They used these topics to explore issues of curriculum design, instruction, assessment, and technology. I found that these teachersappreciatedthedetailedwork on one area. In their experiences, professionaldevelopmentexperiences 
	on the standards were one shot deals. Someonetoldthemwhattodo,showed them examples of how it’s done, and 
	allowed them to try out these ideas in their classrooms, if time permitted. In 
	the case of these teachers, these three classes were the longest professional development experiences of their careers. 
	Show me how it’s done. Telling teachers what to do only gets you so far. My goal in these classes was to show them how to address science standards from the start. In modeling this approach, I discussed how I started with the standards, decided which ones would serve as foci for my courses, and constructed a sequence of activities illustrating issues of planning,instruction, andassessment. What was most interesting for me was how few textbooks existed for me to use in this process. So, I used a variety of m
	For these classes, I chose the unifyingconceptofformandfunction. The specific topic that I used was the skeletal system. I wanted to explore how animals solve issues related to supportandlocomotionandgearedmy activities for a 7grade class. During the first quarter, we explored how I prepared a series of lessons designed to address this topic. The first step was to determine prerequisite knowledge for this topic. Then, I determined what content issues were relevant to this topicandsequencedthemaccordingly. O
	For these classes, I chose the unifyingconceptofformandfunction. The specific topic that I used was the skeletal system. I wanted to explore how animals solve issues related to supportandlocomotionandgearedmy activities for a 7grade class. During the first quarter, we explored how I prepared a series of lessons designed to address this topic. The first step was to determine prerequisite knowledge for this topic. Then, I determined what content issues were relevant to this topicandsequencedthemaccordingly. O
	th 

	How do animals stay up? (b) How do 

	animals move? (c) How do animals 
	differ in their movements? (d)What’s’ the relationship between support and movement? (e)Why do some animals 
	move differently than others in the same environment? 
	Obviously these lessons were a snapshot of a full unit, but I wanted to focus our discussions and not get overwhelmed by the scope of the lessons. I also wanted to illustrate the relationship between standards and instruction. In my opinion, standards-based instruction is more than just matching EALRs to lessons; it involves attention to concepts, prior knowledge, and a deliberate sequence of instructional activities. Suffice it to say that teachers were surprised at how much work went into these five lesso
	Let us try. After modeling the phase appropriate to the course (e.g., designing the unit for the Curriculum Design course), it was each student’s turn to engage in the same struggle. Oneparticularstudent,Don,struggled with issues that were common to most teachers. Don struggled with the time demands of the task and needed a great deal of guidance. The realities of teaching school and being responsible for other subjects, like reading and math, kept him from devoting full attention to this task. Instead, he 
	Is that your job to do that? [Evaluate curriculum] Do you 
	think that’s your job? I mean, it’s 
	a real question. Is it your job to 
	develop those units, or is it the 
	job of somebody else to give it 
	to you to implement? Boy, it’d 
	be nice if it was somebody else 
	doing it. 
	Despite his protests, Don still tried to revise his current unit – the solar system – into a standards-based unit. Unfortunately,hissearchformaterials came up short. Although he found activities that supported his ideas, he was still faced with the challenge of adapting these activities to meet the benchmarks.Forexample,Benchmark 1.2.7statesthatchildrenshould“know that Earth is one of several planets that orbits the sun, and the moon orbits the Earth”(p.5).Additionally,Benchmark 
	1.3.6 asks students to “observe and 
	describe the patterns of movement 
	of the sun and moon relative to each 
	other and Earth, and relate them to 
	Earth’s rotation” (p. 8). To Don, he faced an impossible task because it was winter in the Pacific Northwest (cloudy and rainy) and he didn’t have the students after dark. Moreover, his school couldn’t afford to send his class on a field trip. So what should 
	he to do? 
	Likehisfellowclassmates,Donfirst made decisions about what to teach. Once he had struggled with the core concepts, process skills, and essential content,hethenbegantoputtogethera seriesoflessonsthatweremanageable given his teaching situation. The first try was a compromise. He reconciled (reluctantly) the content that he had to teach with the materials that were available to him. The most important realization was the alignment of lessons with standards, and the potential for future revision. 
	Ok, want me to start? … basically what we did was we looked over what materials we had, since all we can remember 
	iswe’veseensomebeforebutwe 
	don’t exactly know what’s in the closet. Then, we looked over the EALRs,...Sowhatwe’reassuming when we teach this lesson is 
	-

	that we will have had a couple 
	of lessons on that before we go 
	into doing this. What we were thinking about doing, is doing a play,debrief,replaytypeinquiry typelesson.It’sgonnachangebut we wanted to start there and use 
	what we had. 
	When it came time to actually 
	teach several lessons to his peers, 
	and reflecting on this experience, 
	Don had accepted the standards as 
	guidelines for instruction. He took 
	more responsibility for the direction 
	of his curriculum and had discovered resources available for materials 
	and content advice. Perhaps the biggest advancement involved the 
	use of technology in the unit. Don had searched the Internet for inexpensive simulations and instructional aids and came upon the NASA website (). Here he found numerous CD ROMs for teachers, lesson plans, and instructional aids. Most importantly, he experimented with using the Internet as a teaching tool and supplementing his lectures and activities with multimedia. If you knew Don, you would appreciate the magnitude of these instructional choices. In one of his last reflections, 
	www.nasa.gov

	Don wrote, 
	Thisinquirystuff is stillkinda hard for me. I liked what we did this quarter and tried some stuff out with the kids. For my project [M.Ed. Final Project], I taught 
	one class the regular way and 
	the other class got inquiry and 
	technology. They’re really into 
	it! It’s tough on me but the kids 
	like it. That’s cool! 
	Don’s struggle exemplifies what most of the teachers struggled with during our year together – finding the timetoaligninstructionwithstandards. In Don’s case, the struggle resulting in a revised unit that incorporated multimedia, hands-on learning, and somelecture/demonstration.Hemade tough choices and looked for ways to tackle his choices. Most importantly, he had ongoing support from his fellow classmates and me. Planning lessons and teaching turned out to be the easy part; assessment was another story al
	Assertion 4: How do you test science skills on a paper and pencil test? 
	According to the National Science Education Standards (NRC, 1996), teachersofsciencearedoingmorethan just assessing content understanding. If the goal of the standards is to engage students in the exploration of “learning science (understanding content),learningtodoscience(ability to do scientific inquiry), and learning aboutscience(understandingscientific inquiry)” (Krueger and Sutton, 2001, 
	p.40),thenteachersmustdomorethan 
	provide traditional paper and pencil 
	tests. One of the struggles that we encountered as a class was addressing the NRC charge to use “exercises 
	that closely approximate the intended 
	outcome of science education” (p. 78). Unlike instructional issues, the assessment issue was much tougher 
	to overcome. 
	I already use multiple assessments. Prior to delving into issues of assessment, I surveyed my class to 
	determine what types of assessment 
	strategiestheyusedintheirclassrooms. They listed a number of assessment strategies including quizzes, tests, lab 
	reports, worksheets, and projects. On 
	the surface, it seemed as though they 
	were in a good position to address 
	aligning standards with instruction 
	and assessment. Yet as we began to read the book A Science Educator’s Guide to Assessment (Doran et. al., 
	1998), the teachers began to realize 
	that their approaches were all geared 
	forassessingstudents’understandings of content. Carol, who taught a unit on salmon, was the first one to reach this conclusion. Like other teachers, Carol sawapatterninherassessments.Many of her questions focused on factual 
	information. How many salmon do 
	you observe in the stream? What color are they? In which direction are they 
	swimming? Even when she asked 
	seemingly open-ended questions, the students could find the answers in their textbook. So what could Carol 
	dodifferentlytomakeherassessments 
	more authentic? 
	Toss out the canned stuff. In many instances, adopted curricula provided few answers to questions of authentic assessment. Many times, the curriculum provided ideas for extension, assuming that the teacher understood the extension activity and couldcreatebothspecificinstructional activitiesandappropriateassessments. In Carol’s case, she had neither. Like Don,shestartedbywritingappropriate goals for the unit and identifying important prerequisite knowledge. Unlike Don, she decided to tackle assessmentissuesp
	Toss out the canned stuff. In many instances, adopted curricula provided few answers to questions of authentic assessment. Many times, the curriculum provided ideas for extension, assuming that the teacher understood the extension activity and couldcreatebothspecificinstructional activitiesandappropriateassessments. In Carol’s case, she had neither. Like Don,shestartedbywritingappropriate goals for the unit and identifying important prerequisite knowledge. Unlike Don, she decided to tackle assessmentissuesp
	end. Given the complex nature of the salmon unit, she needed to check for understanding constantly in order to make adjustments to the unit. Her 

	reasons were practical: if they made a 
	mistake,theclasswouldhaveanumber 
	of dead salmon on their hands. That 
	would not only be disastrous for the class, it would also be very expensive. Driven by this urgency, she set out to integrate instruction and assessment. 
	Pretest, pretest, pretest. Carol’s 
	unit involved raising salmon in the 
	classroom and setting them free after 
	a certain period of time. In order to 
	set them free, the class needed to meet certain goals related to the life 
	cycle, nutritional needs, and health of salmon. The curriculum provided sufficient details in each area. It also provided guidelines for feeding and measuring growth and health. Given 
	this information, she still felt the need 
	to determine what her students knew abouteachareapriortoengagingthem in the unit. 
	[I’d] have them take post-its 
	and do simple concept maps on 
	their own. I use them as a pre
	-

	assessment. I teach kids how to 
	do concept maps, and I’ll say ok, 
	we’re going to do something on 
	salmon. I want you to create a concept map of what you know about salmon. … they would do a concept map, I’d collect them and I would get a sense of what they know. So I use it as a pre
	-

	assessment. Not graded at all. 
	With this information in hand, she could tailor her activities based on the class’ knowledge base. It also gave her a good idea on who could be on the feeding team first and how much training to provide in the first few days of instruction. Most importantly, she 
	With this information in hand, she could tailor her activities based on the class’ knowledge base. It also gave her a good idea on who could be on the feeding team first and how much training to provide in the first few days of instruction. Most importantly, she 
	could determine what assessments were needed throughout the unit and how frequently she needed to give 

	them. 
	In addition to collecting content information from students, Carol also took notes on interactions among team members, the types of questions students were asking, and the types of mistakes made during each class session. Much to her surprise, the students did not get bored with the routine; rather, it only contributed to their excitement about the unit. In her opinion, they knew that the stakes were high and took ownership of the project. One student commented that shewantedtheirsalmon“tobethebest tasting 
	What about the nature of science? Carol’s unit turned out very well. She documented content understanding usingquizzes,discussion,worksheets, and tests. Daily team reports, observation checklists, and her teaching journal gave her invaluable informationaboutprocessskills.After several months of working with this unit, another teacher asked Carol how she was addressing standards related to the open-ended nature of scientific investigations. Perplexed, Carol went back to her curriculum and discovered that as 
	Engaging students in Nature of 
	Science (NOS) activities involved 
	a level of risk not normally found in traditional curricula. It involves 
	not only a change in the types of 
	activities presented, but changes in the conversations among students (Lederman, 1992). In Carol’s case, students might experiment with different foods, schedules, and water temperatures to determine what was optimalforraisingsalmon.Theycould set up controlled experiments and collect data over time. Carol would also need to provide opportunities for students to present their information and persuade others of the validity of their findings. Given the nature of this particular unit, and the emphasis 
	on not harming the salmon, Carol felt 
	that this unit was not the best one to explore the nature of science using experimentation. She could provide scenarios that allowed students to 
	performpaperandpencilexperiments, 
	butshecouldnotafford(literally)tolet them experiment with their stock. In the end, she decided to locate current dataonsalmonsurvivalrates,andhave studentsperformresearchtodetermine the potential causes for the trends in 
	the data. To her, this approach allowed 
	students to appreciate the open-ended nature of science, while preserving the current stock of salmon. After 
	presenting this activity to her peers 
	during class, she wrote: 
	I like doing the salmon unit a lot. I still don’t know if I can do much with the nature of science. Icanuseobservationsandchecklists, bulletin boards, presentations and written reflections. We 
	-
	-

	can even talk to the people at the 
	salmon [research] center about 
	whattheydo,butit’snotthesame 
	as doing experiments. 
	We all learned an important lesson about assessment through Carol’s experiences.Assessmentisanongoing activity and it’s not always possible to addresseveryaspectofthestandardsin a unit. What’s important is that we use activities that are true to the intended outcomes of our instruction. 

	Discussion 
	Discussion 
	In addition to discussing directions for future research on standards, Anderson and Helms (200.) provided an overview of what we do and do not already know about implementing science standards. On the one hand, we know that time, changing roles, issues of equity, preparation in standards-based teaching, and the realties of schools all affect how well teachers address standards in their classrooms. Working with these teachers confirms the claims made by Anderson and Helms. These teachers foundthatteachingtos
	-
	-
	-
	-
	-
	-

	On the other hand, there are four 
	things that we still need to learn 
	more about: the role of students in 
	more about: the role of students in 
	standards-based education, the nature of the desired student work, parental involvement in science education 

	reform, how teachers can best be engaged in reassessing their personal 
	values and beliefs, and how teachers 
	can take major personal responsibility 
	foracquiringneedednewprofessional competencies. This research focused primarily on numbers three and four. Over the course of three quarters, 
	we learned that teachers needed: 
	(a) 
	(a) 
	(a) 
	a challenging and supportive environmenttoreexaminetheircurrent curricular and instructional practices; 

	(b) 
	(b) 
	an iterative forum where they can 


	plan, implement, and revisit their 
	classroom activities; (c) assistance in deconstructing the instructional process into smaller chunks (i.e., conceptidentification,lessonplanning, assessment, and reflection); and (d) to 
	see models of standards-based reform 
	in action, both at the curricular and instructional levels. 
	Even with the best of intentions, we sometimes miss the mark in implementingstandards-basedreform (e.g., Carol’s struggles with the nature of science). Keys and Bryan’s work (2002) provided some insight into the natureofourdifficulties.Oneproblem with implementing standards is the lack of understanding about teachers’ knowledge base for implementing inquiry. Inquiry is a “cognitively complex process requiring that learners have background knowledge in the scientific concept they plan to investigate…” (p. 63
	students to engage in instructional 
	activities related to the Standards, 
	then teachers should also have similar opportunities to engage the 
	Standards. 
	Theseopportunitiesshouldexplore teachers’ current beliefs and content understanding, as well as clarify the meanings of each benchmark and implicationsforinstruction.AsIwrote in my journal: “One thing that I’ve learnedaboutthe standardsisthatthey don’t tell you about instruction, they don’t tell you about misconceptions, andtheydefinitely don’ttell youmuch aboutassessment.”Inmyownattempts at planning a sequence of lessons that were aligned with the standards, I realized how complex this process was. I spent
	p. .2). 
	Help is here! In Washington State, there are numerous examples of initiatives that support teachers in their struggles with science education reform. At the statewide level, WashingtonStateLASER(Leadership and Assistance for Science Education Reform) helps teachers learn about the science education standards, examine current practice, and explore successful models of standards-based curricula through numerous projects and institutes. At the district level, the Spokane school district has designed four core 
	Help is here! In Washington State, there are numerous examples of initiatives that support teachers in their struggles with science education reform. At the statewide level, WashingtonStateLASER(Leadership and Assistance for Science Education Reform) helps teachers learn about the science education standards, examine current practice, and explore successful models of standards-based curricula through numerous projects and institutes. At the district level, the Spokane school district has designed four core 
	(chemistry, physics, life science, and earth science) at the 7-10grade levels, examined current curricula materials for alignment with the unit 
	th 


	learning targets, adopted appropriate 
	instructional materials, and provided 
	teachers at all these levels with 
	focused professional development (unit organization and sequence, content background, pedagogy, and use of assessment data). Finally, 
	Kentridge High School has worked over the last three years to examine 
	alignment issues related to units on evolution and classification. With the 
	help of experts at both the K-.2 and 
	university levels, teachers at this high 
	school are redesigning their formative 
	and summative assessments (see 
	Ketover & Rios, 2002). Based on this initial work, they are beginning to examine assessments in other science 
	subjects. 


	Conclusion 
	Conclusion 
	Conclusion 
	Science and standards. Some 
	teachers believe that the pendulum of 
	this movement will swing back soon. Others see the immediate impact of reform (e.g., schools on probation, ties between test scores and merit pay, 
	and anxiety among students) and are taking reform seriously. Regardless of their positions on science education 
	reform, they all agree that the EALRs 
	and WASL have changed the way we 
	look at science teaching and learning. 
	Supporting our teachers should be our firstpriorityifweareto“leavenochild behind” during our quest for national excellence in science education 
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	Collaborationisdescribedasanimportantcomponentinachievingmeaningful 
	leadership initiatives at the local, state, and national levels. 
	leadership initiatives at the local, state, and national levels. 
	America’s public schools encompass an amazing diversity of unique communities and constituents, so diverse in fact that they are immune to sweeping, generalized descriptions. But it is now conceivable to characterize the focus of American public education using one catch-all term: accountability. High-stakes assessment,standards-basedcurriculum reform, and the notion of teaching-tothe-test are certainly not novel or even recent developments in the education profession, though it is arguable that they have n
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	How does the current context of accountability and high-stakes consequences impact the nature of science leadership? What strategies will foster more and better science leadership in this new era? This article examines ways in which science educators can address the challenges and mandates of the 
	How does the current context of accountability and high-stakes consequences impact the nature of science leadership? What strategies will foster more and better science leadership in this new era? This article examines ways in which science educators can address the challenges and mandates of the 
	accountability movement through 

	increased collaboration, forming 
	networks to support sustainable, meaningfulleadershipinitiativesatthe 
	local, state, and national levels. 
	The Changing Context of Science 
	Leadership 
	Leadership 
	The role of science leadership has changed significantly in the past decade alone. Hounshell & Madrazo (1987;1997)foundthatoveraten-year period, the definition of the science supervisor’sroleremainedambiguous, perceived differently by principals, district administrators, teachers, and the supervisors themselves (Madrazo & Hounshell, 1987; Hounshell & Madrazo, 1997). Characterizing the identity,role,andobjectivesofscience leaders today is complex, at a time when science instruction appears to have been set b
	-

	Science supervisors across the United 
	States grapple with ways to reform 
	curriculum and instruction in some consistent, meaningful manner, using guidelines such as the National Science Education Standards (NSES) (National Research Council, 1996). 
	At the same time, an increasing body 
	of empirical evidence supports the advantages of progressive, inquiry-based science instruction, showing that it contributes to improved student 
	achievement in reading, writing, and math as well as science competency 
	(Klentschy,Garrison,&Amerol,2001; Einstein Project, 2001; Jorgenson & Vanosdall, 2002). Ironically, the 
	nation’s political leaders, as well as 
	the public, are generally less receptive to the results of these data than at any 
	time in the recent past. Nonetheless, the charge to science 
	teachers,coordinators,andsupervisors istoidentifyandimplementmeaningful solutions to reform the systemic 
	weaknesses pinpointed in American 
	K-12 science education. Researchers, including Valverde & Schmidt (1997) analyzed the fundamental reasons for the shortcomings in student science 
	achievement data provided by the 
	Third International Math and Science Study (TIMSS) (2001), and they argue that the challenge to science 
	Third International Math and Science Study (TIMSS) (2001), and they argue that the challenge to science 
	leaders is profound at every level of 

	leadership. From the classroom to the 
	state department, educators call for 
	reform:deepeningandnarrowingwhat 
	is taught, reducing redundancy, and 
	critically examining the merit of the 
	so-calledspiralcurriculum,navigating overstuffed but underdeveloped 
	textbooks,andresistingthetemptation 
	tosimplyimposeupper-gradescourses on younger students in an attempt to emulate TIMSS countries that are considered successful. The scope of 
	the necessary reform ranges from 
	unifying the nation’s local school 
	districts behind a common set of standards on the national level, to training teachers and providing 
	resourcesforbetterscienceinstruction 
	– including resource-poor rural and urban schools – at the local level (Schmidt,McKnight,&Raizen,1997). It is a daunting charge for science leaders everywhere, a huge task at 
	every level of leadership. 
	Further, the science leader’s job description has expanded, adding another layer of challenge that impacts the effectiveness of teachers, coordinators, and supervisors alike. According to Zuckerman (1997), science leadership now entails a wider spectrum of collegial and managerial functions than ever before, beyond improvingcurriculumandinstruction. Some science supervisors are called to provide guidance and resources for science teachers, serving as mentors and administrative liaisons; others have evaluati
	Further, the science leader’s job description has expanded, adding another layer of challenge that impacts the effectiveness of teachers, coordinators, and supervisors alike. According to Zuckerman (1997), science leadership now entails a wider spectrum of collegial and managerial functions than ever before, beyond improvingcurriculumandinstruction. Some science supervisors are called to provide guidance and resources for science teachers, serving as mentors and administrative liaisons; others have evaluati
	-

	activelyandexplicitlyhelpcolleagues 

	improve their performance by developing trusting collaborative relationshipsthatfocusontheirimprovement” (p.14). The instructional specialist function is laudable and yet complex, perhapsunrealistic,forsomeindividuals in science leadership roles, such as principalsinunderservedschoolswho lack the subject expertise, site personnel, or district-based resources to offer such help. All these challenges, 
	-
	-
	-
	-

	within the broadened scope of the science leader’s role, are complicated in the context of increased accountability, particularly in schools and districts where resources and support for science instruction are diminished 
	-

	by emphasis on “The Three Rs.” Finally, science leaders themselves 
	must be identified in the new era of 
	high-stakes testing and basic skills priorities.Traditionally,scienceleaders 
	included state science supervisors, district science supervisors, building-level science curriculum specialists, science department heads, and faculty at colleges and universities. Recently, social and educational changes, especially the focus on accountability, have resulted in a diversified science leadership: superintendents, state educationofficials,buildingprincipals, 
	leadteachers,mentors,andnationally
	-

	organized coordinators such as Building a Presence: Key Leaders and 
	Points of Contact (National Science 
	Teachers’ Association, 1995). All 
	these play increasing roles in local 
	science decision-making. While these individuals worked for student 
	learning and school improvement in 
	thepast,systemicchangerequirestheir increasedcollaborationforthepurpose 
	of empowering networks dedicated 
	to improving student achievement in 
	science. This new collaboration takes 
	shapeata time when such efforts seem 
	Recently, social and educational changes,especially the focus onaccountability, have 
	resulted in a diversified 



	science leadership: … 
	science leadership: … 
	science leadership: … 
	more urgent, but less widely received, 
	than in any recent era of American 
	K-12 education. 
	How the Accountability Era Impacts Science Leadership 
	How the Accountability Era Impacts Science Leadership 
	Science education reform must now advance, and some aspects of science leadership may be at risk. As the public eye moves away from the state of science readiness in the K-.2 population, and legislation from the federal and many state governments diverts funding once used to promote science instruction toward other curriculumpriorities,scienceeducators must encourage a new generation of science leaders to take charge, despite a grim short term outlook. First, the charge to science leaders must be reevaluate
	-

	workshops. To this end, the NSTA Committee 
	on Coordination and Supervision of 
	Science Teaching (work in progress) developed a position statement 
	addressingthenatureandobjectivesof science education leadership. Twelve educators representing K-12 schools, state departments of education, 
	addressingthenatureandobjectivesof science education leadership. Twelve educators representing K-12 schools, state departments of education, 
	educational support organizations, and higher education gathered to help redefine and flesh out the key 

	responsibilities of today’s science 
	leader, in conjunction with the 
	framework established by NSES. Drawing from a wealth of information 
	from sources such as the NCMST (2000), TIMSS (2001), analyses includingValverde&Schmidt(1997), 
	and pivotal work by other experts, 
	committeemembersbroughtfromtheir ownexperienceshelpfulguidelinesfor today’s leaders in science education. Thecommitteefoundthattheessential 
	priorities and responsibilities for developing and promoting science 
	leadership for the future include: 
	• Ensuring that all students have the opportunity to achieve 
	science literacy 
	• Aligning district..curricula, instruction, and assessment with 
	national and state standards 
	• 
	• 
	• 
	Articulating..a district’s pre-K through 12 science program 

	• 
	• 
	Implementing effective professional development based on district needs and objectives 
	-


	• 
	• 
	Managing resources that support standards-based instruction 

	• 
	• 
	Selecting and retaining excellent teachers 

	• 
	• 
	Collaborating with post-sec
	-



	ondary institutions, community organizations, and businesses 
	(NSTAPosition Statement, work in progress). All these responsibilities of 
	science supervisors are essential in realizing a meaningful, lasting, 
	systemic implementation of the 
	NSES. Fundamental to all of these important duties, and to the very nature of science leadership in the current era of accountability, is the 


	Science leadershipentails responsibility for identifying and promoting effective teaching, professional development, assessment, content, program, and system reform. 
	Science leadershipentails responsibility for identifying and promoting effective teaching, professional development, assessment, content, program, and system reform. 
	last objective: determining how to increase collaboration. 
	How Science Leaders Can Enact Reform: Collaboration is the Key 
	How Science Leaders Can Enact Reform: Collaboration is the Key 
	Science leadership entails responsibility for identifying and promoting effective teaching, professional development, assessment, content, program, and system reform. None 
	-
	-

	of these important functions can be 
	aligned and coordinated in a national science reform effort without deliberatemeasurestoincreasecollaboration among current and future science leaders. Meaningful collaboration 
	-

	entailsgreatdetermination,hardwork, 
	compromise and diplomacy. It is not only feasible; it is happening among 
	science leaders on the national and local levels. The following are some examples. 
	Grassroots Collaboration at the Local Level: Science Coordinator Associations 
	Excellent science instruction 
	takes place in schools in every state. Sometimes teachers at a single school move against the tide of the 
	surrounding district in establishing a 
	science magnet, or one district with a vision for science stands alone in 
	science magnet, or one district with a vision for science stands alone in 
	a state. One teacher in a grade level or department, who has embraced national standards and oriented 

	instruction toward learner-centered, inquiry-based strategies, functions very differently than colleagues using 
	more traditional teacher-centered, 
	text-bound methods in the same grade level and subject area. Many excellent science educators operate in relative 
	isolation in their K-.2 schools, and 
	this isolation undermines their ability 
	to spread ideas, to mobilize reform, or to lobby for change. 
	Elmore & Burney (1998) assert, “the enemy of instructional change … is isolation” (p.8). Fullan & Hargreaves (1996) state further, that true reform requires “trust in expertise and in processes of collaboration and continuous improvement” (p.100), rather than the efforts of a certain individual in a leadership role. Accordingly, meaningful reform efforts must systematically integrate collaborative practices into the dayto-day routine work environment in U.S. schools. From national and state leaders to the c
	-
	-
	-
	-
	-
	-

	Arizona,andotherstatescontending with high stakes testing, share similar challenges and constituencies, who have labored to initiate science reform despitefundingcutsandisolationfrom 


	Major challenges facing scienceeducation leadershipinvolve removing barriers that restrict collaboration, while installing systems thatfacilitate it. 
	Major challenges facing scienceeducation leadershipinvolve removing barriers that restrict collaboration, while installing systems thatfacilitate it. 
	oneanother,fromthestatedepartment 
	of education, and from the state’s universities. Last year (2001), with the announcement of the state science 
	test mandated by the federal No Child Left Behind legislation, science coordinators from several Phoenix-
	area districts gathered forthefirsttime 
	in a decade to share ideas and develop a collective strategy to prepare for 
	the looming state test, and to discuss 
	other obstacles to reform common to 
	their separate programs. At this first 
	meeting, the Greater Phoenix Science 
	Coordinators Consortium (GPSCC) 
	decided on the following principles to 
	guide its future collaboration: 
	1. It is..illogical for districts to solve problems individually, 
	in isolation, which may be shared by all members or which 
	may have been successfully 
	addressedalreadybyoneormore member districts. 
	2. There is strength in numbers. 
	The more members GPSCC 
	enlists, the louder its voice in influencing the decisions of the state department of education 
	and the state’s legislators. 
	3. For..the collaboration to be sustainable, it cannot rest on one district’s shoulders. (Members 
	decided to rotate meeting sites and share responsibility for 
	communicating, organizing, and recruiting/mobilizing new 
	member districts.) 
	4. Collaboration must take place 
	in an atmosphere of sharing rather than the competition that 
	previously existed between 
	certain districts. (This is 
	addressed through a periodic exchangeofnews,resources,and 
	tips on “what works,” as well as 
	inclusionofteachersandteacher 
	leaders in all planning sessions with the goal of developing a 
	cadreoffuturecoordinatorswith 
	ashared,proactive,collaborative 
	outlook.) 
	5. Consortiummeetingsmusthave 
	clear goals and a central speaker ortheme,sothatthemeetingsdo not become simply social occasions to exchange concerns and complaintswhileaccomplishing little. 
	-

	The principles took hold; and in 
	Arizona, this grassroots effort has expanded at an astonishing pace. 
	Four member districts gathered for the first meeting in the fall of 2001. 
	By its second meeting in April 2002, 
	GPSCCincludedrepresentativesfrom over twenty K-12 districts, including 
	Arizona State University, the Arizona .Science Center, and the Phoenix Zoo. .
	Initial communications between 
	GPSCC and the state department of 
	education were promising, in terms 
	of the state’s shift toward involving 
	educators in the realignment of state 
	standards leading to the testwriting 
	process. By the consortium’s third 
	meeting in September 2002, the host 
	district had to find meeting space for representatives from 45 members, 
	and the group was renamed Arizona 
	Science Coordinators Association (ASCA) to reflect its statewide membership. 
	At this third meeting, members celebratedthenewsthatkeyleadership spots had been reserved in the state’s alignment and testwriting planning team for association delegates. In the new era of accountability, the ASCA membership is keenly aware that the nature of the state’s science standards and its eventual statewide assessment will largely dictate the nature of the science that is taught in Arizona schools; as such, having a voice in the process simultaneously signaled the association’s political clout (str
	Collaboration Between Districts and States, Organized at the National Level: NSTA’S Building a Presence for Science 
	The National Science Teachers Association (NSTA) launched the BuildingaPresenceforScienceprogram in 1995 to address science reform in a nationwide, systemic manner, and to end the isolation of classroom science teachers. The two-fold mission of the program is to end this isolation and to provide teachers with professional 
	development opportunities, as well as science teaching resources aligned 
	with national and state standards. 
	Such systemic changes will facilitate collaboration along a continuum from national science education leaders to 
	the classroom teacher, and the goal is to connect statewide efforts in an expanding network of science reform across the United States. 
	Building a Presence works as an intra-and inter-district vehicle for collaboration. For example, in Virginia,astate-levelparticipantinthe program, district science supervisors regularly meet under the guidance of state science supervisors to review national and state goals in the context of local needs. Mass mailing and group e-mail are utilized to distribute information from the state to all science supervisors enrolled as Key Leaders. In turn, Key Leaders forward information to Points of Contact (POCs) at
	It is important to note, however, that this communication is not “one-way.” The Building a Presence communication structure is designed for teachers to have access to local and state science supervisors, making leadership responsive to local needs in a feedback-rich environment. Virginia Beach Schools, for example, implemented a system networking science department chairs, program PointsofContact,andsubject-specific facilitatorsunderthecoordinationofthe districtsciencesupervisor.Thissystem enhances teacherc
	offers science leaders on a national scale. The direct contact provided in the NSTA program among science 
	supervisors, the state level, district 
	and site coordinators, and teachers 
	is an excellent model for articulated 
	collaboration, linking the levels of science leadership. 
	Collaboration at the National Level: Initiatives for Systemic Change in Science Leadership 
	Collaboration at the National Level: Initiatives for Systemic Change in Science Leadership 
	Models of collaboration serve to develop leadership at the site, district, and state levels, and NSTA’s programfacilitatesanationalstructure of local collaboration; however, what vision can direct meaningful collaborative local and state reform efforts, assimilating the national standards into best instructional practices?Sodoingwouldincorporate the current context of accountability and fundamental benchmarks for science reform, such as are suggested by Rutherford & Alhgren (1990), TIMSS(1997),Schmidt,etal.
	Since 1989, Leadership and Assistance for Science Education Reform (LASER), a joint effort of the National Science Resources Center (NSRC), the Smithsonian Institute, andtheNationalAcademies, has provided national and regional weeklong institutes dedicated to guidingeducatorswhoseektoimprove science education at the local, state, national, and international levels. The institutes include intense training in best-practice science instruction and curriculum design, professional development,materialsandresourc
	Since 1989, Leadership and Assistance for Science Education Reform (LASER), a joint effort of the National Science Resources Center (NSRC), the Smithsonian Institute, andtheNationalAcademies, has provided national and regional weeklong institutes dedicated to guidingeducatorswhoseektoimprove science education at the local, state, national, and international levels. The institutes include intense training in best-practice science instruction and curriculum design, professional development,materialsandresourc
	Packard, and BMW. Districts teams 

	taking part in the LASER training week are charged with developing a workable draft of a strategic plan for 
	science reform, under the tutelage of 
	experienced LASER mentor leaders, 
	customized to meet the needs and challenges of their specific learning communities. 
	The hub of LASER’s success in trainingnearly1,000schoolteamsin13 yearshasbeentheprogram’semphasis onthecollaborativenatureofeffective sciencereform.EachLASERworkshop helpsscienceeducatorscometogether with community partners, scientists, corporate advocates, university science faculty, and science advocates from twelve U.S. and international participant teams to share ideas, examine common problems, and determine the best strategies to enact reform given their individual needs and circumstances. Thus, LASER 

	The Future of Science Leadership and Reform: Standing Together 
	The Future of Science Leadership and Reform: Standing Together 
	Some educators in states and 
	districts contend with the realities 
	of accountability and high-stakes education, and the day-to-day experience is analogous to passing through the stages of grief for a loved one. At first there is denial, 
	then a protracted period of anger at 
	the source of the grief; next comes 
	depression, followed by a period 
	of gradual resignation; and finally, acceptance occurs. One must only visit a staff lounge in schools during the first few years of a statewide graduation test implementation to see 
	the steady, predictable progression 
	through the grief process and feel the pain of educators struggling to let go of a bygone era while simultaneously 
	comprehending the new age of 
	accountability that has arrived, and 
	will not soon pass. 
	Clearly, the accountability movement has profoundly impacted science education and science leadership in this nation’s public schools, as well as postsecondary institutions that train teachers, coordinators, principals and superintendents. If science educators are to cope with the de-emphasis on science as a core subject, they must find ways to more effectively interact with other K-.2 science leaders, community representatives, university colleagues, and other science-interested professionals. This is part
	in this article. However, given the 
	storm clouds gathering ahead, science educators must bind together, locally and on a nationwide scale, and push through reform efforts from which science education will emerge intact, well-funded,andwidelyregardedasan 
	essentiallearnerskill.Collaborationis 
	the key to achieving such meaningful, lasting, systemic science education 
	reform. 
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