
  

  
 

 

    

    
     

 
     

   

     

      

   

      

    

   

     
       

  

   
     

    
   

    
  

   

    
    

    
   

     

 

 
 

Michael P. Klentschy 

Designing Professional Development 

Opportunities for Teachers that Foster


Collaboration, Capacity Building

and Reflective Practice
	

A case is made that professional development activities in science, when 
designed as generic programs, can limit pathways individual teachers may 
take or even select to meet their specific professional development needs. 

Thestandardsmovementacross the 
United States has created a real need 
for teacher learning. This need has 
created a critical examination of the 
practicesemployedbyschooldistricts 
across thecountry toprovidesustained 
professional development opportuni
ties for teachers. There is a growing 
belief that professional development 
should be targeted and directly related 
to teachers’ practice. This belief also 
focuseson thenotion thatprofessional 
development should be site-based 
and sustained over time. It should be 
integrated into the regular practices of 
teachers.The focusof theprofessional 
development should be curriculum-
based so that it helps teachers help 
their students attain higher levels of 
content understanding and improved 
performance. 

This approach to professional de
velopmentdesigniscontrarytothecur
rent practice of a generic professional 
development program focusing on 
curriculum implementation, content, 
pedagogical strategies or student as

sional development limits pathways 
individual teachers may take or even 
select to meet their own professional 
development needs. 

An alternative approach to the 
design of professional development 
programs for teachers must be con
sidered by policy makers and school 
districts to meet the growing needs 
of teachers to move along three dis
tinct professional growth continua 
described by Berliner (�994), content 
knowledge, pedagogical knowledge 

The focus of the pro
fessional development
should be curriculum-
based so that it helps
teachers help their
students attain higher
levels of content under-

and student learning knowledge. In 
fact, inastandardsbasedenvironment, 
someevensuggest that there isa fourth 
continuum or pathway that must also 
be considered, pedagogical content 
knowledge (Marks, 1990). 

Professional development pro
grams for teachers that view the per
sonalprofessionaldevelopmentneeds 
of teachersas importantalsorecognize 
that through these efforts a knowledge 
base for teaching can be created. 

There is a growing consensus 
that professional development can 
be optimized when it is long-term, 
school-based, collaborative, focused 
on student learning, and linked 
to curricula (Darling-Hammond 
and Sykes, �999; Loucks-Horsley, 
Hewson, Love and Stiles, 1998). Such 
programsfocusteacheractivityaround 
the examination of student work, 
student performance, joint planning, 
teaching and revising lessons, and 
individual and group reflection. 
This paradigm shift from working in 
isolation to working in a collaborative 

sessment strategies designed for all groupisfavorablyreceivedbyteachers standing and improved teacherswithinasystemorregion.The (Garet, Porter, Desimone, Birman and 
“one-size fits all” approach to profes- performance. Yoon, 2001). 

Spring 2005 Vol. 14, no. 1 � 



 

    

    

      
   

      

 

     

      

       

     
    

     

   
 

    

   
   

   
   

  

    
   

    
   

    

 
    

    

     

   

   

    
   

    

      

   

    
     

    

   
   

    

     

     
    

   

   

       
   

    

  

     
   

      

   

 

 
 

      

 

James Stigler in a conversation 
with Scott Willis (�00�) recommends 
three teacher outcomes from such 
an approach to teacher professional 
development: 

• they need to	 learn to analyze 
practice—both other teachers’ 
practice and their own. In this 
context analyze means to think 
about the relationship between 
teaching and learning; 

• they	 need to be exposed to 
alternatives; and 

• they need situational judgment 
to know when to employ which 
method. 

These three recommendations are 
based upon a belief that teaching 
is a cultural activity rather than as 
somethingonelearns todobystudying 
it at school (Gallimore, 1996). Most 
teachers learntoteachbygrowingupin 
a culture watching their own teachers 
teach, thenadapting these methods for 
theirownpractice. Changing teaching 
meanschangingthecultureof teaching 
to a knowledge-based practice. 

In considering the operational 
c h a r a c t e r i s t i c s a s s o c i a t e d 
with disciplinary expertise as a 
foundational framework, the notion 
ofknowledge-basedpracticeprovides 
a methodological perspective for 
approachingcurriculumandinstruction 
for teachers. The distinguishing 
characteristic of knowledge-based 
instruction models is that all aspects 
of instruction(e.g., teachingstrategies, 
student activities, assessment) are 
related explicitly to an overall design 
that represents the logical structure 
of the concepts in the subject-matter 
discipline to be taught, a curricular 
structure that should parallel the 
knowledgeorganizationofdisciplinary 
experts. The explicit representation of 

Changing teaching
means changing the
culture of teaching to a 
knowledge-based
practice. 

the knowledge to be learned through 
the standards movement serves as 
an organizational framework for all 
elements of instruction, including the 
deter-mination of learning sequences, 
the selection of teaching methods, the 
specificactivities required of learners, 
and the evaluative assessment of 
studentlearningsuccess.Inconsidering 
the implications of knowledge-based 
instructional practice for education, it 
is important to recognize that one of 
thestrongestareasofcognitivescience 
meth-odology focuses on explicitly 
representingandaccessingknowledge 
(Romance, Vitale, and Klentschy, in 
press). 

The research foundations of 
knowledge-based instruction models 
are consistent with well-established 
findings from cognitive science. In 
particular, Bransford et al. (2000), in 
the recent National Academy Press 
report, How People Learn, stressed 
the principle that explicitly focusing 
on the core concepts and relationships 
that reflect the logical structure of 
the discipline and enhancing the 
development of prior knowledge 
are of paramount importance for 
meaningful learning to occur. This 
priorknowledgecanalso take theform 
of prior practitioner knowledge. 

In emphasizing the role of prior 
knowledge in practice, the consensus 
research findings presented by 
Bransford et al. (2000) emphasized 

thatboth theconceptualunderstanding 
and use of knowledge by experts 
in application tasks (teaching) is 
primarily a matter of accessing and 
applying prior knowledge of practice 
under conditions of automaticity. 
As characteristics of learning 
processes, the preceding emphasizes 
that extensive amounts of varied 
experiences (alternative methods of 
teaching)focusingonknowledgeinthe 
form of the concept relationships to be 
learned are critical to the development 
of thedifferentaspectsofautomaticity 
associated with expert mastery in 
science teaching.Considered together, 
these findings represent an emerging 
knowledge-based emphasis on the 
linkage between the logical structure 
of what is to be taught with the 
instructional means to accomplish 
meaningful learning. 

From the 1999 TIMSS Video 
Studies (Hiebert et al., 2003; Roth et 
al., in press) three recommendations 
are made regarding how to change the 
culture of teaching to improve student 
achievement through professional 
development programs for teachers 
that are focused on developing a 
professional knowledge base for 
teachers: 

• shiftpriorities tospendsometime 
daily or weekly to study teaching 
practices; focus on planning 
lessons and then reflecting on 
their effectiveness; 

• provide teachers with examples 
of alternative teaching methods; 
and 

• have teachers learn to analyze 
students’ work and understand 
their thinking to seehow toadjust 
and improve their thinking. 

It is a means for teachers to draw on 
a shared knowledge base to improve 
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teacher practice. This practitioner 
knowledge is the foundation of 
developing a professional knowledge 
base for teachers (Heibert, Gallimore 
and Stigler, 2002). 

There are three features that make 
practitioner knowledge useful for 
teachers: practitioner knowledge 
is linked with practice; practitioner 
knowledge is detailed, concrete and 
specific; and practitioner knowledge 
is integrated. 

Practitionerknowledge isuseful for 
practicebecause itdevelopsaresponse 
to specific problems of practice. In 
addition to addressing problems of 
practice, knowledge linked with 
practice is grounded in the context 
in which teachers work. These are 
collaborative practices and involve 
teachers in the following activities: 

• defining theproblemandcreating 
a shared language to describe the 
problem; 

• analyzing the classroom practice 
related to the problem; 

• creating alternatives to solve the 
problem; 

• testing the alternatives and 
reflecting on their effects; and 

• recording what is learned in a 
way that is shareable with other 
teachers. 

This form of knowledge is linked to 
practice though its creation from the 
problems of practice and connected to 
the process of teaching and learning 
that actually occur in classrooms. 

Imperial County, California, has 
established a sustained program of 
professional development in science 
for teachers grounded in the belief that 
teacher capacity building can be best 
accomplished through a process that 
focuses on the power of practitioner 
knowledge enhanced through the 

process of lesson study and expanded 
though a technology supported 
platform, LessonLab. 

The Valle Imperial Project 
in Science and Imperial 

County, California 
In Imperial County, California, 

professional development programs 
focusing on developing teacher 
capacityandaprofessionalknowledge 
base in science teaching have been 
in existence for a decade. In 1995 
a pilot program, with assistance 
from the California Institute of 
Technology—CAPSIProgram,began 
in the El Centro School District. 
That pilot effort led to the creation 
of a countywide consortium in the 
National Science Foundation funded 
Valle Imperial Project in Science 
(VIPS) in 1996. These initial efforts 
have led to the establishment of a 
California Science Subject Matter 
Project from the University of 
California, Office of the President at 
the local university, San Diego State 
University—ImperialValleyCampus. 
In2004, thisconsortiumwasawardeda 
CaliforniaMath—SciencePartnership 
by the California Department of 
Education. This consortium has long 
recognizedtheneedtoprovidesystemic 
approaches for the development of a 
teacher professional knowledge base 
for teachers in the �4 school districts 
in Imperial County, California, that 
comprise their project. This has led to 
the sustainability of this professional 
development effort. 

Imperial County, California, is 
located in the southeast corner of 
California along the United States 
border with Mexico and is one of 
the largest (4597 sq. mi.) and most 
sparselypopulated (142,361)counties 
in California. Located in the extreme 

Practitioner knowledge 
is useful for practice 
because it develops a
response to specific 
problems of practice. 
southeastcornerof thestate, thecounty 
lacks any large metropolitan area and 
residents must travel to San Diego 
(��0+ miles) or Los Angeles (�00+ 
miles) to the nearest urban areas. 

Many Imperial County residents 
liveinextremepoverty,withhousehold 
incomes declining in real dollars over 
the last decade. The county had a 
�000 mean per capita income of 
$17,550, the lowest of all California 
counties.Thecounty’sunemployment 
rates increased from 17.1% in 1991 
to 26.3% in 2000, while statewide 
unemployment rates remained fewer 
than 4.9%. Imperial County ranks 
highest in poverty of all 58 counties 
in California. 

Most Imperial County residents 
have strong cultural and linguistic 
ties to Mexico. Of the approximately 
36,000 K-12 students in Imperial 
County, 82% are Hispanic, Caucasian 
(13%), African-American (2.0%), 
Asians (1.0%) and Native Americans 
(2%)makeuptherestofthepopulation. 
A total of 48% of the students in the 
countyareLimitedEnglishProficient. 
Tenpercentof thestudentsarechildren 
of migrant farm workers. Nearly all of 
the county’s schools qualify for Title 
I and 67% of all students are eligible 
for freeandreduced lunches.Theneed 
for a systemic approach to teacher 
capacity building has been acute in 
this region. 

The Valle Imperial Project in 
Science (VIPS) has served as a 
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catalyst to develop a strong and 
collaborative partnership between 
the �4 participating school districts 
and the local university, San Diego 
State University—Imperial Valley 
Campus (SDSU-IVC), modeled after 
the partner schools associated with 
the National Network for Educational 
Renewal (Clark, 1995). A joint 
research project between SDSU-IVC 
and the El Centro School District 
has produced one of the few studies 
documenting the positive effects of a 

Teacher analysis of
videos, both of them
selves and others, is an 
essential feature for 
improving teacher
practice and developing 
a professional knowl
edge base for teaching. 

National Science Foundation funded 
Science Local Systemic Change 
Project and has been well documented 
in the literature (Amaral, Garrison, 
and Klentschy, �00�; Jorgeson and 
Vanosdall,�00�;JorgensonandSmith, 
2002; Saul, et al., 2002;Klentschy and 
Molina-De La Torre, 2004). Through 
these initiatives, strong alliances 
have been formed between the local 
school districts, SDSU-IVC, Imperial 
Valley College and other university 
partners such as California Institute 
of Technology – CAPSI, and the 
University of California Office of the 
President with a California Science 
Subject Matter Project at SDSU
IVC. 

In 2004, this collaboration for 
sustained teacher professional 
development in science has been 
expanded through a California Math 
Science Partnership initiative. A 
critical component of this expansion 
was the creation of a plan of action 
to transform practitioner knowledge 
into a professional knowledge base. 
The professional development action 
plan viewed this process as multi
dimensional included two critical 
elements associated with success 
in this regard, opportunities to 
refine instructional delivery through 
reflection and lesson study groups 
and applications of technology 
(KlentschyandMolina—DeLaTorre, 
2002). These critical elements form a 
strong systemic approach specifically 
designed to build a strong science 
education learning community. 

Opportunities to refine 
instructional delivery 
through reflection and 
lesson study groups.

Lesson study is a problem-solving 
process used by Japanese teachers 
for professional enhancement. This 
process facilitates systematic exami
nation of teaching-learning processes 
through initial planning, teaching, 
observation and reflection of teaching 
practices. Teachers working in grade 
level groups, begin by defining a 
problem that is of interest to the study 
group and which will lead to some 
newunderstandingabout teaching, the 
selected content drawn from the Cali
forniaScienceContentStandards, and 
student learning.Theselectedproblem 
becomes the goal that will guide the 
group’s investigation. The group col
laboratively plans a lesson that will 
eventually be taught by each of the 
teachers. Group members observe 

the lesson, and later, the group meets 
to evaluate and reflect on the lesson. 
The group decides to modify the les
son and have another group member 
teach the revised lesson or accepts the 
lesson as complete. The final step in 
lesson study is to share findings with 
colleagues.Lessonstudyiscontinuous 
and is situated in the school within the 
context of the individual classrooms. 
This process or cycle is usually re
peated three timeswithinacontentunit 
of study and within a nine to eleven 
week time frame. 

The benefit of lesson study as an 
effective means for sustained teacher 
professional development is well 
documented by Stigler and Hiebert 
(1999). They state, “the power of 
Lesson Study is that it facilitates 
teachers’ contribution to the field and 
totheirownprofessionaldevelopment. 
That is, when teachers are able to 
contribute to the field of education 
they are simultaneously developing 
their professional understandings.” 
(p. 122). 

Nowthat teachershaveparticipated 
in a sustained program of professional 
development, focusing on both 
deepening their science content 
knowledge and strengthening their 
pedagogicalskills,amoreintellectually 
rigorousandself-reflectiveprofessional 
culture is the next step. The challenge 
is now a second order task, but one 
that has been deliberately addressed 
by VIPS and in, which substantial 
progress has been made. The project 
offered, for the first time, during the 
�000-�00� school year, opportunities 
for teachers to participate in lesson 
study groups. Selected lessons may 
be videotaped and discussed during 
the following meeting. These lessons 
will also become a part of a project-
wide digital library. These efforts 
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have moved the overall culture 
toward greater professionalism. (For 
a detailed description of the lesson 
study process in Imperial County see 
Amaral and Garrison, 2004.) 

Lesson study is unique in that 
it has built into its process three 
very important elements that help 
sustain professional development 
overtime, once initial efforts have 
been successfully instituted. One of 
these elements is the development of 
a professional digital library that can 
be studied overtime by the group or 
used as a starter for a new group. A 
secondelementof lessonstudyis that it 
promotes professional community by 
includingsharinganddisseminationof 
results among participants. Teachers 
becometeacher-researchers.Finally,a 
third, unique element of lesson study 
is that discussions are data based, and 
connected to actual lessons. The cycle 
of improvement is linked integrally 
to a growing body of classroom data, 
usually student work. 

Lesson study fills gaps left by 
other professional development 
programs that expose teachers to new 
ideas and methodologies, but do not 
provide support while the teacher is 
trying to implement these ideas in the 
classroom. Lesson study has gained 
favorwith teachersbecause itprovides 
opportunities for teachers to practice, 
receive feedback, and share with 
their colleagues. Lesson study groups 
generate knowledge that shares key 
featureswithpractitioners’knowledge 
in that the group members work on a 
problem that is directly linked to their 
practice. 

The implementation of lesson 
study required policy makers in 
Imperial County to address several 
key issues related to changing the 
culture of teaching. First, finding 
time in the weekly or daily schedule 

was addressed. At the elementary 
school level, principals, reading 
coaches and VIPS and IV-CaMSP 
Science Resource Teachers are 
utilized to release teachers to conduct 
the classroom observations. These 
observations are usually conducted 
during the last hour of the day. Group 
debriefing is led by a trained lesson 
study facilitator, usually a VIPS or 
IV-CaMSPScience Resource Teacher 
immediately after the lesson and 
usually after school. At the middle 
school level, principals have found 
creative ways to release science 
teachers for lesson study observations 
during the school day and to create a 
master schedule that allows for the 
scheduling of the lesson debriefings 
during a common conference period 
for the science teachers involved. 

Second, VIPS and the IV-CaMSP 
recognized that teachers must be 
provided with examples of alternative 
ways of teaching. Analyzing videos in 
detail, focusing on the ways teachers 
implementsciencecontent,questioning 
strategies, problems encountered and 
student understanding can be useful 
as lesson study groups plan and revise 
their own lessons. Teachers actually 
begin the lesson study process with 
video analysis as part of their training 
for lesson observation and providing 
feedback (Amaral and Garrison, 
2004). To this end, a media technician 
is employed by the project to create 
videos for this purpose. 

Teacher analysis of videos, both 
of themselves and others, is an 
essential feature for improving teacher 
practiceanddevelopingaprofessional 
knowledge base for teaching. 

VIPS and IV-CaMSP also 
recognized that teachers must have 
opportunities to study student work 
in relation to the changes teachers 
make in the classroom. The best 

source of student work came in the 
form of student entries in their science 
notebooks from the lessons. VIPS 
has long held the belief that student 
sciencenotebooksoffer thebest record 
of what was actually taught by the 
teacher and what was actually learned 
by individual students (Klentschy and 
Molina-De La Torre, 2004). Learning 
to analyze student work and to make 
inferences about student thinking can 
lead to significant changes in teacher 
practice and expand their professional 
knowledge base. 

The implementation of these three 
policy changes regarding teacher pro
fessional development: collaborative 
time, video analysis and analysis of 
student work are consistent with the 
recommendations made by Hiebert 
andStigler (�004) tochangetheculture 
of teaching and to build a professional 
knowledge base. 

The professional devel
opment program using 
lesson study as a core 
has created a means to 
use the digital library
as a tool to strengthen 
teaching practices. 

Applications of technology
Another catalyst for change in 

approaches to teacher development 
emanatesfromthestudyofapproaches 
used by teachers in several countries 
that participated in international 
mathematics and science assessments 
(Hiebert et al., 2003, Roth et al., in 
press). During analyses of videotapes 
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of teachers whose students were 
particularly successful on these 
assessments (Stigler and Hiebert, 
�999), researchers and teachers were 
surprised to see that there was a far 
greater difference in teaching practice 
across cultures than there was within 
a culture. They began to see that there 
are many more ways to teach a lesson 
then theyhadever imagined,andsome 
far more effective. 

VIPS began the process of design
ing teacher professional development 
programs based upon the belief that 
Internet accessible digital libraries of 
lesson videos with teacher commen
tary could provide tools and resources 
neededtoaddress twochallengesfaced 
by teachers as they transform practi
tioner knowledge into professional 
knowledge. The first challenge was 
to provide teachers with alternatives 
to current practice. If the professional 
development design would enable 
teachers tomovefromnovice toexpert 
in their teachingpractice, thenalterna
tives to the current classroom practice 
were necessary. The second challenge 
was providing teachers with a means 
of communicating what they have 
learned. The creation of an Internet 
accessible digital video library would 
address the second challenge. 

Teachers in the Imperial County 
have access to a countywide fiber 
optic network. There are numerous 
computers, all equipped with Internet 
access, found in every classroom. 
Through the Imperial County Of 
fice of Education there are frequent 
workshops conducted on technology 
applications for classroom teachers. 
As a result of the great geographic 
isolation found in Imperial County, 
professional development opportuni
ties are conducted over the fiber-optic 
network, thus reducing the travel time 
and distance for teachers. Regional

izedcenterscanconduct simultaneous 
professionaldevelopment, assistedby 
teacher leader facilitators. All partici
pants can interact and view the same 
content simultaneously. 

In today’s climate of 
standards, assessment 
and accountability, a 
paradigm shift is
necessary for systems 
to improve teaching 
and learning in their
classrooms. 

In early 2001, VIPS established 
a partnership with LessonLab 
through the California Science 
Subject Matter Project. Current work 
with LessonLab has focused on 
launching a comprehensive software 
platform to support the development 
and implementation of innovative, 
case-based professional learning 
programs. LessonLab is a video- 
and Internet-based based teacher 
professional development learning 
platform developed to help teachers 
improve their teaching. 

This application of technology 
consists of an integrated platform for 
creating and delivering case-based 
content in an interactive format 
over the World Wide Web. This 
technology incorporates a mix of 
streaming video, user discussions, 
supplemental materials, and personal 
learning tools to create an enriching 
professionaldevelopmentexperience. 
It generally involves teachers viewing 
videos ofclassroomteachingpractice, 
reflecting on what they see teachers in 
the video do, analyzing that teaching 

in light of their own practice, and 
working with others to improve their 
teaching. Videos can be viewed on a 
CD-Rom for those without Internet 
access, or online, which allows users 
to communicate with each other and 
to access Web-based resources. 

Also embedded in the LessonLab 
platform are resources related to 
each video lesson, such as samples 
of student work, a teacher’s quiz 
or lesson plan, learner assessment 
results and other resources related to 
teaching the subject, topic or skill in 
question. In addition, all lessons are 
keyed to state and district curricular 
standards. The platform also contains 
an online notebook where teachers 
and/or facilitators can take and store 
notes as they watch a video, and a 
discussion forum for communicating 
with facilitators, trainers, experts 
and teacher peers. LessonLab also is 
designed to allow groups of teachers 
to create their own digital libraries 
of teaching practice, perhaps as they 
engage in Lesson Study, and to share 
their work with their colleagues. 
Course developers also can use 
LessonLab to create online courses. 

The VIPS professional develop-
ment planners have begun the process 
of building a digital library of science 
lessons. Teaching is a performance. It 
occurs inreal time, inarealclassrooms, 
with real students. Video is the best 
way of representing that process so 
it can be studied and analyzed. Video 
extends live classroom observations 
by providing opportunities to return 
to the lesson for group discussion, 
deeper analysis, and reflection. This 
process combined with analysis of 
studentworkgeneratedfromthelesson 
can lead to a deeper understanding 
of what was learned and what can be 
improved in the lesson. LessonLab 
has become a platform where teachers 
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can share their own knowledge of 
what they have learned about lesson 
improvement with lesson plans and 
studentworkcombinedwith theactual 
performance. 

The professional development 
program using lesson study as a 
core has created a means to use the 
digital library as a tool to strengthen 
teaching practices. On-line courses 
are in development. The courses are 
built around video cases, typically a 
classroomlesson,andengage teachers 
inactivitiesdesigned topromotedeep
level analyses of the case. Activities 
will involve teachers in linking the 
results of their analyses to their own 
practice, through planning, trying out 
and reflecting on their own practice 
in the classroom. An assessment 
component will also be available to 
provide teachers or course facilitators 
with opportunities to assess teacher 
learning. 

Researchers from San Diego State 
University—Imperial Valley Campus 
and from the IV-CaMSP are currently 
studying the effects of lesson study 
and LessonLab on teacher practice 
and student achievement. 

Final Thoughts
Teacher professional development 

programs in science have consistently 
been designed to address system wide 
needs. These needs may or may not 
have been consistent with the needs of 
individual teachers. In today’s climate 
of standards, assessment and account
ability, a paradigm shift is necessary 
for systems to improve teaching and 
learningin theirclassrooms.Thispara 
digm shift must focus to recognize the 
power of practitioner knowledge and 
utilize that knowledge base as a start
ingpoint for thedesign ofprofessional 
development programs. Increasingly, 
systems must design professional 

development programs that are site-
based, collaborative, focus on the 
analysis of practice in the context of 
teaching and learning, and be exposed 
to alternatives. Lesson study and the 
useof technologydrivenplatformsare 
two emergingpathways that shouldbe 
considered in the designofanyprofes
sional development program that is 
to be sustained over time. The trans 
formation of practitioner knowledge 
throughaprofessionalknowledgebase 
is the ultimate goal of such a design 
andsubsequentactionplan.The teach
ing profession then can be one that is 
defined by a knowledge base, which 
allows the profession to improve its 
practices over time. 

References 
Amaral, O.M. and Garrison, L. (Spring, 

2004). Lesson Study: The Imperial 
Valley experience. California Journal 
of Science Education. 4(2), 45-79. 

Amaral, O., Garrison, L., & Klentschy, 
M. (Summer, 2002). Helping English 
learners increase achievement through 
inquiry-based science instruction. 
Bilingual Research Journal, ��:�, 
213-239. 

Berliner, D.C. (1994). Expertise: the 
wonderofexemplaryperformances. In 
J. Mangieri and C. Block (Eds) Creat-
ing Powerful Thinking in Teachers and 
Students: Diverse Perspectives. Fort 
Worth, TX: Harcourt Brace College. 

Bransford, J. D., Brown, A. L., & Cock
ing, R. R. (Eds.). (2000). How people 
learn. Washington, DC: National 
Academy Press. 

Clark, R. (1995). National network for 
educational renewal: Partner schools, 
National Network for Educational 
Renewal, Washington, D.C. (ERIC 
Document Reproduction Service No. 
ED 380 418) 

Darling-Hammond, L., and Sykes, G. 
(Eds.). (1999).Teachingas thelearning 
profession: Handbook for policy and 
practice. San Francisco, CA: Josey-
Bass. 

Gallimore, R. G. (1996). Classrooms 
are just another cultural activity. In 
D. L. Speece & B. K. Keough (Eds.) 
Research on classroom ecologies: Im-
plications for inclusionofchildrenwith 
learning disabilities (pp. 229-250). 
Mahwah, NJ: Lawrence Erlbaum 
Associates. 

Garet, M. S., Porter, A. C., Desimone, L., 
Birman, B. F., and Yoon, K. S. (2001). 
Whatmakesprofessionaldevelopment 
effective?Results from anational sam
ple of teachers. American Educational 
Research Journal, 38, 915-945. 

Hiebert J. and Stigler, J. (Fall, 2004). 
A world of difference: Classrooms 
abroad provide lessons in teaching 
math and science. Journal of Staff 
Development, 25(4), 

Hiebert, J., Gallimore, R., Garnier, H., 
Givvin, K.B., Hollingsworth, H., and 
Jacobs, J. (2003). Teaching Mathemat-
ics insevencountries: Results fromthe 
TIMSS 1999videostudy. (NCES2003-
013).Washington,D.C.: UnitedStates 
Department of Education, National 
Center for Education Statistics. 

Hiebert, J., Galimore, R. and Stigler, J. 
(2002).Aknowledgebasefor the teach
ingprofession: Whatwouldit looklike 
and how can we get one? Educational 
Researcher, 31(5), 3-15. 

Jorgenson, O. and Smith, S. H. (2002). 
Helping disadvantaged children suc
ceed. Principal. 82:2, 38-41. 

Jorgenson, O. and Vanosdall, R. (2002). 
The death of science? What are we 
risking in our rush toward standard
ized testing and the three r’s. Phi Delta 
Kappan, 83(8), 601- 605. 

Klentschy,M.andMolina-DeLaTorre,E. 
(2002).Asystemicapproach tosupport 
teacher retention and renewal. In J. 
Rhoton and P. Bowers (Eds.). Science 
teacher retentionandrenewal, Issues in 
science education, Book 4. Arlington, 
VA: NSTA Press. 

Spring 2005 Vol. 14, no. 1 7 

http:wonderofexemplaryperformances.In


 

      
    

    
 

   

 

 

   

    

    

      

    

    
  

 
       

  

Klentschy,M.P., andMolina-DeLaTorre, 
E. (2004). Students’sciencenotebooks 
and the inquiry process. In E.W. Saul 
(Ed.), Crossing borders in literacy 
and science instruction: Perspectives 
on theory and practice (pp.340-354). 
Newark, DE: International Reading 
Association. 

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

Marks, R. (1990). Pedagogical content 
knowledge: From a mathematics case 
to a modified conception. Journal of 
Teacher Education, 41(3), 3-11. 

Romance, N., Vitale, M. and Klentschy, 
M. (in press). Improving K-12 science 
and literacy outcomes by expanding 
instructional time for science in grades 
K-5: Implications and opportuni 
ties for changing curricular policies 
and practice in elementary schools. 
Journal of Science, Education and 
Technology. 

Roth, K. J., Druker, S.L., Garnier, H., 
Lemmens, M., Kawanaka, T., and 
Rasmussen, D. (in press) Teaching sci-
ence infivecountries: Results fromthe 
TIMSS 1999 video study. Washington, 
D.C.: United States Department of 
Education, National Center for Educa
tion Statistics. 

Saul, W., Readon, J., Pearce, C., Dieck
man, D., and Neutze, D. (2002). Sci-
enceWorkshop: Reading,Writingand 
Thinking Like a Scientist. �nd Edition. 
Portsmouth, NH: Heinemann. 

Stigler, J.andHeibert, J. (1999).Theteach
ing gap. Free Press, New York, NY. 

Willis, Scott (March 2002). Creating a 
knowledge base for teaching: A con
versation with James Stigler. Educa-
tional Leadership, 59(6), 6-11. 

Michael P. Klentschy is Superintendent of 
Schools of the El Centro School District in El 
Centro, California. Correspondence concern
ing this article may be sent to <mklent@ecsd. 
k12.ca.us>. 

� Science educator 

http:k12.ca.us


  

 

         

  
   

   

     

    
    

     

    

     
    

   

     

    

     

 

   
     

     

     
     

     

 

 

     

    
   

   

    

Susan Mundry 

Changing Perspectives

In Professional Development
 

This article explores three major shifts in beliefs about professional 
development that are suggested by the research on teacher learning and 
shares examples of programs from the National Eisenhower Consortia that 
demonstrate the importance of the shifts.
	

Introduction 
Over the past two decades teacher 

professional development has 
undergone profound changes from 
a focus on mostly “one size fits all” 
workshops to more ongoing, subject 
and need-focused programs, often 
embedded in the school day, where 
many belong (Loucks-Horsley, Love, 
Stiles,Mundry&Hewson,2003).When 
my colleagues and I began our work 
studying professional development in 
science, the Benchmarks for Science 
Literacy (AAAS, 1993) and the 
NationalScienceEducationStandards 
(NRC, 1996) had not yet emerged on 
the education scene. Now, it is hard 
to imagine a time when educators 
weren’t focused on standards-based 
education. 

Half-way through this first decade 
of the ��st century, educators are 
working diligently to ensure that all 
students learnandschoolsdemonstrate 
annual yearly progress. Schools are 
scrambling to find ways to reach 
students who are struggling. Once 
again professional development is 
being seen as a major tool to support 
improvedpracticeandtoassist teachers 
in meeting goals for student learning. 
Recently our perspectives about what 
works in professional development 

Schooling can make a
difference for all 
students if they have
access to quality
teaching and are held 
to high expectations. 
and where to best focus energy and 
resources have been shifting based 
on research and lessons from the 
field. This article explores three major 
shifts in beliefs about professional 
development that are suggested by 
the research on teacher learning and 
shares examples of programs from 
the National Eisenhower Consortia 
that demonstrate the importance of 
the shifts. 

When it Comes to Student 

Learning, Teaching 


Matters—a Great Deal
 
There is a growing recognition of 

the value of a teacher’s experience 
and knowledge with regard to 
their promoting student learning. 
Experienced teachers who use 
effective instructional strategies tend 
toproducehigherstudentachievement 

outcomes (Rowan, Correnti & Miller, 
2002). Most interesting is research 
that suggests teachers can make 
the difference for all students, even 
those students who come from disad
vantaged backgrounds (Wenglinsky, 
2002).This researchsupports the ideas 
generated in the �9�0s that “effective 
schools” could create conditions for 
learning for all students and counters 
research from the �9�0s that found 
that schooling could not overcome 
the effects of students’ backgrounds 
(Coleman et al., 1966). 

Schooling can make a difference 
for all students if they have access to 
quality teaching and are held to high 
expectations. Unfortunately, this is 
not always the case. Research by 
Sanders and Rivers (�99�) found that 
children who were taught by several 
ineffective teachers in a row were 
highly disadvantaged and performed 
lower than similar students taught by 
several more effective teachers in a 
row. As we make the shift in the field 
to seeing that teaching makes the 
difference in student learning, schools 
andschooldistrictsare recognizing the 
obligationofensuring that studentsget 
access to the best possible teaching. 
This requires rethinking how schools 
support teachers todevelopanddeepen 
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teaching expertise throughout their 
careers. 

New teachers need 
content-focused 
mentoring that
supports them to teach
their specific curricu
lum and content and 
inducts them into the 
profession of teaching. 

Effective teaching is complex 
and involves drawing from a deep 
knowledge base in the content as 
well as in instructional strategies 
for teaching content. Stigler and 
Hiebert (�004) calls for building 
a knowledge base for the teaching 
profession—“teachers need theories, 
empirical research, and alternative 
images of what implementation looks 
like”( p. 16). 

Understanding the subject matter 
is essential for effective teaching. 
Research studies that examined 
the relationship between teacher 
qualifications and background and 
student achievement in mathematics 
and science found that high school 
math and science teachers with a 
standard certification in their field 
of instruction (usually indicating 
coursework in both subject matter 
and education methods) had higher 
achieving students than teachers 
teaching without certification in their 
subject area (Goldhaber & Brewer, 
�000; Darling-Hammond, �000; 
Monk, 1994). 

For beginning teachers, there is a 
growing recognition of the need for a 

different kind of induction program 
that goes beyond tips for classroom 
management, directions to the supply 
closet, andgeneral teachingstrategies. 
New teachers need content-focused 
mentoring that supports them to 
teach their specific curriculum and 
content and inducts them into the 
profession of teaching. The content-
focused mentoring model assigns 
beginning teachers or teachers who 
wish to improve their teaching to an 
accomplished teacher mentor who 
teaches the same subject matter. The 
focus of the work between the mentor 
and mentee is on teaching the content 
andensuring studentunderstandingof 
important scientific or mathematical 
ideas.Thementorandmenteework on 
lessons together, observe one another 
teach and study the local, state and 
national standards in their subject 
area. Together, they get to know the 
research on how children learn the 
contentandthealternativeconceptions 
students bring to their learning. For 
example, the Northern New England 
Co-Mentoring Network Project 
(www.nnecn.org), supported by a 
National Science Foundation grant 
awarded to the Maine Mathematics 
and Science Alliance, developed a 
model for content-focused mentoring 
and teacher leadership to support 
beginning teachers in Maine, New 
Hampshire, and Vermont. Novice 
teachers or teachers new to teaching 
scienceormathematicsarepairedwith 
accomplished veteran teachers who 
provide coaching and mentoring on 
standardsandresearch-based teaching 
of the content. When novice teachers 
encounter material they find difficult 
to teach or hard for students to learn, 
thementor teacherhelps themexamine 
the research on learning science 
and mathematics and deepen their 
understanding of the ideas students 

find confusing and reflect on how to 
adjust their instructional strategies 
based on the research (Keeley, 2005). 
By focusing on quality teaching of the 
content, informed by standards and 
research, this program is building the 
next generation of effective science 
and mathematics teachers. 

Since teaching matters so much 
to student learning, veteran teachers, 
too, must continue to deepen their 
knowledge and skills throughout their 
careers. They need opportunities to 
collaborate with others, reflect on 
practice, learn from data and results 
and see what does and does not work 
in their classrooms, recognizing that 
strategies that work one year with one 
class, may need to be adjusted for new 
students. Especially in the science 
field where there are discoveries and 
new developments, teachers need 
to continue to expand their content 
knowledge through courses, reading 
and other professional development. 

Since teaching
matters so much to 
student learning,
veteran teachers, too, 
must continue to 
deepen their knowledge 
and skills throughout 
their careers. 

Professional developers at the 
Northwest Regional Education 
Laboratory (NWREL) facilitate the 
use of lesson study with teachers 
in Oregon and Washington to build 
communitiesofpracticecharacterized 
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byteachersworkingtogetheronlesson 
designs, talking with one another 
about student learning and observing 
teaching in the classroom. According 
toEricBlackford,UnitDirector for the 
Mathematics and Science Education 
Center in the Center for Classroom 
TeachingandLearning, lessonstudy is 
awaytoshift teacher learningfromone 
time “outside learning” to learning as 
partof teachers’“ongoingprofessional 
life.” NWREL works with partner 
schoolsites that involvethefacultyand 
administration in examining lessons 
to enhance teaching. The approach 
involves participating faculty in 
examiningtheirpracticeonanongoing 
basis.Atoneof thepartnersiteschools, 
the principal and assistant principal 
actively engage in learning with the 
teachers to enhance the teaching of 
subject matter. 

As teachers develop their teaching 
expertise, professional development 
canshift to activities that support them 
toassumerolesasinstructional leaders, 
supporting others in their buildings 
to use quality teaching methods. 
Schools, likeotherorganizations,need 
leadership at all levels embedded in 
the school as a whole (Lambert, �99�; 
Fullan, 2001). This becomes critically 
important when the school is trying to 
make changes in its practices because 
leaders are needed to support the 
changes and model effective practice. 
As Lambert writes, “Without broad 
based leadership theabilityof a school 
togrowandbecomebetter forchildren 
is limited.” (p. 93). Blackford points 
out that using strategies such as lesson 
study “deepens teachers’ content 
knowledge and prepares them to work 
in a professional community focused 
on ensuring quality teaching.” 

Professional Development 

Needs to be About the 


Content and How to Teach it
 
This idea may seem obvious, yet 

there are still too many professional 
development resources used for 
programs that have little to do with 
learning to teach the subject matter. 
Some focus only on learning content, 
othersonlyonteaching techniquesand 
still others on extra curricula topics. 

What we have discovered from 
research is the importance of 
professional development that is 
focused squarely on increasing 
teachers’ content and pedagogical 
contentknowledgeandteachingskills. 
Greater positive effects on student 
learning are seen from inservice 
programs that focus on content 
knowledge and on how students 
learn subject matter (Kennedy, �999; 
Weiss, Pasley, Smith, Banilower & 
Heck, 2003). Teachers apply their 
professional development learning 
more often when the professional 
development programs they attend 
have direct links to the teachers’ 
curriculum, they are afforded time 
to try out new ideas and practices 
with colleagues, and there is ongoing 
support (Loucks-Horsley et al. 2003). 
Professional developers are seeing a 
much higher pay off in the classroom 
whenteacher learning isbasedonwhat 
the teachers teachand teachersarepart 
of a professional learning community 
that focuses on teaching practice and 
the ultimate goal of enhanced student 
learning (Sparks, 2002). 

Research evidence suggests that 
professional development that is most 
closely linked to improved student 
learningdeepens teachersunderstand
ing of the content and how to teach it 
(Cohen & Hill, 2000; Wiley and Yoon, 
1995; Brown, Smith and Stein, 1996; 

What we have discov
ered from research is 
the importance of
professional develop
ment that is focused 
squarely on increasing 
teachers’ content and 
pedagogical content
knowledge and
teaching skills. 

and Kennedy, 1999). Mary Kennedy 
(�999) examined studies of profes
sional development in mathematics 
and science that included evidence of 
student learning. She concluded that 
“the content of in-service programs 
does indeedmakeadifferenceand that 
programs that focus on subject-matter 
knowledge and on student learning of 
particular subject matter are likely to 
have larger positive effects on student 
learning than are programs that focus 
mainly on teaching behaviors” (p. 
25). The programs she examined with 
the greatest effects were not focused 
purely on teaching the subject matter, 
but also on teaching the subject matter 
in the context of how students learn 
it. Further evidence comes from the 
Inside the Classroom study (Weiss et 
al.,2003) that foundthat it isnecessary, 
but not sufficient, for teachers to have 
contentknowledge.This study reports 
that: “[Teachers] also must be skilled 
in helping students develop an under
standing of the content, meaning that 
they need to know how students typi
cally think about particular concepts, 
how to determine what a particular 
student or group of students thinks 
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about those ideas, and how to help 
students deepen their understanding” 
(p. 28). 

Knowledge of content also helps 
teachers to develop an essential 
ingredient for effective teaching, their 
specialized professional knowledge, 
calledpedagogicalcontentknowledge. 
Pedagogical content knowledge is 
an understanding of what makes 
the learning of specific topics 
easy or difficult for learners and 
knowledge of ways of representing 
and formulating subject matter to 
make it comprehensible to different 
learners (Shulman, 1986; Cochran, 
DeRuiter, & King, 1993; Fern ndez-
Balboa & Stiehl, 1995; Grossman, 
1990; van Driel, Verloop, & De Vos, 
1998). Studies suggest that teachers’ 
development of pedagogical content 
knowledge is contingent on having 
subject matter knowledge (Clermont, 
Krajcik,&Borko,1993).With limited 
content understanding, teachers’ 
ability to develop their understanding 
ofhowtoteachthecontent is restricted. 
The National Science Education 
Standards(NationalResearchCouncil, 
�99�)suggest thatpedagogicalcontent 
knowledge is an essential part of 
effective teaching. 

“Effective teaching requires 
that teachersknowwhatstudents 
ofcertainagesare likely toknow, 
understand, and be able to do; 
what theywill learnquickly; and 
what will be a struggle. Teach
ers of science need to anticipate 
typical misunderstandings and 
to judge the appropriateness of 
concepts for the developmental 
level of their students. In addi
tion, teachers of science must 
develop understanding of how 
students with different learning 
styles, abilities, and interests 

learn science. Teachers use all 
of that knowledge to make ef
fective decisions about learning 
objectives, teaching strategies, 
assessment tasks,andcurriculum 
materials” (NRC, 1996, p. 62). 

The Department of Education at 
Rhode Island College in collaboration 
with the East Bay Educational 
Collaborative, the Eisenhower 
Regional Alliance at TERC and 
participating school districts joined 
forces to develop a model for 
increasing teachers’ content and 

“Effective teaching
requires that teachers 
know what students of 
certain ages are likely 
to know, understand, 
and be able to do; what 
they will learn quickly;
and what will be a 
struggle.” 
pedagogicalcontentknowledge.They 
combined the use of lesson study—a 
process by which groups of teachers 
meet regularly over long periods of 
time (several months to a year) to 
work on the design, implementation, 
testing, and improvement of one or 
several lessons—withacontent-based 
institute. Teacher and administrator 
teams work together in a science 
inquiry experience to deepen 
understanding of science topics. 
They use their experience to inform 
their lesson study and incorporate the 
use of science notebooks to reinforce 
the inquiry process and enhance 
student literacy. The integration of 

the content institute with the ongoing 
lesson study process leads the teacher 
and administrator teams to learn the 
content and focus on how to best 
teach it to meet student learning goals. 
In a recent interview, Joyce Tugel, 
professional developer for science at 
the Regional Alliance at TERC stated 
that through this design “the teams 
develop a common understanding of 
what inquiry science is, what it looks 
like in the classroom and how to do 
it.” She says the program is designed 
to be “relevant and grounded in the 
teachers’ own practice rather than an 
isolated professional development 
strategy.” 

In another example, the Far West 
Eisenhower Regional Consortium for 
Science and Mathematics supports 
the use of cases of science learning 
to integrate content and pedagogical 
content learningfor teachers.Teachers 
whocollaboratedinexaminingpractice 
through case discussions of content 
learning in science showed gains in 
students’ science test scores whereas 
therewerenogainsamongcomparable 
students of non-participating teachers 
(Daehler & Shinohara, 2001). Case 
discussionsandexaminationofstudent 
work have been shown to develop 
teachers’ content knowledge and 
pedagogical reasoning skills and to 
increasestudentachievement (Barnett 
& Tyson, 1993). 

In a recent interview, Mayumi 
Shinohara, one of the authors of the 
science cases stated that: 

“Teachers engage in doing 
the science in the cases and as 
they do they are thinking really 
hard about the learning of that 
science … they see there is real 
logic behind the common wrong 
ideas kids have and see the di
versity of ideas kids have about 
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science concepts. It leads the 
teachers to very different ways 
of thinking about students’ideas 
and how they would work with 
the kids to help them understand 
the concepts.” She went on to 
say that “the value of profes
sional development focused 
on content and pedagogical 
content knowledge is that it al
lows for going deeper to better 
understand student learning and 
student thinking.Whileknowing 
the curriculum materials and 
how to use the science kits is 
important,wemustcreateoppor
tunities for professional devel
opment to focus on the harder 
things teacher must do—such as 
developing the habits of mind to 
be always wondering how chil
dren will respond to the lesson. 
Professional development that 
only deals with the basics leaves 
teacherswith thehardestwork to 
tackle later on their own.” 

The Purpose of Professional 

Development is to Enhance 


Learning of Challenging 

Content for All Students
 
Anothersignificantpositivechange 

we are witnessing in the field is 
the shift to seeing and believing 
that the purpose of professional 
development is to enhance learning 
of challenging content forall students. 
Thishasledtoincreasedaccountability 
and responsibility for professional 
development programs to better equip 
teachers to teacharigorouscurriculum 
to all students and to ensure that 
students have every opportunity to 
meet the highest standards. Educators 
are now recognizing professional 
development as a tool focused on 
building the knowledge and skills 

Teachers can examine 
student work and other 
artifacts to see changes
in the type of work and
thinking students are 
doing, as well as their
level of understanding. 

of teachers to enhance student 
outcomes. 

The research demonstrates that 
students of all races, cultures, and 
genders are capable of learning 
science.“All learners fromveryyoung 
ages come to school with conceptions 
about the world, are curious about 
phenomena, and can inquire into them 
and make meaning of them. When all 
childrenhaveaccesstoqualityteaching 
and high expectations, they are able to 
meet standards for content learning” 
(Campbell, 1995). Through its use 
of lesson study mentioned earlier, 
the Northwest Regional Education 
Laboratory is increasing teachers’ 
use of inquiry in the classroom and 
enhancingknowledgeofhowchildren 
learn science. Teachers engage in 
lesson study to redesign their science 
instruction to increase the use of 
inquiry-based learning. One district 
using a kit-based science curriculum 
worked together to revise the lessons 
so that theyweremore inquiry focused 
and met specific state standards 
and learning expectations for grade 
levels.Thisprofessionaldevelopment 
program plays a key role in helping 
teachers develop a wide variety of 
teaching strategies to meet the needs 
of all learners. 

There are significant differences in 
the professional development schools 

choose to implement when they see 
its purpose to be the enhancement of 
student learning. They think about 
whatkindofprofessionaldevelopment 
program they need based on student 
learning needs. They dig into data 
to find out where their students are 
not meeting proficiency goals and 
develop professional development 
plansrelatedtoenhancingteachingand 
learning in thoseareas andonbuilding 
stronger school communities to 
support that learning.Later, classroom 
observations and teacher surveys can 
provide data on whether and how 
teachers are using new practices. 

Teachers can examine student 
work and other artifacts to see 
changes in the type of work and 
thinking students are doing, as well 
as their level of understanding. With 
evidence of change in teacher practice 
and student learning outcomes, the 
school can begin to build a case for 
the effectiveness of its professional 
development program. 

Looking Ahead
While the standards have raised the 

quality of teaching in many places, a 
study investigating over 350 science 
and mathematics lessons found that 
“fewer than one in five lessons were 
intellectually rigorous—schools in 
rural settings and those with high 
percentageofminoritystudents tended 
toberatedas lackingintellectual rigor” 
(Weissetal.,2003). It seemsournation 
is still at risk when it comes to science 
learning.AMay2004article in theNew 
York Times warned that the U.S. has 
startedtoloseitsworldwidedominance 
inscienceandinnovationasevidenced 
by fewer patents being issued, fewer 
Nobel Prizes, and fewer scientific 
papers published by people from the 
United States. Recent international 
studies show that U.S. students still 
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lag behind their counterparts in other 
developed nations. 

The implications are that educators 
need to continue efforts to build the 
capacity of teachers to provide a 
challenging science education that 
preparesall students for theworld they 
livein.Thethreeshiftsdiscussedinthis 
article must inform decision making 
about the structure, form and focus 
of teacher professional development. 
Policy makers and practitioners must 
recognize the importance of quality 
teaching tostudent learningandcreate 
permanentmechanismsandstructures, 
embedded in the school culture, that 
support teachers to develop deep 
knowledge of teaching throughout 
their careers. This includes providing 
professional development with a 
strongcontentandpedagogicalcontent 
focus tied tostudent learninggoalsand 
situated in teacher practice. Teachers 
are enriched by studying teaching, 
examining student learning, and using 
knowledge from research. Educators 
mustabandonoutmodedapproachesto 
staff development and invest in these 
more “practice-based” approaches to 
professional learning for teachers. 
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Robert E. Yager 

Achieving The Staff Development 

Model Advocated In the
 

National Standards
 
An argument is made that more actions are needed by more professionals 
in more schools if the visions of the National Science Education Standards 
are going to succeed in accomplishing the illusive reforms for which the 
science education community has so often strived.
	

The early drafts of the National 
Science Education Standards (NSES) 
did not include any mention of staff 
development; it was not considered as 
partof theneededvisions forchanging 
school science. There was never any 
intention that the Standards would 
indicate minimum competencies that 
would be required of all. Instead, the 
focus was on visions of how teaching, 
assessment, and content should be 
changed. It was a matter of choice that 
elaboration of content would follow 
considerations of changes in teaching 
and assessment strategies. First of all, 
therewasfearthateveryonewouldlook 
first (and perhaps only) at content— 
and ignore all else. Too often reform 
and improvement is defined as new 
organization of materials for teachers 
to use. Even though suggestions for 
content inclusion were not placed first 
in the NSES, they still resulted in the 
most discussion, concern, and debate 
amongthose responsible forpreparing 
the Standards. It is almost as if what 
one teaches, and when, and for how 
long it is taught, are all that is really 
important. 

The final draft of the Standards 
appeared in �99� after four years of 

debate and an expenditure of nearly 
$7 million. Several early drafts were 
circulated widely with invitations to 
comment, suggest, debate, and assist 
with attaining a consensus document. 
A director of consensus provided 
leadershipandassistanceasfinaldrafts 
were assembled. Early on, programs 
and systems were added as follow-
ups of teaching, assessment, and 
content.But,as indicated,professional 
developmentstandardswereofferedas 
a sixth area and placed after teaching 
and before assessment in the final 
draft of the Standards. It was when 
the final draft was offered to the 
leadership in the National Academy 
of Sciences that a section on Staff 
Development was added in response 
to the argument that such visions for 

Too often reform and 
improvement is defined 
as new organization of
materials for teachers 
to use. 

the continued education of teachers 
would be needed if any significant use 
of the Standards, any improvement of 
existing teachers, and any improved 
ways of preparing teachers were to 
be realized. In many respects these 
standards for encouraging teacher 
development and growth were vital 
to implementing the Standards; and 
yet they were non-controversial while 
being viewed by many as the most 
important part of the Standards for 
achieving the visions which the other 
parts suggested. 

The NSES and Professional 
Development

There are fourteen features of 
Professional Development (PD) 
includedintheNSES;allareconsidered 
vital if the Standards are to result in 
progress for assuring continued 
growth and development of all in-
service teachers. They also provide 
suggestions for the features needed 
for programs designed to prepare new 
teachers. Figure 1 provides a listing of 
conditions suggested in the National 
Standards as needed if such programs 
are to succeed to the fullest. 
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Figure 1.	 The National Science Education Standards envision change throughout the system.
The professional development standards encompass the following changes in emphases: 

Less Emphasis On More Emphasis On 

•	 Transmission of teaching knowledge and skills by lectures •	 Inquiry into teaching and learning
•	 Learning science by lecture and reading •	 Learning science through investigation and inquiry
•	 Separation of science and teaching knowledge •	 Integration of science and teaching knowledge
•	 Separation of theory and practice •	 Integration of theory and practice in school settings
•	 Individual learning •	 Collegial and collaborative learning
•	 Fragmented, one-shot sessions •	 Long-term coherent plans
•	 Courses and workshops •	 A variety of professional development activities
•	 Reliance on external enterprise •	 Mix of internal and external expertise
•	 Staff developers as educators •	 Staff developers as facilitators, consultants, and planners
•	 Teacher as technician •	 Teacher as intellectual, reflective practitioner
•	 Teacher as consumer of knowledge about teaching •	 Teacher as producer of knowledge about teaching
•	 Teacher as follower •	 Teacher as leader 
•	 Teacher as an individual based in a classroom •	 Teacher as member of a collegial professional community
•	 Teacher as target of change •	 Teacher as source and facilitator of change 

(NRC, 1996, p 72) 

The first change suggested for 
improving PD programs is less 
emphasis on transmitting teaching 
knowledge and skills by lecture (a 
feature of most staff development 
initiatives of school funded programs 
and for typical college/university 
teaching). Instead the Standards call 
for the focus to be one of inquiry into 
teaching and learning. This, of course, 
emphasizes the use of questions that 
leads to learning and the identification 
ofpossibleanswers thatcouldbetested 
as a means of collecting evidence that 
the explanations and ideas are valid. 

The Standards continue to de
emphasize lecture and reading as 
models for instruction in favor of 
learning through investigation and 
inquiry. Again, they de-emphasize the 
transmission of information and skills 
directly by teachers to students. This 
departs ��0° from the way learning is 
portrayed and modeled in traditional 
collegiate settings. 

Anotherfeatureof thePDStandards 
consists of dropping the idea that 
science and teaching knowledge 

can or should be separated in PD 
efforts, instead ensuring that they are 
approached in an integrated fashion. 
Similarly, the Standards suggest less 
emphasis on separating theory from 
practice, and more emphasis on their 
integration, especially when in school 
settings. 

One could argue that
“real” science is seldom 
encountered or 
experienced in most
science classrooms. 

The Standards emphasize that 
individual learning needs to change 
to more collegial and collaborative 
learning. The Standards identify 
fragmented, one-shot sessions as 
problems to be replaced with long
term, coherent plans (probably taking 
place over several years). Project 
�0��, the major reform suggestions 

advancedbytheAmericanAssociation 
for the Advancement of Science 
(AAAS), suggests such a plan should 
coincide with the life span of a human 
being, perhaps 75 years (Rutherford 
and Ahlgren, 1990). 

The Standards suggest that current 
workshops should not describe 
and outline visionary PD models; 
instead, a great variety of activities 
and approaches should be used. 
And, these should be models for the 
enrollees to experience directly and to 
prompt discussion and debate among 
all concerned—something to be used 
in K-12 science classrooms. 

The Standards also de-emphasize 
the reliance on external expertise; 
they suggest the importance of the 
involvement of local teachers and 
consultants as well as outside persons 
withspecificexpertiseandexperience. 
The Standards suggest that there be 
less emphasis on staff development 
seen as efforts on the part of “experts” 
and more of an emphasis on them 
serving as facilitators, consultants, 
planners,andquestioners.Teachersare 
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portrayed less as technicians (factory definitions, skills, activities, and the success of PD efforts. Do we 
workers) and more as intellectual, verbiage. get teachers who exhibit the more 
reflectivepractitioners(professionals). Again, the NSES clearly state nine emphasis conditions? How much 
Teachersareviewed(bytheStandards) ways teaching should change to result improvement has been found? What 
less as consumers and more as in more and better student learning else should be emphasized and 
providers of knowledge concerning and tomove towardmeeting thestated modeled as part of an exemplary PD 
teaching. Teachers are portrayed less goals. These changes are summarized program? Anew monograph prepared 
as followers and more as leaders. in the NSES as contrasts between by the leadership of the National 
They are seen less as persons housed less emphasis conditions (which are Science Teacher Association (NSTA) 
in a classroom and more as a member commonly used strategies by most will be published in 2005 and featured 
of a professional community. The teachers) and the more emphasis at the March 31 Conference in Dallas. 
teacher is not seen as “the target” for conditions which are needed for Itincludessixteenexemplaryprograms 
change, but as a source and facilitator science teachers to be successful in that illustratewherewearewithrespect 
of change. producing students who have learned to successful implementations of the 

with understanding. These contrasts Professional Development Standards 
How Teachers Must Change are indicated in Figure 2. elaborated in the NSES. 

Professional Development is about The teaching standards are first 
ensuringthat teacherscontinuetogrow in the �99� publication because 
and improve. It forces us to look at of their importance in realizing 
the acts of teaching and to discuss the the goals and because they were 
effectsoftheseactsonstudentlearning. the least controversial of all the Education has become
We have to be sure that learning does visions contained in the NSES. These 
result—and that it is learning with changes in teaching are the targets for training; i.e., getting 
understanding and potential use after improving in-service teaching and students to accept and
students leave the school classrooms the needed skills for science teacher be able to recall and laboratories—and not merely an preparation.

indication of attention, remembering, Thenine moreemphasis conditions explanations others 

repeating, reciting,duplicatingwords, provide another way to measure have offered.
 

Figure 2. The Ways Teaching Must Change if the NSES Visions for Reform are to Occur 

Less Emphasis On	 More Emphasis On 

•	 Treating all students alike and responding to the group as a	 •	 Understanding and responding to individual student’s

whole interests, strengths, experiences, and needs


•	 Rigidly following the curriculum	 •	 Selecting and adapting curriculum
•	 Focusing on student acquisition of information •	 Focusing on student understanding and use of scientific
•	 Presenting scientific knowledge through lecture, text, and	 knowledge, ideas, and inquiry processes

demonstration •	 Guiding students in active and extended scientific inquiry
•	 Asking for recitation of acquired knowledge	 •	 Providing opportunities for scientific discussion and
•	 Testing students for factual information at the end of the unit	 debate among students


or chapter •	 Continuously assessing student understanding

•	 Maintaining responsibility and authority	 •	 Sharing responsibility for learning with students
•	 Supporting competition	 •	 Supporting a classroom community with cooperation,
•	 Working alone	 shared responsibility, and respect

•	 Working with other teachers, local experts and school and
community leaders to enhance the science program

(NRC, 1996, p 52) 
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A New NSTA Monograph 
High-Lighting P.D. Models

The National Science Education 
Standards (NSES) clearly articulate 
fourgoals (justifications) for requiring 
science in K-12 schools. These four 
goals illustrate the major focus for 
producing students who can: 
�) experience the richness and 

excitement of knowing about and 
understanding the natural world; 

2) useappropriatescientificprocesses 
and principles making personal 
decisions; 

3) engage intelligently in public 
discourseanddebateaboutmatters 
of scientific and technological 
concern; and 

4) increase their economic pro
ductivity through the use of the 
knowledgeandunderstanding,and 
skills of the scientifically literate 
person in their careers 

(NRC, 1996, p.13) 
For many the first goal is the most 

important since it ensures the every 
student will have a firsthand personal 
experience with the whole scientific 
enterprise. This means exploring 
nature with a natural curiosity which 
all humans enjoy. It means asking 
questions, identifying the unknown, 
proceeding to knowing—even if it is 
a personally constructed answer or 
explanation (but wrong in terms of 
currentscienceacademynotions)ofthe 
originalquestionarisingfrompersonal 
curiosity. Again, all humans do this 
in different ways. Artists see beauty, 
poets express feelings, dancers dance. 
In science the exploration of natural 
phenomena must include evidence 
produced by some manipulation of 
nature, and others must accept the 
evidence before science is done. 

What Is Basic Science? 
Science educators tend to define 

science as the information found 
in textbooks for K-�� and college 
courses or the content outlined in 
state frameworks and standards. Such 
definitions omit most of what George 
Gaylord Simpson (1963) described as 
the essence of science; Simpson’s five 
activities which define science are: 
�) asking questions about the natural 

universe; i.e., being curious about 
the objects and events in nature; 

�) trying to answer one’s own 
questions; i.e., proposing possible 
explanations; 

3) designingexperimentstodetermine 
the validity of the explanation 
offered; 

4) co l lec t ing ev idence f rom 
observations of nature, math
ematicscalculations,and,whenever 
possible,experimentscarriedout to 
establish thevalidityof theoriginal 
explanations; 

5) communicating the evidence to 
others who must agree with the 
interpretation of the evidence 
in order for the explanation to 
become accepted by the broader 
community (of scientists). 

(Simpson, 1963, p. 3) 
The elements of science identified 

by Simpson are rarely studied in 
schools.Forexample, sciencestudents 
seldom determine their own questions 
for study; they are not expected to 
be curious; they rarely are asked to 
proposepossibleanswers; theyseldom 
are asked to design experiments, and 
they rarely share their results with 
others as evidence for the validity 
of their own explanations (Weiss 
et al., 1994). In fact typical school 
science treats science concepts as 
givens—something to be transmitted 

NSELA members need 
to become the con
science for society by 
insisting on a more 
precise definition of 
science and what this 
means for school pro
grams and, more im
portantly, for teaching 
science in schools. 
to students via textbooks and teacher 
lectures often following closely State 
Standards which have all too often 
negated the National Standards. 

One could argue that “real” science 
is seldom encountered or experienced 
inmostscienceclassrooms.Thetypical 
focus isalmostwhollyonwhatcurrent 
scientists accept as explanations 
(Harms & Yager, 1981; Weiss et al., 
1994). Competent science students 
only need to remember what teachers 
or textbooks say. Most laboratories 
are but verification activities of 
what teachers and/or textbooks have 
indicated as truths about the natural 
world. There is seldom time for 
students to design experiments that 
could improve human existence. 

Science education should be 
about drawing people out in terms of 
engaging their minds. Instead, most 
science programs focus on directing 
students to what they should learn— 
i.e., the explanations of objects and 
events that scientists have accepted 
as truths or explanations of the 
natural world and/or technological 
achievements (e.g., automobiles, 
airplanes, air conditioners) (AAAS, 
1990a). 
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Education has become training; 
i.e., getting students to accept and 
be able to recall explanations others 
have offered. This is often done under 
the pretext that specific concepts 
and process skills are necessary 
prerequisites for understanding, 
even though it is now apparent that 
such approaches are useless and that 
understanding is rarely accomplished 
until students see the importance of 
those concepts and skills, and the need 
for them (Resnick, 1987; NRC, 1999; 
Greeno, 1992). 

Realizing the NSES Visions
What we now know about effective 

ProfessionalDevelopment for science 
teachersshouldprovidetheframework 
for all the efforts of members of 
the National Science Education 
Leadership Association (NSELA). 
NSELA members are the leaders 
who will determine what goes on in 
K-�� schools with respect to science 
programs. Leaders should not blindly 
follow what others mandate or direct. 
Too often such attempts at reform are 
alien towhat good leadership suggests 
and certainly do what science itself 
entails. 

NSELA members need to become 
the conscience for society by insisting 
on a more precise definition of science 
and what this means for school 
programs and, more importantly, for 
teaching science in schools. Too often 
teachers as well as the general public 
are too willing to ignore the essence 
of science and to relegate its teaching 
to the topics too often characterizing 
curriculum frameworks, textbook 
chapters, the “agreed upon” concepts 
too often packaged in discrete 
disciplines. 

Paul DeHart Hurd often reminded 
us that the traditional disciplines are 
no longer useful and only exist as 

designations for college departments 
and secondary school courses. All 
currentresearchnowisblurredinterms 
of discipline structure. And, instead of 
science leading to technology (often 
called applied science), now scientific 
research is completely dependent 
upon new technologies. The future 
of science education is rooted in 
its alignment with technology (and 
mathematics research and structure). 
It will take time for all the reforms 
to succeed and to be successful. But, 
NSELA members must assume the 
needed leadership if it is to proceed in 
meaningful ways in these tumultuous 
times. 

School science is rarely 
seen as an experience
that enriches and 
excites students about 
their knowledge and 
understanding of the
objects and events
found in the natural 
world. 

The first and overarching goal 
for science education for the decade 
following the �99� publication of 
the NSES is to provide a direction 
for our field and is listed first in the 
NSES narrative (NRC, p. 13). All 
science educators (and especially 
NSELA members) must internalize 
and work diligently toward meeting 
this important goal and justification 
of science in K-12 schools. It should 
be the goal that unifies us all. But it 
will be the most difficult to achieve! 
School science is rarely seen as an 

experience that enriches and excites 
students about their knowledge and 
understandingoftheobjectsandevents 
found in the natural world. 

Reconsidering 
Scientific Literacy

Paul Brandwein once said that 
science literacy would begin to be 
realized if every student had even 
one full experience with science 
as it is defined by Simpson (1963). 
Brandwein contended that most 
high school graduates complete their 
schoolingwithoutevenoneexperience 
with real science. Many within NSTA 
have argued that we should aim for 
more than one science experience 
in thirteen years—instead, a better 
goal would be at least one for each 
year of the thirteen-year continuum 
of a general education for all. Even 
then, most teachers would argue that 
thirteen such experiences are but “a 
drop in the bucket.” In the early 80s, 
a quarter of a century ago, NSTA 
called for science to be offered “every 
day for every year that a student is 
enrolled in school.” Earlier NSTA 
had proclaimed that producing 
scientifically literate graduates was 
the primary aim of science education. 
Many worried as to what this meant; 
some felt that it was a call to focus 
more on learning “about” science. 
Some looked at the failure that a focus 
on curriculum changes caused and the 
fact that fewrealchangesemerged that 
improvedstudent learning. Itshouldbe 
remembered that change is dependent 
on leadership and change in education 
is indeed slow. Effective leadership 
can make it happen sooner! 

The other three goals from the 
NSES (in addition to ensuring that 
all students experience the essence of 
the whole sequence that characterizes 
science) focus upon experiences 
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in school science which will affect 
the daily lives of students that can 
help them make better scientific and 
societal decisions and lead them to 
increaseeconomicproductivity.These 
are seen as a way to achieve a fuller 
scientific literacy. These three NSES 
goals are rarely approached, realized, 
or assessed in typical classrooms by 
typical teachers. Information that 
would help in realizing these goals are 
notofferedintexts, teacherpreparation 
efforts, or programs for in-service 
teachers. If we want science concepts 
and skills to be used in making 
personal decisions, we are going to 
have to deal with ideas of how these 
can be achieved. In Backward Design, 
Wiggins & McTighe, (1998) provide 
ideas about what needs to be done— 
what evidence we need to be sure we 
havemetGoal2(i.e.,usingappropriate 
scientific methods and principles for 
making personal decisions) must be 
practiced in theclassroomandbeyond. 
Efforts are needed to collect evidence 
to indicate that each goal is met. We 
cannot stop with the idea that students 
seem to know certain concepts and 
can perform certain skills. We need 
to expect evidence for learning to 
include practice with the concepts and 
skills in actually making decisions in 
daily living. 

Taking Actions as a Result 
of School Science 

Another focus for school science 
mustbeoninvolvingstudents inpublic 
discourse and debate in school, and in 
the outside community, beyond life 
for any given year. Perhaps the best 
evidence that this goal had been met is 
in the involvement of students in their 
school and community affairs. Where 
do they actually use what is in the 
curriculum and what teachers teach? 
Awhole new way of viewing content, 

It is probably
important to remind 
ourselves that learning
is something that the
brain is designed to do. 

instruction, and assessment is needed 
if this goal is to be realized as one of 
those proposed in the NSES. 

The fourth goal may be the most 
difficult to achieve and to assess. In 
someways it is even further fromdaily 
life and the immediate community. 
It focuses on economic productivity, 
possible career choices, and the use 
of the typical concepts and processes 
which often provide only a two-
dimensional view of science. This 
could be construed as taking long 
range actions arising from school 
science study. 

Where We Are with 
Implementing NSES Visions

We have had eight years to reach 
the visions advanced for Science 
Education for the decade following 
the publication of the NSES. The 
NSTA series dealing with exemplary 
programs will be available shortly to 
highlight the most successful schools 
and teachers in meeting these visions. 
Some are already planning to develop 
new Standards—perhaps to chart new 
pathways. Some worry, however, 
that these are so few instances where 
substantial progress has been made. 
Nonetheless, it is generally agreed 
that ten years is a targeted time to take 
assessmentofprogressand tofindnew 
waystoreachthesegoals.Moreactions 
are needed by more professionals in 
more schools if the NSES visions are 

going to succeed with accomplishing 
the illusive reforms for which we have 
so often strived. 

Features of a Model
 
PD Program


One effort in the staff development 
arena which continues to grow and 
change based on experience is the 
Iowa Chautauqua Model (ICM). 
It was initiated in 1983 as one of 
seventeen projects funded by NSF 
and coordinated by NSTA. It was 
initiated after NSF decided not to 
support further the long time AAAS 
project to provide summer workshops 
and follow-up meetings for college 
faculty (mainly faculty fromfour-year 
colleges and community colleges). It 
was designed to use noted researchers 
and making them available to enthuse 
and involve science faculty who no 
longerhaveengaged inmajor research 
efforts. This annual sequence seemed 
ideal as a way to engage K-�� teachers 
in similar efforts over the course of 
a full year in accomplishing needed 
reforms. The Iowa Chautauqua was 
initially funded for three years as a 
program for middle school teachers 
and attracted further support from 
industry and a new National Science 
Foundation (NSF) grant after the 
NSTA effort (3 years) terminated. 
LaterIowaChautauquawasthevehicle 
for involving teachers and schools 
in the NSTA Scope, Sequence, and 
Coordination (SS&C) project which 
enjoyedmajor fundingandsupport for 
a seven year period (1990-97). 

Iowa Chautauqua and later Iowa 
SS&C were approved by the Program 
Effectiveness Panel (PEP) of the U.S. 
Department of Education, funded 
by the National Diffusion Network, 
validated the Northwest Regional 
Laboratory and the Middle School 
ResearchAssociationasaprofessional 
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development model which embodies 
the professional development needs 
as identified in the HRI (Horizon 
Research Institute) study of such 
programs (Weiss, 2002). 

Iowa Chautauqua continues work 
in Iowa (through National Diffusion 
Network (NDN) work in �� other 
states) but over a period of one to three 
years for K-12 teachers. Basically, the 
Iowa Chautauqua Program is at least 
a whole year-long staff development 
sequence designed to help K-�� 

science teachers align their curricula, 
instruction, and assessments with 
the visions embodied in the National 
Science Education Standards. The 
standards establish eight content 
areas for science education: unifying 
concepts and processes, science as 
inquiry, physical science, life science, 
earth and space science, science and 
technology, science in personal and 
societal perspectives, and history and 
nature of science. 

The program prepares teachers to 
pilot testshort teachingunitsduringthe 
fallbasedoncontent standards in these 
areas. After additional collaboration 
andtraining(includingactionresearch 
projects), teachers working in teams 
develop and pilot longer instructional 
modulesadapting curricularmaterials 
developed nationally (often with 
federal support). The eventual goal is 
the creation of a unified school-wide 
curriculum and assessment plan. 

Figure 3. A View of the Sequence of Activities Describing the Iowa Chautauqua Model 

LEADERSHIP CONFERENCE 

A Week Long Conference Designed To 

1.	 Prepare staff team for conducting a workshop series which follows for 30 new teachers.
a)	 One lead teacher for no more than ten new teachers 
b)	 Scientists from a variety of disciplines 
c)	 Scientists from industry 
d)	 Administrators 
e)	 Science Supervisors/Coordinators as chair of staff teams 

2.	 Organization and scheduling for each workshop 

3.	 Publicity and reporting 

4.	 Assessment strategies

a)	 Six domains
 
b)	 Use of student reports
 
c)	 Teacher journals/notebooks, new research plans for Lead Teachers
 

THREE WEEK SUMMER WORKSHOP 

Teaching and Learning as Outlined in the NSES 

1.	 Includes special activities and field experiences that relate specific content within the disciplines of biology, chemistry,
earth science, and physics—all related to the four goals of teaching science in the NSES. 

2.	 Makes connections between science, technology, society within the context of real world issues. 
3.	 Issues such as air quality, water quality, land use/management provide context for concept development. 

Figure 3. continues on page 23 
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Figure 3. continued 

Fall Short Course ➪ 

Awareness Workshop 

20 hr. Instructional Block 
(Thursday p.m. Friday, & Saturday) 

ACADEMIC YEAR WORKSHOP SERIES 
Interim Project ➪ 

Three Month Interim Project 
The STS Module 20 hr. Instructional Block 

(Thursday p.m. Friday & Saturday) 

Spring Short Course 

Final Workshop 

Activities Include: Activities Include: Activities Include: 
1.	 Reviewing problems with traditional

views of science and science 
teaching 

2.	 Outlining essence of the broader
definition of science. 

3.	 Defining techniques for developing
new modules and assessing their
effectiveness 

4.	 Selecting a tentative module topic 

5.	 Practicing with specific data
collection assessment tools in each 
assessment Domain. 

1.	 Developing instructional plans
for minimum of twenty days 

2.	 Administering pretests in six
domains 

3.	 Teaching the module utilizing
student ideas and prior
experiences. 

4.	 Collecting posttest information 

5.	 Communicating with regional
staff, Lead Teachers and central 
Chautauqua staff 

1.	 Reporting on the teaching and
learning experiences 

2.	 Reporting on multiple assessment
efforts 

3.	 Interactions concerning new
information arising from the action
research in the classrooms of all 
participants 

4.	 Planning for involvement in
professional meetings 

5.	 Planning for next-step initiatives 

Establishing Successful 
P.D. Programs

The Chautauqua program prepares 
teachers to use constructivist 
instructionalstrategiesintheclassroom. 
This means less emphasis on lecture, 
demonstration, memor-ization, and 
rigid adherence to curriculum. It 
means more emphasis on discussion, 
teacher collaboration, active inquiry, 
cooperative learning, continuous 
assessment of student understanding, 
anduseofstudentexperienceandlocal 
issues as vehicles for learning. 

The Iowa Chautauqua program 
and its successor, the Iowa Scope, 
Sequence, and Coordination project, 
have been evaluated by outside 
evaluator teams, doctoral candidates, 
annualassessment reports, andstudies 
in10statesand6internationalsettings. 
Most of these studies have focused 
on changes in teacher practice and 
attitude. Several, however, have 

examined student achievement in 
six domains of science learning: 
concepts, process skills, applications, 
creativity, world view, and attitude. 
In one study, for example, 15 lead 
teachers each taught one science class 
using the Chautauqua approach and 
another using a traditional textbook 
approach. Students (a total of 722) 
were randomly assigned to treatments 
and traditional classes. Pre-tests were 
given to students in September and 
post-tests in April. The type of test 
used varied from domain to domain. 
For example, the concept domain was 
assessed with multiple choice tests 
available from textbook publishers, 
the process domain with 13 skills 
identifiedbytheAmericanAssociation 
for the Advancement of Science, and 
the application domain by multiple 
choice items generated by program 
developers. The results revealed 
no difference between Chautauqua 

and control students in the concept 
domain (traditional science content); 
in the other five domains, however, 
Chautauqua students demonstrated 
significantlymoregrowth thancontrol 
students. 

Other studies have found that 
female students in classrooms taught 
by Chautauqua teachers have more 
positive attitudes towards science 
than counterparts in traditional 
science classes. Studies have also 
demonstrated numerous positive 
effects on teachers, including better 
understanding of the nature of science 
and greater ability in ability to teach it. 
Figure 3 is an outline of the features 
of Iowa Chautauqua Model. 

A Broader View of Science 
It is probably important to remind 

ourselves that learning is something 
that thebrain isdesignedtodo.Perhaps 
of even more importance is the fact 
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that real learning is occurring even 
when it seems that many students do 
not succeed in school because they 
do not seem to learn what teachers 
teach or what is in the curriculum. 
Theassumption is toooften that they 
have not learned at all. 

Frank Smith in his book “The 
Book of Learning and Forgetting” 
(seeFigure4)distinguishesbetween 
what learning is classically and 
what it has become officially in 
institutions called schools (Smith, 
1998). 

Learning about Professional 
Development is just like learning 
in school. But the official theory 
is not the one that the NSELA 
leaders should follow; it is time to 
renew use of what Smith calls the 
classical theory of learning and in 
so doing revise the official view of 
learning which exists in most schools. 
We should be pushing for use of the 
classical theory in our work with 
teachers for change and ignore the so-
called official theory which is the root 
of most of our failures for reforms in 
science education in schools. 
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William S. Harwood, Rebecca R. Reiff, Teddie Phillipson 

Putting the Puzzle Together: 

Scientists’ Metaphors for

Scientific Inquiry
	

This study describes specific metaphors commonly used by scientists to 
articulate aspects of their conception of scientific inquiry. 

Metaphors are used as a typical 
way to negotiate and to describe our 
everydayexperience. In theclassroom, 
teacherscommonlyemploymetaphors 
toengagestudentsandtomakeabstract 
ideas appear more concrete (Ogborn 
& Martins, 1996; Thagard, 1992). 
In particular, metaphors provide an 
effective means to help visualize 
abstract ideas(Davidson,1976;Miller, 
1979). We feel that understanding 
the metaphors scientists use will 
assist teachers in crafting classroom 
discourse that will guide students’ 
developingunderstandingofscientific 
inquiry. Lemke (2003) argues that 
the languages of science are complex 
and that teachers rarely teach about 
how to converse in ways that are 
like scientists. Our study describes 
and characterizes metaphors used 
by academic research scientists as 
they described their experiences with 
authentic scientific inquiry. 

Theoretical Framework 
Lakoff and Johnson (�9�0) 

articulated metaphors as based in a 
sharedexperienceandcontaininglinks 
between the form of the metaphor 
and the real idea that the metaphor 
seeks to describe. Pugh, et al. (1992) 
extend Lakoff and Johnson’s model 
and describe grounding as the need 

This metaphor reminds 
us that scientific 
inquiry is not set of
proscribed steps with
a known outcome. 

for a metaphor to be based in a 
shared experience. Form refers to 
the commonality of imagery between 
the two concepts that is essential if 
a metaphor is to be successful. For 
example, in comparing the structure 
of the atom to the solar system, the 
form is an image of objects orbiting 
around a center. Correspondences 
are the multiple points of comparison 
between the two concepts within the 
form.Themorecorrespondences there 
are, themorecompleteandpotentially 
persuasive is the metaphor. Finally, 
connotation addresses the extent to 
which a metaphor defines a particular 
experience. That is, how much has the 
metaphor entered the culture? 

Methodology
Interviews with 52 science faculty 

members at a large midwestern 
academic research institution were 
conducted using a semi-structured 

interview protocol designed to probe 
the subject’s conceptions of scientific 
inquiry(Harwood,Reiff,&Phillipson, 
2002). Interviews were tape-recorded 
and interviewers took field notes 
during the interview. Together, the 
transcripts and field notes represent 
our data. The scientists interviewed 
were disbursed across nine science 
departments (anthropology, biology, 
chemistry, geography, geology, 
medical sciences, physics, applied 
health, and environmental affairs) 
and a wide variety of specific research 
fields. 

Afterconducting the interviews,we 
independently analyzed the science 
faculty members’responses to each of 
theeight interviewquestions.Potential 
metaphors were identified. Following 
a constant comparison methodology, 
we compared our independent lists 
of metaphors and agreed on a 
consistent understanding regarding 
how to classify items (Bogdan & 
Biklen, 2003). The result was a list of 
metaphors and another list of what we 
defined as, “every day life examples.” 
These every day experiences were 
not classified as metaphors. As an 
example of how inquiry plays a role 
in a person’s every day business, a 
medical science researcher gave the 
following response: 
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“teaching, interviewing, fix
ing a car, cooking, business. Let 
me put it this way, I can’t think 
of many things that scientific 
inquiry doesn’t, one way or the 
other, play a role in a person’s 
life. They are doing it but they 
don’tknowit’s scientific inquiry. 
Theyjustaskthequestion,search 
for an answer, and then make 
improvements next time. That 
is essentially what is happening 
in their thinking.” 

Wethenindependentlyreadthrough 
the interviewsasecondtimetodouble
check for a complete list of metaphors 
and to collect the metaphors into 
initial categories. When a discrepancy 
betweenourindividualcategorizations 
occurred, the results were discussed 
until a mutual agreement could be 
made (Tobin, 2000). 

Results and Discussion 
The scientists’metaphors provided 

powerful images to complement 
descriptions of important aspects 
of scientific inquiry. Scientists used 
metaphors to describe the process 
of connecting data, the importance 
of knowing how and when to use 
resources or tools, the ability to 
remain open minded, the relationship 
betweenproblemsolvingandscientific 
inquiry,andthenecessityofenhancing 
scientific knowledge by adding 
creativity and individuality to an 
investigation. 

Often themetaphorusedbyascien 
tist filled multiple purposes and con
tained a rich set of correspondences. 
Five key characteristics associated 
with scientists or with aspects of the 
processes associated with doing sci
entific inquiry emerged where the 
scientists tended to use metaphors. 
These were: open-mindedness, put-
ting yourself in your work, utilizing 

resources, problem solving, and mak-
ingconnections.Belowwelookateach 
of these characteristics and describe 
the metaphors used. 

Open-mindedness 
An important characteristic of a 

scientistsengagedinastudyistheability 
to remain open-minded regarding the 
results of the study. Scientists who 
are overly concerned with proving 
a hypothesis may overlook data in 

The image of the
emotion-less scientist 
may encourage non-
scientists, including
children, in believing 
that science is boring
enterprise devoid of
passion. 

the rush to communicate findings 
to peers. This open-minded realism 
(Harding & Hare, 2000) encapsulates 
the investigator’s challenging task 
of being willing to be wrong in their 
expectations regarding their scientific 
inquiry. 

Remainingopen-mindedduringthe 
process of scientific inquiry allows 
the investigator to consider that their 
expectations or their understanding of 
other aspects of the study may not be 
correct. Thus, an investigator can be 
moreopen todiscoveriesor todata that 
is contradictory to what was expected. 
A physicist used the metaphor of the 
SCIENTIST AS ARTIST, 

It’s like an artist. An artist 
does not know the answer. An 
artist in the process of creating 
something lets the process lead 

them to whatever they are doing. 
They experiment and that’s kind 
of what you do in science. 
The correspondence of this 

metaphor to the experience of being 
a scientist requires that we understand 
that authentic scientific investigations 
do not progress in a linear way where 
one step invariably leads to the next. 
Scientists may not know exactly how 
their investigation will progress and 
so must be open to the process of 
scientific inquiry in the same way an 
artist is open to their muse. 

This metaphor reminds us that 
scientificinquiryisnotsetofproscribed 
stepswithaknownoutcome.Rather, it 
isanexploration into theunknown,but 
knowable world. Anice description of 
this typeofexplorationinahighschool 
setting is given in Crawford’s (2000) 
casestudy. Inone instance (p.923), the 
teacher indicates that he doesn’t really 
know what will be discovered as they 
begin analyzing data from a nearby 
river. He conveys both his excitement 
fordiscoveryandhisopen-mindedness 
toward theresults theymayfind. In this 
way, the teacher provides an example 
for his students of this characteristic 
of a good scientist. 

Putting yourself in your work 
Lemke(2003)andothersunderstand 

that science is not a dispassionate 
search for objective truth. The image 
of the emotion-less scientist may 
encourage non-scientists, including 
children, in believing that science is 
boring enterprise devoid of passion. 
Scientists in our study, however, 
described doing science as a much 
more creative endeavor where they 
design methods and look at data in 
many different ways. To develop new 
knowledge about the world entails 
putting a little of yourself into your 
work. 

�� Science educator 



  

   

    
     

     
     

    

      

   

    
   

    

     

    

    
    
     

     

    

    

    
   

 
   

   

    

  

       
    

     

 

 

      
     

   
 

A medical scientist compared 
coming up with something new in 
science to cooking. In this view of 
SCIENCEASCOOKING,thescientist 
does not suggest just following a 
recipe. To do so will not lead to a 
new dish or concoction. Adding a 
spice here and there, however, or 
substituting items can create a recipe 
unliketheoriginal.Similarly,scientific 
progress can result from trying out 
different variations of an idea. The 
correspondence of this metaphor with 
theexperienceofa researchscientist is 
in feeling that the investigation is their 
own. An anthropologist compared 
doing scientific inquiry to PLAYING 
A CELLO. 

Yo Yo Ma, who is a cello 
player, says that interpretation is 
not passive. It’s not just playing 
the notes as they are written; it’s 
putting something of your own, 
yourself there. 
Othermetaphors thatscientistsused 

that have similar correspondences 
regarding ownership of the process of 
scientific inquiry include SCIENCE 
AS FARMING and SCIENCE AS 
GARDENING. 

Farmersdothat todayindeter
mination of when to plant, what 
to utilize in the fields. They use 
the available evidence of what 
they’re told and they fit that in 
with their experience and what 
their father or their grandfather 
did 
If further studies are needed, 

the farmer or gardener may repeat 
appropriate stages of inquiry and 
redesigntheexperimentusingdifferent 
controls.Thefarmerguidestheprocess 
according to their own goals and 
purpose much as a scientist guides 

the process of scientific inquiry to 
gain a deeper understanding of their 
questions. 

Let’s say somebody is a gar-
dener.Maybe they tried growing 
tomatoes in different locations 
or different amounts of sun or 
the soggy part of the garden as 
opposed to the dry part of the 
garden. 

Scientific inquiry was also com
pared to the creative act of WRITING 
POETRY. The construction and selec
tion of styles of poems is similar to 
the process of designing and choosing 
methods to form and shape a study. 
Writing poetry and designing a study 
are creative endeavors that involve 
the self in producing a unique creative 
work within a structural frame. Inter
estingly, Watts (�00�) has recently 
argued for explicit connections be
tween science and poetry in school 
curricula. 

Teaching science in ways that do 
not engage students in the process of 
inquiry reinforces an image of science 
and scientists as lacking creativity 
(Moravcsik, 1981). 

Scientific inquiry is not an 
unemotional, detached, and un
involved activity where results are 
known and nothing out of the ordinary 
ever happens. Ascientist from applied 
health described contrast between 
teaching that emphasized reciting 
facts found in a science textbook and 
the importance of involving yourself 
in your work. 

That was a big realization for 
me—youdon’tactuallyjust learn 
the book and spit it back; it’s like 
you are making the book. 

Utilizing Resources 
Scientific inquiry investigations 

involve the use of resources or tools 
that will help bring a study to a 
fruitful resolutionof the investigator’s 
question. How a scientist chooses to 
use theavailable resources impacts the 
results of the study. Thus, scientists 
need to be skilled in selection of the 
appropriate tool for the investigation 
and must be able to use the tool in a 
proficient manner. 

Scientific inquiry is not
an unemotional, 
detached, and unin
volved activity where 
results are known and 
nothing out of the ordi
nary ever happens. 

Ageographer used the metaphor of 
teaching someone to fish to explain 
the importance of knowing how to use 
the tools in an inquiry investigation. 
If someone wants to feed him/herself, 
one does not just give that person the 
fish. To teach a person how to fish, you 
give them a rod or the tools necessary 
to fish then assist them in developing 
skills and techniques infishing.This is 
similartocarryingoutscientificinquiry 
investigations—the investigator must 
know how to conduct the research and 
not just be focused on getting the fish 
or the “right answer.” 

Several scientists mentioned the 
role of a metaphorical TOOL BAG 
in an inquiry investigation. Each tool 
bag contains methods, instruments, 
questions, techniques, and it is up to 
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thescientist todecidewhichtool touse, 
and when, in an investigation. 

and thenI think theother thing 
that you need is a kind of tool 
bag and you gotta have a lot of 
different tools because typically 
one tool isn’t going to get you 
what you wanted. 

Knowing how to make effective 
use of resources equips scientists to 
conduct successful investigations. A 
chemist compared competency with 
the toolsused in inquiry investigations 
with the skills used in PAINTING. 
A painter must know how to use the 
brush, the paints, and the canvass to 
construct a painting, just as a scientist 
must be proficient at using available 
tools to enhance investigations. 

The ability to “make
connections” between 
the data was most 
frequently cited as
the most important
characteristic of doing
scientific inquiry. 

Problem-solving 
In the course of conducting a 

scientific inquiry any number of 
problemsmaybeencountered. Indeed, 
this experienced reality is often 
summeduphumorouslyas“Murphy’s 
Law” stating that if anything can go 
wrong, it will (and usually at the 
worst possible moment). Solving 
these unexpected problems can be a 
major use of investigators energy. The 
need to address vexing problems in 
daily life led some scientists to relate 
problem solving in a scientific inquiry 

to solving problems in their everyday 
lives. In these scientists’ view, non-
scientists can benefit by approaching 
and solving everyday life problems 
in the same way scientists approach 
solving scientific problems. 

A common metaphor form for 
problem solving strategies is one 
we call “the lawnmower metaphor.” 
The Lawnmower metaphor refers 
to a set of metaphors that take the 
form of repairing a complex machine 
(SCIENCE AS ENGINE REPAIR). 
The metaphor is used to describe the 
systematic process that scientists use 
as part of the problem solving strategy 
within an inquiry. This metaphor also 
containswithin it theneedof scientists 
to use failure to inform the progress 
of their inquiry. 

[You] take your lawnmower 
youpull thecordanditstarts.You 
went inwithcertainassumptions. 
You’re going to have clean gas, 
you’re going to have a full level 
of oil. Well, you go one day and 
you pull the cord and it doesn’t 
work. You begin questioning 
those things you assumed are 
in place. You think about it. You 
check the gas. You check the oil 
level. You check all these things 
basically you assumed at the 
outset when you walked up to 
the lawnmower. Then you find 
out where you went wrong. And 
you hope it’s one you know and 
can control. You hope that it’s 
not some working part that you 
don’t have knowledge of. You 
really think about what you’re 
doing. At least the way I do. It all 
comesdowntosolvingproblems 
and understanding whenever 
you get an unexpected result 
the first thing you have to do is 
assume—assuming everything 

in the experiment was done cor
rectly—assume that you made 
an erroneous assumption. And 
you’ve got to locate that and fix 
it and retry. 

Notice that the process of problem 
solving described by this scientists 
moves from simple solutions to more 
complicated solutions—a commonly 
identified characteristic of the nature 
of science. 

Making Connections 
The ability to “make connections” 

between the data was most frequently 
cited as the most important charac
teristic of doing scientific inquiry 
(Harwood,Reiff, &Phillipson,2002). 
This skill in making connections in
volves theuseofanalytical andcritical 
thinking skills to identify patterns and 
inconsistencies across the data. Sci
entists recognized the importance of 
individual pieces of data but also how 
the data can be connected to provide 
a pattern, model, or theme. 

For example, a geologist used 
the metaphor of SCIENCE AS A 
BRICK BUILDING to represent the 
significance of each piece of data (a 
brick) in the analysis of the larger set 
of data corresponding to the overall 
stucture. 

I think science has a very big 
building of bricks, not always a 
capstone. Everybody puts their 
brick here and there and not all 
bricks are superior important 
oneslikeacapstoneorsomething 
but every brick counts. 

Even data from separate investi
gations can be connected to enhance 
an understanding of a scientific con
cept. 

Anotherpartofmakingconnections 
is to be able to focus on current inves
tigations, but also to have insights into 
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implications of the study and further 
possibilities for research. A biolo
gist articulated this process with the 
metaphor of SCIENCE AS A CHESS 
GAME in that one needs to be able to 
“recognize the important questions 
but be able to look ahead 5-6 moves.” 
Connectionsalsoneed tobemadewith 
the existing body of literature on a 
topic. A chemist used the metaphor of 
SCIENTIFICINQUIRYASLEARN
ING A FOREIGN LANGUAGE to 
describe the process of connecting 
the body of known information to 
the new information arising from the 
current study. 

“thisability to thinkabstractly 
about a problem is absolutely 
crucial. It’s also crucial to have 
a lot of facts at your disposal 
it’s very vaguely like learning 
a foreign language. You have to 
learn syntax and grammar and 
that’s the thinking abstractly 
part, how things were generally 
put together. But, also to learn 
a foreign language you have to 
learn vocabulary. In science you 
must know a set of a reasonably 
large number of facts.” 

A scientist needs to be fully aware 
of details, but not lose sight of how 
these might fit into the “Big Picture”. 
A geologist used the metaphor 
of SCIENTIFIC INQUIRY AS 
BUILDING AMOSAIC ARTWORK 
in just this way. They point out that 
in making a mosaic, the artist had 
to decide how the pieces would be 
placedandarranged in thepicture.The 
important part is not to loose track of 
the individual pieces. At first the artist 
might justhaveapileofyellow,purple, 
and brown mosaic tiles but how these 
are placed together or connected will 
determine how the picture will look. 

Ageographer used the metaphor of 
being able to see the forest through the 
trees as an essential characteristic of 
an investigator in scientific inquiry. 
Scientists who are so focused on the 
details of an investigation (the trees) 
may not be able to take a step back 
and see how the data are connected 
(the forest). 

Explicit use in the
classroom of meta
phors that focus on the
five characteristics we 
identified may provide 
students with a clearer 
understanding of the
nature of science and 
scientific inquiry. 

Being able to synthesize 
the big picture but also at the 
same time concentrate on the 
details—not losing sight of the 
forest from the trees, but also 
looking at the tree itself. 

This ability to make connections is 
anessentialcharacteristicofconducting 
scientific inquiry investigations. This 
skill requires the ability to synthesize 
large amounts of data and to see the 
patterns that exist between the data so 
that the meaning can be given. 

Conclusion 
‘When it comes to atoms, 

language can only be used as 
in poetry. The poet, too, is not 
so concerned with describing 
facts as with creating images’ 

(Niels Bohr, quoted in Mash
hadi, 1997). 

The metaphors used by scientists to 
articulateaspectsof theirconceptionof 
scientific inquiry identified five broad 
characteristicsof scientists engaged in 
scientific investigations: 
open-mindedness, putting yourself in 
yourwork,utilizingresources,problem 
solving, and making connections. 
Specificmetaphorssuchaslawnmower 
repair,painting,musicalperformance, 
cooking, and the tool bag elucidate 
aspects of the process of scientific 
inquiry and the characteristics of good 
science. 

These metaphors help us to 
understand theconceptualapproaches 
and experiences that the community 
of scientists values. Explicit use 
in the classroom of metaphors that 
focus on the five characteristics 
we identified may provide students 
with a clearer understanding of 
the nature of science and scientific 
inquiry. Teachers of science can 
choose activities that reinforce these 
perspectives and develop the skills 
most valued by active research 
scientists. The use of metaphors helps 
to describe scientific inquiry in such 
a way that relates scientific practices 
with experiences to which people are 
familiar. In this way,perhaps, students 
may begin to perceive themselves 
as modeling scientific inquiry when 
doing normal activities such as fixing 
a car or gathering evidence to make 
an informed decision. 
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Jale Çakiroglu, Erdinç Çakiroglu, William J. Boone ˘ ˘ 

Pre-Service Teacher Self-Efficacy 

Beliefs Regarding Science Teaching:


A Comparison of Pre-Service

Teachers in Turkey and the USA
 

Results from a study to compare preservice elementary teachers’ efficacy 
beliefs at a large Turkish university and at a large American Mid-Western 
university indicate that the preservice elementary teachers in these two 
countries may have different science teaching efficacy beliefs. 

The issue of teachers’ efficacy is 
of importance as teacher preparation 
programs throughout the world 
attempt to address shortages of 
qualified, competent teachers. In the 
field of science education, monitoring 
and reacting to the issue of efficacy 
seems to be one way in which 
teacher preparation programs are 
evaluating the structure of programs. 
In developing countries there is an 
immediate need for qualified and 
innovative science instruction as 
governments attempt to insure that 
a pool of scientists, engineers and 
computer specialists are trained for 
business and academic research and 
citizens are provided with (and retain) 
some understanding of science. This 
study provides a comparison of the 
self-efficacyof futurescience teachers 
in two countries (one developed and 
one rapidly developing). Analysis 
suggests what might be learned to 
aid teacher preparation programs in 
many settings. 

Teachers’ sense of efficacy is a 
construct derived from Bandura’s 

In developing countries
there is an immedi
ate need for qualified 
and innovative science 
instruction as govern
ments attempt to insure 
that a pool of scientists,
engineers and com
puter specialists are 
trained for business 
and academic research 
and citizens are 
provided with (and
retain) some under
standing of science. 
(1977) theory of self-efficacy in 
which the generalized behavior of an 
individual is based upon two factors, 
(a) a belief about action and outcome; 
and (b) a personal belief about one’s 

ability to cope with a task. Tschannen-
Moran and Woolfolk Hoy (�00�) 
defined teacher efficacy as a teacher’s 
“judgment of his or her capabilities 
to bring about desired outcomes of 
studentengagementandlearning,even 
among those students who may be 
difficult or unmotivated.” (p.783) 

Teacher efficacy has been found 
to be one of the important variables 
consistently related to positive 
teaching behavior and student 
outcomes (Gibson & Dembo, 1984; 
Ashton & Webb; 1986, Enochs et al., 
1995;Woolfolk&Hoy,1990;Henson, 
2001). Research on the efficacy of 
teachers suggests that behaviors such 
aspersistenceata task, risk taking,and 
the use of innovations are related to 
degrees of efficacy (Ashton & Webb, 
1986).Forexample,highlyefficacious 
teachers are more likely to use open-
ended, inquiry, student-directed 
teaching strategies, while teachers 
witha low senseof efficacywere more 
likely to use teacher-directed teaching 
strategies such as lecture or reading 
from the textbook. Research indicates 
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thatstudentsgenerally learnmorefrom 
teachers with high self-efficacy than 
those same students would learn from 
those teachers whose self-efficacy is 
low (Ashton & Webb). Woolfolk and 
Hoy argue that teacher efficacy is one 
of the few constructs about teachers 
that is related to “the behavior of 
learning of students.” 

The construct of teacher efficacy 
has been explored by a number 
of researchers in recent years. For 
example, Tschannen-Moran et al. 
(1998) proposed a model of efficacy 
that integrates several important 
components of social cognitive 
(Bandura, 1997) and locus of control 
theories (Rotter, 1966). Within this 
model, teacher’s efficacy judgments 
are the result of the interaction 
between a personal judgment of the 
relative importance of factors that 
make teaching difficult and a personal 
assessment of his or her personal 
teaching competence or skill. 

Bandura (�9��) argues that teacher 
efficacy is a situation-specific and 
even subject-specific construct. For 
example, a teacher’s self-efficacy 
may be low while teaching science, 
but high while teaching language arts. 
For this fictitious teacher they may 
devote more time to language arts 
instruction in comparison to science. 
Furthermore this teacher might have 
more personal interest in participating 
inprofessionaldevelopmentactivities 
related to language arts as opposed to 
science. 

Enochs and Riggs (�990) claimed 
that a teacher’s belief system is 
important in elementary science 
teaching. They suggest that two types 
of beliefs seemed relevant, belief that 
student learning can be influenced 
by effective teaching (outcome 
expectancy beliefs) and confidence 
or belief in one’s own teaching ability 

(self-efficacybelief;Gibson&Dembo, 
1984). Having one belief being high, 
for instance outcome expectancy, 
does not mean a strong belief with 
respect to the other measure. Riggs 
(�99�)reportedthatelementaryschool 
teachers with low science teaching 
efficacy beliefs avoided science 
teaching even though their outcome 
expectancy beliefs regarding teaching 
generally were high. 

Studies evaluating cross-cultural 
comparisons of teacher efficacy 

Research indicates 
that students generally
learn more from teach
ers with high self-
efficacy than those
same students would 
learn from those 
teachers whose self-
efficacy is low . 
suggest that preservice teachers in 
different cultures vary in the degree 
to which they believe themselves 
to be efficacious in their teaching 
(Campbell, 1996; Gorrell & Hwang, 
1995; Lin & Gorrell 2001; Rich, Lev 
& Fischer, 1996; Yeung & Watkins, 
2000). These studies suggested that 
the concept of teacher efficacy may 
be influenced by the unique features 
of cultures (Gorrell, Hazareesingh, 
Carlson,&Stenmalm-Sjoblom,1993; 
Gorrell & Hwang; Lin & Gorrell; Lin, 
GorrellandTaylor,2002).Forexample, 
using a modified version of a teacher 
efficacy scale developed by Gibson 
and Dembo (�9�4), Lin and Gorrell 
suggested the existence of a different 
factor structure compared with the 

original scaledevelopedwithasample 
of Taiwanese preservice teachers. 
They concluded that the concept of 
teacher efficacy may be culturally 
oriented and needs to be carefully 
examined when applied to teachers in 
different countries. Similarly, Lin et 
al. examined the influence of culture 
and education on U.S. and Taiwan 
preservice teachers’ efficacy beliefs, 
they found that preservice teachers 
in these two countries may have 
conceptually different expectations 
of teaching (e.g. parental support, 
social awareness, individual efforts). 
They suggested that in both countries, 
preservice teachers’ efficacy beliefs 
may be influenced by the context 
of their academic programs, by 
their increasing competence and 
experienceas teachers, andbycultural 
perspectives. In another study, Rich 
et al. (1996) conducted a study to 
examine thevalidityof theGibsonand 
Dembo teacher efficacy scale. When 
translated toHebrewandadministered 
to Israeli teachers, results indicated a 
factorial structure of this particular 
teacher efficacy scale similar to that 
observed with an American sample 
of students. Gorrell et al. (1993) 
comparedAmerican,Swedish, andSri 
Lankan preservice teachers and found 
that American preservice teachers 
had more positive general efficacy of 
teaching beliefs compared to Swedish 
andSriLankan teachers.However,Sri 
Lankan teachers’ personal efficacy 
beliefs were found to be higher than 
that of American preservice teachers. 
In another study, Campbell (1996) 
compared teacher efficacy beliefs 
of preservice and inservice teachers 
in Scotland and America and found 
no significant difference between the 
two countries with regard to teacher 
efficacy. 
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Gorrell & Hwang (1995, p. 101) the American system. In Turkey, 
have argued that there is a research elementary school teachers are 
trendtowards“understandingteaching educated through undergraduate The students attending
and teacher education in terms programs of four years in duration. teacher education of development of teaching and All of the teacher education programs 
personal efficacy beliefs.” They throughout Turkey are required to programs in Turkey 
suggested that teacher efficacy is offer core coursework for preservice are selected through a 
an important topic for comparative elementaryteachersthatissuggestedby 
studies between the United States and the Higher Education Council (YÖK, nation-wide university 
othernations.“Studieswithpreservice 1998). All of the teacher education entrance examination 
and inservice teachers both in the programs in Turkey are intended to that is used to identifyUnited States of America and in other educate prospective teachers for the 
countrieswouldprofit fromexamining schools of the Ministry of National students for all 
closely the growth of teaching and Education, which has centralized university programs. 
personal efficacy as teachers expand the curricula throughout the country 
their teaching orientations and their (Çakiroglu & Çakiroglu, 2003). The 

teaching methods for subject matter experiences” (Gorrell & Hwang, p. students attending teacher education 
104). programs in Turkey are selected ˘ courses (Simsek & Yildirim, 2001). ˘ 

During the 4 year preservice through a nation-wide university 
elementary teachereducationprogram entrance examination that is used to A Brief Comparison of in Turkey, students are required to identify students for all university Two Teacher Education complete coursework that concerns programs. Elementary education 
both general education and subject Institutions-One Turkish, programs in Turkey presently use a 

One American curriculum which has resulted from matterareas.Studentsmustalsosatisfy 
a practice teaching requirement. The The American and Turkish teachereducationreformeffortswhich 
four years of coursework is a total of systems of teacher education have have been taking place in the country 

many similarities and differences. since1998.Asaresultof thesereforms, 	 152 credits hours (YÖK, 1998). The 
The Turkish system of teacher more emphasis has been placed upon 	 list of science related courses required 

ofTurkishstudents isprovidedinTable preparation, for example, is currently improved field experiences, fostering 
very centralized when compared with technology literacy, and providing �, for the authors believe the number 

of science courses preservice teachers 
complete is relevant information with 

Table 1 
Science related courses the sample of preservice teachers were required to 
complete in Turkey and USA 

Courses	 Turkey	 USA 
Credit	 Credit 
Hours	 Hours 

Scientific Inquiry ..................................–	 3 
Biology.................................................3	 3 
Earth Science ......................................6	 3 
Chemistry ............................................3	 – 
Physics ................................................3	 3 
Ecology................................................3	 3 
Science Teaching Methods..................6	 5a 

a Includes a 2 credit hour field experience. In the methods courses of the 
Turkish students, there is no accompanying field experience. 

regard to science teaching efficacy. 
Quite contrary to the Turkish 

system, teacher certification require-
ments in the USA are determined by 
each state and as a result, colleges and 
universities must develop curricula 
and related experiences to comply 
with these varied, state by state, 
regulations. In the United States 
there are no national requirements for 
teacher preparation, quite contrary to 
that observed in Turkey. 

During the 4 year American 
program evaluated in this study, 
preservice elementary teachers 
complete a total of ��� credits 
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In general, USA pre
service teachers have 
stronger personal
science teaching
efficacy beliefs than
Turkish preservice
elementary teachers. 
from four different areas—general 
education, an area of concentration 
(e.g. science, math, social studies), 
electives and professional education. 
The general education component 
includes courses in numerous subject 
areas such as language arts, fine arts, 
mathematics, science, and social 
studies. The area of concentration 
enables students to gain an in-depth 
knowledge in a subject of their 
choice. The professional component 
includes a series of subject-specific 
methods courses (work within the 
fieldofpsychology/learning,applying 
technology in education settings, 
multicultural courses, the history of 
American education, an examination 
of the purpose of schooling in 
America) field experiences, seminars, 
and a final semester-long student 
teaching experience. 

Purpose
The purpose of this study is to 

compare preservice elementary 
teachers’ efficacy in a Turkish 
university, and in at a major American 
university located in the Midwest. 
While researchershaveexaminedpre
service teachers’ efficacy extensively 
in United States, there is little 
work which has been carried out 
concerning preservice teachers’ 
efficacy beliefs regarding science 
teaching in Turkey, and perhaps not 

surprisingly no research has been 
donecomparinghowTurkishstudents’ 
self-efficacy inscience teachingmight 
compare to their peers at an American 
institution. The information provided 
by this study may not only help one to 
better understand Turkish preservice 
elementary teachers’ efficacy beliefs 
regarding science teaching, but 
also reveal possible differences and 
similarities between students of 
these two different countries with 
respect to teacher efficacy beliefs. 
Knowledge of preservice teachers’ 
efficacy beliefs is an important step if 
positiveeducationalexperiencesare to 
be designed for preservice teachers in 
teachereducationprograms inTurkey. 
Knowledge of how students of these 
two countries compare will help one 
see how students might be similar 
and dissimilar. This might help one 
revisit assumptions one might have 
about a particular program of study 
for preservice science teachers. 

Instrument and Data 
Collection 

The data for this study were 
collected by utilizing Enochs and 
Riggs’ (�990) Science Teaching 
Efficacy Belief Instrument (STEBI-
B). The STEBI-B is comprised of two 
subscales; personal science teaching 
efficacy beliefs (PSTE, 13 items) and 
science teaching outcome expectancy 
(STOE, 10 items). High scores 
on the first scale, relative to other 
respondents, indicateastrongpersonal 
belief inone’sownefficacyasascience 
teacher, and high scores on the second 
scale indicate high expectations of the 
outcomes of science teaching—for 
instance confidence in how students 
will do in science. 

In order to develop a Turkish 
language version of the STEBI-B the 
original instrumentwas translated into 

Turkish by the researchers. The next 
step involved an independent back 
translation of the Turkish version into 
English by two qualified, bilingual 
Turkish graduate students who were 
not involved in theoriginal translation. 
Then the Turkish researchers checked 
the back translations and, for some 
items, necessary modifications in the 
Turkish translation were carried out. 
Turkish pilot test results produced 
alpha coefficient of 0.86 for PSTE 
subscale and 0.79 for STOE subscale. 
Afactoranalysis suggests the factorial 
structure of the STEBI-B developed 
byEnochs andRiggs (�990)with their 
American sample of students was the 
samestructureas thatobservedfor this 
sample of Turkish students. 

All of the Turkish participants 
were enrolled in a four year teacher 
education program. In the Turkish 
sample there were �00 preservice 
elementary teachers (4� female and 
52 male) and in the American sample 
there were 79 preservice elementary 
teachers (65 female and 14 male). The 
data were collected by convenient 
sampling and all preservice teachers 
from both countries participated 
voluntarily in the answering of 
questionnaires. 

Data Analysis
The stochastic Rasch model was 

used to evaluate the survey data. One 
important benefit of the model is 
that it can provide estimates of item 
difficulty and person ability and/or 
attitude that are relatively invariant 
over different samples (Green, 1996). 
The Rasch model converts non-linear 
raw scores of person and items to 
measures on a linear logit scale. It is 
critical to point out that parametric 
tests assume the use of a linear scale. 
Thus, the utilization of raw scores 
from survey instruments potentially 
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Table 2 
Descriptive statistics based upon raw scores 

Turkish Students	 USA Students 

PSTE	 STOE	 PSTE	 STOE 
N...........................................100	 100	 79	 79 
Minimum ............................... 3.0	 3.30	 3.38	 2.70 
Maximum............................. 5.54	 5.85	 5.85	 5.40 
Mean.................................... 4.25	 4.37	 4.65	 4.19 
SD........................................ 0.57	 0.59	 0.58	 0.56 

Note. Values were based on the raw score average of all subscale items.
Maximum possible score was 6 and the minimum possible score was 1.
A higher score indicates stronger positive PSTE and STOE beliefs. In the
questionnaire judgments were made on 6-point scales (1 = strongly disagree,
6 = strongly agree) 

violates measurement assumptions. 
Wright and Linacre (�99�) also 
mention a number of additional 
advantages of utilizing the Rash 
model: (�) an evaluation is allowed 
whenrespondentsdonotanswerevery 
item,(�)measurementerrorsofsurvey 
items and respondents are reported; 
and (3) idiosyncratic responses of 
students can be easily detected. 
Survey data were calibrated by using 
the BIGSTEPS computer program 
(Wright & Linacre). Much of the data 
presented in this study is reported in 
Rasch log odds units (so called logits), 
which take into consideration issues 
of non-linearity. The authors provide 
appropriateguidance laterwith regard 
to the relative meaning of differences 
betweencomparisongroupsexpressed 
in logits. In some tables the raw score 
is provided to ease understanding 
for those unfamiliar with logits, but 
all statistical tests were carried out 
using the logit measures (as opposed 
to raw scores) calculated for each 
respondent. 

Results 
A descriptive analysis of student 

data indicates generally positive self-

efficacy beliefs regarding science 
teaching in both countries (Table 
2). Overall preservice teachers 
generally had high science teaching 
outcome expectancy scores, which 
meant in general, that participants 
had expectations that their science 
teaching would influence student 
science learning. 

An initial raw score analysis 
suggested that about 89% of the 
participants in USA and 78% of the 
participants in Turkey had confidence 
in their ability to teach science 
effectively. In both countries only 
about 45% of the participants felt 
they knew the steps necessary to 
teach science concepts effectively. 
Similarly, about 59% of preservice 
teachers in both countries claimed 
to understand science concepts well 
enough to be effective in teaching 
elementary science. 

Respondentsalsoseemedgenerally 
willing toassumethat student learning 
in the content area of science is the 
responsibility of the teacher. About 
77 % of the participants in the USA 
sample indicated that good teaching 
could overcome the inadequacy of 
a student’s science background. On 

the other hand, 94% of the Turkish 
participantsagreedwiththisstatement. 
While more than half of the Turkish 
participants (64%) believed that the 
teacher is generally responsible for 
theachievementofstudents inscience, 
this percentage was slightly lower in 
USA sample (46%). 

To compare both the PSTE and 
STOE views of the students, Rasch 
measures for the two student samples 
were calculated. This meant that a 
set of items defining self-efficacy 
was used to calculate an overall 
attitudinal measure, and that measure 
was provided in linear (non raw 
score units). Also the set of items 
defining outcome expectancy was 
used to calculate an overall attitudinal 
measure, and that measure also was 
provided in linear units. Then those 
linear measures (two for each person) 
were used for parametric tests. First, 
ANOVA procedures were utilized. 
First, a 2x2 ANOVA was run on 
the data using gender and country 

It is conceivable that 
the successful imple
mentation of science 
education programs 
may depend on teach
ers’ self-efficacy beliefs, 
that is, their personal 
beliefs regarding their
ability to teach science
and their ability to
produce positive
outcomes in science 
for students. 
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as independent variables, and the Asecond2x2ANOVAwasrunwith questionnairewerecomputed.Tables3 
students’ PSTE measures were used the same independent variables and and 4 provide the logit measures of the 
as the dependent variables. ANOVA the logit measures of STOE (Outcome itemscomprising thePSTEandSTOE 
results indicated that preservice expectancy)as thedependentvariable. scales. In these tables, lower logit 
elementary teachers of the American This analysis indicated that science measures indicate items which were 
sample had a significantly higher teachingoutcomeexpectancymeasures easier to agree with by the surveyed 
personal science teaching efficacy of thepreservice teachers fromthe two preservice elementary teachers, and 
measure thanthepreservice teachers in countries did not differ significantly the higher logit measures indicate 
Turkey, F(1,175) =7.19, p <0.05.This F(1,175) = 0.002, p = .965. In other itemswhichwereharder toagreewith. 
meansthat thesepreserviceelementary words, the degree to which these The differences in the functioning 
teachers in the United States had preservice teachers’believed that their of items in two countries were also 
significantly more positive beliefs in teachingcaninfluencestudent learning tested. In testing the significance of 
their own ability to influence student were not significantly different in the the difference in item functioning, the 
learning in science than their peers in twocomparedcountries.TheANOVA alpha levelwas set tobe .004 forPSTE 
Turkey. Although the difference was results suggest that among these two scale items and .005 for STOE scale 
statistically significant, the effect size groups of preservice elementary items, inorder toreducetheprobability 
was found to be small (eta squared teachers gender was not a significant of type one error. There were several 
= .04) There were no significant factor which could predict the items in PSTE scale that demonstrate 
differences between PSTE scores of magnitude of one’s science teaching statistically significant difference in 
female and male preservice teachers outcome expectancy belief F(1,175) terms of functioning between the two 
neither in theoveralldata set,F(1,175) = 0.264, p = 0.608. samples (Table 3). 
= 1.11, p = 0.293, nor when compared To investigate the responses of In the PSTE scale the item which 
as a function of country, F(1,175) = preservice teachers to each survey was most easy to agree with in the 
1.23, p = 0.353. item, logit measure of each item in the USA sample involved believing to 

Table 3 
Responses of preservice teachers to personal science teaching efficacy items. 

USA Turkey
 
Measures	 Measures
 

Items	 (logit)	 (logit)	 t
 

Be at lost in helping students with difficulties in understanding sciencea ................-2.87	 -0.05	 -9.78*
 

Not able to effectively monitor science experimentsa ..............................................-1.10	 -0.21	 -3.47*
 

Not willing to be observed by supervisor while teaching sciencea ...........................-0.27	 0.49	 -3.35*
 

Know steps to effectively teach science ....................................................................0.12	 0.77	 -3.06*
 

Will not likely have necessary skills to teach sciencea ..............................................0.45	 0.47	 -0.10
 
Understand science well enough to be effective in teaching.....................................0.50	 0.17	 1.55
 
Will not be able to teach science as well as most subjectsa .....................................0.52	 -0.01	 2.49
 
Will generally teach science ineffectivelya ................................................................0.30	 -0.25	 2.51
 
Find it difficult to explain why science experiments worka ........................................0.45	 -0.12	 2.68
 
Welcome students’ questions about science............................................................-0.03	 -0.86	 3.56*
 

Will find better ways to teach science........................................................................0.28	 -0.56	 3.71*
 

Able to answer students’ science questions..............................................................1.65	 -0.30	 9.46*
 

Note. Statements of the items were abbreviated for presentation purposes. Higher logit measure indicates the statement’s
being relatively less easy to agree with. The items are ordered based on t values. Statements relatively easier to agree with
in USA sample than the Turkish sample are presented at the top of the table and the statements relatively easier to agree
with in Turkish sample than the USA sample are presented towards the bottom part of the table. 
a Items reversed before scoring 
*p < .004 
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Table 4 
Responses of preservice teachers to science teaching outcome expectancy items. 

USA Turkey 
Measure	 Measure 

Items	 (logit)	 (logit)	 t 

If parents note an increase in the interest in science, it is due to the
teacher’s performance........................................................................................................ -0.34	 0.24	 -2.73 
When a student does better than usual in science, it is due to teacher’s 
extra effort. ......................................................................................................................... -0.15	 0.41	 -2.63 
Teacher is responsible for student’s science achievement................................................. -0.01	 0.51	 -2.62 
Improved science grades of students are due to teachers’ effective
teaching approach. ............................................................................................................. -0.78	 -0.43	 -1.50 
The inadequacy of a student’s science background can be overcome
by good teaching. ............................................................................................................... -1.02	 -1.01	 -0.04 
Low science achievement cannot be blamed on teacher. a .................................................1.15	 1.14	 0.05 
When a low achieving child progresses in science, it is usually due to
extra attention given by the teacher......................................................................................0.11	 -0.34	 2.18 
Increased effort in science teaching produces little change in students’
science achievement. a ........................................................................................................0.53	 0.09	 2.20 
Underachievement is due to ineffective science teaching....................................................0.53	 0.00	 2.65 
Science achievement of a student is directly related to teacher’s
effectiveness in teaching. ................................................................................................... -0.01	 -0.60	 2.76 

Note. Statements of the items were abbreviated for presentation purposes. Higher logit measure indicates the statement’s
being relatively less easy to agree with. The items are ordered based on t values. Statements relatively easier to agree with
in USA sample than the Turkish sample appears at the top part of the table and the statements relatively easier to agree with
in Turkish sample than the USA sample are presented towards the bottom part of the table. 
a Items reversed before scoring 

have “the ability to help students 
having difficulties in understanding 
science” (Table 3). This statement 
had significantly different degrees of 
agreement in twocountries.Preservice 
teachers in USA agreed with this 
statement more than their peers in 
Turkey (Table 3). On the other hand, 
the statement about being “able to 
answer students’ science questions” 
was significantly easier to agree in 
Turkey than USA. 

With respect to the STOE scale, the 
most easy to agree with and the least 
agree to with items in both countries 
were the same. The most agreed item 
involved whether the inadequacy of 
a student’s science background can 
be overcome by good teaching. The 
least agreed to item, in both countries, 
was that the lowscienceachievements 

of students can be blamed on their 
teachers. In addition, none of the 
items in STOE scale had significantly 
different functioning in two samples 
(Table 4). 

Discussion 
Results from this study indicate 

that there were differences in personal 
teaching efficacy beliefs of the USA 
and Turkish samples of preservice 
teachers. 

Ingeneral,USApreservice teachers 
have stronger personal science 
teaching efficacy beliefs than Turkish 
preserviceelementary teachers.There 
were also significant differences on 
the responses to several individual 
items in the personal science teaching 
efficacyscale.Forexample,preservice 
teachers in Turkey had significantly 

higher beliefs on themselves for 
welcoming student questions about 
science or being able to answer 
students’sciencequestions.Preservice 
teachers in USA, on the other hand, 
hadstrongerbeliefs in themselves tobe 
able to help students with difficulties 
in understanding science. 

There may be various reasons for 
this difference. Since the instrument 
was created utilizing samples in USA, 
it is possible that some statements 
in the questionnaire are not suitable 
when applied to differing cultural per
spectives. Similarly, Lin and Gorell 
(�00�) suggested that the concept of 
teacher efficacy may be culturally 
oriented and thus need to be carefully 
examined when applied in different 
cultures. Another reason of such a 
difference may be the coursework that 
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preservice teachers in both countries 
arerequiredtocomplete. Intermsofthe 
amount and the type of courses, there 
are not clear differences between the 
two programs. However, pedagogical 
courses in the teacher education 
program of the USA may have some 
differences intermsof thegoalsandthe 
learningexperiences theyprovide.For 
example,thepedagogicalcoursesinthe 
Turkish teacher education programs 
rely generally on the international 
knowledge base and mostly on the 
sources are originated from English 
speaking countries (Çakiroglu & 
Çakiroglu, 2003). This may result 
in less relevant understanding of 
the science teaching issues by the 
preservice teachers in Turkey, which 
in turnmaybringabout lowerpersonal 
science teaching efficacy beliefs.˘ 

Preservice teachers’conceptions of ˘ 
theirworkplacemayalsocontribute to 
their personal efficacy beliefs. These 
beliefs are partly formed through 
student teaching experiences. Some 
researchers have suggested that 
fieldwork may influence preservice 
teachers’ sense of efficacy towards 
science (Huniker and Madison, 1997; 
Ramey-Gassert et al., 1996, Crowther 
& Cannon, 1998). Both of the samples 
we investigated in this study had 
not completed the student teaching 
experiences. However, the preservice 
teachers in USA completed a field 
study accompanied with a science 
teaching methods course. Due to 
having more student teaching hours, 
the American preservice teachers may 
develop a better understanding of the 
workplace and spend more time on 
understanding the issues within the 
education system. This may also help 
preservice teachers in USAto develop 
a better sense of efficacy in teaching 
science. 

Another reason of the difference 
might be the characteristics of the 
sample of preservice teachers in both 
countries. Students in both countries 
enter the teachereducationprogram in 
adifferentway.Forexample, inTurkey 
students are placed in undergraduate 
teacher education programs through 
a nationwide university entrance 
examination. After taking the exam, 
studentsmustsubmita listofprograms 
which they would like to study in the 
order of preference. It is sometimes 
the case that the candidates are placed 
to teacher education programs as their 
last choices of profession to study. 
There is a shared concern among 
teacher educators in Turkey that some 
of the candidates of teacher education 
programs make their decisions by 
thinking the well-known saying in 
Turkey: “if you cannot be anything 
you can at least be a teacher” (Altan, 
1998). For that reason, preservice 
teachers in USA might begin their 
teacher education program with more 
specific and determined aims, which 
in turn may result in different levels 
of science personal teaching efficacy 
beliefs. 

Interestingly, the science teaching 
outcome expectancy beliefs of the 
preservice teachers of both countries 
were similar. Analysis of Variance 

While researchers from 
different cultures 
practice approaches 
inherent in their own 
context, each culture 
has much to learn 
from the other. 

suggested no statistically significant 
difference in the STOE measures 
of preservice teachers in the two 
countries. In addition, a comparison 
based on individual items indicated 
no significant differences in their 
functioningbetweenUSAandTurkey. 
In both samples preservice teachers 
generally disagreed with the idea 
that low science achievement can be 
blamedonteachers.Againbothgroups 
ofpreserviceteachersgenerallyagreed 
with the idea that the inadequacy of 
a student’s science background can 
be overcome by good teaching. Data 
collected with this sample of students 
suggest that the survey items which 
emphasize a connection between 
underachievement of students and 
their teachers’ performance, tended 
to be harder to agree with than the 
other survey items. The items which 
emphasized a connection between 
improvement in student achievement 
and teacher performance tended to be 
relatively easier to agree with than the 
other items in the STOE scale. 

It is conceivable that the successful 
implementation of science education 
programs may depend on teachers’ 
self-efficacy beliefs, that is, their 
personalbeliefs regarding their ability 
to teach science and their ability to 
produce positive outcomes in science 
for students. Therefore, efficacy 
beliefs give a measure of the sense of 
how the preservice teachers perceived 
their strengths and preparedness as 
potential science teachers. Due to 
the vital role preservice teachers will 
play in educating younger generation, 
teacher education programs need to 
evaluateefficacylevelsof their teacher 
education students and begin to find 
ways to enhance their efficacy beliefs 
regardingscience teaching.Thenthese 
teacher education programs can begin 
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to launch future teachers who are 
ready, willing, and able to meet the 
needs of their students. 

Educational research that crosses 
national boundaries offers much 
promise for generating new insights 
because the familiar educational 
practices, beliefs and attitudes in one 
countrycanbeexposedandquestioned 
when researchers from two countries 
collaborate on studies involving 
teaching and learning (Albridge et 
al., 1999). While researchers from 
different cultures practice approaches 
inherent in their own context, each 
culture has much to learn from the 
other.Thecurrent studysuggested that 
theremaybecommonexperiencesand 
similar self-efficacy beliefs among 
national and cultural boundaries. 
Similarities and differences should 
be explored if we want to expand our 
knowledge about the development of 
teachers throughout theworld. In such 
cross cultural comparisons of science 
teaching efficacy, future research 
should consider beliefs about science 
teaching, for an understanding of 
science teaching—e.g. whether being 
committedtoamore“teacher-centered 
approached” or “student centered 
approached” is related to teachers’ 
belief regarding their effectiveness 
in science teaching. In addition, 
parallel longitudinal studies may help 
one better understand the influence 
of preservice teacher education 
programs to prospective teachers 
across cultures. 
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Julie Luft, Steve Fletcher and Brian Fortney 

Early Recruitment of Science

Teachers: Promising or


Problematic Strategy
 
This study examines the experiences and knowledge of students who are 
participating in a recruitment course in a secondary science, mathematics, 
and computer science teacher education program.
	

The United States currently faces 
a shortage of mathematics and 
science teachers, and the problem 
is getting worse. In response to this 
concern, several reports have been 
issued discussing the shortage of 
teachers and suggesting potential 
reform and policy measures (e.g., 
NationalCommissiononMathematics 
and Science Teaching for the ��st 

Century, 2000; National Commission 
on Teaching & America’s Future, 
1996). Among the recommendations 
that have been made, several pertain 
to the preparation of science and 
mathematics teachers at universities 
and colleges. As a result, institutions 
preparing teachers now offer different 
pathwaysforcertification,suchasone-
year programs that offer certification 
andagraduatedegree,orprogramsthat 
allow a content expert to receive on-
the-job pedagogical training. Another 
effort, which has not been discussed 
much in the literature, involves the 
recruitment of students into the 
educational pipeline. Recruitment 
programs precede formal teacher 
education programs as a means of 
increasing the pool of applicants. 

Thisstudy looksat studentswhoare 
participating ina recruitmentcourse in 

asecondaryscience,mathematics,and 
computer science teacher education 
program at a large university. By 
examining the experiences and 
knowledge of students in such a 
program, it is possible to understand 
the disposition of students who elect 
to participate in these courses, and the 
curricularandinstructionalaspects that 
impact students who are considering 
the teaching profession. The findings 
provide an additional data source 
from which to draw conclusions, 
and thus have direct implications for 
those affiliated with similar courses. 

Ideally, by understand
ing how teachers
develop and why they
remain in the profes
sion, we can design
recruitment programs 
to target students with
potential for longevity 
and impact in the edu
cational environment. 

In addition, our findings can assist 
those who are contemplating the 
development of such courses to 
consider course goals, the content and 
process of the course, and the means 
bywhichstudentsarerecruited into the 
course. While our intent is to inform 
other science teacher educators about 
our examination of this unique period 
in teacher development, we also hope 
to demonstrate the importance of 
examining the recruitment phase of 
the teacher education process, and to 
purposefully contribute to the limited 
literature in this area. 

Background
Research regarding recruitment 

courses isnotablyabsent in the teacher 
education literature.However, studies 
pertaining to teacher persistence and 
teacher development exist, and can 
inform those seeking to understand 
issues related to recruitment. Ideally, 
by understanding how teachers 
develop and why they remain in the 
profession, we can design recruitment 
programs to target students with 
potential for longevity and impact in 
the educational environment. 

The literature about teacher 
persistence suggests that a com-
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mitment to teaching and positive 
field experiences may contribute to 
one’s decision to have a career in 
education. In a study of graduates 
from a secondary science teaching 
program, Eick (�00�) compared their 
autobiographies that were written 
over time in order to determine trends 
related to persistence. Teachers still in 
the classroom (more than three years 
sincegraduation)expressed interest in 
scienceandteachingand/orrecognition 
about the rewards of working with 
students. A study conducted by 
Marso and Pigge (1997) followed 
potential K-�� teachers in order to 
explore factors that led to persistence 
in the field. After seven years only 
51% of the population had made the 
transition to the teaching profession. 
Those making the transition at the 
secondary level were very or almost 
certain about becoming teachers early 
in their teacher preparation program 
and they decided to pursue teaching 
prior to graduating from high school. 
Neither their academic aptitude nor 
their perceived effectiveness as a 
teacherwasrelatedto their transitionto 
teaching.AnearlierstudybyChapman 
(�9�4), which collected data from 
teacher education graduates, sought 
todeterminehowadministratorscould 
deter the attrition of new teachers. 
While the data revealed a limited 
impact by administrators in terms of 
retaining teachers, it was found that 
persistence was linked with an early 
commitment towards teaching and 
positive field experiences during the 
preservice program. 

The research literature is rich with 
discussions of the many aspects of the 
professionaldevelopmentof teachers, 
including the knowledge base and 
beliefs of teachers. For secondary 
science teachers, the knowledge base 

that one holds is important in terms of 
learning to implement reform-based 
practices.Thisknowledgebaseshould 
consist of an understanding of the 
prominentconcepts inone’sdiscipline 
(Carlsen, 1993; Hashweh, 1987) and 
an understanding of the processes 
and nature of science (Duschl, 1987). 
Furthermore, this knowledge should 
be connected and accessible to the 

Beliefs guide instruc
tional decisions, influ
ence classroom 
management, and
provide a lens through 
which to understand 
classroom events. 

science teacher (Gess-Newsome, 
1999). 

Ultimately, science teachers need 
to understand both the structure 
and the nature of their discipline, 
as well as have the ability to select 
and translate content into learning 
activities. But a sound knowledge 
base is not enough; the beliefs that a 
teacher holds directly impact his/her 
classroom practices (Pajares, 1992). 
Beliefs guide instructional decisions, 
influence classroom management, 
and provide a lens through which 
to understand classroom events. In 
fact, beliefs may be more important 
than knowledge when considering a 
teacher’sclassroompractice(Pajares). 
For example, Ernest (�9�9) found that 
two teachers with similar knowledge 
but different beliefs taught in different 
ways. Ultimately, he suggested that 
an understanding of teaching beliefs 

rather thanknowledgewasmoreuseful 
in predicting teachers’ classroom 
decisions. 

The UTeach Program
The UTeach program at the 

University of Texas is a joint effort 
of faculty and staff from the Colleges 
of Education (COE) and Natural 
Sciences (CNS), along with local 
teachers, topreparesecondaryscience, 
mathematics and computer science 
teachers for the state of Texas. 
As a program that draws upon 
different knowledge bases, the 
program coursework consists of 
content and pedagogical courses at 
the University of Texas and field 
experiences in surrounding school 
districts. Collectively, the different 
components of the program provide 
students with content courses that 
support theirdegreemajors,classroom 
and field experiences in various forms 
of instruction, and opportunities to 
learn about different knowledge bases 
in teaching. During each of these 
experiences students explore issues 
related to equity, technology, inquiry, 
and translating theory into practice. 

The recruitment courses, which are 
referred to as Step 1 and Step 2, are 
unique parts of the UTeach program. 
These one-credit courses focus 
primarilyonrecruitment,but theyalso 
provide field experiences in which 
students teach science in a reform
basedmanner. In Step 1, students learn 
howtoteachthreedifferentelementary 
science lessons from a popular kit. 
In Step 2, students again draw upon 
the lessons in a science kit and learn 
to teach three different reform-based 
middleschool science lessons.During 
theirfieldexperiences, thecooperating 
teacher gives feedback to the students 
on their instruction. 

4� Science educator 
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Freshmen, sophomores, juniors, 
seniors, and post-baccalaureate 
students are informed about these 
courses though written invitations, 
orientation booths, announcements, 
brochures, and COE and CNS 
advisors. Students who complete Step 
1 or Step 2 can be reimbursed for the 
tuition associated with these courses, 
and they can apply these credits to 
theirdegreeplan.Typically,more than 
half of the students who complete Step 
1 and Step 2 continue in the UTeach 
program. 

Study Context
The findings that are reported 

here represent one aspect of a larger 
study, which is being conducted at the 
University of Texas. The larger study 
looks at the development 
of beliefs, practices, and 
various knowledge bases 
of secondary science 
teachers throughout their 
teacher preparation pro
gram and during their first 
years in the classroom. 
This study is following 
17 students in the UTeach 
program from Step 1 
through their second year 
in the classroom. 

This first examination 
of the study data spe
cifically explores the first 
semester of the UTeach 
students, focusing on 
�) the circumstance of 
their recruitment, �) their 
belief and knowledge 
profiles as related to 
teaching, and 3) their 
salient experiences in 
a UTeach recruitment 
course. 

Methods 
Participants 

Randomly selectedstudents in Step 
1 courses, who indicated that they 
were science majors, were contacted 
through e-mail about participating in 
the longitudinal study of secondary 
science teachers at the University 
of Texas. Of the students who were 
contacted, 17 indicated a willingness 
toparticipate in thestudy.Table1gives 
a brief overview of the students who 
comprise this study. 

Inadditiontothetypicalpresentation 
of demographic data, information 
is also provided that pertains to the 
student’s reason for considering a 
career in education. Students who 
indicated in their first interview that 

the teaching profession was a primary 
interest are noted as “primary.” 
Students who are participating in 
the Step 1 courses for reasons other 
than being a teacher are listed as 
“secondary.” This will be discussed 
further in the Findings section. 

Data Collection and Analysis 
Interviews – To collect background 

and experiential information from the 
students participating in this study, 
semi-standardized interviews were 
conducted twice. The first interview 
occurred during Step 1 and the second 
interview took place in the following 
semester. Berg (1998) states that a 
semi-standardized interview involves 
a number of predetermined questions 
that address the research goals and 

Table 1. 
Students in Step 1 

Student	 Gender	 Year in	 Major	 Current status	 Reason for 
school	 after Step 1	 teaching 

course	 
1.	 Male	 Junior	 Biology	 Dropped	 Secondary 

2.	 Female	 Senior	 Physics	 Primary 

3.	 Male	 Freshman	 Biology	 Secondary 

4.	 Female	 Junior	 Chemistry	 Primary 

5.	 Male	 Junior	 Biology	 Secondary 

6.	 Male	 Sophomore	 Bio/Pre-med.	 Dropped	 Secondary 

7.	 Female	 Sophomore	 Biology	 Secondary 

8.	 Male	 Junior	 Chemistry	 Primary 

9.	 Female	 Sophomore	 Biology	 Primary 

10.	 Female	 Junior	 Biology	 Primary 

11.	 Male	 Freshman	 Biology	 Primary 

12.	 Female	 Senior	 Biology	 Moved to	 Primary 

elementary	 
program 

13.	 Male	 Junior	 Geology	 Secondary 

14.	 Female	 Senior	 Chemistry	 Primary 

15.	 Female	 Junior	 Biology	 Secondary 

16.	 Male	 Junior	 Chemistry	 Primary 

17.	 Male	 Senior	 Chemistry	 Primary 
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that are presented in an order and 
language appropriate for the people in 
the study. The interviewer can digress 
or probe beyond the predeveloped 
questions in order to gain a further 
understanding of the topic discussed. 
We included questions beyond typical 
demographicdata.Forexample: How 
did you decide to enroll in the UTeach 
program? Howis theUTeachprogram 
helping you become a secondary 
science teacher? What has led you 
to believe that you may want to be a 
teacher? 

The students’ reasons 
for considering the 
education profession 
ranged from finding 
a degree that allowed 
them to work with 
people and science, to
dissatisfaction with the 
courses and instructors 
in their current science 
or engineering 
program. 

The responses of the students were 
examined and categorized in order to 
determine trends that existed among 
the participants. Points in the data that 
representedsalientfindingsare shared 
in the Findings section. 

Belief interviews – Teacher beliefs 
were captured using an interview with 
eight open-ended questions. Students 
were interviewed during the Step 1 
semester and the following semester. 
The wording of the interview protocol 
sought to elicit how the students 

participating in this study viewed 
teaching and learning in a secondary 
classroom, as well as what underlying 
beliefs impacted their instructional 
decisions. Questions used to capture 
the UTeach students’ beliefs, for 
example, included: Howdoyouthink 
your students will learn best? How do 
you think you will know when your 
students understand? How will you 
adapt your teaching to best represent 
the discipline of science? All of the 
interviews lasted 45 to 90 minutes, 
were audiotaped, and were conducted 
by one of the authors of this paper. 

The audiotaped interviews were 
codedbyfacultyandgraduatestudents 
familiar with the coding process 
(see Luft & Roehrig, accepted). 
Each coded interview resulted in the 
eight questions being categorized as 
traditional, instructive, transitional, 
responsive, or reform-based. 
Traditional and instructive responses 
represent teacher-centered beliefs, 
while responsive and reform-based 
responses represent student-centered 
beliefs.Transitional responses indicate 
beliefs that are teacher or student-
centered, as they can be focused on 
conceptual knowledge or aspects of 
relationships between a teacher and 
his/her students. 

Views of the nature of science 
interviews – During the Step 1 
semester, participants in the study 
completed the Views on the Nature 
of Science—version C questionnaire 
(VNOS-C) (Abd-El-Khalick, Bell, 
& Lederman, 1998). Questions in the 
VNOS-Cweredesignedtoelicitviews 
about the tentative and subjective 
nature of science, the role of society 
and culture in science, the difference 
between observation and inference, 
the role of theories and laws in 
science, and the role of creativity and 
imagination in science. The VNOS-C 

responses were examined by one of 
the authors and coded to depict the 
participating students’ views of the 
nature of science as contemporary 
(i.e., science as tentative and a human 
construct) or traditional (i.e., science 
as procedure that accurately depicts 
the natural world). We added a third 
category called naïve, which means 
that the views of students straddle 
both or neither domains. Details about 
the coding process for contemporary 
and traditional views of science can 
be found in Abd-El-Khalick, Bell, & 
Lederman. 

Artifacts – Artifacts were collected 
from the UTeach students to capture 
their experiences during Step 1. The 
students were specifically asked to 
share documents that best represented 
their development as a teacher. 
The documents were copied and 
placed in the student’s file, while the 
originals were returned to the student. 
These documents were integrated 
appropriately and accordingly into 
the findings. 

Findings
The findings from this initial 

analysisof thedataaddress threeareas, 
whichultimatelyprovidesomeinsight 
into the recruitment of students into 
teacher preparation programs. 

Recruitment circumstances 
Students looking for alternatives 

enrolled in Step 1. The UTeach 
program uses a variety of methods 
to inform students about the Step 1 
courses. Students receive letters or 
brochures, are referred by academic 
advisors, are contacted in high school, 
or find out about the program through 
the web or a fellow student (Dodson, 
2002). The students in this study 
elected to participate in the program 
after talking to a friend, seeing an 
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advertisement,or talking toanadvisor. 
These recruitment events came at a 
timewhenthestudentwas interested in 
looking at other career options, which 
takes us to our second point regarding 
recruitment. 

Students were more advanced in 
their coursework. The Step 1 course 
was developed with the goal of pro
viding freshmen or sophomores with 
classroom experiences. However, 
the program is configured so that stu
dents can participate in Step 1 at any 
in time in their university career. In 
our study, most of the students were 
more advanced in their coursework 
and were actively considering another 
major. They did not plan to pursue a 
degree in education initially, but it 
was now an option for a variety of 
reasons. The students’ reasons for 
consideringtheeduca
tionprofessionranged 
from finding a degree 
that allowed them to 
work with people and 
science, todissatisfac
tion with the courses 
and instructors in their 
current science or en
gineering program. 

Participants in the 
program 

Students were in-
volved in education 
for different reasons. 
The students in our 
study were catego
rizedaseitherhavinga 
primary or secondary 
interest in education 
(Table �), and there 
was clearly a mix of 
both. Students who 
wereclassifiedashav 
ing a primary interest 
in education wanted 

a career in education in order to 
work with children and to share their 
understanding and enjoyment of 
science. Some of these students had 
prior experiences as tutors, coaches or 
teachers, which sparked their interest 
in education. Students who were clas
sified as having a secondary interest in 
education were interested in teaching 
in order to improve the instruction of 
evolution, live in a town with family 
members, have a flexible career, or fill 
the period of time before their entry 
into another professional program. 

Students held primarily teacher-
centered and transitional beliefs. 
The beliefs held by the students 
were typically teacher-centered and 
transitional. Based upon the examples 
provided by students, these beliefs 
related to their prior experiences 

in education. For example, when 
students were asked to discuss their 
roleasa teacher, theyspokeabout their 
high school or university instructors 
and the special attributes of these 
teachers. This is not surprising, as 
the UTeach students had not typically 
experienced or explored student-
centered instruction in-depth, nor 
had their beliefs about teaching been 
actively and purposefully challenged 
with the intent of forming student-
centered beliefs. Table 2 shows the 
beliefs data for each student and the 
overall percentages in each category. 

Students expressed limited views 
of the nature of science. The students 
in this study revealed traditional 
views about the nature of science on 
their VNOS-C and belief interviews. 
Even though the students enjoyed 

Table 2. 
Students’ beliefs 

Student	 Traditional	 Instructive	 Transitional	 Responsive	 Reform-based 

1.	 •	 
2.	 •••	 
3.	 •	 •••	 ••	 • 
4.	 •	 ••	 
5.	 •	 •••	 
6.	 •	 •••••	 • 
7.	 •••••	 
8.	 •	 •••	 
9.	 ••	 ••	 

10.	 •	 •••	 
11.	 •••	 ••	
 
12	
 ••	 •	 ••	 

13.	 •	 ••	 
14.	 ••	 ••	 ••	 • 
15.	 •••	 
16.	 •••	 
17.	 •	 •••	 •	 •	 • 

Percentage	 12%	 36%	 45%	 5%	 2% 
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science, it was clear that their prior 
experiences insciencehadnot initiated 
a consideration for a more progressive 
view of science. Most notably, most 
students did not view science as 
tentative, considered science and 
society to be interactive, nor did 
they describe scientists as bringing 
creativity and biases to their research. 
Table 3 provides an overview of each 
student’s views of selectedareas in the 
nature of science (agreement with a 
statement aligns with a contemporary 
view of science). 

Experiences related to Step 1 
Field experiences were a positive 

feature in theearlyrecruitmentcourse. 
Each student in Step � valued 
the opportunity to teach different 
lessons from a science kit in an 
elementaryclassroom.Infact,when 
asked to share an artifact that best 
represented their development as a 
teacher, each student provided the 
evaluation form filledout by his/her 
cooperating teacher. As students 
elaborated on these documents, 
they indicated that the teaching 
experience was important because 
it allowed them to experience the 
enjoymentofhelpingstudents learn 
about an idea in science, share their 
knowledge with students, and see 
that younger students were easy 
to manage. Most of the students 
considered their initial teaching 
experiences to be successful and 
based these conclusions on their 
own observations and the feedback 
provided by the cooperating 
teacher. 

experience. Some students spoke 
about the relationships that they found 
in the program, which consisted of 
support and encouragement offered 
by the Step 1 instructors as well as 
the advisors of the UTeach program. 
Others spoke about their relationships 
with classmates, which allowed them 
to have peers with whom to discuss 
theirexperiences in teachingandin the 
UTeachprogram.Therelationships the 
students experienced allowed them to 
feel connected to the program and to 
otherstudents.Formostof thestudents 
this was an important experience. 

Discussion & Conclusion 
This initial look at the recruitment 

aspect of a teacher education 
program provides a unique glimpse 
at the students who participate in such 
courses, and the experiences that may 
bebuilt intosuchcourses.Eventhough 
this study is limited in duration and 
focused on students in one type of 
program, several points will be useful 
to those who are contemplating the 
development of recruitment courses. 

Three important topics stand out 
from our data. First, the students 
who were juniors and seniors in our 

Relationships were important 
to students in their recruitment 
course. Students in the Step � 
courses valued relationships as 
they pertained to their educational 

1.	 N	 N	 D	 D 

2.	 N	 D	 A N 

3.	 N	 A D	 N 

4.	 N	 D	 N	 N 

5.	 N	 D	 N	 D 

6.	 A D	 A D 

7.	 N	 D	 D	 N 

8.	 A D	 D	 D 

9.	 N	 D	 D	 D 

10.	 N	 D	 A D 

11.	 N	 D	 D	 D 

12.	 N	 N	 A D 

13.	 N	 D	 A D 

14.	 N	 D	 N	 D 

15.	 A D	 D	 D 

16.	 N	 D	 D	 D 

17.	 N	 N	 D	 N 

Table 3. 
Students’ views of the nature of science 

Science as Experiments are Science as In following Student 
tentative and not the only way culturally and a process,

empirical that scientists socially impacted scientists not 
build new 

knowledge 
always have 

accurate 
conclusions 

A-Agrees with statement; D-Disagrees with statement; N-Naïve answer 
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program indicated more interest in 
education as a career and a greater 
level of commitment than did the 
freshmen and sophomores in our 
study. It may be that freshman and 
sophomores graduated too recently 
from high school and were not yet 
ready toconsideracareer insecondary 
education, or they may not have had 
the kind of educational experiences 
thatmight influence their interest in the 
field. This is not to say that freshmen 
and sophomores should be excluded 
fromrecruitmentcourses.Theyshould 
be included, but for reasons other than 
fostering an interest in education. 
Second, there are clearly two groups 
of students who were considering a 
career in science education. At this 
time it is difficult to describe how 
either theprimaryorsecondarygroups 
will persist in terms of becoming 
teachers. However, of these student 
groups, those with primary interests 
talked about how prior experiences in 
education influenced their decision to 
consider education, while only those 
with secondary interests in education 
left after the first course. Third, the 
field experiences were valued by all 
students and did not appear to be a 
factor in their decisions to leave or 
continue with the program. Students 
who enjoyed the teaching experiences 
felt it confirmed their decision to 
enter education, while those who 
had a less than satisfying experience 
were still committed to staying in the 
program. 

In light of these observations, 
we might place more emphasis on a 
student’scommitmenttoeducation,and 
his/her prior educational experiences, 
when determining who participates in 
a recruitment course. Several authors 
have discussed students’ level of 
commitment as important in terms 
of persisting as a teacher (Chapman, 

Clearly, teacher prepa
ration programs—from 
the first courses to 
student teaching—need
to consider the beliefs 
and knowledge that
students hold. 

1984; Eick, 2002; Marso & Pigge, 
1997). Students in our study with a 
higher level of commitment tended 
to have prior experiences in education 
that were sustained over time and 
that occurred in a variety of settings. 
Thus, it may be a better approach to 
recruit certain students early in their 
academiccareer, rather thaninvitingall 
students to participate in the courses. 
With more deliberate recruitment 
measures, those who are currently 
involved in some form of teaching 
(e.g., tutoring, coaching) or who had 
positive educational experiences, 
can be sought out. Students who are 
considering education early or later in 
their educational career will find the 
program in time. 

Amore complex issue surrounding 
recruitment courses pertains to the 
knowledge and beliefs of entering 
students. Most of the students in this 
study held beliefs and knowledge that 
were not conducive to reform-based 
teaching. While Step 1 provided 
an experience in teaching that was 
reform-based, thecourse itselfwasnot 
designed to impact studentknowledge 
or beliefs. All of the students in this 
study valued the teaching experience, 
but none described how it altered 
their beliefs about teaching or their 
knowledgein thefield. Infact, students 
felt affirmed as teachers and as part of 

acommunity, andwere notchallenged 
to consider their current educational 
ideologies. Studies suggest that 
beliefs and knowledge are important 
in learning to teach, and that they are 
difficult to change (Gess-Newsome, 
1999; Pajares, 1992). Clearly, teacher 
preparation programs—from the first 
courses to student teaching—need to 
consider the beliefs and knowledge 
that students hold. Such programs 
should be crafted to help the student 
developawayof thinkingandteaching 
that reflects current reform-based 
efforts in science education. 

In terms of influencing student 
beliefs and knowledge, the Step 1 
course described in this study may 
not have lived up to its potential. 
Ideally, the Step 1 course could serve 
as an initiation point for examining 
beliefs about teaching and the nature 
of knowledge. However, those who 
design recruitment programs should 
consider whether they have a mission 
to educate students about the reforms. 
If this is an objective, then recruitment 
programs need to stress reform-based 
instruction by targeting thebeliefs and 
knowledgeof thesepotential teachers. 
Failure to address these areas may 
reinforce the traditional and didactic 
beliefs and knowledge that students 
bring to the program. Juniors and 
seniors in the program will have 
limited time to confront or develop 
their beliefs or knowledge in regard 
to reform-based instruction. 

Final Comments 
As the title of this paper implies, 

recruitment can be a promising 
strategy for increasing the pool of 
teachers in mathematics and science. 
However, when teachers do not enter 
or persist in the profession, or when 
the beliefs and knowledge levels of 
the students are not fully considered, 
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recruitmentcanbeproblematic.Given 
thefinancialandpersonalcost involved 
inrecruitmentprograms, it is important 
to consider the population at hand. 
Recruitment program administrators 
must strategically recruit teachers and 
develop programs in a manner that 
addresses the teachers’enteringbeliefs 
andknowledgelevel.Ultimately,well-
designed recruitment programs alone 
will not solve the shortage, but they do 
hold out the promise of a bright start 
in the teacher education process. 
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Patricia M. Shane and Brenda S. Wojnowski 

Technology Integration Enhancing 

Science: Things Take Time
 

A process is outlined in which a professional development program allows 
K-� teachers to make the transition from a traditional classroom to one 
where technology is imbedded and becomes an integral part of teaching 
and learning. 

Project TIES (Technology Integra
tion Enhancing Science), a four-year 
TechnologyLiteracyK-�project,com
bines technology as a tool for teaching 
and learning with earth and environ
mental science education. The project 
provides K-� teachers in two school 
systems in the Central Piedmont area 
of North Carolina with professional 
development as well as equipment 
and materials. The resources enabled 
teachers to make the transition from 
a traditional classroom to one where 
technology is an imbedded and in
tegral part of teaching and learning. 
During this process, TIES teachers 
participated in professional develop
ment involving science content, the 
inquiry process, student-centered 
projects, and the use of technology as 
a tool for teaching and learning. TIES 
teachershavetakenonleadershiproles 
includingpresentationsatstatescience 
teachers and educational technology 
conferences and provision of profes
sionaldevelopmentwithin theirschool 
systems.Theproject isbeingsustained 
because the expertise and leadership 
resides within the schools. 

Project TIES began as a serendipi 
tous juxtaposition of three seemingly 
unrelatedevents.Firstwas thepublica
tionof theNationalScienceEducation 
Standards(NationalResearchCouncil, 

“[T]he idea of building
new understandings
through active engage
ment in a variety of
experiences over time, 
and doing so with
others in supportive
learning environments, 
is critical for effective 
professional
development.” 

1996). Next was the announcement of 
a request for proposals by the North 
CarolinaDepartmentofPublicInstruc
tion for theTechnologyLiteracyChal
lenge Fund. This was followed by the 
hiring of a building-level technology 
specialist and science specialist in one 
schoolanda technologydirector inan
otherschoolsystem.These individuals 
approached a university collaborator 
and asked her to become the project 
director. Subsequently, an external 
evaluator was recruited from another 
university.Thusbeganafour-yearsaga 
of change and innovation. 

Things Take Time 

“It is clear that, for science 
and mathematics professional 
development to be effective, 
experiences for teachers must 
occur over time, provide ample 
time for in-depth investigations 
and reflection, and incorporate 
opportunities for continuous 
learning. [T]he idea of building 
new understandings through 
active engagement in a variety 
of experiences over time, and 
doing so with others in sup
portive learningenvironments, is 
critical foreffectiveprofessional 
development” (Loucks-Horsley, 
Love, Stiles, Mundry, and Hew-
son, 2003, p. 81-82). 

Although the project was nearing 
completion as this caveat was pub
lished, Project TIES was designed 
with the precept of providing ten days 
of professional development over 
the course of the school year; TIES 
allowed teachers the time toassimilate 
new pedagogies and implement them 
in theirclassrooms.Changeisnoteasy; 
forpedagogicalchangetooccur, teach
ers must be afforded the opportunity 
to learn new teaching methodologies, 
incorporate those methodologies into 
their classroom practices, modify any 
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practices that do not work for them, 
and retest the modifications. 

For this particular technology-
based project, it is accurate to add 
the admonition that “Things Take 
Materials.” The intention was to 
providesufficientresourcesforteachers 
to make the transition from traditional 
practice to a classroom where science 
and technology are imbedded and 
become integral parts of teaching 
and learning. The availability of the 
equipment and software in sufficient 
quantity for easy student access, as 
well as the know-how for using it, 
permitted students and teachers to use 
technology on a regular and frequent 
basis to allow for integrated, project-
based instruction. The combination 
of new knowledge and behaviors as 
a result of professional development, 
combinedwith theneeded equipment, 
helped toprovideprofoundandlasting 
change. 

Project Description
The overarching goal of the TIES 

Project was to produce a successful, 
creative, and replicable model for 
inquiry- and project-based instruc
tion that uses technology to integrate 
science and other curricula. To at
tain this, teachers developed long
term inquiry-based science projects 
appropriate for their K-8 students. 
Underlying these projects, as well as 
other classroom instruction, was the 
seamless blending of technology with 
science content and project-based 
instruction. The ensuing professional 
development not only incorporated 
project-designed activities, but also 
a wide array of nationally recognized 
curriculum materials and activities 
including The GLOBE Program, 
Project WET, Streamwatch, GEMS, 
and AIMS. These programmatic 
components were phased into the 

implementationover theproject’sfirst 
three years, with full implementation 
achieved in Year 4. 

Another goal was the sustainability 
of this project. This priority was 
attained by way of five strategies. 
First, TIES implemented a process 
of collaborative team efforts utilizing 
the leadership of experienced TIES 
teachers. Year-1 and Year-2 teachers 
became mentors for teachers who 
enteredtheprojectinYears3and4.This 
allowed experienced teachers time to 
gain confidence with the pedagogical 
changesintheirclassroomsbeforethey 
wereresponsibleforworkingwithnew 
teachers.Second,experiencedteachers 
assumed leadership roles as they 
participated in providing professional 
development sessions in Years 3 and 
4. Third, the equipment, including, 
computers, software,probeware,anda 
digitalcamera,washousedin teachers’ 
classrooms. In this way, technology 
was available immediately for use 
as an integral part of the teachers’ 
repertoire of teaching tools. Fourth, 
teams of TIES teachers disseminated 
knowledgegainedand lessons learned 
fromtheprojectas theypresentedTIES 
at scienceand technologyconferences 
and at parent and faculty meetings. 

The combination of 
new knowledge and
behaviors as a result of 
professional develop
ment, combined with 
the needed equipment,
helped to provide
profound and lasting 
change. 

Finally,participatingschoolshavenow 
included TIES in their school-based 
budgets, therebyensuringcontinuation 
of the project. 

Collaborations 
The TIES Project was built on the 

strong collaborations of four schools 
in two school districts, the Center for 
Mathematics and Science Education 
in the University of North Carolina 
at Chapel Hill (CMSE), the North 
Carolina Department of the Environ
ment and Natural Resources (DENR), 
LEARN NC (a statewide technology 
network), the North Carolina Depart
ment of Parks and Recreation, the 
Eisenhower Consortium at SERVE, 
and the GLOBE Program. The CMSE 
staff provided both professional 
development and project coordina
tion; the other five partners provided 
professional development for the 
teachers during one or more years of 
the project. 

TIES Project schools represent 
a diverse K-8 student population. 
The schools are located in both 
suburban and rural communities; 
two of the schools qualify for Title 
� funding; and minority enrollment 
varies from 30% to 60%. The 
CMSE brought strong leadership 
capabilities ingrantadministrationand 
professional development, as well as 
technical guidance in developing and 
implementingeducationalmodels.The 
DENR brought expertise in assessing 
and understanding the environmental 
resources of TIES school sites. Its 
curriculumprojects, includingProject 
WET and Streamwatch, are national 
programs with outstanding materials 
that fit well with the K-� North 
Carolina Standard Course of Study. 
LEARN NC, a statewide network of 
educatorsusing Internet technologies, 
provided teaching resources, lesson 
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plans keyed to the North Carolina 
Standard Course of Study, and an 
online outlet that allowed TIES 
teachers to share their expertise with 
other educators. An integral part of 
the project included The GLOBE 
Program, a hands-on environmental 
science education program currently 
in use in nearly 11,000 U.S. schools 
and more than 100 countries. 

Objectives. 
Project TIES had severa l 

objectives: providing technology 
within the context of project goals, 
acquiring adequate technology for 
partner schools to insure access; 
providing opportunities for TIES 
participants to learn to utilize their 
school grounds to enhance their 
instruction in thecontextof thescience 
curriculumand technology;providing 
opportunites for TIES leaders to share 
theirexpertisewithnewTIESteachers, 
aswellasother teachers in theirschool; 
and forming a colloboration of partner 
schools to enhance and support each 
other. 

Implementation 
Technology can be a powerful 

entity in classroom instruction when 
adequate resources are seamlessly 
incorporated into instructional ap
proaches and strategies. One way to 
accomplish this is to provide teach
ers and students with a vehicle for 
instruction that brings applications to 
the world beyond the classroom. To 
implement these real-world projects 
successfully, teachers must develop 
skills in integrated instructional strate
gies, have exposure and experience 
withspecificprojects,andbeproficient 
in the appropriate useof technology as 
a tool for instruction and learning. Ad 
ministrative support and participation 
is crucial. Significant commitments 

Technology can be 
a powerful entity in
classroom instruction 
when adequate
resources are seamless
ly incorporated into
instructional approaches
and strategies. 
of personnel, financial resources, and 
time are required for a single school 
to make improvements in these are
nas. The need for collaboration is 
important so teachers, struggling for 
time to make improvements in their 
individual classrooms, do not waste 
time “reinventing the wheel.” 

In the October 1,1998, issue of 
Education Week, Jeff Archer reported 
on research conducted by Harold 
Wenglinsky, an associate research 
scientist at Educational Testing Ser
vice. According to Wenglinsky, the 
positive benefits of technology’s 
effectiveness depends on how it is 
used. “One of the positive benefits 
of technology’s effectiveness depend 
on how teachers and students relate to 
each other.” Archer concurs, saying, 
“... a growing number of education 
technology advocates argue that the 
‘constructivist’ approach toward 
learning—in which students work 
in rich environments of information 
and experience, often in groups, and 
build their own understandings about 
them—taps into the computer’s great
est strengths.” Archer further quotes 
WilliamFiske,educational technology 
specialist at Rhode Island’s Depart
ment of Education, “Kids learn by 
doing,bypresenting,bydisplaying,by 
engaging.Learninghappensbestwhen 

theyoungstersaredoing theheavy lift
ing” (pp. 6-10). These remarks speak 
directly to the impact a project like 
TIES can have on students. 

To build and apply skills for using 
available infrastructure effectively, 
each year TIES classroom teachers, 
project support staff, and adminis
trators participated in ten days of 
professional development, including 
two days at the North Carolina Sci
ence Teachers Association annual 
conference and/or the North Carolina 
Educational Technology Conference. 
Professional development introduced 
authoring tools, word processing, da
tabases,spreadsheets,andtheeffective 
use of the Internet (including Internet 
mechanics, Web Quest inquiry proj
ects, various science URLs, and web 
siteevaluation). Italsoprovidedhands-
on experiences for the understanding 
of science content—especially in the 
area of earth science, which success
fully blended with the TIES “outdoors 
as a classroom” focus. 

TIES teams implemented proj 
ects based on content and integrated 
instructional strategies developed 
during professional development 
sessions in their own classrooms. 
This implementation strengthened 
team building, leadership skills, and 
mentoring opportunities for TIES 
teachers and administrators. In TIES, 
the power of technology merges with 
a constructivist pedagogy in student-
centered, project-based classrooms. 
To support curriculum and standards 
requirements, TIES project develop
ment used instructional approaches as 
described below. These pedagogies 
are advocated in the many current 
publications stemming from recent 
brain research such as How People 
Learn: Mind,Experience,andSchool 
(Bransford,Brown,andCocking,eds., 
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�999),Teachingwith theBraininMind 
(Jensen, �99�), and A Celebration of 
Neurons: An Educator’s Guide to the 
Human Brain (Sylwester, 1995). 
•	 Constructivist, Student-Centered 

Learnings: Studentslearnbestwhen 
they construct their own knowledge 
based on multiple experiences 
with a concept or skill. Through 
active, hands-on experiences, they 
correct theirmisconceptions,extend 
what they know, and connect their 
knowledge to other concepts they 
understand. Student motivation is 
enhanced when students pursue 
answers to questions they have 
developed. 

•	 Collaborative Learning: Most 
students like to work with their 
peers and learn more from doing 
so. Working collaboratively is a 
required workplace skill for the 
Information Age. Many everyday 
activities are collaborative, with 
students working in small groups 
to solve a problem. 

•	 Authentic Learning: Students 
learn best when their learning is 
not artificial—when activities are 
authenticandconnected to theworld 
outside the classroom. 

•	 Student as Worker, Teacher as 
Facilitator: A teacher serves as 
a facilitator to student learning 
by arranging the environment so 
that students will ask important 
questions and discover ways to 
answer them. 

•	 Sustainability. There are two types 
of sustainability connected to this 
project:�) intra-schoolsustainability 
within theschool(s),whereaproject 
began after external funding was 
expended; and �) inter-school 
sustainability attached to projects 
thataremodelsable tobe transferred 
to and used by other schools and 

districts.ProjectTIEShas theability 
to promote both types. 
Intra-school sustainability requires 

having key elements of materials, 
equipment, personnel, and leadership 
in place in a school(s) so a project can 
continue after funding expires—to 

Local school district 
budgets have been
modified to accommo
date updates and
repairs of project
hardware and software. 

have a “life of its own,” so to speak. 
Continued financial support to update 
equipment and replenish consumable 
materials is usually necessary as well. 
To spread within a school, it may also 
be necessary to have a project that is 
adaptable by virtue of scalability and 
replicability. The project, as it exists 
in particular classrooms, may need to 
be modified to be successful in other 
classrooms. These latter two qualities 
arediscussedbelowunder inter-school 
sustainability. 

Great efforts were made with 
Project TIES to ensure it has the 
support needed to continue in current 
schools long after the conclusion of 
the grant period. Hardware, including 
computers, probeware, and digital 
cameras, and software are in place, 
and professional development has 
been provided to enable teachers to 
utilize this equipment and materials 
in an effective manner. Local school 
district budgets have been modified 
to accommodate updates and repairs 
of project hardware and software. 
In addition, extensive professional 
development has been provided 

so participants understand how to 
implement inquiry- and project-based 
instruction that uses technology as a 
tool for instruction.Returningteachers 
havealsoemergedasleaders toprovide 
on-goingprofessionaldevelopment to 
others in their schools and districts. 

In addition to project participants, 
others in the districts and community 
have been involved in Project TIES. 
Area teachers, building and central 
office administrators, and parents 
know about and support the project. 
Presentations about the project have 
beenmade toCountyCommissioners; 
parent-teacherorganizationshavebeen 
helpful in fundraisingforvariouscom
ponents of the project; building-level 
administrators have been involved in 
theplanningandimplementationof the 
project; and other teachers have been 
included in professional development 
presentations. These actions have cre
atedschool-level involvement, aswell 
as community support, which have 
helped sustain the project. 

Since the grant period terminated, 
partnerships that enhanced the grant 
have been put in place and continue 
to influence the schools. Because 
of the project’s successes, others 
within the schools and beyond have 
shown a sustained interest in the 
project. Current project schools 
have committed financial resources 
to support the project, and plans are 
in place for continued funding of 
additional teachers and classrooms 
at each school. Experienced TIES 
teachers are poised to provide 
continued leadership at their schools. 
They have shown their leadership 
by being mentors to new TIES 
teachers, presenting at conferences, 
and by developing and presenting 
technologyseminars.WebelieveTIES 
teachers will continue to display this 
leadership. 
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Inter-school sustainability is 
attained through adoption by other 
schools and districts. Sustainable 
projects must have the qualities of 
replicability, the ability to be used and 
modified by others, and scalability, 
the ability to work within schools 
of varying size and budget. Project 
TIES exemplifies both of these 
qualities. Project TIES is definitely 
replicable—it can be reproduced in a 
wide variety of settings. Because of 
the dedication of TIES participants, 
as well as the design of the project, 
TIES is well known within North 
Carolina. Details of the project are 
available from individual schools. 
Web sites describing and explaining 
TIES have been developed by various 
teachersand their classes. Information 
about TIES has been disseminated at 
state science teachers and educational 
computing conference sessions. 

Project TIES is scalable because 
it models good teaching and learning 
using technology as a tool for 
instruction. It can be implemented in 
anyschoolsettinginschoolsofvarying 
size, and it can be used at any grade 
level. While hardware is important, 
thechange process inherent tomoving 
from one type of teaching to another 
is even more critical. More than just 
hardware is necessary for change; the 
change process moved teachers to a 
different way of using hardware. 

Obstacles 
While none of the difficulties was 

monumental, procuring and setting 
up equipment, allocating teacher and 
classroomtime,andfindingasufficient 
numberofsubstituteswereobstacles in 
this project. Existing practices created 
an additional difficulty. 

To many teachers, the idea of 
student-centered inquiry- and 
project-based instruction was novel. 

This new instructional approach 
differed considerably from their 
more traditional, textbook-based 

To many teachers, the 
idea of student-
centered inquiry–
and project-based
instruction was novel. 

approach, and the learning curve was 
sometimes steep. This, along with 
lack of experience with technology, 
created consternation for some. When 
frustrations developed, there was a 
tendency to revert to traditionalmodes 
ofinstructionratherthanimplementing 
inquire-andproject-based instruction. 
While some participants were able 
to begin their projects quite readily, 
others needed more guidance and 
support. 

Eachyear,oneofthemostsignificant 
andchallengingbarriersreportedbythe 
project teamwasadifficultyinherent to 
anychangeeffort—aversion tochange 
or fear of the unknown. The change 
from a traditional to a technology-
based pedagogical approach is very 
dramatic and met with resistance in 
some classrooms. Overcoming that 
resistancethroughaslowandon-going 
changeprocessandreaching the levels 
of enthusiasm now in place in TIES 
classrooms are certainly two of the 
most important accomplishments of 
the project. 

Successes 
At the beginning of each year, 

teachers set goals and objectives, 
plannedtheirprojects,andproceededto 

develop and implement them with the 
assistance of project staff. Each year, 
all TIES teachers met the objective 
of creating this hands-on technology-
based project within their classrooms. 
In addition, as the project progressed, 
TIES teachers became instructional 
leaders who took on responsibility 
for professional development and 
mentoring. They also participated 
in project dissemination as they 
presented sessions at the state science 
teachers and educational computing 
conferences. Other successes that 
emerged from the evaluation of the 
project included positive attitudinal 
changes toward the objectives of the 
project; development of technology 
nights for parents; and statewide 
administrator intern site visits to 
TIES classrooms, with an eye toward 
using TIES as a model of technology 
integration. 

Schools in the project have strong 
technology and science resource 
support systems in place, including 
TIES mentors from previous years. 
In spite of time issues, participants 
who were in the project during the 
first two years were very helpful to the 
new project participants. They helped 
in the technical aspects of how to use 
equipment and in the pedagogical 
aspects of using technology as a tool 
for effective instruction. Returning 
teachers were very willing to share 
classroom management techniques 
with teachers struggling to adapt 
their classrooms to a new mode 
of instruction. Participants have 
been particularly pleased with their 
presentations at state technology and 
science conferences. They report 
that these presentations have been 
challenging to prepare but also gave 
them increased levels of confidence 
in their abilities as teachers. 
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Results 
The overarching goal of the TIES 

Project was to produce a successful, 
creative, and replicable model for 
inquiry- and project-based instruction 
that uses technology to integrate sci
enceandothercurricula.Quantitative
ly, we saw an increase in competency 
rankings in technologyknowledgeand 
skills, as measured by the TIES Tech-
nology Expertise/Comfort Survey and 
on the Levels of Use of Technology in 
theClassroom scale (adapted from the 
CBAM research, 1987). Other evalu
ation strategies included site visits, 
workshop observations, interviews 
with project personnel, interviews 
with participants, and comment cards 
reflecting attitudinal changes from 
participants. Outcomes anecdotally 
reported by teachers include shifts in 
their beliefs and actions from instruc
tionism to constructivism. 

TIES Technology Expertise/ 
Comfort Survey was developed to 
reflect the technologies incorporated 
into the project and to help 
participating teachers gauge their 
own perceptions of their progress 
in learning to use the technologies 
effectively. The survey was a self-
report instrument, with rankings 
from 0 to 10 (0 = no expertise, 5 = 
some expertise, and 10 = a great deal 
of expertise). Participants showed a 
gradual increase in their expertise/ 
comfort levels with technology over 
the course of the project, with the 
exceptionof theirfirstyear.During the 
first year, most participants reported a 
dip in their Expertise/Comfort scores 
as theycametounderstand thebreadth 
of the capabilities of the hardware and 
developed more realistic perceptions 
of their actual expertise levels. 

The Levels of Use of Technology in 
theClassroomself-reportscale(adapted 
from the CBAM research, 1987) was 

administered to all participants in the 
third and fourth years of the project. A 
clear distinction can be made between 
the levels of use of participants new 
to the project and those who had 
been with TIES for one or two years 
prior to the administration of the 
instrument. While new participants 
reported a wide range of levels of use, 
beginning at Level 0 (Nonuse) and 
continuing upward through Level IV 
(Refinement),no returningparticipant 
reported a level of use below Level 
III (Mechanical Use). Also of interest 
is the rapid movement of Year 3 
participants up the Levels of Use 
scale, as compared to a more gradual 
movement for teachers who began the 
project in the first two years. Based 
on participant comments to a series 
of open-ended questions and on their 
interview responses, this is presumed 
to be a result of mentoring provided 
by Year � and � teachers, as well as 
indirect exposure to the project before 
actually becoming a part of it. Year 4 
participants showed limited growth; 
however, they were only in the project 
for one year, which is too short a 
period to allow for valid, reasonable 
conclusions to be drawn. 

The project team noted some 
unanticipated beneficial outcomes. 
Thecommentcardsusedfor formative 
evaluation indicated that the internal 
mentoring, support, and coaching 
network was much stronger than 
proposers initially anticipated. 
Additionally, teachers reported that 
students wrote about their TIES 
projects with much less prodding than 
in traditional writing assignments. 
The project team was also surprised, 
not that teacher attitudinal changes 
occurred, but by the extent of those 
changes, as evidenced in the comment 
cards. The magnitude of observed and 
anecdotally reported changes from a 

didactic toastudent-centered teaching 
environment was much greater than 
proposers anticipated at the outset. 

Implications
“Fundamental beliefs are formed 

over time through active engagement 
with ideas, understandings, and real-
life experiences. Deep change occurs 
only when beliefs are restructured 
through new understandings and 
experimentation with new behaviors” 
(Loucks-Horsley, S., et al., 2003, p. 
49). For change to occur, things take 

The change from a 
traditional to a technol
ogy-based pedagogical
approach is very
dramatic and met 
with resistance in 
some classrooms. 

time. This study exemplifies these 
beliefs. Teachers who participated 
in the project for three or four years 
showed greater changes than those 
withonlyoneor two yearsexperience. 
Only participants who were in the 
project for more than two years 
reached Level V (Integration) or VI 
(Renewal) on the Levels of Use of 
Technology scale; and not all veteran 
participants ever rose above Level IV 
(Refine-ment). The change literature, 
as well as our own experiences with 
this project, have led us to conclude 
that significant behavior changes 
require at least three to four years of 
implementation and on-going support 
to become institutionalized within the 
classroom. 
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Gerry M. Madrazo, Jr. and LaMoine L. Motz 

Brain Research:
 
Implications to Diverse Learners
 

A growing understanding of the way the brain functions offers new insights 
into the minds of students at all stages of development. 

This decade marks one of the 
most productive eras of neurological 
research, which offers exciting 
opportunities for the educational 
enhancement of our classrooms. The 
latest research is being embraced 
by progressive educational systems 
and the necessary means for positive 
reforms are already beginning to be 
implemented.Abrain-basededucation 
uses research in neuroscience on 
how the brain works to gain an 
understanding of how students 
learn and develop in a classroom. 
Psychology and neuroscience have 
finally begun to merge to combine 
how the mind learns, absorbs and 
thinks with how the brain functions 
and develops. New research bridges 
gapsbetween incompleteconceptions 
of the brain such as those involving 
the popular “right brain versus left 
brain” theory. Current developments 
in neuroscience allow for a new 
appreciation of the complexity and 
individualitywithwhichhumanbeings 
learn and grow. 

Brain-based research deals with 
classroom-relevant concerns, such as 
sensoryperception,attention,memory, 
and how emotions affect learning 
(Goleman, 1995; LeDoux, 1996; Pert, 
1997; and Sprenger, 1999). Similar 
studies describe the brain’s “ways of 
seeing one’s self” (Godwin, 2000); 
perception, attention, and the four 

theaters of the brain (Ratey, �00�); 
and a “celebration of neurons—an 
educator’s guide to the human brain” 
(Sylwester, 2001). The literature on 
brain-based education is quickly 
emerging, and several studies make 
directconnectionsbetweenthebiology 
of the human brain and teaching and 
learning (Caine and Caine, 1991, 
1997; Greenenough, et al., 1993; 
Kotulak, 1997; Majoy, 1993; Pinker, 
1997; Zadina, 2004; and Zull, 2002). 
Significant work by Petitto (2003) 
and other brain researchers led to the 
discovery of brain tissues related to 
the biology of language and learning. 
Indeed, neurolinguistic studies enable 
educators in a multilingual setting to 
understand and apply strategies of 
teaching and learning—for example, 
in teaching English as a second 
language(Dehaene,�999;Dhorityand 
Jensen, �99�; Fabbro, �00�; Genesee 
(2000); Hernandez, et al., 2000; Kuhl, 

Our brains are 
fascinating, intricate
structures, with unique 
complexities that
continue to marvel 
researchers and 
teachers alike. 

1997; and Mack, 2003. According to 
Zadina (2004), the goals for studying 
brain research include (�) reaching 
as many children as possible, (�) 
teaching to individual differences, (3) 
diversifying teaching strategies, and 
(4) maximizing the brain’s natural 
learning processes. 

Diversity in Brain 

Development


Learning, as a brain function, is 
a biological process invented for 
survival. It is theorganism responding 
to its environment. Indeed, learning 
is the formation of new synapses 
and dentrite branching (Zull, 2002). 
Moreover,multiple intelligencesguru, 
Howard Gardner (1993), describes 
intelligence as the biopsychological 
potential to process information 
in certain ways in order to solve 
problems or fashion products that are 
valued in a culture or community. 
Certainly, intelligence isabrain-body-
environment structure and function 
system.Zull (2002) furtheradds: “we 
don’tactuallyknowwhatstudentswill 
need in the curriculum. Those needs 
change and are changing more rapidly 
each decade. But what will not change 
is biology. The brain becomes the 
determining factor in thinking about 
education for this very reason.” He 
concludes: “the curriculum should 
enable the firing of the right networks 
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and neurons (lesson strategies), create 
repeated firings (practice) and should 
make the learner feel good.” 

Our brains are fascinating, intricate 
structures, with unique complexities 
that continue to marvel researchers 
and teachers alike. Altogether, the 
human brain contains �00 billion 
nerve cells that make �,000 trillion 
synaptic connection points with 
one another (D’Arcangelo, 1998). 
We are constantly organizing and 
reorganizingourbrains,changingboth 
the physical structure of the brain and 
theknowledgewehold(Bransfordand 
Cocking, eds, 2000). Young minds 
in particular hold great potential, as 
new learning windows of opportunity 
quickly present themselves and 
children acquire new knowledge 
at a remarkable rate. Amidst this 
complexity, researchers have found 
information on the brain that can 
bring wonderful new insight to our 
classrooms. 

In children, the stages of learning 
anddevelopmentmanifest themselves 
throughtheabilitytomakeconnections 
and construct patterns. Lawrence 
Lowery (�990) has explored the 
ways children seek patterns as a 
means of explaining how humans 
develop mentally. He believes 
that understanding means to know 
relationships, that the ability to 
know relationships depends on prior 
knowledge. As learners construct an 
understanding of themselves, they 
advance from viewing a single object 
anddiscardingit,groupingtwoobjects 
with a single attribute, grouping 
multiple objects, and eventually 
logically organizing and reorganizing 
objects based on need and criteria, and 
using hierarchical standards. 

Research on memory and retention 
is also a vital asset to teachers. 
Although lecture continues to be 

Although lecture
continues to be the 
most widely used
method in the class
room, countless studies 
indicate that students 
retain the most by 
teaching others,
practicing by doing,
and discussing in 
groups. 

the most widely used method in the 
classroom, countless studies indicate 
that students retain the most by 
teaching others, practicing by doing, 
and discussing in groups. Immediate, 
active use of learning is clearly the 
best means of retaining information 
(Sousa, 1995). In addition, students 
havepeakandlowtimesduringtheday 
and thecourseof lessons inwhich they 
tend to take in the most information 
towards the beginning of lessons, 
and then experience “down time” 
when retention decreases (Sousa). 
Therefore, shorter, diverse lessons 
with different means of instruction 
may be much more effective than an 
ongoing lecture environment. As a 
corollary, sleep (resting the brain) is 
critical in consolidating learning. 

Finally, classroom setting and the 
emotions of students play significant 
roles intheability tolearn.Experiences 
generate emotions, which bring 
relevancy and meaning to students 
(Jensen, 1998). Teaching tied to 
positive emotional experiences will 
lead students to generate new thought 
and motivation to learn. Teachers can 

enhance classroom environments in 
many ways. One important practice is 
to link the indoors with outdoors for 
movement to stimulate the uptake of 
oxygen, which has a positive effect 
on learning. Another is to create a 
rich stimulating environment through 
hands-on activities and classrooms 
withrichcolors, textures,andstudents’ 
work to indicate “ownership” of 
knowledge (Lackney, 1998). Earlier 
studies by Greenenough, et al., (1993) 
and Karni, et al. (1995), indicated that 
anenriched(stimulating)environment 
affects growth in the brain. 

Diverse, Experiential Approach to 
Teaching and Learning 

Memory is reassembledfrommany 
locations in the brain. The brain seems 
to sort information in where (dorsal) 
and what (ventral) pathways. Zadina 
(�004) suggests engaging students in 
multiple pathways by using language, 
sensory motor activities, metaphor, 
humor, spatial-temporal activities, 
music and emotion. Furthermore, 
using language—which, by the way, 
is our best form of communication— 
activates the frontal lobes. Teachers 
need to apply multiple strategies and 
opportunities for oral communication 
(talking, listening, reading) as well 
as written ways of communication 
(reading and writing). Gopnick, et al. 
(�999), observe that the brain seems 
“to love to learn from other people!” 

Although lecturing continues to be 
the most widely employed method 
in classrooms across the country, re
search on the way we learn indicates 
that lecturing is not always very ef
fective. Several additional strategies 
should be employed to maximize the 
amount students retain. Construct-
ivism encourages learning through 
interaction to develop a personal 
understandingofinformation.Thefun-
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Recent research in learning styles self-examination and a greater overall 
examines the different ways in understandingofastudent’s individual 

Teaching tied to which individuals learn and process role in his or her learning process. 
information and acquire new skills. The closely related theory of “Wait positive emotional Clearly, the concepts of right and Time”isbasedonthe idea thatstudents 

experiences will lead left hemisphere processing are also need time to individuallyprocesswhat 
relevant to these theories of learning. they have learned. Teachers must students to generate 
Moreover, Perini, et al. (1997), encourage this “processing” time new thought and advocate integrating learning styles instead of automatically asking their 

motivation to learn. andmultiple intelligences. Inaddition, students to repeat back information 
learning styles may be influenced they have just covered or heard in 

damental concept of constructivism by such factors as age, gender and lecture. Recent studies also indicate 
is that the basis for all learning is dis- cultural background. Evidence shows that the brain seems to exhibit 
covery. Piaget (1973) writes: “to un- students achieve more in a shorter plasticity (Gage, et al., 1999)—and 
derstand is to discover, or reconstruct amount of time when teachers know onewaythis isdemonstratedis through 
by discovery, and such conditions howto teach to thestudents’individual “experiential learning.” This means 
must be complied with if in the future learning styles. Teachers must cater that the brain has the ability to change 
individuals are to be formed who are to the learning styles and diversity as a result of rich experience through 
capable of production and creativity of learners. This requires constant 
and not simple repetition.” Student attention to elements such as noise 
initiated experimentation and inven- and music, light, social structure, 
tion are encouraged in a diverse, mobility, and the design of the 
constructivist and experiential class- classroom. The presence of different Evidence shows 
room. Open-ended questioning is learning styles indicates the need students achieve more 
valued because it allows for reflective to create opportunities for diverse in a shorter amount thought, creative response,andunique learning experiences. It is evident that 
commentary. Finally, students are al- sensory informationandtheclassroom of time when teachers 
lowed to process and challenge the atmosphere significantly contribute to know how to teach to 
information they hear or seek though the way students learn. the students’ individual personaldiscovery.Thesemethodsal- Reflective Teaching and Learning 
low students to make “sense” of what and the Concept of “Wait Time” learning styles.
they learn in class and to give the new 

Another concept, the idea of information meaning. 
reflective teaching and learning, active,personalandengaging learning 

Learning Styles: Teaching to maintains that students learn by activities. 
Diversity reviewing and reflecting on their 

Tileston (�000) indicates that work, not simply by just completing Conclusion 
the best teaching practices that a task or listening to a lecture. A growing understanding of the 
define teaching competencies relate Techniquesincludingkeepingjournals way the brain functions offers new 
brain research, learning styles, and and preparing portfolios reveal insights into themindsofstudentsatall 
standards-basededucation.Astudent’s the progress of a student while stagesofdevelopment.Unfortunately, 
Learning Style can be defined as allowing the student to develop a curriculum often mismatches content 
“the way that he or she concentrates sense of pride in his or her work. A and teaching practices with the 
on, processes, internal-izes, and new method involving videotaping thinking and learning processes of 
remembersnewanddifficultacademic classes, especially group situations, students. Teachers must promote 
information or skills” (Shaughnessy, devotes time to a student’s personal active learning through incorporation 
1998). reflection.Reflectivelearningmethods of research on brain-based education 

provide a valuable opportunity for and the corresponding academic 
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needs of the student. “The teacher is 
a reflective practitioner and decision 
maker. Teachers must understand the 
theories,continuetostudythem,reflect 
upon them, and make appropriate 
applications for their own students 
and their own situations” (Guild, 
1997). Advancements in neurological 
scienceandthegrowingunderstanding 
of the interconnectedness of the brain 
and mind present new possibilities 
that can lead to the enhancement 
of the quality of instruction for all 
students. The knowledge of how 
students pay attention, take in new 
information,process that information, 
and then store knowledge in memory 
is crucial for teachers. In addition, 
practices using areas such as Learning 
Styles,Constructivism,andReflective 
Teaching (Wait-time) are all valuable 
applicationsoftheresearchandpractice 
of brain-compatible learning. 
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	teacher practice. This practitioner 
	teacher practice. This practitioner 
	knowledge is the foundation of developing a professional knowledge base for teachers (Heibert, Gallimore 
	and Stigler, 2002). 
	There are three features that make practitioner knowledge useful for teachers: practitioner knowledge is linked with practice; practitioner knowledge is detailed, concrete and specific; and practitioner knowledge is integrated. 
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	• definingtheproblemandcreating 
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	• 
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	• 
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	reflecting on their effects; and 
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	development effort. Imperial County, California, is 
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	.000 mean per capita income of 
	$17,550, the lowest of all California counties.Thecounty’sunemployment rates increased from 17.1% in 1991 to 26.3% in 2000, while statewide 
	unemployment rates remained fewer 
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	ties to Mexico. Of the approximately 36,000 K-12 students in Imperial County, 82% are Hispanic, Caucasian (13%), African-American (2.0%), Asians (1.0%) and Native Americans (2%)makeuptherestofthepopulation. A total of 48% of the students in the countyareLimitedEnglishProficient. 
	Tenpercentofthestudentsarechildren 
	of migrant farm workers. Nearly all of 
	the county’s schools qualify for Title 
	I and 67% of all students are eligible forfreeandreducedlunches.Theneed 
	for a systemic approach to teacher capacity building has been acute in 
	this region. 
	The Valle Imperial Project in Science (VIPS) has served as a 
	catalyst to develop a strong and collaborative partnership between the .4 participating school districts and the local university, San Diego 
	State University—Imperial Valley Campus (SDSU-IVC), modeled after 
	the partner schools associated with the National Network for Educational 
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	Teacher analysis ofvideos, both of themselves and others, is an essential feature for improving teacherpractice and developing a professional knowledge base for teaching. 
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	Project and has been well documented in the literature (Amaral, Garrison, and Klentschy, .00.; Jorgeson and Vanosdall,.00.;JorgensonandSmith, 
	2002; Saul, etal., 2002;Klentschy and Molina-De La Torre, 2004). Through 
	these initiatives, strong alliances have been formed between the local 
	school districts, SDSU-IVC, Imperial Valley College and other university partners such as California Institute of Technology – CAPSI, and the University of California Office of the President with a California Science 
	Subject Matter Project at SDSU
	IVC. 
	In 2004, this collaboration for sustained teacher professional development in science has been expanded through a California Math Science Partnership initiative. A critical component of this expansion was the creation of a plan of action to transform practitioner knowledge into a professional knowledge base. The professional development action plan viewed this process as multidimensional included two critical elements associated with success in this regard, opportunities to refine instructional delivery th
	Opportunities to refine 
	Opportunities to refine 
	instructional delivery 
	through reflection and 

	lesson study groups.
	lesson study groups.
	Lesson study is a problem-solving process used by Japanese teachers for professional enhancement. This process facilitates systematic examination of teaching-learning processes through initial planning, teaching, observation and reflection of teaching practices. Teachers working in grade level groups, begin by defining a problem that is of interest to the study group and which will lead to some newunderstandingaboutteaching,the selected content drawn from the CaliforniaScienceContentStandards,and studentl
	Lesson study is a problem-solving process used by Japanese teachers for professional enhancement. This process facilitates systematic examination of teaching-learning processes through initial planning, teaching, observation and reflection of teaching practices. Teachers working in grade level groups, begin by defining a problem that is of interest to the study group and which will lead to some newunderstandingaboutteaching,the selected content drawn from the CaliforniaScienceContentStandards,and studentl
	the lesson, and later, the group meets 

	to evaluate and reflect on the lesson. 
	The group decides to modify the lesson and have another group member teach the revised lesson or accepts the 
	lesson as complete. The final step in lesson study is to share findings with colleagues.Lessonstudyiscontinuous 
	and is situated in the school within the 
	context of the individual classrooms. 
	This process or cycle is usually repeatedthreetimeswithinacontentunit of study and within a nine to eleven 
	week time frame. The benefit of lesson study as an 
	effective means for sustained teacher professional development is well documented by Stigler and Hiebert 
	(1999). They state, “the power of 
	Lesson Study is that it facilitates 
	teachers’ contribution to the field and totheirownprofessionaldevelopment. 
	That is, when teachers are able to 
	contribute to the field of education 
	they are simultaneously developing 
	their professional understandings.” 
	(p. 122). 
	Nowthatteachershaveparticipated in a sustained program of professional development, focusing on both deepening their science content knowledge and strengthening their pedagogicalskills,amoreintellectually rigorousandself-reflectiveprofessional culture is the next step. The challenge is now a second order task, but one that has been deliberately addressed by VIPS and in, which substantial progress has been made. The project offered, for the first time, during the .000-.00. school year, opportunities for teac
	Nowthatteachershaveparticipated in a sustained program of professional development, focusing on both deepening their science content knowledge and strengthening their pedagogicalskills,amoreintellectually rigorousandself-reflectiveprofessional culture is the next step. The challenge is now a second order task, but one that has been deliberately addressed by VIPS and in, which substantial progress has been made. The project offered, for the first time, during the .000-.00. school year, opportunities for teac
	have moved the overall culture 

	toward greater professionalism. (For 
	a detailed description of the lesson 
	study process in Imperial County see Amaral and Garrison, 2004.) 
	Lesson study is unique in that it has built into its process three very important elements that help sustain professional development overtime, once initial efforts have been successfully instituted. One of these elements is the development of a professional digital library that can be studied overtime by the group or used as a starter for a new group. A secondelementoflessonstudyisthatit promotes professional community by includingsharinganddisseminationof results among participants. Teachers becometeacher
	usually student work. Lesson study fills gaps left by 
	other professional development programs that expose teachers to new ideas and methodologies, but do not provide support while the teacher is trying to implement these ideas in the 
	classroom. Lesson study has gained 
	favorwithteachersbecauseitprovides opportunities for teachers to practice, receive feedback, and share with 
	their colleagues. Lesson study groups 
	generate knowledge that shares key featureswithpractitioners’knowledge in that the group members work on a problem that is directly linked to their 
	practice. 
	The implementation of lesson study required policy makers in Imperial County to address several key issues related to changing the culture of teaching. First, finding time in the weekly or daily schedule 
	was addressed. At the elementary 
	school level, principals, reading 
	coaches and VIPS and IV-CaMSP 
	Science Resource Teachers are utilized to release teachers to conduct 
	the classroom observations. These 
	observations are usually conducted 
	during the last hour of the day. Group debriefing is led by a trained lesson study facilitator, usually a VIPS or IV-CaMSPScience Resource Teacher 
	immediately after the lesson and 
	usually after school. At the middle 
	school level, principals have found creative ways to release science teachers for lesson study observations during the school day and to create a master schedule that allows for the 
	scheduling of the lesson debriefings 
	during a common conference period 
	for the science teachers involved. Second, VIPS and the IV-CaMSP 
	recognized that teachers must be provided with examples of alternative 
	ways of teaching. Analyzing videos in 
	detail, focusing on the ways teachers implementsciencecontent,questioning strategies, problems encountered and student understanding can be useful as lesson study groups plan and revise 
	their own lessons. Teachers actually 
	begin the lesson study process with video analysis as part of their training for lesson observation and providing feedback (Amaral and Garrison, 
	2004). To this end, a media technician 
	is employed by the project to create 
	videos for this purpose. 
	Teacher analysis of videos, both of themselves and others, is an essentialfeatureforimprovingteacher practiceanddevelopingaprofessional 
	knowledge base for teaching. VIPS and IV-CaMSP also 
	recognized that teachers must have opportunities to study student work in relation to the changes teachers 
	make in the classroom. The best 
	source of student work came in the form of student entries in their science 
	notebooks from the lessons. VIPS 
	has long held the belief that student sciencenotebooksofferthebestrecord of what was actually taught by the teacher and what was actually learned by individual students (Klentschy and 
	Molina-De La Torre, 2004). Learning 
	to analyze student work and to make inferences about student thinking can 
	lead to significant changes in teacher 
	practice and expand their professional 
	knowledge base. 
	The implementation of these three policy changes regarding teacher professional development: collaborative time, video analysis and analysis of student work are consistent with the recommendations made by Hiebert andStigler(.004)tochangetheculture of teaching and to build a professional knowledge base. 
	The professional development program using lesson study as a core has created a means to use the digital libraryas a tool to strengthen teaching practices. 


	Applications of technology
	Applications of technology
	Applications of technology
	Another catalyst for change in approaches to teacher development emanatesfromthestudyofapproaches used by teachers in several countries that participated in international mathematics and science assessments (Hiebert et al., 2003, Roth et al., in press). During analyses of videotapes 
	Another catalyst for change in approaches to teacher development emanatesfromthestudyofapproaches used by teachers in several countries that participated in international mathematics and science assessments (Hiebert et al., 2003, Roth et al., in press). During analyses of videotapes 
	of teachers whose students were particularly successful on these assessments (Stigler and Hiebert, .999), researchers and teachers were surprised to see that there was a far greater difference in teaching practice across cultures than there was within 

	a culture. They began to see that there 
	are many more ways to teach a lesson thentheyhadeverimagined,andsome 
	far more effective. 
	VIPS began the process of designing teacher professional development programs based upon the belief that Internet accessible digital libraries of lesson videos with teacher commentary could provide tools and resources neededtoaddresstwochallengesfaced by teachers as they transform practitioner knowledge into professional knowledge. The first challenge was to provide teachers with alternatives to current practice. If the professional development design would enable teacherstomovefromnovicetoexpert intheir
	Teachers in the Imperial County have access to a countywide fiber optic network. There are numerous computers, all equipped with Internet access, found in every classroom. Through the Imperial County Office of Education there are frequent workshops conducted on technology applications for classroom teachers. As a result of the great geographic isolation found in Imperial County, professional development opportunities are conducted over the fiber-optic network, thus reducing the travel time and distance fo
	izedcenterscanconductsimultaneous professionaldevelopment,assistedby teacher leader facilitators. All participants can interact and view the same 
	content simultaneously. 
	In today’s climate of standards, assessment and accountability, a paradigm shift isnecessary for systems to improve teaching and learning in theirclassrooms. 
	In early 2001, VIPS established 
	a partnership with LessonLab 
	through the California Science Subject Matter Project. Current work 
	with LessonLab has focused on launching a comprehensive software platform to support the development and implementation of innovative, case-based professional learning 
	programs. LessonLab is a video- and Internet-based based teacher 
	professional development learning platform developed to help teachers 
	improve their teaching. 
	This application of technology consists of an integrated platform for creating and delivering case-based content in an interactive format over the World Wide Web. This technology incorporates a mix of streaming video, user discussions, supplemental materials, and personal learning tools to create an enriching professionaldevelopmentexperience. It generally involves teachers viewing videos ofclassroomteachingpractice, reflecting on what they see teachers in the video do, analyzing that teaching 
	This application of technology consists of an integrated platform for creating and delivering case-based content in an interactive format over the World Wide Web. This technology incorporates a mix of streaming video, user discussions, supplemental materials, and personal learning tools to create an enriching professionaldevelopmentexperience. It generally involves teachers viewing videos ofclassroomteachingpractice, reflecting on what they see teachers in the video do, analyzing that teaching 
	in light of their own practice, and working with others to improve their 

	teaching. Videos can be viewed on a CD-Rom for those without Internet 
	access, or online, which allows users to communicate with each other and 
	to access Web-based resources. 
	Also embedded in the LessonLab platform are resources related to each video lesson, such as samples of student work, a teacher’s quiz or lesson plan, learner assessment results and other resources related to teaching the subject, topic or skill in question. In addition, all lessons are keyed to state and district curricular standards. The platform also contains an online notebook where teachers and/or facilitators can take and store notes as they watch a video, and a discussion forum for communicating with 
	The VIPS professional development planners have begun the process of building a digital library of science lessons. Teaching is a performance. It occursinrealtime,inarealclassrooms, with real students. Video is the best way of representing that process so it can be studied and analyzed. Video extends live classroom observations by providing opportunities to return to the lesson for group discussion, deeper analysis, and reflection. This process combined with analysis of studentworkgeneratedfromthelesson can
	The VIPS professional development planners have begun the process of building a digital library of science lessons. Teaching is a performance. It occursinrealtime,inarealclassrooms, with real students. Video is the best way of representing that process so it can be studied and analyzed. Video extends live classroom observations by providing opportunities to return to the lesson for group discussion, deeper analysis, and reflection. This process combined with analysis of studentworkgeneratedfromthelesson can
	-

	can share their own knowledge of what they have learned about lesson improvement with lesson plans and studentworkcombinedwiththeactual 


	performance. 
	performance. 
	The professional development program using lesson study as a core has created a means to use the digital library as a tool to strengthen teaching practices. On-line courses are in development. The courses are built around video cases, typically a classroomlesson,andengageteachers inactivitiesdesignedtopromotedeeplevel analyses of the case. Activities will involve teachers in linking the results of their analyses to their own practice, through planning, trying out and reflecting on their own practice in the
	Researchers from San Diego State University—Imperial Valley Campus and from the IV-CaMSP are currently studying the effects of lesson study and LessonLab on teacher practice and student achievement. 


	Final Thoughts
	Final Thoughts
	Final Thoughts
	Teacher professional development programs in science have consistently been designed to address system wide needs. These needs may or may not have been consistent with the needs of individualteachers.Intoday’s climate of standards, assessment and accountability, a paradigm shift is necessary for systems to improve teaching and learningintheirclassrooms.Thisparadigm shift must focus to recognize the power of practitioner knowledge and utilize that knowledge base as a startingpointforthedesign ofprofession
	Teacher professional development programs in science have consistently been designed to address system wide needs. These needs may or may not have been consistent with the needs of individualteachers.Intoday’s climate of standards, assessment and accountability, a paradigm shift is necessary for systems to improve teaching and learningintheirclassrooms.Thisparadigm shift must focus to recognize the power of practitioner knowledge and utilize that knowledge base as a startingpointforthedesign ofprofession
	development programs that are site-based, collaborative, focus on the analysis of practice in the context of teaching and learning, and be exposed 

	to alternatives. Lesson study and the 
	useoftechnologydrivenplatformsare two emergingpathways thatshouldbe considered inthe designofanyprofessional development program that is to be sustained over time. The transformation of practitioner knowledge throughaprofessionalknowledgebase is the ultimate goal of such a design andsubsequentactionplan.Theteaching profession then can be one that is 
	defined by a knowledge base, which 
	allows the profession to improve its 
	practices over time. 
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	Changing Perspectives.In Professional Development. 
	Changing Perspectives.In Professional Development. 
	This article explores three major shifts in beliefs about professional development that are suggested by the research on teacher learning and 
	shares examples of programs from the National Eisenhower Consortia that 
	demonstrate the importance of the shifts...
	Introduction 
	Introduction 
	Introduction 
	Over the past two decades teacher professional development has undergone profound changes from a focus on mostly “one size fits all” workshops to more ongoing, subject and need-focused programs, often embedded in the school day, where many belong (Loucks-Horsley, Love, Stiles,Mundry&Hewson,2003).When my colleagues and I began our work studying professional development in science, the Benchmarks for Science Literacy (AAAS, 1993) and the NationalScienceEducationStandards (NRC, 1996) had not yet emerged on the
	education. Half-way through this first decade 
	of the ..century, educators are working diligently to ensure that all studentslearnandschoolsdemonstrate 
	st 

	annual yearly progress. Schools are scrambling to find ways to reach students who are struggling. Once 
	again professional development is being seen as a major tool to support improvedpracticeandtoassistteachers 
	in meeting goals for student learning. 
	Recently our perspectives about what works in professional development 
	Schooling can make adifference for all students if they haveaccess to qualityteaching and are held to high expectations. 
	and where to best focus energy and resources have been shifting based on research and lessons from the 
	field. This article explores three major 
	shifts in beliefs about professional development that are suggested by the research on teacher learning and shares examples of programs from 
	the National Eisenhower Consortia 
	that demonstrate the importance of 
	the shifts. 
	When it Comes to Student .Learning, Teaching .Matters—a Great Deal. 
	There is a growing recognition of the value of a teacher’s experience and knowledge with regard to their promoting student learning. Experienced teachers who use effective instructional strategies tend toproducehigherstudentachievement 
	outcomes (Rowan, Correnti & Miller, 2002). Most interesting is research 
	that suggests teachers can make the difference for all students, even those students who come from disadvantaged backgrounds (Wenglinsky, 
	2002).Thisresearchsupportstheideas 
	generated in the .9.0s that “effective 
	schools” could create conditions for 
	learning for all students and counters research from the .9.0s that found that schooling could not overcome the effects of students’ backgrounds 
	(Coleman et al., 1966). 
	Schooling can make a difference for all students if they have access to quality teaching and are held to high expectations. Unfortunately, this is not always the case. Research by Sanders and Rivers (.99.) found that children who were taught by several ineffective teachers in a row were highly disadvantaged and performed lower than similar students taught by several more effective teachers in a row. As we make the shift in the field to seeing that teaching makes the difference in student learning, schools a
	teaching expertise throughout their 
	careers. 
	New teachers need content-focused mentoring thatsupports them to teachtheir specific curriculum and content and inducts them into the profession of teaching. 
	Effective teaching is complex and involves drawing from a deep knowledge base in the content as well as in instructional strategies for teaching content. Stigler and Hiebert (.004) calls for building a knowledge base for the teaching profession—“teachers need theories, empirical research, and alternative images of what implementation looks like”( p. 16). 
	Understanding the subject matter 
	is essential for effective teaching. 
	Research studies that examined the relationship between teacher 
	qualifications and background and 
	student achievement in mathematics and science found that high school math and science teachers with a 
	standard certification in their field 
	of instruction (usually indicating coursework in both subject matter and education methods) had higher achieving students than teachers 
	teaching without certification in their subject area (Goldhaber & Brewer, 
	.000; Darling-Hammond, .000; 
	Monk, 1994). 
	For beginning teachers, there is a growing recognition of the need for a 
	For beginning teachers, there is a growing recognition of the need for a 
	different kind of induction program that goes beyond tips for classroom management, directions to the supply 

	closet,andgeneralteachingstrategies. 
	New teachers need content-focused mentoring that supports them to 
	teach their specific curriculum and 
	content and inducts them into the 
	profession of teaching. The content-
	focused mentoring model assigns beginning teachers or teachers who wish to improve their teaching to an accomplished teacher mentor who 
	teaches the same subject matter. The 
	focus of the work between the mentor and mentee is on teaching the content andensuring studentunderstandingof 
	important scientific or mathematical ideas.Thementorandmenteework on 
	lessons together, observe one another teach and study the local, state and national standards in their subject 
	area. Together, they get to know the 
	research on how children learn the contentandthealternativeconceptions 
	students bring to their learning. For 
	example, the Northern New England 
	Co-Mentoring Network Project (), supported by a 
	www.nnecn.org

	National Science Foundation grant awarded to the Maine Mathematics and Science Alliance, developed a model for content-focused mentoring and teacher leadership to support beginning teachers in Maine, New 
	Hampshire, and Vermont. Novice 
	teachers or teachers new to teaching scienceormathematicsarepairedwith accomplished veteran teachers who provide coaching and mentoring on standardsandresearch-basedteaching 
	of the content. When novice teachers encounter material they find difficult 
	to teach or hard for students to learn, thementorteacherhelpsthemexamine the research on learning science and mathematics and deepen their understanding of the ideas students 
	find confusing and reflect on how to 
	adjust their instructional strategies 
	based on the research (Keeley, 2005). 
	By focusing on quality teaching of the content, informed by standards and research, this program is building the next generation of effective science 
	and mathematics teachers. 
	Since teaching matters so much to student learning, veteran teachers, too, must continue to deepen their knowledge and skills throughout their careers. They need opportunities to collaborate with others, reflect on practice, learn from data and results and see what does and does not work in their classrooms, recognizing that strategies that work one year with one class, may need to be adjusted for new students. Especially in the science field where there are discoveries and new developments, teachers need t
	Since teachingmatters so much to student learning,veteran teachers, too, must continue to deepen their knowledge and skills throughout their careers. 
	Professional developers at the Northwest Regional Education Laboratory (NWREL) facilitate the use of lesson study with teachers in Oregon and Washington to build communitiesofpracticecharacterized 
	Professional developers at the Northwest Regional Education Laboratory (NWREL) facilitate the use of lesson study with teachers in Oregon and Washington to build communitiesofpracticecharacterized 
	byteachersworkingtogetheronlesson designs, talking with one another about student learning and observing 


	teaching in the classroom. According 
	teaching in the classroom. According 
	toEricBlackford,UnitDirectorforthe Mathematics and Science Education 
	Center in the Center for Classroom 
	TeachingandLearning,lessonstudyis awaytoshiftteacherlearningfromone 
	time “outside learning” to learning as 
	partofteachers’“ongoingprofessional 
	life.” NWREL works with partner 
	schoolsitesthatinvolvethefacultyand administration in examining lessons 
	to enhance teaching. The approach 
	involves participating faculty in examiningtheirpracticeonanongoing 
	basis.Atoneofthepartnersiteschools, 
	the principal and assistant principal actively engage in learning with the teachers to enhance the teaching of 
	subject matter. 
	As teachers develop their teaching expertise, professional development canshiftto activitiesthatsupportthem toassumerolesasinstructionalleaders, supporting others in their buildings to use quality teaching methods. Schools,likeotherorganizations,need leadership at all levels embedded in the school as a whole (Lambert, .99.; Fullan, 2001). This becomes critically important when the school is trying to make changes in its practices because leaders are needed to support the changes and model effective practice
	Professional Development .Needs to be About the .Content and How to Teach it. 
	This idea may seem obvious, yet there are still too many professional development resources used for programs that have little to do with learning to teach the subject matter. Some focus only on learning content, othersonlyonteachingtechniquesand still others on extra curricula topics. 
	What we have discovered from research is the importance of professional development that is focused squarely on increasing teachers’ content and pedagogical contentknowledgeandteachingskills. Greater positive effects on student learning are seen from inservice programs that focus on content knowledge and on how students learn subject matter (Kennedy, .999; Weiss, Pasley, Smith, Banilower & Heck, 2003). Teachers apply their professional development learning more often when the professional development progra
	Research evidence suggests that professional development that is most closely linked to improved student learningdeepensteachersunderstanding of the content and how to teach it (Cohen & Hill, 2000; Wiley and Yoon, 1995; Brown, Smith and Stein, 1996; 
	What we have discovered from research is the importance ofprofessional development that is focused squarely on increasing teachers’ content and pedagogical contentknowledge andteaching skills. 
	and Kennedy, 1999). Mary Kennedy 
	(.999) examined studies of professional development in mathematics and science that included evidence of 
	student learning. She concluded that 
	“the content of in-service programs doesindeedmakeadifferenceandthat programs that focus on subject-matter knowledge and on student learning of particular subject matter are likely to have larger positive effects on student learning than are programs that focus 
	mainly on teaching behaviors” (p. 25). The programs she examined with 
	the greatest effects were not focused purely on teaching the subject matter, but also on teaching the subject matter in the context of how students learn 
	it. Further evidence comes from the 
	Inside the Classroom study (Weiss et 
	al.,2003)thatfoundthatitisnecessary, but not sufficient, for teachers to have contentknowledge.Thisstudy reports 
	that: “[Teachers] also must be skilled in helping students develop an understanding of the content, meaning that they need to know how students typically think about particular concepts, how to determine what a particular student or group of students thinks 
	that: “[Teachers] also must be skilled in helping students develop an understanding of the content, meaning that they need to know how students typically think about particular concepts, how to determine what a particular student or group of students thinks 
	about those ideas, and how to help 


	students deepen their understanding” 
	students deepen their understanding” 
	(p. 28). 
	Knowledge of content also helps teachers to develop an essential ingredient for effective teaching, their specialized professional knowledge, 
	calledpedagogicalcontentknowledge. 
	Pedagogical content knowledge is an understanding of what makes the learning of specific topics easy or difficult for learners and knowledge of ways of representing and formulating subject matter to make it comprehensible to different 
	learners (Shulman, 1986; Cochran, DeRuiter, & King, 1993; Fern ndez-Balboa & Stiehl, 1995; Grossman, 1990; van Driel, Verloop, & De Vos, 1998). Studies suggest that teachers’ 
	development of pedagogical content knowledge is contingent on having 
	subject matter knowledge (Clermont, Krajcik,&Borko,1993).With limited 
	content understanding, teachers’ ability to develop their understanding 
	ofhowtoteachthecontentisrestricted. 
	The National Science Education 
	Standards(NationalResearchCouncil, 
	.99.)suggestthatpedagogicalcontent knowledge is an essential part of 
	effective teaching. 
	“Effective teaching requires thatteachersknowwhatstudents ofcertainagesarelikelytoknow, understand, and be able to do; whattheywill learnquickly;and what will be a struggle. Teachers of science need to anticipate typical misunderstandings and to judge the appropriateness of concepts for the developmental level of their students. In addition, teachers of science must develop understanding of how students with different learning styles, abilities, and interests 
	learn science. Teachers use all 
	of that knowledge to make effective decisions about learning objectives, teaching strategies, assessmenttasks,andcurriculum 
	materials” (NRC, 1996, p. 62). 
	The Department of Education at 
	Rhode Island College in collaboration 
	with the East Bay Educational 
	Collaborative, the Eisenhower Regional Alliance at TERC and 
	participating school districts joined forces to develop a model for increasing teachers’ content and 
	“Effective teachingrequires that teachers know what students of certain ages are likely to know, understand, and be able to do; what they will learn quickly;and what will be a struggle.” 
	pedagogicalcontentknowledge.They 
	combined the use of lesson study—a process by which groups of teachers meet regularly over long periods of time (several months to a year) to work on the design, implementation, testing, and improvement of one or severallessons—withacontent-based 
	institute. Teacher and administrator 
	teams work together in a science inquiry experience to deepen 
	understanding of science topics. 
	They use their experience to inform their lesson study and incorporate the use of science notebooks to reinforce the inquiry process and enhance 
	student literacy. The integration of 
	the content institute with the ongoing lesson study process leads the teacher and administrator teams to learn the content and focus on how to best 
	teach it to meet student learning goals. In a recent interview, Joyce Tugel, 
	professional developer for science at 
	the Regional Alliance at TERC stated 
	that through this design “the teams develop a common understanding of what inquiry science is, what it looks like in the classroom and how to do 
	it.” She says the program is designed 
	to be “relevant and grounded in the teachers’ own practice rather than an isolated professional development 
	strategy.” 
	In another example, the Far West Eisenhower Regional Consortium for Science and Mathematics supports the use of cases of science learning to integrate content and pedagogical contentlearningforteachers.Teachers whocollaboratedinexaminingpractice through case discussions of content learning in science showed gains in students’ science test scores whereas therewerenogainsamongcomparable students of non-participating teachers (Daehler & Shinohara, 2001). Case discussionsandexaminationofstudent work have been s
	& Tyson, 1993). In a recent interview, Mayumi 
	Shinohara, one of the authors of the science cases stated that: 
	“Teachers engage in doing the science in the cases and as they do they are thinking really hard about the learning of that science … they see there is real logic behind the common wrong ideas kids have and see the diversity of ideas kids have about 

	science concepts. It leads the 
	science concepts. It leads the 
	teachers to very different ways of thinking about students’ideas and how they would work with the kids to help them understand 
	the concepts.” She went on to 
	say that “the value of professional development focused on content and pedagogical content knowledge is that it allows for going deeper to better understand student learning and 
	studentthinking.Whileknowing 
	the curriculum materials and how to use the science kits is important,wemustcreateopportunities for professional development to focus on the harder things teacher must do—such as developing the habits of mind to be always wondering how chil
	dren will respond to the lesson. 
	Professional development that only deals with the basics leaves teacherswiththehardestworkto 
	tackle later on their own.” 
	The Purpose of Professional .Development is to Enhance .Learning of Challenging .Content for All Students. 
	Anothersignificantpositivechange we are witnessing in the field is 
	the shift to seeing and believing that the purpose of professional development is to enhance learning of challenging contentforallstudents. Thishasledtoincreasedaccountability and responsibility for professional development programs to better equip teacherstoteacharigorouscurriculum to all students and to ensure that students have every opportunity to 
	meet the highest standards. Educators 
	are now recognizing professional development as a tool focused on building the knowledge and skills 
	Teachers can examine student work and other artifacts to see changesin the type of work andthinking students are doing, as well as theirlevel of understanding. 
	of teachers to enhance student 
	outcomes. 
	The research demonstrates that students of all races, cultures, and genders are capable of learning science.“Alllearnersfromveryyoung ages come to school with conceptions about the world, are curious about phenomena, and can inquire into them and make meaning of them. When all childrenhaveaccesstoqualityteaching and high expectations, they are able to meet standards for content learning” (Campbell, 1995). Through its use of lesson study mentioned earlier, the Northwest Regional Education Laboratory is incre
	of all learners. There are significant differences in 
	the professional development schools 
	the professional development schools 
	choose to implement when they see its purpose to be the enhancement of 

	student learning. They think about 
	whatkindofprofessionaldevelopment program they need based on student 
	learning needs. They dig into data to find out where their students are not meeting proficiency goals and 
	develop professional development plansrelatedtoenhancingteachingand learningin thoseareas andonbuilding stronger school communities to 
	supportthatlearning.Later,classroom 
	observations and teacher surveys can provide data on whether and how 
	teachers are using new practices. 
	Teachers can examine student work and other artifacts to see changes in the type of work and thinking students are doing, as well as their level of understanding. With evidence of change in teacher practice and student learning outcomes, the school can begin to build a case for the effectiveness of its professional development program. 
	Looking Ahead
	While the standards have raised the quality of teaching in many places, a study investigating over 350 science and mathematics lessons found that “fewer than one in five lessons were intellectually rigorous—schools in rural settings and those with high percentageofminoritystudentstended toberatedaslackingintellectualrigor” (Weissetal.,2003).Itseemsournation is still at risk when it comes to science learning.AMay2004articleintheNew York Times warned that the U.S. has startedtoloseitsworldwidedominance inscie
	While the standards have raised the quality of teaching in many places, a study investigating over 350 science and mathematics lessons found that “fewer than one in five lessons were intellectually rigorous—schools in rural settings and those with high percentageofminoritystudentstended toberatedaslackingintellectualrigor” (Weissetal.,2003).Itseemsournation is still at risk when it comes to science learning.AMay2004articleintheNew York Times warned that the U.S. has startedtoloseitsworldwidedominance inscie
	lag behind their counterparts in other 

	developed nations. 
	The implications are that educators need to continue efforts to build the capacity of teachers to provide a challenging science education that preparesallstudentsfortheworldthey 
	livein.Thethreeshiftsdiscussedinthis 
	article must inform decision making about the structure, form and focus 
	of teacher professional development. 
	Policy makers and practitioners must recognize the importance of quality teachingtostudent learningandcreate permanentmechanismsandstructures, embedded in the school culture, that support teachers to develop deep knowledge of teaching throughout 
	their careers. This includes providing 
	professional development with a strongcontentandpedagogicalcontent focustiedtostudentlearninggoalsand 
	situated in teacher practice. Teachers 
	are enriched by studying teaching, examining studentlearning,and using 
	knowledge from research. Educators 
	mustabandonoutmodedapproachesto staff development and invest in these 
	more “practice-based” approaches to professional learning for teachers. 
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	Achieving The Staff Development .Model Advocated In the. National Standards. 
	Achieving The Staff Development .Model Advocated In the. National Standards. 
	An argument is made that more actions are needed by more professionals in more schools if the visions of the National Science Education Standards are going to succeed in accomplishing the illusive reforms for which the 
	science education community has so often strived...
	The early drafts of the National Science Education Standards (NSES) did not include any mention of staff development; it was not considered as partoftheneededvisionsforchanging school science. There was never any intention that the Standards would indicate minimum competencies that would be required of all. Instead, the focus was on visions of how teaching, assessment, and content should be changed. It was a matter of choice that elaboration of content would follow considerations of changes in teaching and 
	The early drafts of the National Science Education Standards (NSES) did not include any mention of staff development; it was not considered as partoftheneededvisionsforchanging school science. There was never any intention that the Standards would indicate minimum competencies that would be required of all. Instead, the focus was on visions of how teaching, assessment, and content should be changed. It was a matter of choice that elaboration of content would follow considerations of changes in teaching and 
	important. The final draft of the Standards 
	appeared in .99. after four years of 
	debate and an expenditure of nearly 
	$7 million. Several early drafts were 
	circulated widely with invitations to comment, suggest, debate, and assist 
	with attaining a consensus document. 
	A director of consensus provided 
	leadershipandassistanceasfinaldrafts were assembled. Early on, programs 
	and systems were added as follow-ups of teaching, assessment, and 
	content.But,asindicated,professional 
	developmentstandardswereofferedas a sixth area and placed after teaching 
	and before assessment in the final draft of the Standards. It was when the final draft was offered to the 
	leadership in the National Academy of Sciences that a section on Staff Development was added in response to the argument that such visions for 
	Too often reform and 

	improvement is defined 
	improvement is defined 
	improvement is defined 
	as new organization ofmaterials for teachers to use. 
	the continued education of teachers 
	would be needed if any significant use 
	of the Standards, any improvement of existing teachers, and any improved ways of preparing teachers were to 
	be realized. In many respects these 
	standards for encouraging teacher development and growth were vital to implementing the Standards; and yet they were non-controversial while being viewed by many as the most important part of the Standards for achieving the visions which the other 
	parts suggested. 
	The NSES and Professional Development
	There are fourteen features of Professional Development (PD) includedintheNSES;allareconsidered vital if the Standards are to result in progress for assuring continued growth and development of all in-service teachers. They also provide suggestions for the features needed for programs designed to prepare new teachers. Figure 1 provides a listing of conditions suggested in the National Standards as needed if such programs are to succeed to the fullest. 

	Sect
	Figure

	Figure
	Figure 1.. The National Science Education Standards envision change throughout the system.The professional development standards encompass the following changes in emphases: 
	Less Emphasis On More Emphasis On 
	Less Emphasis On More Emphasis On 
	•. 
	•. 
	•. 
	Transmission of teaching knowledge and skills by lectures•. Inquiry into teaching and learning

	•. 
	•. 
	Learning science by lecture and reading•. Learning science through investigation and inquiry

	•. 
	•. 
	Separation of science and teaching knowledge•. Integration of science and teaching knowledge

	•. 
	•. 
	Separation of theory and practice•. Integration of theory and practice in school settings

	•. 
	•. 
	Individual learning•. Collegial and collaborative learning

	•. 
	•. 
	Fragmented, one-shot sessions•. Long-term coherent plans

	•. 
	•. 
	Courses and workshops•. A variety of professional development activities

	•. 
	•. 
	Reliance on external enterprise•. Mix of internal and external expertise

	•. 
	•. 
	Staff developers as educators•. Staff developers as facilitators, consultants, and planners


	•. Teacher as technician •. Teacher as intellectual, reflective practitioner
	•. 
	•. 
	•. 
	Teacher as consumer of knowledge about teaching•. Teacher as producer of knowledge about teaching

	•. 
	•. 
	Teacher as follower •. Teacher as leader 

	•. 
	•. 
	Teacher as an individual based in a classroom •. Teacher as member of a collegial professional community

	•. 
	•. 
	Teacher as target of change •. Teacher as source and facilitator of change 


	(NRC, 1996, p 72) 
	(NRC, 1996, p 72) 
	The first change suggested for improving PD programs is less emphasis on transmitting teaching knowledge and skills by lecture (a feature of most staff development initiatives of school funded programs and for typical college/university teaching). Instead the Standards call for the focus to be one of inquiry into teaching and learning. This, of course, emphasizes the use of questions that leads to learning and the identification ofpossibleanswersthatcouldbetested as a means of collecting evidence that the e
	The Standards continue to deemphasize lecture and reading as models for instruction in favor of learning through investigation and inquiry. Again, they de-emphasize the transmission of information and skills directly by teachers to students. This departs ..0° from the way learning is portrayed and modeled in traditional collegiate settings. 
	AnotherfeatureofthePDStandards consists of dropping the idea that science and teaching knowledge 
	can or should be separated in PD efforts, instead ensuring that they are 
	approached in an integrated fashion. 
	Similarly, the Standards suggest less emphasis on separating theory from practice, and more emphasis on their integration, especially when in school 
	settings. 
	One could argue that“real” science is seldom encountered or experienced in mostscience classrooms. 
	The Standards emphasize that individual learning needs to change to more collegial and collaborative learning. The Standards identify fragmented, one-shot sessions as problems to be replaced with longterm, coherent plans (probably taking place over several years). Project .0.., the major reform suggestions 
	The Standards emphasize that individual learning needs to change to more collegial and collaborative learning. The Standards identify fragmented, one-shot sessions as problems to be replaced with longterm, coherent plans (probably taking place over several years). Project .0.., the major reform suggestions 
	advancedbytheAmericanAssociation for the Advancement of Science (AAAS), suggests such a plan should coincide with the life span of a human 

	being, perhaps 75 years (Rutherford and Ahlgren, 1990). 
	The Standards suggest that current workshops should not describe and outline visionary PD models; instead, a great variety of activities and approaches should be used. And, these should be models for the enrollees to experience directly and to prompt discussion and debate among all concerned—something to be used in K-12 science classrooms. 
	The Standards also de-emphasize the reliance on external expertise; they suggest the importance of the involvement of local teachers and consultants as well as outside persons withspecificexpertiseandexperience. The Standards suggest that there be less emphasis on staff development seen as efforts on the part of “experts” and more of an emphasis on them serving as facilitators, consultants, planners,andquestioners.Teachersare 
	Figure

	Figure
	portrayed less as technicians (factory definitions, skills, activities, and the success of PD efforts. Do we workers) and more as intellectual, verbiage. get teachers who exhibit the more reflectivepractitioners(professionals). Again, the NSES clearly state nine emphasis conditions? How much Teachersareviewed(bytheStandards) ways teaching should change to result improvement has been found? What less as consumers and more as in more and better student learning else should be emphasized and providers of knowl
	with understanding. These contrasts Professional Development Standards How Teachers Must Changeare indicated in Figure 2. elaborated in the NSES. 
	Professional Development is about The teaching standards are first ensuringthatteacherscontinuetogrow in the .99. publication because and improve. It forces us to look at of their importance in realizing the acts of teaching and to discuss the the goals and because they were effectsoftheseactsonstudentlearning. the least controversial of all the 
	Education has become
	Education has become

	We have to be sure that learning does visions contained in the NSES. These 
	result—and that it is learning with changes in teaching are the targets for understanding and potential use after improving in-service teaching and students to accept andstudents leave the school classrooms the needed skills for science teacher 
	training; i.e., getting 

	be able to recall 
	be able to recall 

	and laboratories—and not merely an preparation..indication of attention, remembering, Thenine moreemphasis conditions explanations others .repeating,reciting,duplicatingwords, provide another way to measure 
	have offered.. 

	Figure 2. The Ways Teaching Must Change if the NSES Visions for Reform are to Occur 
	Figure


	Less Emphasis On. More Emphasis On 
	Less Emphasis On. More Emphasis On 
	•. 
	•. 
	•. 
	Treating all students alike and responding to the group as a.•. Understanding and responding to individual student’s.whole interests, strengths, experiences, and needs.

	•. 
	•. 
	Rigidly following the curriculum.•. Selecting and adapting curriculum


	•. 
	•. 
	•. 
	Focusing on student acquisition of information•. Focusing on student understanding and use of scientific

	•. 
	•. 
	Presenting scientific knowledge through lecture, text, and.knowledge, ideas, and inquiry processesdemonstration •. Guiding students in active and extended scientific inquiry

	•. 
	•. 
	Asking for recitation of acquired knowledge.•. Providing opportunities for scientific discussion and


	•. 
	•. 
	•. 
	Testing students for factual information at the end of the unit.debate among students.or chapter•. Continuously assessing student understanding.

	•. 
	•. 
	Maintaining responsibility and authority.•. Sharing responsibility for learning with students

	•. 
	•. 
	Supporting competition.•. Supporting a classroom community with cooperation,

	•. 
	•. 
	Working alone. shared responsibility, and respect


	•. Working with other teachers, local experts and school and
	community leaders to enhance the science program(NRC, 1996, p 52) 
	A New NSTA Monograph High-Lighting P.D. Models
	A New NSTA Monograph High-Lighting P.D. Models
	The National Science Education Standards (NSES) clearly articulate 
	fourgoals(justifications)forrequiring science in K-12 schools. These four 
	goals illustrate the major focus for producing students who can: 
	.) experience the richness and excitement of knowing about and understanding the natural world; 
	2) useappropriatescientificprocesses 
	and principles making personal decisions; 
	3) engage intelligently in public 
	discourseanddebateaboutmatters of scientific and technological concern; and 
	4) increase their economic productivity through the use of the knowledgeandunderstanding,and 
	skills of the scientifically literate 
	person in their careers 
	(NRC, 1996, p.13) For many the first goal is the most 
	important since it ensures the every 
	student will have a firsthand personal experience with the whole scientific enterprise. This means exploring 
	nature with a natural curiosity which 
	all humans enjoy. It means asking 
	questions, identifying the unknown, proceeding to knowing—even if it is a personally constructed answer or explanation (but wrong in terms of currentscienceacademynotions)ofthe originalquestionarisingfrompersonal 
	curiosity. Again, all humans do this in different ways. Artists see beauty, poets express feelings, dancers dance. In science the exploration of natural 
	phenomena must include evidence produced by some manipulation of nature, and others must accept the 
	evidence before science is done. 


	What Is Basic Science? 
	What Is Basic Science? 
	Science educators tend to define 
	science as the information found in textbooks for K-.. and college courses or the content outlined in 
	state frameworks and standards. Such definitions omit most of what George Gaylord Simpson (1963) described as the essence of science; Simpson’s five activities which define science are: 
	.) asking questions about the natural 
	universe; i.e., being curious about 
	the objects and events in nature; .) trying to answer one’s own 
	questions; i.e., proposing possible 
	explanations; 
	3) designingexperimentstodetermine 
	the validity of the explanation offered; 
	4) collecting evidence from observations of nature, mathematicscalculations,and,whenever possible,experimentscarriedoutto establishthevalidityoftheoriginal explanations; 
	5) communicating the evidence to 
	others who must agree with the interpretation of the evidence in order for the explanation to become accepted by the broader 
	community (of scientists). (Simpson, 1963, p. 3) The elements of science identified 
	by Simpson are rarely studied in 
	schools.Forexample,sciencestudents 
	seldom determine their own questions for study; they are not expected to be curious; they rarely are asked to proposepossibleanswers;theyseldom are asked to design experiments, and they rarely share their results with others as evidence for the validity of their own explanations (Weiss 
	et al., 1994). In fact typical school 
	science treats science concepts as givens—something to be transmitted 
	NSELA members need to become the conscience for society by insisting on a more 


	precise definition of 
	precise definition of 
	precise definition of 
	science and what this means for school programs and, more importantly, for teaching science in schools. 
	to students via textbooks and teacher lectures often following closely State Standards which have all too often 
	negated the National Standards. One could argue that “real” science 
	is seldom encountered or experienced 
	inmostscienceclassrooms.Thetypical 
	focusisalmostwhollyonwhatcurrent scientists accept as explanations 
	(Harms & Yager, 1981; Weiss et al., 1994). Competent science students 
	only need to remember what teachers 
	or textbooks say. Most laboratories 
	are but verification activities of what teachers and/or textbooks have indicated as truths about the natural 
	world. There is seldom time for 
	students to design experiments that 
	could improve human existence. 
	Science education should be about drawing people out in terms of engaging their minds. Instead, most science programs focus on directing students to what they should learn— i.e., the explanations of objects and events that scientists have accepted as truths or explanations of the natural world and/or technological achievements (e.g., automobiles, airplanes, air conditioners) (AAAS, 1990a). 

	Education has become training; 
	Education has become training; 
	i.e., getting students to accept and 
	be able to recall explanations others 
	have offered. This is often done under 
	the pretext that specific concepts and process skills are necessary prerequisites for understanding, even though it is now apparent that such approaches are useless and that understanding is rarely accomplished until students see the importance of those concepts and skills, and the need 
	for them (Resnick, 1987; NRC, 1999; Greeno, 1992). 

	Realizing the NSES Visions
	Realizing the NSES Visions
	Realizing the NSES Visions
	What we now know about effective ProfessionalDevelopmentforscience teachersshouldprovidetheframework for all the efforts of members of the National Science Education Leadership Association (NSELA). NSELA members are the leaders who will determine what goes on in K-.. schools with respect to science programs. Leaders should not blindly follow what others mandate or direct. Too often such attempts at reform are alien towhat goodleadership suggests and certainly do what science itself entails. 
	NSELA members need to become the conscience for society by insisting on a more precise definition of science and what this means for school programs and, more importantly, for teaching science in schools. Too often teachers as well as the general public are too willing to ignore the essence of science and to relegate its teaching to the topics too often characterizing curriculum frameworks, textbook chapters, the “agreed upon” concepts too often packaged in discrete disciplines. 
	Paul DeHart Hurd often reminded us that the traditional disciplines are no longer useful and only exist as 
	designations for college departments 
	and secondary school courses. All 
	currentresearchnowisblurredinterms 
	of discipline structure. And, instead of 
	science leading to technology (often 
	called applied science), now scientific 
	research is completely dependent 
	upon new technologies. The future 
	of science education is rooted in its alignment with technology (and 
	mathematics research and structure). It will take time for all the reforms to succeed and to be successful. But, 
	NSELA members must assume the needed leadership if it is to proceed in meaningful ways in these tumultuous 
	times. 
	School science is rarely seen as an experiencethat enriches and excites students about their knowledge and understanding of theobjects and eventsfound in the natural world. 
	The first and overarching goal for science education for the decade following the .99. publication of the NSES is to provide a direction for our field and is listed first in the NSES narrative (NRC, p. 13). All science educators (and especially NSELA members) must internalize and work diligently toward meeting this important goal and justification of science in K-12 schools. It should be the goal that unifies us all. But it will be the most difficult to achieve! School science is rarely seen as an 
	The first and overarching goal for science education for the decade following the .99. publication of the NSES is to provide a direction for our field and is listed first in the NSES narrative (NRC, p. 13). All science educators (and especially NSELA members) must internalize and work diligently toward meeting this important goal and justification of science in K-12 schools. It should be the goal that unifies us all. But it will be the most difficult to achieve! School science is rarely seen as an 
	experience that enriches and excites students about their knowledge and understandingoftheobjectsandevents 

	found in the natural world. 
	Reconsidering 

	Scientific Literacy
	Scientific Literacy
	Scientific Literacy
	Paul Brandwein once said that science literacy would begin to be realized if every student had even one full experience with science as it is defined by Simpson (1963). Brandwein contended that most high school graduates complete their schoolingwithoutevenoneexperience with real science. Many within NSTA have argued that we should aim for more than one science experience in thirteen years—instead, a better goal would be at least one for each year of the thirteen-year continuum of a general education for all
	The other three goals from the NSES (in addition to ensuring that all students experience the essence of the whole sequence that characterizes science) focus upon experiences 

	in school science which will affect the daily lives of students that can 
	in school science which will affect the daily lives of students that can 
	help them make better scientific and 
	societal decisions and lead them to 
	increaseeconomicproductivity.These 
	are seen as a way to achieve a fuller 
	scientific literacy. These three NSES 
	goals are rarely approached, realized, or assessed in typical classrooms by 
	typical teachers. Information that 
	would help in realizing these goals are notofferedintexts,teacherpreparation efforts, or programs for in-service 
	teachers. If we want science concepts 
	and skills to be used in making personal decisions, we are going to have to deal with ideas of how these 
	can be achieved. In Backward Design, Wiggins & McTighe, (1998) provide 
	ideas about what needs to be done— what evidence we need to be sure we 
	havemetGoal2(i.e.,usingappropriate scientific methods and principles for 
	making personal decisions) must be 
	practicedintheclassroomandbeyond. 
	Efforts are needed to collect evidence 
	to indicate that each goal is met. We 
	cannot stop with the idea that students seem to know certain concepts and 
	can perform certain skills. We need 
	to expect evidence for learning to include practice with the concepts and skills in actually making decisions in 
	daily living. 
	Taking Actions as a Result of School Science 
	Another focus for school science mustbeoninvolvingstudentsinpublic discourse and debate in school, and in the outside community, beyond life for any given year. Perhaps the best evidence that this goal had been met is in the involvement of students in their school and community affairs. Where do they actually use what is in the curriculum and what teachers teach? Awhole new way of viewing content, 
	It is probablyimportant to remind ourselves that learningis something that thebrain is designed to do. 
	instruction, and assessment is needed if this goal is to be realized as one of 
	those proposed in the NSES. 
	The fourth goal may be the most 
	difficult to achieve and to assess. In 
	somewaysitisevenfurtherfromdaily 
	life and the immediate community. It focuses on economic productivity, 
	possible career choices, and the use of the typical concepts and processes which often provide only a two-
	dimensional view of science. This 
	could be construed as taking long range actions arising from school 
	science study. 
	Where We Are with Implementing NSES Visions
	We have had eight years to reach the visions advanced for Science Education for the decade following the publication of the NSES. The NSTA series dealing with exemplary programs will be available shortly to highlight the most successful schools and teachers in meeting these visions. Some are already planning to develop new Standards—perhaps to chart new pathways. Some worry, however, that these are so few instances where substantial progress has been made. Nonetheless, it is generally agreed that ten years 
	We have had eight years to reach the visions advanced for Science Education for the decade following the publication of the NSES. The NSTA series dealing with exemplary programs will be available shortly to highlight the most successful schools and teachers in meeting these visions. Some are already planning to develop new Standards—perhaps to chart new pathways. Some worry, however, that these are so few instances where substantial progress has been made. Nonetheless, it is generally agreed that ten years 
	going to succeed with accomplishing the illusive reforms for which we have 

	so often strived. 
	Features of a Model. PD Program.
	One effort in the staff development arena which continues to grow and change based on experience is the Iowa Chautauqua Model (ICM). It was initiated in 1983 as one of seventeen projects funded by NSF and coordinated by NSTA. It was initiated after NSF decided not to support further the long time AAAS project to provide summer workshops and follow-up meetings for college faculty (mainlyfacultyfromfour-year colleges and community colleges). It was designed to use noted researchers and making them available t
	Iowa Chautauqua and later Iowa SS&C were approved by the Program Effectiveness Panel (PEP) of the U.S. Department of Education, funded by the National Diffusion Network, validated the Northwest Regional Laboratory and the Middle School ResearchAssociationasaprofessional 
	Iowa Chautauqua and later Iowa SS&C were approved by the Program Effectiveness Panel (PEP) of the U.S. Department of Education, funded by the National Diffusion Network, validated the Northwest Regional Laboratory and the Middle School ResearchAssociationasaprofessional 
	development model which embodies the professional development needs 


	as identified in the HRI (Horizon Research Institute) study of such programs (Weiss, 2002). 
	as identified in the HRI (Horizon Research Institute) study of such programs (Weiss, 2002). 
	Iowa Chautauqua continues work in Iowa (through National Diffusion Network (NDN) work in .. other states) but over a period of one to three years for K-12 teachers. Basically, the Iowa Chautauqua Program is at least a whole year-long staff development sequence designed to help K-.. 
	science teachers align their curricula, instruction, and assessments with the visions embodied in the National 
	Science Education Standards. The 
	standards establish eight content areas for science education: unifying concepts and processes, science as inquiry, physical science, life science, earth and space science, science and technology, science in personal and societal perspectives, and history and 
	nature of science. 
	The program prepares teachers to pilottestshortteachingunitsduringthe fallbasedoncontentstandardsinthese areas. After additional collaboration andtraining(includingactionresearch projects), teachers working in teams develop and pilot longer instructional modulesadapting curricularmaterials developed nationally (often with federal support). The eventual goal is the creation of a unified school-wide curriculum and assessment plan. 

	Figure 3. A View of the Sequence of Activities Describing the Iowa Chautauqua Model 
	LEADERSHIP CONFERENCE 
	LEADERSHIP CONFERENCE 
	LEADERSHIP CONFERENCE 

	A Week Long Conference Designed To 
	1.. 
	1.. 
	1.. 
	Prepare staff team for conducting a workshop series which follows for 30 new teachers.a). One lead teacher for no more than ten new teachers b). Scientists from a variety of disciplines c). Scientists from industry d). Administrators e). Science Supervisors/Coordinators as chair of staff teams 

	2.. 
	2.. 
	Organization and scheduling for each workshop 

	3.. 
	3.. 
	3.. 
	Publicity and reporting 


	4.. 
	4.. 
	Assessment strategies.a). Six domains. b). Use of student reports. c). Teacher journals/notebooks, new research plans for Lead Teachers. 



	THREE WEEK SUMMER WORKSHOP 
	THREE WEEK SUMMER WORKSHOP 
	THREE WEEK SUMMER WORKSHOP 

	Teaching and Learning as Outlined in the NSES 
	1.. Includes special activities and field experiences that relate specific content within the disciplines of biology, chemistry,
	earth science, and physics—all related to the four goals of teaching science in the NSES. 
	2.. 
	2.. 
	2.. 
	Makes connections between science, technology, society within the context of real world issues. 

	3.. 
	3.. 
	Issues such as air quality, water quality, land use/management provide context for concept development. 


	Figure 3. continues on page 23 
	Figure 3. continues on page 23 

	Figure 3. continued 
	Figure 3. continued 

	Fall Short Course ➪ Awareness Workshop 20 hr. Instructional Block (Thursday p.m. Friday, & Saturday) 
	Fall Short Course ➪ Awareness Workshop 20 hr. Instructional Block (Thursday p.m. Friday, & Saturday) 
	Fall Short Course ➪ Awareness Workshop 20 hr. Instructional Block (Thursday p.m. Friday, & Saturday) 
	ACADEMIC YEAR WORKSHOP SERIES Interim Project ➪ Three Month Interim Project The STS Module 
	20 hr. Instructional Block (Thursday p.m. Friday & Saturday) Spring Short Course Final Workshop 

	Activities Include: 
	Activities Include: 
	Activities Include: 
	Activities Include: 

	1.. Reviewing problems with traditionalviews of science and science teaching 2.. Outlining essence of the broaderdefinition of science. 3.. Defining techniques for developingnew modules and assessing theireffectiveness 4.. Selecting a tentative module topic 5.. Practicing with specific datacollection assessment tools in each assessment Domain. 
	1.. Reviewing problems with traditionalviews of science and science teaching 2.. Outlining essence of the broaderdefinition of science. 3.. Defining techniques for developingnew modules and assessing theireffectiveness 4.. Selecting a tentative module topic 5.. Practicing with specific datacollection assessment tools in each assessment Domain. 
	1.. Developing instructional plansfor minimum of twenty days 2.. Administering pretests in sixdomains 3.. Teaching the module utilizingstudent ideas and priorexperiences. 4.. Collecting posttest information 5.. Communicating with regionalstaff, Lead Teachers and central Chautauqua staff 
	1.. Reporting on the teaching andlearning experiences 2.. Reporting on multiple assessmentefforts 3.. Interactions concerning newinformation arising from the actionresearch in the classrooms of all participants 4.. Planning for involvement inprofessional meetings 5.. Planning for next-step initiatives 





	Establishing Successful 
	Establishing Successful 
	Establishing Successful 
	P.D. Programs
	The Chautauqua program prepares 
	teachers to use constructivist 
	instructionalstrategiesintheclassroom. 
	This means less emphasis on lecture, demonstration, memor-ization, and 
	rigid adherence to curriculum. It 
	means more emphasis on discussion, teacher collaboration, active inquiry, cooperative learning, continuous assessment of student understanding, anduseofstudentexperienceandlocal 
	issues as vehicles for learning. 
	The Iowa Chautauqua program and its successor, the Iowa Scope, Sequence, and Coordination project, have been evaluated by outside evaluator teams, doctoral candidates, annualassessmentreports,andstudies in10statesand6internationalsettings. Most of these studies have focused on changes in teacher practice and attitude. Several, however, have 
	The Iowa Chautauqua program and its successor, the Iowa Scope, Sequence, and Coordination project, have been evaluated by outside evaluator teams, doctoral candidates, annualassessmentreports,andstudies in10statesand6internationalsettings. Most of these studies have focused on changes in teacher practice and attitude. Several, however, have 
	examined student achievement in six domains of science learning: concepts, process skills, applications, 

	creativity, world view, and attitude. In one study, for example, 15 lead 
	teachers each taught one science class 
	using the Chautauqua approach and 
	another using a traditional textbook 
	approach. Students (a total of 722) 
	were randomly assigned to treatments 
	and traditional classes. Pre-tests were 
	given to students in September and 
	post-tests in April. The type of test used varied from domain to domain. 
	For example, the concept domain was assessed with multiple choice tests available from textbook publishers, 
	the process domain with 13 skills identifiedbytheAmericanAssociation 
	for the Advancement of Science, and the application domain by multiple choice items generated by program 
	developers. The results revealed no difference between Chautauqua 
	and control students in the concept domain (traditional science content); 
	in the other five domains, however, Chautauqua students demonstrated significantlymoregrowththancontrol students. 
	Other studies have found that 
	female students in classrooms taught 
	by Chautauqua teachers have more 
	positive attitudes towards science than counterparts in traditional 
	science classes. Studies have also 
	demonstrated numerous positive effects on teachers, including better understanding of the nature of science 
	and greater ability in ability to teach it. Figure 3 is an outline of the features of Iowa Chautauqua Model. 


	A Broader View of Science 
	A Broader View of Science 
	A Broader View of Science 
	It is probably important to remind 
	ourselves that learning is something 
	thatthebrainisdesignedtodo.Perhaps 
	of even more importance is the fact 
	of even more importance is the fact 
	that real learning is occurring even when it seems that many students do not succeed in school because they do not seem to learn what teachers 

	teach or what is in the curriculum. 
	Theassumptionistoooftenthatthey 
	have not learned at all. 
	Frank Smith in his book “The 
	Book of Learning and Forgetting” 
	(seeFigure4)distinguishesbetween what learning is classically and 
	what it has become officially in 
	institutions called schools (Smith, 
	1998). 
	Learning about Professional Development is just like learning 
	in school. But the official theory 
	is not the one that the NSELA leaders should follow; it is time to renew use of what Smith calls the classical theory of learning and in 
	so doing revise the official view of learning which exists in most schools. 
	We should be pushing for use of the classical theory in our work with teachers for change and ignore the so-
	called official theory which is the root 
	of most of our failures for reforms in 
	science education in schools. 
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	Figure 4: Views of Learning (From the book Learning and Forgetting). 
	The classic view (of how humans The official theory (which governs 
	learn) indicates that real learning is schools) results in learning that is 
	continual occasional 
	effortless hard work 
	inconspicuous obvious 
	boundless limited 
	unpremeditated intentional 
	independent of rewards dependent on rewards and 
	and punishment punishment 
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	Putting the Puzzle Together: .Scientists’ Metaphors for.


	Scientific Inquiry..
	Scientific Inquiry..
	This study describes specific metaphors commonly used by scientists to articulate aspects of their conception of scientific inquiry. 
	Metaphors are used as a typical way to negotiate and to describe our everydayexperience.Intheclassroom, teacherscommonlyemploymetaphors toengagestudentsandtomakeabstract ideas appear more concrete (Ogborn & Martins, 1996; Thagard, 1992). In particular, metaphors provide an effective means to help visualize abstractideas(Davidson,1976;Miller, 1979). We feel that understanding the metaphors scientists use will assist teachers in crafting classroom discourse that will guide students’ developingunderstandingofs
	Metaphors are used as a typical way to negotiate and to describe our everydayexperience.Intheclassroom, teacherscommonlyemploymetaphors toengagestudentsandtomakeabstract ideas appear more concrete (Ogborn & Martins, 1996; Thagard, 1992). In particular, metaphors provide an effective means to help visualize abstractideas(Davidson,1976;Miller, 1979). We feel that understanding the metaphors scientists use will assist teachers in crafting classroom discourse that will guide students’ developingunderstandingofs
	Theoretical Framework 
	Theoretical Framework 
	Lakoff and Johnson (.9.0) articulated metaphors as based in a sharedexperienceandcontaininglinks between the form of the metaphor and the real idea that the metaphor seeks to describe. Pugh, et al. (1992) extend Lakoff and Johnson’s model and describe grounding as the need 
	This metaphor reminds 



	us that scientific 
	us that scientific 
	us that scientific 
	inquiry is not set ofproscribed steps witha known outcome. 
	for a metaphor to be based in a shared experience. Form refers to the commonality of imagery between the two concepts that is essential if 
	a metaphor is to be successful. For 
	example, in comparing the structure of the atom to the solar system, the form is an image of objects orbiting 
	around a center. Correspondences 
	are the multiple points of comparison between the two concepts within the 
	form.Themorecorrespondencesthere 
	are,themorecompleteandpotentially 
	persuasive is the metaphor. Finally, 
	connotation addresses the extent to 
	which a metaphor defines a particular experience. That is, how much has the 
	metaphor entered the culture? 

	Methodology
	Methodology
	Methodology
	Interviews with 52 science faculty members at a large midwestern academic research institution were conducted using a semi-structured 
	Interviews with 52 science faculty members at a large midwestern academic research institution were conducted using a semi-structured 
	interview protocol designed to probe 

	the subject’s conceptions of scientific inquiry(Harwood,Reiff,&Phillipson, 2002). Interviews were tape-recorded 
	and interviewers took field notes 
	during the interview. Together, the transcripts and field notes represent our data. The scientists interviewed 
	were disbursed across nine science departments (anthropology, biology, chemistry, geography, geology, medical sciences, physics, applied health, and environmental affairs) 
	and a wide variety of specific research fields. 
	Afterconductingtheinterviews,we independently analyzed the science faculty members’responses to each of theeightinterviewquestions.Potential metaphors were identified. Following a constant comparison methodology, we compared our independent lists of metaphors and agreed on a consistent understanding regarding how to classify items (Bogdan & Biklen, 2003). The result was a list of metaphors and another list of what we defined as, “every day life examples.” These every day experiences were not classified as m
	“teaching, interviewing, fixing a car, cooking, business. Let me put it this way, I can’t think of many things that scientific 
	inquiry doesn’t, one way or the 
	other, play a role in a person’s 
	life. They are doing it but they 
	don’tknowit’sscientificinquiry. 
	Theyjustaskthequestion,search 
	for an answer, and then make 
	improvements next time. That 
	is essentially what is happening 
	in their thinking.” 
	Wethenindependentlyreadthrough theinterviewsasecondtimetodoublecheck for a complete list of metaphors and to collect the metaphors into initial categories. When a discrepancy betweenourindividualcategorizations occurred, the results were discussed until a mutual agreement could be made (Tobin, 2000). 
	Results and Discussion 
	The scientists’metaphors provided powerful images to complement descriptions of important aspects of scientific inquiry. Scientists used metaphors to describe the process of connecting data, the importance of knowing how and when to use resources or tools, the ability to remain open minded, the relationship betweenproblemsolvingandscientific inquiry,andthenecessityofenhancing scientific knowledge by adding creativity and individuality to an investigation. 
	Oftenthemetaphorusedbyascientist filled multiple purposes and contained a rich set of correspondences. Five key characteristics associated with scientists or with aspects of the processes associated with doing scientific inquiry emerged where the scientists tended to use metaphors. These were: open-mindedness, putting yourself in your work, utilizing 
	-

	resources, problem solving, and makingconnections.Belowwelookateach 
	-

	of these characteristics and describe 
	the metaphors used. 
	Open-mindedness 
	An important characteristic of a scientistsengagedinastudyistheability to remain open-minded regarding the results of the study. Scientists who are overly concerned with proving a hypothesis may overlook data in 
	The image of theemotion-less scientist may encourage non-scientists, includingchildren, in believing that science is boringenterprise devoid ofpassion. 
	the rush to communicate findings to peers. This open-minded realism (Harding & Hare, 2000) encapsulates 
	the investigator’s challenging task of being willing to be wrong in their 
	expectations regarding their scientific inquiry. 
	Remainingopen-mindedduringthe 
	process of scientific inquiry allows 
	the investigator to consider that their expectations or their understanding of other aspects of the study may not be 
	correct. Thus, an investigator can be 
	moreopentodiscoveriesortodatathat 
	is contradictory to what was expected. 
	A physicist used the metaphor of the 
	SCIENTIST AS ARTIST, 
	It’s like an artist. An artist does not know the answer. An 
	artist in the process of creating 
	something lets the process lead 
	them to whatever they are doing. 
	They experiment and that’s kind 
	of what you do in science. 
	The correspondence of this metaphor to the experience of being a scientist requires that we understand that authentic scientific investigations do not progress in a linear way where one step invariably leads to the next. Scientists may not know exactly how their investigation will progress and so must be open to the process of scientific inquiry in the same way an artist is open to their muse. 
	This metaphor reminds us that scientificinquiryisnotsetofproscribed stepswithaknownoutcome.Rather,it isanexplorationintotheunknown,but knowable world. Anice description of thistypeofexplorationinahighschool setting is given in Crawford’s (2000) casestudy.Inoneinstance(p.923),the teacher indicates that he doesn’t really know what will be discovered as they begin analyzing data from a nearby river. He conveys both his excitement fordiscoveryandhisopen-mindedness towardtheresultstheymayfind.Inthis way, the tea
	Putting yourself in your work 
	Lemke(2003)andothersunderstand 
	that science is not a dispassionate 
	search for objective truth. The image 
	of the emotion-less scientist may encourage non-scientists, including children, in believing that science is 
	boring enterprise devoid of passion. 
	Scientists in our study, however, described doing science as a much more creative endeavor where they design methods and look at data in 
	many different ways. To develop new 
	knowledge about the world entails putting a little of yourself into your 
	work. 

	A medical scientist compared coming up with something new in 
	A medical scientist compared coming up with something new in 
	science to cooking. In this view of SCIENCEASCOOKING,thescientist 
	does not suggest just following a 
	recipe. To do so will not lead to a new dish or concoction. Adding a 
	spice here and there, however, or substituting items can create a recipe 
	unliketheoriginal.Similarly,scientific 
	progress can result from trying out 
	different variations of an idea. The 
	correspondence of this metaphor with theexperienceofaresearchscientistis in feeling that the investigation is their 
	own. An anthropologist compared doing scientific inquiry to PLAYING A CELLO. 
	Yo Yo Ma, who is a cello player, says that interpretation is 
	not passive. It’s not just playing 
	the notes as they are written; it’s putting something of your own, 
	yourself there. Othermetaphorsthatscientistsused 
	that have similar correspondences regarding ownership of the process of 
	scientific inquiry include SCIENCE AS FARMING and SCIENCE AS GARDENING. 
	Farmersdothattodayindetermination of when to plant, what 
	to utilize in the fields. They use 
	the available evidence of what 
	they’re told and they fit that in 
	with their experience and what their father or their grandfather did 
	If further studies are needed, 
	the farmer or gardener may repeat appropriate stages of inquiry and redesigntheexperimentusingdifferent 
	controls.Thefarmerguidestheprocess 
	according to their own goals and purpose much as a scientist guides 
	the process of scientific inquiry to 
	gain a deeper understanding of their 
	questions. 
	Let’s say somebody is a gar-
	dener.Maybe they tried growing 
	tomatoes in different locations or different amounts of sun or the soggy part of the garden as opposed to the dry part of the 
	garden. 
	Scientific inquiry was also compared to the creative act of WRITING POETRY. The construction and selection of styles of poems is similar to the process of designing and choosing methods to form and shape a study. Writing poetry and designing a study are creative endeavors that involve the self in producing a unique creative work within a structural frame. Interestingly, Watts (.00.) has recently argued for explicit connections between science and poetry in school curricula. 
	Teaching science in ways that do not engage students in the process of inquiry reinforces an image of science and scientists as lacking creativity (Moravcsik, 1981). 
	Scientific inquiry is not an unemotional, detached, and uninvolved activity where results are known and nothing out of the ordinary ever happens. Ascientist from applied health described contrast between teaching that emphasized reciting facts found in a science textbook and the importance of involving yourself in your work. 
	That was a big realization for me—youdon’tactuallyjustlearn the book and spit it back; it’s like 
	you are making the book. 
	Utilizing Resources 
	Utilizing Resources 
	Scientific inquiry investigations involve the use of resources or tools that will help bring a study to a fruitfulresolutionoftheinvestigator’s question. How a scientist chooses to usetheavailableresourcesimpactsthe results of the study. Thus, scientists need to be skilled in selection of the appropriate tool for the investigation and must be able to use the tool in a proficient manner. 




	Scientific inquiry is not
	Scientific inquiry is not
	Scientific inquiry is not
	an unemotional, detached, and uninvolved activity where results are known and nothing out of the ordinary ever happens. 
	Ageographer used the metaphor of 
	teaching someone to fish to explain 
	the importance of knowing how to use 
	the tools in an inquiry investigation. If someone wants to feed him/herself, 
	one does not just give that person the 
	fish. To teach a person how to fish, you 
	give them a rod or the tools necessary 
	to fish then assist them in developing skillsandtechniquesinfishing.This is similartocarryingoutscientificinquiry 
	investigations—the investigator must know how to conduct the research and 
	not just be focused on getting the fish or the “right answer.” 
	Several scientists mentioned the role of a metaphorical TOOL BAG in an inquiry investigation. Each tool bag contains methods, instruments, questions, techniques, and it is up to 
	Several scientists mentioned the role of a metaphorical TOOL BAG in an inquiry investigation. Each tool bag contains methods, instruments, questions, techniques, and it is up to 
	thescientisttodecidewhichtooltouse, 

	and when, in an investigation. andthenIthinktheotherthing 
	that you need is a kind of tool bag and you gotta have a lot of different tools because typically one tool isn’t going to get you 
	what you wanted. 
	Knowing how to make effective use of resources equips scientists to 
	conduct successful investigations. A 
	chemist compared competency with thetoolsusedininquiryinvestigations 
	with the skills used in PAINTING. 
	A painter must know how to use the brush, the paints, and the canvass to construct a painting, just as a scientist 
	must be proficient at using available tools to enhance investigations. 
	The ability to “makeconnections” between the data was most frequently cited asthe most importantcharacteristic of doing


	scientific inquiry. 
	scientific inquiry. 
	scientific inquiry. 
	Problem-solving 
	Problem-solving 
	In the course of conducting a 
	scientific inquiry any number of 
	problemsmaybeencountered.Indeed, 
	this experienced reality is often summeduphumorouslyas“Murphy’s 
	Law” stating that if anything can go 
	wrong, it will (and usually at the 
	worst possible moment). Solving 
	these unexpected problems can be a 
	major use of investigators energy. The 
	need to address vexing problems in daily life led some scientists to relate 
	problem solving in a scientific inquiry 
	to solving problems in their everyday 
	lives. In these scientists’ view, non-scientists can benefit by approaching 
	and solving everyday life problems in the same way scientists approach 
	solving scientific problems. 
	A common metaphor form for problem solving strategies is one 
	we call “the lawnmower metaphor.” 
	The Lawnmower metaphor refers to a set of metaphors that take the form of repairing a complex machine 
	(SCIENCE AS ENGINE REPAIR). 
	The metaphor is used to describe the systematic process that scientists use as part of the problem solving strategy 
	within an inquiry. This metaphor also 
	containswithinittheneedofscientists to use failure to inform the progress 
	of their inquiry. 
	[You] take your lawnmower 
	youpullthecordanditstarts.You wentinwithcertainassumptions. 
	You’re going to have clean gas, you’re going to have a full level 
	of oil. Well, you go one day and 
	you pull the cord and it doesn’t 
	work. You begin questioning 
	those things you assumed are 
	in place. You think about it. You check the gas. You check the oil level. You check all these things 
	basically you assumed at the outset when you walked up to 
	the lawnmower. Then you find out where you went wrong. And 
	you hope it’s one you know and 
	can control. You hope that it’s 
	not some working part that you 
	don’t have knowledge of. You 
	really think about what you’re 
	doing. At least the way I do. It all 
	comesdowntosolvingproblems and understanding whenever you get an unexpected result 
	the first thing you have to do is 
	assume—assuming everything 
	in the experiment was done cor
	rectly—assume that you made 
	an erroneous assumption. And 
	you’ve got to locate that and fix 
	it and retry. 
	Notice that the process of problem solving described by this scientists moves from simple solutions to more complicated solutions—a commonly 
	identified characteristic of the nature of science. 


	Making Connections 
	Making Connections 
	Making Connections 
	The ability to “make connections” between the data was most frequently cited as the most important characteristic of doing scientific inquiry (Harwood,Reiff, &Phillipson,2002). This skill in making connections involvestheuseofanalyticalandcritical thinking skills to identify patterns and inconsistencies across the data. Scientists recognized the importance of individual pieces of data but also how the data can be connected to provide a pattern, model, or theme. 
	For example, a geologist used the metaphor of SCIENCE AS A BRICK BUILDING to represent the significance of each piece of data (a brick) in the analysis of the larger set of data corresponding to the overall 
	stucture. I think science has a very big 
	building of bricks, not always a 
	capstone. Everybody puts their 
	brick here and there and not all 
	bricks are superior important 
	oneslikeacapstoneorsomething 
	but every brick counts. 
	Even data from separate investigations can be connected to enhance an understanding of a scientific concept. 
	Anotherpartofmakingconnections is to be able to focus on current investigations, but also to have insights into 
	Anotherpartofmakingconnections is to be able to focus on current investigations, but also to have insights into 
	implications of the study and further possibilities for research. A biologist articulated this process with the 


	metaphor of SCIENCE AS A CHESS 
	metaphor of SCIENCE AS A CHESS 
	GAME in that one needs to be able to “recognize the important questions 
	but be able to look ahead 5-6 moves.” Connectionsalsoneedtobemadewith 
	the existing body of literature on a 
	topic. A chemist used the metaphor of SCIENTIFICINQUIRYASLEARNING A FOREIGN LANGUAGE to 
	describe the process of connecting the body of known information to the new information arising from the 
	current study. 
	“thisabilitytothinkabstractly about a problem is absolutely 
	crucial. It’s also crucial to have 
	a lot of facts at your disposal 
	it’s very vaguely like learning 
	a foreign language. You have to 
	learn syntax and grammar and 
	that’s the thinking abstractly 
	part, how things were generally 
	put together. But, also to learn 
	a foreign language you have to 
	learn vocabulary. In science you 
	must know a set of a reasonably 
	large number of facts.” 
	A scientist needs to be fully aware of details, but not lose sight of how these might fit into the “Big Picture”. A geologist used the metaphor of SCIENTIFIC INQUIRY AS BUILDING AMOSAIC ARTWORK in just this way. They point out that in making a mosaic, the artist had to decide how the pieces would be placedandarrangedinthepicture.The important part is not to loose track of the individual pieces. At first the artist mightjusthaveapileofyellow,purple, and brown mosaic tiles but how these are placed together or
	Ageographer used the metaphor of being able to see the forest through the trees as an essential characteristic of an investigator in scientific inquiry. Scientists who are so focused on the details of an investigation (the trees) may not be able to take a step back and see how the data are connected (the forest). 
	Explicit use in theclassroom of metaphors that focus on the



	five characteristics we identified may provide 
	five characteristics we identified may provide 
	five characteristics we identified may provide 
	students with a clearer understanding of thenature of science and 


	scientific inquiry. 
	scientific inquiry. 
	scientific inquiry. 
	Being able to synthesize the big picture but also at the same time concentrate on the details—not losing sight of the forest from the trees, but also 
	looking at the tree itself. 
	This ability to make connections is anessentialcharacteristicofconducting 
	scientific inquiry investigations. This 
	skill requires the ability to synthesize large amounts of data and to see the patterns that exist between the data so 
	that the meaning can be given. 

	Conclusion 
	Conclusion 
	Conclusion 
	‘When it comes to atoms, language can only be used as 
	in poetry. The poet, too, is not 
	so concerned with describing facts as with creating images’ 
	so concerned with describing facts as with creating images’ 
	(Niels Bohr, quoted in Mash

	hadi, 1997). 
	The metaphors used by scientists to articulateaspectsoftheirconceptionof scientific inquiry identified five broad characteristicsofscientistsengagedin scientific investigations: open-mindedness, putting yourself in yourwork,utilizingresources,problem solving, and making connections. Specificmetaphorssuchaslawnmower repair,painting,musicalperformance, cooking, and the tool bag elucidate aspects of the process of scientific inquiry and the characteristics of good science. 
	These metaphors help us to understandtheconceptualapproaches and experiences that the community of scientists values. Explicit use in the classroom of metaphors that focus on the five characteristics we identified may provide students with a clearer understanding of the nature of science and scientific inquiry. Teachers of science can choose activities that reinforce these perspectives and develop the skills most valued by active research scientists. The use of metaphors helps to describe scientific inquiry
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	Beliefs Regarding Science Teaching:.A Comparison of Pre-Service.Teachers in Turkey and the USA. 
	Beliefs Regarding Science Teaching:.A Comparison of Pre-Service.Teachers in Turkey and the USA. 
	Results from a study to compare preservice elementary teachers’ efficacy 
	beliefs at a large Turkish university and at a large American Mid-Western university indicate that the preservice elementary teachers in these two 
	countries may have different science teaching efficacy beliefs. 
	The issue of teachers’ efficacy is of importance as teacher preparation programs throughout the world attempt to address shortages of qualified, competent teachers. In the field of science education, monitoring and reacting to the issue of efficacy seems to be one way in which teacher preparation programs are evaluating the structure of programs. In developing countries there is an immediate need for qualified and innovative science instruction as governments attempt to insure that a pool of scientists, eng
	The issue of teachers’ efficacy is of importance as teacher preparation programs throughout the world attempt to address shortages of qualified, competent teachers. In the field of science education, monitoring and reacting to the issue of efficacy seems to be one way in which teacher preparation programs are evaluating the structure of programs. In developing countries there is an immediate need for qualified and innovative science instruction as governments attempt to insure that a pool of scientists, eng
	many settings. Teachers’ sense of efficacy is a 
	construct derived from Bandura’s 
	In developing countriesthere is an immedi
	ate need for qualified 
	ate need for qualified 
	and innovative science instruction as governments attempt to insure that a pool of scientists,engineers and computer specialists are trained for business and academic research and citizens are provided with (andretain) some understanding of science. 
	(1977) theory of self-efficacy in 
	which the generalized behavior of an individual is based upon two factors, 
	(a) a belief about action and outcome; and (b) a personal belief about one’s 
	ability to cope with a task. Tschannen-
	Moran and Woolfolk Hoy (.00.) 
	defined teacher efficacy as a teacher’s 
	“judgment of his or her capabilities to bring about desired outcomes of studentengagementandlearning,even among those students who may be 
	difficult or unmotivated.” (p.783) Teacher efficacy has been found 
	to be one of the important variables consistently related to positive teaching behavior and student 
	outcomes (Gibson & Dembo, 1984; Ashton & Webb; 1986, Enochs et al., 1995;Woolfolk&Hoy,1990;Henson, 2001). Research on the efficacy of 
	teachers suggests that behaviors such aspersistenceatatask,risktaking,and the use of innovations are related to 
	degrees of efficacy (Ashton & Webb, 1986).Forexample,highlyefficacious 
	teachers are more likely to use open-ended, inquiry, student-directed teaching strategies, while teachers 
	withalow senseof efficacywere more 
	likely to use teacher-directed teaching strategies such as lecture or reading 
	from the textbook. Research indicates 
	thatstudentsgenerallylearnmorefrom 
	teachers with high self-efficacy than 
	those same students would learn from 
	those teachers whose self-efficacy is low (Ashton & Webb). Woolfolk and Hoy argue that teacher efficacy is one 
	of the few constructs about teachers that is related to “the behavior of 
	learning of students.” The construct of teacher efficacy 
	has been explored by a number 
	of researchers in recent years. For example, Tschannen-Moran et al. (1998) proposed a model of efficacy 
	that integrates several important components of social cognitive 
	(Bandura, 1997) and locus of control theories (Rotter, 1966). Within this model, teacher’s efficacy judgments 
	are the result of the interaction between a personal judgment of the relative importance of factors that 
	make teaching difficult and a personal 
	assessment of his or her personal 
	teaching competence or skill. 
	Bandura (.9..) argues that teacher efficacy is a situation-specific and even subject-specific construct. For example, a teacher’s self-efficacy may be low while teaching science, but high while teaching language arts. For this fictitious teacher they may devote more time to language arts instruction in comparison to science. Furthermore this teacher might have more personal interest in participating inprofessionaldevelopmentactivities related to language arts as opposed to science. 
	Enochs and Riggs (.990) claimed that a teacher’s belief system is important in elementary science teaching. They suggest that two types of beliefs seemed relevant, belief that student learning can be influenced by effective teaching (outcome expectancy beliefs) and confidence or belief in one’s own teaching ability 
	(self-efficacybelief;Gibson&Dembo, 1984). Having one belief being high, 
	for instance outcome expectancy, does not mean a strong belief with 
	respect to the other measure. Riggs 
	(.99.)reportedthatelementaryschool teachers with low science teaching efficacy beliefs avoided science teaching even though their outcome expectancy beliefsregarding teaching 
	generally were high. 
	Studies evaluating cross-cultural comparisons of teacher efficacy 
	Research indicates that students generallylearn more from teachers with high self-

	efficacy than those
	efficacy than those
	same students would learn from those teachers whose self-


	efficacy is low . 
	efficacy is low . 
	efficacy is low . 
	suggest that preservice teachers in different cultures vary in the degree to which they believe themselves 
	to be efficacious in their teaching (Campbell, 1996; Gorrell & Hwang, 1995; Lin & Gorrell 2001; Rich, Lev & Fischer, 1996; Yeung & Watkins, 2000). These studies suggested that the concept of teacher efficacy may be influenced by the unique features 
	of cultures (Gorrell, Hazareesingh, 
	Carlson,&Stenmalm-Sjoblom,1993; Gorrell & Hwang; Lin & Gorrell; Lin, GorrellandTaylor,2002).Forexample, using a modified version of a teacher efficacy scale developed by Gibson 
	and Dembo (.9.4), Lin and Gorrell suggested the existence of a different factor structure compared with the 
	originalscaledevelopedwithasample 
	of Taiwanese preservice teachers. 
	They concluded that the concept of 
	teacher efficacy may be culturally 
	oriented and needs to be carefully examined when applied to teachers in 
	different countries. Similarly, Lin et al. examined the influence of culture and education on U.S. and Taiwan preservice teachers’ efficacy beliefs, 
	they found that preservice teachers in these two countries may have conceptually different expectations 
	of teaching (e.g. parental support, social awareness, individual efforts). 
	They suggested that in both countries, 
	preservice teachers’ efficacy beliefs may be influenced by the context 
	of their academic programs, by their increasing competence and experienceasteachers, andbycultural 
	perspectives. In another study, Rich et al. (1996) conducted a study to 
	examine thevalidityof theGibsonand 
	Dembo teacher efficacy scale. When 
	translatedtoHebrewandadministered 
	to Israeli teachers, results indicated a 
	factorial structure of this particular 
	teacher efficacy scale similar to that 
	observed with an American sample 
	of students. Gorrell et al. (1993) 
	comparedAmerican,Swedish,andSri Lankan preservice teachers and found that American preservice teachers 
	had more positive general efficacy of 
	teaching beliefs compared to Swedish 
	andSriLankanteachers.However,Sri Lankan teachers’ personal efficacy 
	beliefs were found to be higher than 
	that of American preservice teachers. In another study, Campbell (1996) compared teacher efficacy beliefs 
	of preservice and inservice teachers in Scotland and America and found 
	no significant difference between the 
	two countries with regard to teacher 
	efficacy. 

	Gorrell & Hwang (1995, p. 101) the American system. In Turkey, 
	have argued that there is a research elementary school teachers are trendtowards“understandingteaching educated through undergraduate 
	The students attending
	The students attending

	and teacher education in terms programs of four years in duration. 
	teacher education 
	teacher education 

	of development of teaching and All of the teacher education programs personal efficacy beliefs.” They throughout Turkey are required to programs in Turkey suggested that teacher efficacy is offer core coursework for preservice 
	are selected through a 
	are selected through a 

	an important topic for comparative elementaryteachersthatissuggestedby studies between the United States and the Higher Education Council (YÖK, othernations.“Studieswithpreservice 1998). All of the teacher education entrance examination 
	nation-wide university 

	and inservice teachers both in the programs in Turkey are intended to 
	that is used to identify
	that is used to identify

	United States of America and in other educate prospective teachers for the countrieswouldprofitfromexamining schools of the Ministry of National closely the growth of teaching and Education, which has centralized personal efficacy as teachers expand the curricula throughout the country their teaching orientations and their (Çakiroglu & Çakiroglu, 2003). The 
	students for all 
	university programs. 

	teaching methods for subject matter 
	teaching methods for subject matter 

	experiences” (Gorrell & Hwang, p. students attending teacher education 104). programs in Turkey are selected ˘ 
	courses (Simsek & Yildirim, 2001). 

	˘ 
	˘ 
	During the 4 year preservice 

	through a nation-wide university elementaryteachereducationprogram 
	entrance examination that is used to 
	entrance examination that is used to 

	A Brief Comparison of 
	A Brief Comparison of 
	A Brief Comparison of 
	in Turkey, students are required to 

	identify students for all university complete coursework that concerns 
	Two Teacher Education 

	programs. Elementary education 
	programs. Elementary education 
	both general education and subject 

	programs in Turkey presently use a matterareas.Studentsmustalsosatisfy a practice teaching requirement. The 
	Institutions-One Turkish, 
	One American 
	curriculum which has resulted from 

	The American and Turkish teachereducationreformeffortswhich four years of coursework is a total of 
	systems of teacher education have have been taking place in the country 
	many similarities and differences. since1998.Asaresultofthesereforms, .
	152 credits hours (YÖK, 1998). The 

	list of science related courses required ofTurkishstudentsisprovidedinTable 
	The Turkish system of teacher 
	more emphasis has been placed upon .

	preparation, for example, is currently improved field experiences, fostering ., for the authors believe the number of science courses preservice teachers complete is relevant information with 
	very centralized when compared with 
	technology literacy, and providing 

	regard to science teaching efficacy. Quite contrary to the Turkish system, teacher certification require
	Table
	Table 1 Science related courses the sample of preservice teachers were required to complete in Turkey and USA 
	Table 1 Science related courses the sample of preservice teachers were required to complete in Turkey and USA 

	Courses. Turkey. USA Credit. Credit Hours. Hours Scientific Inquiry ..................................–. 3 Biology.................................................3. 3 Earth Science ......................................6. 3 Chemistry ............................................3. – Physics ................................................3. 3 Ecology................................................3. 3 Science Teaching Methods..................6. 5
	Courses. Turkey. USA Credit. Credit Hours. Hours Scientific Inquiry ..................................–. 3 Biology.................................................3. 3 Earth Science ......................................6. 3 Chemistry ............................................3. – Physics ................................................3. 3 Ecology................................................3. 3 Science Teaching Methods..................6. 5
	a 


	Includes a 2 credit hour field experience. In the methods courses of the Turkish students, there is no accompanying field experience. 
	Includes a 2 credit hour field experience. In the methods courses of the Turkish students, there is no accompanying field experience. 
	a 



	-

	ments in the USA are determined by each state and as a result, colleges and universities must develop curricula and related experiences to comply with these varied, state by state, 
	ments in the USA are determined by each state and as a result, colleges and universities must develop curricula and related experiences to comply with these varied, state by state, 
	regulations. In the United States 
	there are no national requirements for teacher preparation, quite contrary to 
	that observed in Turkey. 
	During the 4 year American program evaluated in this study, preservice elementary teachers complete a total of ... credits 
	In general, USA preservice teachers have stronger personalscience teaching



	efficacy beliefs than
	efficacy beliefs than
	efficacy beliefs than
	Turkish preserviceelementary teachers. 
	from four different areas—general education, an area of concentration 
	(e.g. science, math, social studies), electives and professional education. 
	The general education component includes courses in numerous subject 
	areas such as language arts, fine arts, 
	mathematics, science, and social 
	studies. The area of concentration 
	enables students to gain an in-depth knowledge in a subject of their 
	choice. The professional component includes a series of subject-specific 
	methods courses (work within the 
	fieldofpsychology/learning,applying 
	technology in education settings, multicultural courses, the history of American education, an examination of the purpose of schooling in 
	America) field experiences, seminars, and a final semester-long student teaching experience. 
	Purpose
	Purpose
	The purpose of this study is to compare preservice elementary teachers’ efficacy in a Turkish university, and in at a major American university located in the Midwest. Whileresearchershaveexaminedpreservice teachers’ efficacy extensively in United States, there is little work which has been carried out concerning preservice teachers’ efficacy beliefs regarding science teaching in Turkey, and perhaps not 
	The purpose of this study is to compare preservice elementary teachers’ efficacy in a Turkish university, and in at a major American university located in the Midwest. Whileresearchershaveexaminedpreservice teachers’ efficacy extensively in United States, there is little work which has been carried out concerning preservice teachers’ efficacy beliefs regarding science teaching in Turkey, and perhaps not 
	surprisingly no research has been donecomparinghowTurkishstudents’ 

	self-efficacyinscienceteachingmight 
	compare to their peers at an American 
	institution. The information provided 
	by this study may not only help one to better understand Turkish preservice 
	elementary teachers’ efficacy beliefs 
	regarding science teaching, but also reveal possible differences and similarities between students of these two different countries with 
	respect to teacher efficacy beliefs. 
	Knowledge of preservice teachers’ 
	efficacy beliefs is an important step if 
	positiveeducationalexperiencesareto be designed for preservice teachers in 
	teachereducationprogramsinTurkey. 
	Knowledge of how students of these two countries compare will help one see how students might be similar 
	and dissimilar. This might help one 
	revisit assumptions one might have about a particular program of study 
	for preservice science teachers. 
	Instrument and Data Collection 
	The data for this study were collected by utilizing Enochs and Riggs’ (.990) Science Teaching Efficacy Belief Instrument (STEBIB). The STEBI-B is comprised of two subscales; personal science teaching efficacy beliefs (PSTE, 13 items) and science teaching outcome expectancy (STOE, 10 items). High scores on the first scale, relative to other respondents,indicateastrongpersonal beliefinone’sownefficacyasascience teacher, and high scores on the second scale indicate high expectations of the outcomes of science 
	-

	In order to develop a Turkish language version of the STEBI-B the originalinstrumentwastranslatedinto 
	In order to develop a Turkish language version of the STEBI-B the originalinstrumentwastranslatedinto 
	Turkish by the researchers. The next 

	step involved an independent back translation of the Turkish version into 
	English by two qualified, bilingual 
	Turkish graduate students who were 
	notinvolvedintheoriginaltranslation. 
	Then the Turkish researchers checked the back translations and, for some 
	items, necessary modifications in the Turkish translation were carried out. 
	Turkish pilot test results produced 
	alpha coefficient of 0.86 for PSTE subscale and 0.79 for STOE subscale. 
	Afactoranalysis suggeststhefactorial 
	structure of the STEBI-B developed 
	byEnochs andRiggs (.990)withtheir American sample of students was the samestructureasthatobservedforthis 
	sample of Turkish students. 
	All of the Turkish participants were enrolled in a four year teacher education program. In the Turkish sample there were .00 preservice elementary teachers (4. female and 52 male) and in the American sample there were 79 preservice elementary teachers (65 female and 14 male). The data were collected by convenient sampling and all preservice teachers from both countries participated voluntarily in the answering of questionnaires. 


	Data Analysis
	Data Analysis
	Data Analysis
	The stochastic Rasch model was used to evaluate the survey data. One important benefit of the model is that it can provide estimates of item difficulty and person ability and/or attitude that are relatively invariant over different samples (Green, 1996). The Rasch model converts non-linear raw scores of person and items to measures on a linear logit scale. It is critical to point out that parametric tests assume the use of a linear scale. Thus, the utilization of raw scores from survey instruments potential

	Table 2 Descriptive statistics based upon raw scores Turkish Students. USA Students PSTE. STOE. PSTE. STOE N...........................................100. 100. 79. 79 Minimum ............................... 3.0. 3.30. 3.38. 2.70 Maximum............................. 5.54. 5.85. 5.85. 5.40 Mean.................................... 4.25. 4.37. 4.65. 4.19 SD........................................ 0.57. 0.59. 0.58. 0.56 Note. Values were based on the raw score average of all subscale items.Maximum possible scor
	violates measurement assumptions. 
	violates measurement assumptions. 
	Wright and Linacre (.99.) also mention a number of additional advantages of utilizing the Rash model: (.) an evaluation is allowed whenrespondentsdonotanswerevery item,(.)measurementerrorsofsurvey items and respondents are reported; 
	and (3) idiosyncratic responses of students can be easily detected. 
	Survey data were calibrated by using 
	the BIGSTEPS computer program (Wright & Linacre). Much of the data 
	presented in this study is reported in Rasch log odds units (so called logits), which take into consideration issues 
	of non-linearity. The authors provide 
	appropriateguidancelaterwithregard to the relative meaning of differences betweencomparisongroupsexpressed 
	in logits. In some tables the raw score 
	is provided to ease understanding for those unfamiliar with logits, but all statistical tests were carried out using the logit measures (as opposed to raw scores) calculated for each 
	respondent. 


	Results 
	Results 
	A descriptive analysis of student data indicates generally positive self-
	efficacy beliefs regarding science 
	teaching in both countries (Table 
	2). Overall preservice teachers 
	generally had high science teaching outcome expectancy scores, which meant in general, that participants had expectations that their science teaching would influence student 
	science learning. 
	An initial raw score analysis suggested that about 89% of the participants in USA and 78% of the participants in Turkey had confidence in their ability to teach science effectively. In both countries only about 45% of the participants felt they knew the steps necessary to teach science concepts effectively. Similarly, about 59% of preservice teachers in both countries claimed to understand science concepts well enough to be effective in teaching elementary science. 
	Respondentsalsoseemedgenerally willingtoassumethatstudentlearning in the content area of science is the responsibility of the teacher. About 77 % of the participants in the USA sample indicated that good teaching could overcome the inadequacy of a student’s science background. On 
	the other hand, 94% of the Turkish participantsagreedwiththisstatement. 
	While more than half of the Turkish 
	participants (64%) believed that the 
	teacher is generally responsible for theachievementofstudentsinscience, this percentage was slightly lower in 
	USA sample (46%). 
	To compare both the PSTE and 
	STOE views of the students, Rasch 
	measures for the two student samples 
	were calculated. This meant that a set of items defining self-efficacy 
	was used to calculate an overall attitudinal measure, and that measure was provided in linear (non raw 
	score units). Also the set of items defining outcome expectancy was 
	used to calculate an overall attitudinal measure, and that measure also was 
	provided in linear units. Then those 
	linear measures (two for each person) 
	were used for parametric tests. First, ANOVA procedures were utilized. First, a 2x2 ANOVA was run on 
	the data using gender and country 
	It is conceivable that the successful implementation of science education programs may depend on teach


	ers’ self-efficacy beliefs, 
	ers’ self-efficacy beliefs, 
	ers’ self-efficacy beliefs, 
	that is, their personal beliefs regarding theirability to teach scienceand their ability toproduce positiveoutcomes in science for students. 

	Figure
	as independent variables, and the Asecond2x2ANOVAwasrunwith questionnairewerecomputed.Tables3 students’ PSTE measures were used the same independent variables and and 4 provide the logit measures of the 
	as the dependent variables. ANOVA the logit measures of STOE (Outcome itemscomprisingthePSTEandSTOE results indicated that preservice expectancy)asthedependentvariable. scales. In these tables, lower logit elementary teachers of the American This analysis indicated that science measures indicate items which were sample had a significantly higher teachingoutcomeexpectancymeasures easier to agree with by the surveyed personal science teaching efficacy ofthepreserviceteachersfromthetwo preservice elementary te
	significantly more positive beliefs in teachingcaninfluencestudentlearning tested. In testing the significance of their own ability to influence student were not significantly different in the the difference in item functioning, the learning in science than their peers in twocomparedcountries.TheANOVA alphalevelwas settobe.004forPSTE Turkey. Although the difference was results suggest that among these two scale items and .005 for STOE scale statistically significant, the effect size groups of preservice ele
	Table 3 
	Figure

	Responses of preservice teachers to personal science teaching efficacy items. 
	USA Turkey. Measures. Measures. Items. (logit). (logit). t. 
	Figure
	Be at lost in helping students with difficulties in understanding science................-2.87. -0.05. -9.78Not able to effectively monitor science experiments..............................................-1.10. -0.21. -3.47Not willing to be observed by supervisor while teaching science...........................-0.27. 0.49. -3.35Know steps to effectively teach science ....................................................................0.12. 0.77. -3.06Will not likely have necessary skills to teach science.
	a 
	*. 
	a 
	*. 
	a 
	*. 
	*. 
	a 
	a 
	a 
	a 
	*. 
	*. 
	*. 

	Figure
	Note. Statements of the items were abbreviated for presentation purposes. Higher logit measure indicates the statement’sbeing relatively less easy to agree with. The items are ordered based on t values. Statements relatively easier to agree within USA sample than the Turkish sample are presented at the top of the table and the statements relatively easier to agreewith in Turkish sample than the USA sample are presented towards the bottom part of the table. Items reversed before scoring p < .004 
	a 
	*

	Table 4 Responses of preservice teachers to science teaching outcome expectancy items. USA Turkey Measure. Measure Items. (logit). (logit). t If parents note an increase in the interest in science, it is due to theteacher’s performance........................................................................................................ -0.34. 0.24. -2.73 When a student does better than usual in science, it is due to teacher’s extra effort. ..................................................................
	have “the ability to help students 
	have “the ability to help students 
	having difficulties in understanding science” (Table 3). This statement had significantly different degrees of agreementintwocountries.Preservice 
	teachers in USA agreed with this statement more than their peers in 
	Turkey (Table 3). On the other hand, 
	the statement about being “able to 
	answer students’ science questions” was significantly easier to agree in Turkey than USA. 
	With respect to the STOE scale, the most easy to agree with and the least agree to with items in both countries were the same. The most agreed item involved whether the inadequacy of a student’s science background can be overcome by good teaching. The least agreed to item, in both countries, wasthatthelowscienceachievements 
	With respect to the STOE scale, the most easy to agree with and the least agree to with items in both countries were the same. The most agreed item involved whether the inadequacy of a student’s science background can be overcome by good teaching. The least agreed to item, in both countries, wasthatthelowscienceachievements 
	of students can be blamed on their 

	teachers. In addition, none of the items in STOE scale had significantly 
	different functioning in two samples 
	(Table 4). 

	Discussion 
	Discussion 
	Discussion 
	Results from this study indicate that there were differences in personal teaching efficacy beliefs of the USA and Turkish samples of preservice 
	teachers. Ingeneral,USApreserviceteachers 
	have stronger personal science 
	teaching efficacy beliefs than Turkish preserviceelementaryteachers.There were also significant differences on 
	the responses to several individual items in the personal science teaching 
	efficacyscale.Forexample,preservice teachers in Turkey had significantly 
	higher beliefs on themselves for welcoming student questions about science or being able to answer 
	students’sciencequestions.Preservice 
	teachers in USA, on the other hand, hadstrongerbeliefsinthemselvestobe 
	able to help students with difficulties in understanding science. 
	There may be various reasons for 
	this difference. Since the instrument 
	was created utilizing samples in USA, it is possible that some statements in the questionnaire are not suitable when applied to differing cultural per
	spectives. Similarly, Lin and Gorell 
	(.00.) suggested that the concept of 
	teacher efficacy may be culturally 
	oriented and thus need to be carefully examined when applied in different 
	cultures. Another reason of such a 
	difference may be the coursework that 
	preservice teachers in both countries 
	arerequiredtocomplete.Intermsofthe 
	amount and the type of courses, there are not clear differences between the 
	two programs. However, pedagogical 
	courses in the teacher education program of the USA may have some differencesintermsofthegoalsandthe 
	learningexperiencestheyprovide.For 
	example,thepedagogicalcoursesinthe Turkish teacher education programs rely generally on the international knowledge base and mostly on the sources are originated from English 
	speaking countries (Çakiroglu & Çakiroglu, 2003). This may result 
	in less relevant understanding of the science teaching issues by the preservice teachers in Turkey, which inturnmaybringaboutlowerpersonal 
	science teaching efficacy beliefs.
	˘ 
	Preserviceteachers’conceptions of 
	˘ 
	theirworkplacemayalsocontributeto 
	their personal efficacy beliefs. These 
	beliefs are partly formed through 
	student teaching experiences. Some 
	researchers have suggested that 
	fieldwork may influence preservice teachers’ sense of efficacy towards science (Huniker and Madison, 1997; Ramey-Gassert et al., 1996, Crowther & Cannon, 1998). Both of the samples 
	we investigated in this study had not completed the student teaching 
	experiences. However, the preservice teachers in USA completed a field 
	study accompanied with a science 
	teaching methods course. Due to 
	having more student teaching hours, the American preservice teachers may develop a better understanding of the workplace and spend more time on understanding the issues within the 
	education system. This may also help 
	preservice teachers in USAto develop 
	a better sense of efficacy in teaching science. 
	Another reason of the difference might be the characteristics of the sample of preservice teachers in both countries. Students in both countries entertheteachereducationprogram in adifferentway.Forexample,inTurkey students are placed in undergraduate teacher education programs through a nationwide university entrance examination. After taking the exam, studentsmustsubmitalistofprograms which they would like to study in the order of preference. It is sometimes the case that the candidates are placed to teach
	Interestingly, the science teaching outcome expectancy beliefs of the preservice teachers of both countries were similar. Analysis of Variance 
	While researchers from different cultures practice approaches inherent in their own context, each culture has much to learn from the other. 
	suggested no statistically significant difference in the STOE measures 
	of preservice teachers in the two 
	countries. In addition, a comparison 
	based on individual items indicated 
	no significant differences in their functioningbetweenUSAandTurkey. In both samples preservice teachers 
	generally disagreed with the idea that low science achievement can be 
	blamedonteachers.Againbothgroups 
	ofpreserviceteachersgenerallyagreed with the idea that the inadequacy of a student’s science background can 
	be overcome by good teaching. Data 
	collected with this sample of students suggest that the survey items which emphasize a connection between underachievement of students and their teachers’ performance, tended to be harder to agree with than the 
	other survey items. The items which 
	emphasized a connection between improvement in student achievement and teacher performance tended to be relatively easier to agree with than the 
	other items in the STOE scale. It is conceivable that the successful 
	implementation of science education programs may depend on teachers’ 
	self-efficacy beliefs, that is, their 
	personalbeliefsregardingtheirability to teach science and their ability to produce positive outcomes in science 
	for students. Therefore, efficacy 
	beliefs give a measure of the sense of how the preservice teachers perceived their strengths and preparedness as 
	potential science teachers. Due to 
	the vital role preservice teachers will play in educating younger generation, teacher education programs need to 
	evaluateefficacylevelsoftheirteacher education students and begin to find ways to enhance their efficacy beliefs regardingscienceteaching.Thenthese 
	teacher education programs can begin 
	teacher education programs can begin 
	to launch future teachers who are ready, willing, and able to meet the 

	needs of their students. 
	Educational research that crosses national boundaries offers much promise for generating new insights because the familiar educational practices, beliefs and attitudes in one countrycanbeexposedandquestioned when researchers from two countries collaborate on studies involving teaching and learning (Albridge et al., 1999). While researchers from different cultures practice approaches inherent in their own context, each culture has much to learn from the other.Thecurrentstudysuggestedthat theremaybecommonexpe
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	Early Recruitment of Science.Teachers: Promising or.Problematic Strategy. 
	Early Recruitment of Science.Teachers: Promising or.Problematic Strategy. 
	This study examines the experiences and knowledge of students who are participating in a recruitment course in a secondary science, mathematics, 
	and computer science teacher education program...
	The United States currently faces a shortage of mathematics and science teachers, and the problem is getting worse. In response to this concern, several reports have been issued discussing the shortage of teachers and suggesting potential reform and policy measures (e.g., NationalCommissiononMathematics and Science Teaching for the ..Century, 2000; National Commission on Teaching & America’s Future, 1996). Among the recommendations that have been made, several pertain to the preparation of science and mathe
	The United States currently faces a shortage of mathematics and science teachers, and the problem is getting worse. In response to this concern, several reports have been issued discussing the shortage of teachers and suggesting potential reform and policy measures (e.g., NationalCommissiononMathematics and Science Teaching for the ..Century, 2000; National Commission on Teaching & America’s Future, 1996). Among the recommendations that have been made, several pertain to the preparation of science and mathe
	st 
	-

	Thisstudylooksatstudentswhoare participatinginarecruitmentcoursein 
	asecondaryscience,mathematics,and computer science teacher education 
	program at a large university. By 
	examining the experiences and knowledge of students in such a program, it is possible to understand the disposition of students who elect to participate in these courses, and the curricularandinstructionalaspectsthat impact students who are considering 
	the teaching profession. The findings 
	provide an additional data source from which to draw conclusions, and thus have direct implications for 
	those affiliated with similar courses. 
	Ideally, by understanding how teachersdevelop and why theyremain in the profession, we can designrecruitment programs to target students withpotential for longevity and impact in the educational environment. 
	In addition, our findings can assist 
	those who are contemplating the development of such courses to consider course goals, the content and process of the course, and the means bywhichstudentsarerecruitedintothe 
	course. While our intent is to inform 
	other science teacher educators about our examination of this unique period in teacher development, we also hope to demonstrate the importance of examining the recruitment phase of the teacher education process, and to purposefully contribute to the limited 
	literature in this area. 
	Background
	Research regarding recruitment coursesisnotablyabsentintheteacher educationliterature.However, studies pertaining to teacher persistence and teacher development exist, and can inform those seeking to understand issues related to recruitment. Ideally, by understanding how teachers develop and why they remain in the profession, we can design recruitment programs to target students with potential for longevity and impact in the educational environment. 
	The literature about teacher persistence suggests that a com-

	mitment to teaching and positive 
	mitment to teaching and positive 
	field experiences may contribute to 
	one’s decision to have a career in 
	education. In a study of graduates 
	from a secondary science teaching program, Eick (.00.) compared their autobiographies that were written over time in order to determine trends 
	related to persistence. Teachers still in 
	the classroom (more than three years sincegraduation)expressedinterestin scienceandteachingand/orrecognition about the rewards of working with 
	students. A study conducted by Marso and Pigge (1997) followed 
	potential K-.. teachers in order to explore factors that led to persistence 
	in the field. After seven years only 51% of the population had made the transition to the teaching profession. 
	Those making the transition at the secondary level were very or almost certain about becoming teachers early in their teacher preparation program and they decided to pursue teaching 
	prior to graduating from high school. 
	Neither their academic aptitude nor their perceived effectiveness as a teacherwasrelatedtotheirtransitionto 
	teaching.AnearlierstudybyChapman 
	(.9.4), which collected data from teacher education graduates, sought todeterminehowadministratorscould 
	deter the attrition of new teachers. 
	While the data revealed a limited impact by administrators in terms of retaining teachers, it was found that persistence was linked with an early commitment towards teaching and 
	positive field experiences during the preservice program. 
	The research literature is rich with discussions of the many aspects of the professionaldevelopmentofteachers, including the knowledge base and beliefs of teachers. For secondary science teachers, the knowledge base 
	that one holds is important in terms of learning to implement reform-based 
	practices.Thisknowledgebaseshould 
	consist of an understanding of the prominentconceptsinone’sdiscipline 
	(Carlsen, 1993; Hashweh, 1987) and 
	an understanding of the processes 
	and nature of science (Duschl, 1987). 
	Furthermore, this knowledge should be connected and accessible to the 
	Beliefs guide instructional decisions, influence classroom management, andprovide a lens through which to understand classroom events. 
	science teacher (Gess-Newsome, 
	1999). 
	Ultimately, science teachers need to understand both the structure and the nature of their discipline, as well as have the ability to select and translate content into learning activities. But a sound knowledge base is not enough; the beliefs that a teacher holds directly impact his/her classroom practices (Pajares, 1992). Beliefs guide instructional decisions, influence classroom management, and provide a lens through which to understand classroom events. In fact, beliefs may be more important than knowled
	Ultimately, science teachers need to understand both the structure and the nature of their discipline, as well as have the ability to select and translate content into learning activities. But a sound knowledge base is not enough; the beliefs that a teacher holds directly impact his/her classroom practices (Pajares, 1992). Beliefs guide instructional decisions, influence classroom management, and provide a lens through which to understand classroom events. In fact, beliefs may be more important than knowled
	ratherthanknowledgewasmoreuseful in predicting teachers’ classroom 

	decisions. 

	The UTeach Program
	The UTeach Program
	The UTeach Program
	The UTeach program at the University of Texas is a joint effort of faculty and staff from the Colleges of Education (COE) and Natural Sciences (CNS), along with local teachers,topreparesecondaryscience, mathematics and computer science teachers for the state of Texas. As a program that draws upon different knowledge bases, the program coursework consists of content and pedagogical courses at the University of Texas and field experiences in surrounding school districts. Collectively, the different components
	The recruitment courses, which are referred to as Step 1 and Step 2, are unique parts of the UTeach program. These one-credit courses focus primarilyonrecruitment,buttheyalso provide field experiences in which students teach science in a reformStep 1,studentslearn howtoteachthreedifferentelementary science lessons from a popular kit. In Step 2, students again draw upon the lessons in a science kit and learn to teach three different reform-based middleschoolsciencelessons.During theirfieldexperiences,thecoo
	basedmanner.In 


	Freshmen, sophomores, juniors, seniors, and post-baccalaureate students are informed about these courses though written invitations, orientation booths, announcements, brochures, and COE and CNS advisors. Students who complete Step 1 or Step 2 can be reimbursed for the tuition associated with these courses, and they can apply these credits to theirdegreeplan.Typically,more than half ofthestudents who complete Step 1 and Step 2 continue in the UTeach program. 
	Freshmen, sophomores, juniors, seniors, and post-baccalaureate students are informed about these courses though written invitations, orientation booths, announcements, brochures, and COE and CNS advisors. Students who complete Step 1 or Step 2 can be reimbursed for the tuition associated with these courses, and they can apply these credits to theirdegreeplan.Typically,more than half ofthestudents who complete Step 1 and Step 2 continue in the UTeach program. 


	Study Context
	Study Context
	Study Context
	The findings that are reported here represent one aspect of a larger study, which is being conducted at the University of Texas. The larger study 
	looks at the development of beliefs, practices, and various knowledge bases of secondary science teachers throughout their teacher preparation pro
	gram and during their first years in the classroom. 
	This study is following 
	17 students in the UTeach 
	program from Step 1 through their second year 
	in the classroom. This first examination 
	of the study data spe
	cifically explores the first 
	semester of the UTeach students, focusing on .) the circumstance of their recruitment, .) their belief and knowledge profiles as related to 
	teaching, and 3) their 
	salient experiences in a UTeach recruitment 
	course. 
	Methods Participants 
	Randomly selectedstudents in Step 1 courses, who indicated that they were science majors, were contacted through e-mail about participating in the longitudinal study of secondary science teachers at the University of Texas. Of the students who were contacted, 17 indicated a willingness toparticipateinthestudy.Table1gives a brief overview of the students who 
	comprise this study. Inadditiontothetypicalpresentation 
	of demographic data, information is also provided that pertains to the student’s reason for considering a 
	career in education. Students who indicated in their first interview that 
	the teaching profession was a primary 
	interest are noted as “primary.” 
	Students who are participating in the Step 1 courses for reasons other than being a teacher are listed as 
	“secondary.” This will be discussed further in the Findings section. 

	Data Collection and Analysis 
	Data Collection and Analysis 
	Data Collection and Analysis 
	Interviews – To collect background and experiential information from the students participating in this study, semi-standardized interviews were conducted twice. The first interview occurred during Step 1 and the second interview took place in the following semester. Berg (1998) states that a semi-standardized interview involves a number of predetermined questions that address the research goals and 
	Interviews – To collect background and experiential information from the students participating in this study, semi-standardized interviews were conducted twice. The first interview occurred during Step 1 and the second interview took place in the following semester. Berg (1998) states that a semi-standardized interview involves a number of predetermined questions that address the research goals and 
	that are presented in an order and language appropriate for the people in 


	Table 1. Students in Step 1 Student. Gender. Year in. Major. Current status. Reason for school. after Step 1. teaching course. 1.. Male. Junior. Biology. Dropped. Secondary 2.. Female. Senior. Physics. Primary 3.. Male. Freshman. Biology. Secondary 4.. Female. Junior. Chemistry. Primary 5.. Male. Junior. Biology. Secondary 6.. Male. Sophomore. Bio/Pre-med.. Dropped. Secondary 7.. Female. Sophomore. Biology. Secondary 8.. Male. Junior. Chemistry. Primary 9.. Female. Sophomore. Biology. Primary 10.. Female. J
	the study. The interviewer can digress 
	the study. The interviewer can digress 
	or probe beyond the predeveloped questions in order to gain a further 
	understanding of the topic discussed. 
	We included questions beyond typical 
	demographicdata.Forexample: How 
	did you decide to enroll in the UTeach program? HowistheUTeachprogram helping you become a secondary science teacher? What has led you to believe that you may want to be a teacher? 
	The students’ reasons for considering the education profession 



	ranged from finding 
	ranged from finding 
	ranged from finding 
	a degree that allowed them to work with people and science, todissatisfaction with the courses and instructors in their current science or engineering program. 
	The responses of the students were examined and categorized in order to determine trends that existed among the participants. Points in the data that representedsalientfindingsareshared in the Findings section. 
	Belief interviews – Teacher beliefs were captured using an interview with eight open-ended questions. Students were interviewed during the Step 1 semester and the following semester. The wording of the interview protocol sought to elicit how the students 
	Belief interviews – Teacher beliefs were captured using an interview with eight open-ended questions. Students were interviewed during the Step 1 semester and the following semester. The wording of the interview protocol sought to elicit how the students 
	participating in this study viewed teaching and learning in a secondary classroom, as well as what underlying beliefs impacted their instructional 

	decisions. Questions used to capture 
	the UTeach students’ beliefs, for example,included: Howdoyouthink your students will learn best? How do you think you will know when your students understand? How will you adapt your teaching to best represent the discipline of science? All of the 
	interviews lasted 45 to 90 minutes, 
	were audiotaped, and were conducted 
	by one of the authors of this paper. 
	The audiotaped interviews were codedbyfacultyandgraduatestudents familiar with the coding process (see Luft & Roehrig, accepted). Each coded interview resulted in the eight questions being categorized as traditional, instructive, transitional, responsive, or reform-based. Traditional and instructive responses represent teacher-centered beliefs, while responsive and reform-based responses represent student-centered beliefs.Transitionalresponsesindicate beliefs that are teacher or student-centered, as they ca
	Views of the nature of science interviews – During the Step 1 semester, participants in the study completed the Views on the Nature of Science—version C questionnaire (VNOS-C) (Abd-El-Khalick, Bell, & Lederman, 1998). Questions in the VNOS-Cweredesignedtoelicitviews about the tentative and subjective nature of science, the role of society and culture in science, the difference between observation and inference, the role of theories and laws in science, and the role of creativity and imagination in science. 
	Views of the nature of science interviews – During the Step 1 semester, participants in the study completed the Views on the Nature of Science—version C questionnaire (VNOS-C) (Abd-El-Khalick, Bell, & Lederman, 1998). Questions in the VNOS-Cweredesignedtoelicitviews about the tentative and subjective nature of science, the role of society and culture in science, the difference between observation and inference, the role of theories and laws in science, and the role of creativity and imagination in science. 
	responses were examined by one of the authors and coded to depict the participating students’ views of the nature of science as contemporary 

	(i.e., science as tentative and a human construct) or traditional (i.e., science 
	as procedure that accurately depicts 
	the natural world). We added a third 
	category called naïve, which means that the views of students straddle 
	both or neither domains. Details about 
	the coding process for contemporary and traditional views of science can 
	be found in Abd-El-Khalick, Bell, & Lederman. 
	Artifacts – Artifacts were collected from the UTeach students to capture their experiences during Step 1. The students were specifically asked to share documents that best represented their development as a teacher. The documents were copied and placed in the student’s file, while the originals were returned to the student. These documents were integrated appropriately and accordingly into the findings. 
	Findings
	The findings from this initial analysisofthedataaddressthreeareas, whichultimatelyprovidesomeinsight into the recruitment of students into teacher preparation programs. 

	Recruitment circumstances 
	Recruitment circumstances 
	Recruitment circumstances 
	Students looking for alternatives enrolled in Step 1. The UTeach program uses a variety of methods to inform students about the Step 1 courses. Students receive letters or brochures, are referred by academic advisors, are contacted in high school, or find out about the program through the web or a fellow student (Dodson, 2002). The students in this study elected to participate in the program after talking to a friend, seeing an 
	advertisement,ortalkingtoanadvisor. 
	These recruitment events came at a timewhenthestudentwasinterestedin looking at other career options, which takes us to our second point regarding 
	recruitment. 
	Students were more advanced in their coursework. The Step 1 course was developed with the goal of providing freshmen or sophomores with classroom experiences. However, the program is configured so that students can participate in Step 1 at any in time in their university career. In our study, most of the students were more advanced in their coursework and were actively considering another major. They did not plan to pursue a degree in education initially, but it was now an option for a variety of reasons.
	consideringtheeducationprofessionranged 
	from finding a degree 
	that allowed them to work with people and science,todissatisfaction with the courses andinstructorsintheir current science or en
	gineering program. 
	Participants in the program 
	Students were involved in education for different reasons. The students in our study were categorizedaseitherhavinga primary or secondary interest in education (Table .), and there was clearly a mix of both. Students who wereclassifiedashaving a primary interest in education wanted 
	Students were involved in education for different reasons. The students in our study were categorizedaseitherhavinga primary or secondary interest in education (Table .), and there was clearly a mix of both. Students who wereclassifiedashaving a primary interest in education wanted 
	-

	a career in education in order to work with children and to share their understanding and enjoyment of 

	science. Some of these students had 
	prior experiences as tutors, coaches or teachers, which sparked their interest in education. Students who were classified as having a secondary interest in 
	education were interested in teaching in order to improve the instruction of evolution, live in a town with family 
	members, have a flexible career, or fill 
	the period of time before their entry 
	into another professional program. 
	Students held primarily teacher-centered and transitional beliefs. The beliefs held by the students were typically teacher-centered and transitional. Based upon the examples provided by students, these beliefs related to their prior experiences 
	in education. For example, when 
	students were asked to discuss their roleasateacher,theyspokeabouttheir high school or university instructors and the special attributes of these 
	teachers. This is not surprising, as 
	the UTeach students had not typically experienced or explored student-centered instruction in-depth, nor had their beliefs about teaching been actively and purposefully challenged with the intent of forming student-
	centered beliefs. Table 2 shows the 
	beliefs data for each student and the 
	overall percentages in each category. 
	Students expressed limited views of the nature of science. The students in this study revealed traditional views about the nature of science on their VNOS-C and belief interviews. Even though the students enjoyed 

	Table 2. Students’ beliefs 
	Student. 
	Student. 
	Student. 
	Student. 
	Traditional. 

	Instructive. 


	Transitional. 
	Responsive. 
	Responsive. 
	Responsive. 
	Reform-based 

	1.. 
	1.. 
	1.. 


	•. 
	2.. 
	2.. 

	•••. 
	3.. 
	3.. 

	•. 
	•. 
	•••. 

	••. 
	• 
	4.. 
	•. 
	•. 
	••. 

	5.. 
	•. 
	•. 
	•••. 

	6.. 
	•. 
	•••••. 
	• 
	7.. 
	7.. 
	7.. 


	•••••. 
	8.. 
	8.. 

	•. 
	•. 
	•••. 

	9.. 
	••. 
	••. 
	••. 

	10.. 
	•. 
	•. 
	•••. 

	11.. 
	•••. 

	••.. 12.. 
	••. 
	••. 
	•. 
	••. 
	13.. 
	•. 
	•. 
	••. 

	14.. 
	••. 
	••. 
	••. 

	••. 
	• 
	15.. 
	15.. 
	15.. 


	•••. 
	16.. 
	16.. 

	•••. 
	17.. 
	17.. 

	•. 
	•. 
	•••. 

	•. 
	•. 

	• Percentage. 
	12%. 
	12%. 
	12%. 
	36%. 

	45%. 
	5%. 
	5%. 
	2% 

	science, it was clear that their prior experiencesinsciencehadnotinitiated a consideration for a more progressive 
	view of science. Most notably, most 
	students did not view science as tentative, considered science and society to be interactive, nor did they describe scientists as bringing 
	creativity and biases to their research. Table 3 provides an overview of each 
	student’s views ofselectedareas inthe nature of science (agreement with a statement aligns with a contemporary 
	view of science). 
	Experiences related to Step 1 
	Field experiences were a positive featureintheearlyrecruitmentcourse. 
	Each student in Step . valued the opportunity to teach different lessons from a science kit in an 
	elementaryclassroom.Infact,when 
	asked to share an artifact that best represented their development as a teacher, each student provided the 
	evaluation form filledout by his/her cooperating teacher. As students 
	elaborated on these documents, they indicated that the teaching experience was important because it allowed them to experience the enjoymentofhelpingstudentslearn about an idea in science, share their knowledge with students, and see that younger students were easy 
	to manage. Most of the students 
	considered their initial teaching experiences to be successful and based these conclusions on their own observations and the feedback provided by the cooperating 
	teacher. 
	experience. Some students spoke 
	about the relationships that they found in the program, which consisted of support and encouragement offered by the Step 1 instructors as well as 
	the advisors of the UTeach program. Others spoke about their relationships 
	with classmates, which allowed them to have peers with whom to discuss theirexperiencesinteachingandinthe 
	UTeachprogram.Therelationshipsthe 
	students experienced allowed them to feel connected to the program and to 
	otherstudents.Formostofthestudents this was an important experience. 



	Discussion & Conclusion 
	Discussion & Conclusion 
	Discussion & Conclusion 
	This initial look at the recruitment aspect of a teacher education program provides a unique glimpse at the students who participate in such courses, and the experiences that may bebuiltintosuchcourses.Eventhough this study is limited in duration and focused on students in one type of program, several points will be useful to those who are contemplating the development of recruitment courses. 
	Three important topics stand out 
	from our data. First, the students 
	who were juniors and seniors in our 
	Relationships were important to students in their recruitment course. Students in the Step . courses valued relationships as they pertained to their educational 

	1.. N. N. D. D 2.. N. D. A N 3.. N. A D. N 4.. N. D. N. N 5.. N. D. N. D 6.. A D. A D 7.. N. D. D. N 8.. A D. D. D 9.. N. D. D. D 10.. N. D. A D 11.. N. D. D. D 12.. N. N. A D 13.. N. D. A D 14.. N. D. N. D 15.. A D. D. D 16.. N. D. D. D 17.. N. N. D. N Table 3. Students’ views of the nature of science Science as Experiments areScience as In following Student tentative and not the only wayculturally anda process,empirical that scientists socially impacted scientists not build new knowledge always have accur
	A-Agrees with statement; D-Disagrees with statement; N-Naïve answer 
	program indicated more interest in education as a career and a greater level of commitment than did the freshmen and sophomores in our 
	program indicated more interest in education as a career and a greater level of commitment than did the freshmen and sophomores in our 
	study. It may be that freshman and 
	sophomores graduated too recently from high school and were not yet readytoconsideracareerinsecondary education, or they may not have had the kind of educational experiences 
	thatmightinfluencetheirinterestinthe field. This is not to say that freshmen 
	and sophomores should be excluded 
	fromrecruitmentcourses.Theyshould 
	be included, but for reasons other than 
	fostering an interest in education. 
	Second, there are clearly two groups of students who were considering a 
	career in science education. At this time it is difficult to describe how 
	eithertheprimaryorsecondarygroups will persist in terms of becoming 
	teachers. However, of these student 
	groups, those with primary interests talked about how prior experiences in 
	education influenced their decision to 
	consider education, while only those with secondary interests in education 
	left after the first course. Third, the field experiences were valued by all 
	students and did not appear to be a factor in their decisions to leave or 
	continue with the program. Students 
	who enjoyed the teaching experiences 
	felt it confirmed their decision to 
	enter education, while those who had a less than satisfying experience were still committed to staying in the 
	program. In light of these observations, 
	we might place more emphasis on a student’scommitmenttoeducation,and his/her prior educational experiences, when determining who participates in 
	a recruitment course. Several authors 
	have discussed students’ level of commitment as important in terms 
	of persisting as a teacher (Chapman, 
	Clearly, teacher preparation programs—from 


	the first courses to 
	the first courses to 
	the first courses to 
	student teaching—needto consider the beliefs and knowledge thatstudents hold. 
	1984; Eick, 2002; Marso & Pigge, 1997). Students in our study with a 
	higher level of commitment tended to have prior experiences in education that were sustained over time and 
	that occurred in a variety of settings. 
	Thus, it may be a better approach to recruit certain students early in their academiccareer,ratherthaninvitingall 
	students to participate in the courses. 
	With more deliberate recruitment measures, those who are currently involved in some form of teaching 
	(e.g., tutoring, coaching) or who had 
	positive educational experiences, 
	can be sought out. Students who are 
	considering education early or later in 
	their educational career will find the program in time. 
	Amore complex issue surrounding recruitment courses pertains to the knowledge and beliefs of entering students. Most of the students in this study held beliefs and knowledge that were not conducive to reform-based teaching. While Step 1 provided an experience in teaching that was reform-based,thecourseitselfwasnot designedtoimpactstudentknowledge or beliefs. All of the students in this study valued the teaching experience, but none described how it altered their beliefs about teaching or their knowledgeinth
	acommunity,andwere notchallenged to consider their current educational 
	ideologies. Studies suggest that 
	beliefs and knowledge are important in learning to teach, and that they are 
	difficult to change (Gess-Newsome, 1999; Pajares, 1992). Clearly, teacher preparation programs—from the first 
	courses to student teaching—need to consider the beliefs and knowledge 
	that students hold. Such programs 
	should be crafted to help the student developawayofthinkingandteaching that reflects current reform-based 
	efforts in science education. In terms of influencing student 
	beliefs and knowledge, the Step 1 course described in this study may 
	not have lived up to its potential. Ideally, the Step 1 course could serve as an initiation point for examining beliefs about teaching and the nature 
	of knowledge. However, those who 
	design recruitment programs should consider whether they have a mission 
	to educate students about the reforms. If this is an objective, then recruitment 
	programs need to stress reform-based instruction bytargetingthebeliefsand 
	knowledgeofthesepotentialteachers. 
	Failure to address these areas may reinforce the traditional and didactic beliefs and knowledge that students 
	bring to the program. Juniors and 
	seniors in the program will have limited time to confront or develop their beliefs or knowledge in regard 
	to reform-based instruction. 


	Final Comments 
	Final Comments 
	Final Comments 
	As the title of this paper implies, recruitment can be a promising strategy for increasing the pool of teachers in mathematics and science. However, when teachers do not enter or persist in the profession, or when the beliefs and knowledge levels of the students are not fully considered, 
	recruitmentcanbeproblematic.Given thefinancialandpersonalcostinvolved 
	inrecruitmentprograms,itisimportant 
	to consider the population at hand. 
	Recruitment program administrators must strategically recruit teachers and develop programs in a manner that addressestheteachers’enteringbeliefs 
	andknowledgelevel.Ultimately,well
	-

	designed recruitment programs alone will not solve the shortage, but they do hold out the promise of a bright start 
	in the teacher education process. 
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	Technology Integration Enhancing .Science: Things Take Time. 
	Technology Integration Enhancing .Science: Things Take Time. 
	A process is outlined in which a professional development program allows K-. teachers to make the transition from a traditional classroom to one where technology is imbedded and becomes an integral part of teaching 
	and learning. 
	and learning. 
	Project TIES (Technology Integration Enhancing Science), a four-year TechnologyLiteracyK-.project,combines technology as a tool for teaching and learning with earth and environmental science education. The project provides K-. teachers in two school systems in the Central Piedmont area of North Carolina with professional development as well as equipment and materials. The resources enabled teachers to make the transition from a traditional classroom to one where technology is an imbedded and integral pa
	Project TIES began as a serendipitous juxtaposition of three seemingly unrelatedevents.FirstwasthepublicationoftheNationalScienceEducation 
	Standards(NationalResearchCouncil, 
	“[T]he idea of buildingnew understandingsthrough active engagement in a variety ofexperiences over time, and doing so withothers in supportivelearning environments, is critical for effective professionaldevelopment.” 
	1996). Next was the announcement of 
	a request for proposals by the North CarolinaDepartmentofPublicInstructionfortheTechnologyLiteracyChallenge Fund. This was followed by the 
	hiring of a building-level technology specialist and science specialist in one schoolandatechnologydirectorinan
	otherschoolsystem.Theseindividuals 
	approached a university collaborator and asked her to become the project 
	director. Subsequently, an external 
	evaluator was recruited from another 
	university.Thusbeganafour-yearsaga of change and innovation. 
	Things Take Time 
	Things Take Time 
	“It is clear that, for science 
	and mathematics professional development to be effective, experiences for teachers must occur over time, provide ample time for in-depth investigations 
	and reflection, and incorporate 
	opportunities for continuous 
	learning. [T]he idea of building 
	new understandings through active engagement in a variety of experiences over time, and doing so with others in supportivelearningenvironments,is criticalforeffectiveprofessional 
	development”(Loucks-Horsley, 
	Love, Stiles, Mundry, and Hew-
	son, 2003, p. 81-82). 
	Although the project was nearing completion as this caveat was pub
	lished, Project TIES was designed 
	with the precept of providing ten days of professional development over 
	the course of the school year; TIES 
	allowedteachersthetimetoassimilate new pedagogies and implement them 
	intheirclassrooms.Changeisnoteasy; 
	forpedagogicalchangetooccur,teachers must be afforded the opportunity to learn new teaching methodologies, incorporate those methodologies into their classroom practices, modify any 
	forpedagogicalchangetooccur,teachers must be afforded the opportunity to learn new teaching methodologies, incorporate those methodologies into their classroom practices, modify any 
	practices that do not work for them, 

	and retest the modifications. 
	For this particular technology-based project, it is accurate to add the admonition that “Things Take Materials.” The intention was to providesufficientresourcesforteachers to make the transition from traditional practice to a classroom where science and technology are imbedded and become integral parts of teaching and learning. The availability of the equipment and software in sufficient quantity for easy student access, as well as the know-how for using it, permitted students and teachers to use technology

	Project Description
	Project Description
	The overarching goal of the TIES Project was to produce a successful, creative, and replicable model for inquiry-and project-based instruction that uses technology to integrate science and other curricula. To attain this, teachers developed longterm inquiry-based science projects appropriate for their K-8 students. Underlying these projects, as well as other classroom instruction, was the seamless blending of technology with science content and project-based instruction. The ensuing professional developm
	implementationovertheproject’sfirst 
	three years, with full implementation 
	achieved in Year 4. 
	Another goal was the sustainability of this project. This priority was attained by way of five strategies. First, TIES implemented a process of collaborative team efforts utilizing the leadership of experienced TIES teachers. Year-1 and Year-2 teachers became mentors for teachers who enteredtheprojectinYears3and4.This allowed experienced teachers time to gain confidence with the pedagogical changesintheirclassroomsbeforethey wereresponsibleforworkingwithnew teachers.Second,experiencedteachers assumed leader
	4. Third, the equipment, including, 
	computers,software,probeware,anda digitalcamera,washousedinteachers’ 
	classrooms. In this way, technology 
	was available immediately for use as an integral part of the teachers’ 
	repertoire of teaching tools. Fourth, teams of TIES teachers disseminated 
	knowledgegainedandlessonslearned 
	fromtheprojectastheypresentedTIES 
	atscienceandtechnologyconferences 
	and at parent and faculty meetings. 
	The combination of new knowledge andbehaviors as a result of professional development, combined with the needed equipment,helped to provideprofound and lasting change. 
	Finally,participatingschoolshavenow 
	included TIES in their school-based 
	budgets,therebyensuringcontinuation 
	of the project. 
	Collaborations 
	The TIES Project was built on the 
	strong collaborations of four schools 
	in two school districts, the Center for 
	Mathematics and Science Education 
	in the University of North Carolina at Chapel Hill (CMSE), the North Carolina Department of the Environment and Natural Resources (DENR), 
	LEARN NC (a statewide technology network), the North Carolina Department of Parks and Recreation, the 
	Eisenhower Consortium at SERVE, and the GLOBE Program. The CMSE 
	staff provided both professional development and project coordina
	tion; the other five partners provided 
	professional development for the teachers during one or more years of 
	the project. 
	TIES Project schools represent a diverse K-8 student population. The schools are located in both suburban and rural communities; two of the schools qualify for Title . funding; and minority enrollment varies from 30% to 60%. The CMSE brought strong leadership capabilitiesingrantadministrationand professional development, as well as technical guidance in developing and implementingeducationalmodels.The DENR brought expertise in assessing and understanding the environmental resources of TIES school sites. Its
	plans keyed to the North Carolina Standard Course of Study, and an online outlet that allowed TIES 
	teachers to share their expertise with 
	other educators. An integral part of the project included The GLOBE 
	Program, a hands-on environmental science education program currently 
	in use in nearly 11,000 U.S. schools and more than 100 countries. 

	Objectives. 
	Objectives. 
	Project TIES had several objectives: providing technology within the context of project goals, acquiring adequate technology for partner schools to insure access; providing opportunities for TIES participants to learn to utilize their school grounds to enhance their instructioninthecontextofthescience curriculumandtechnology;providing opportunites for TIES leaders to share theirexpertisewithnewTIESteachers, aswellasotherteachersintheirschool; and forming a colloboration of partner schools to enhance and sup

	Implementation 
	Implementation 
	Technology can be a powerful entity in classroom instruction when adequate resources are seamlessly incorporated into instructional approaches and strategies. One way to accomplish this is to provide teachers and students with a vehicle for instruction that brings applications to the world beyond the classroom. To implement these real-world projects successfully, teachers must develop skillsinintegratedinstructionalstrategies, have exposure and experience withspecificprojects,andbeproficient inthe approp
	Technology can be a powerful entity inclassroom instruction when adequateresources are seamlessly incorporated intoinstructional approachesand strategies. 
	of personnel, financial resources, and 
	time are required for a single school to make improvements in these are
	nas. The need for collaboration is 
	important so teachers, struggling for time to make improvements in their individual classrooms, do not waste 
	time “reinventing the wheel.” In the October 1,1998, issue of 
	Education Week, Jeff Archer reported on research conducted by Harold Wenglinsky, an associate research scientist at Educational Testing Ser
	vice. According to Wenglinsky, the 
	positive benefits of technology’s effectiveness depends on how it is 
	used. “One of the positive benefits 
	of technology’s effectiveness depend on how teachers and students relate to 
	each other.” Archer concurs, saying, “... a growing number of education 
	technology advocates argue that the ‘constructivist’ approach toward learning—in which students work in rich environments of information and experience, often in groups, and build their own understandings about them—taps into the computer’s great
	est strengths.” Archer further quotes 
	WilliamFiske,educationaltechnology specialist at Rhode Island’s Department of Education, “Kids learn by doing,bypresenting,bydisplaying,by 
	engaging.Learninghappensbestwhen 
	theyoungstersaredoingtheheavylift
	ing” (pp. 6-10). These remarks speak 
	directly to the impact a project like 
	TIES can have on students. 
	To build and apply skills for using available infrastructure effectively, each year TIES classroom teachers, project support staff, and administrators participated in ten days of professional development, including two days at the North Carolina Science Teachers Association annual conference and/or the North Carolina Educational Technology Conference. Professional development introduced authoring tools, word processing, databases,spreadsheets,andtheeffective use of the Internet (including Internet mechan
	-

	TIES teams implemented projects based on content and integrated instructional strategies developed during professional development sessions in their own classrooms. This implementation strengthened team building, leadership skills, and mentoring opportunities for TIES teachers and administrators. In TIES, the power of technology merges with a constructivist pedagogy in student-centered, project-based classrooms. To support curriculum and standards requirements, TIES project development used instructional 
	.999),TeachingwiththeBraininMind (Jensen, .99.), and A Celebration of Neurons: An Educator’s Guide to the Human Brain (Sylwester, 1995). 
	•. Constructivist, Student-Centered Learnings: Studentslearnbestwhen they construct their own knowledge based on multiple experiences 
	with a concept or skill. Through 
	active, hands-on experiences, they correcttheirmisconceptions,extend what they know, and connect their knowledge to other concepts they 
	understand. Student motivation is 
	enhanced when students pursue answers to questions they have 
	developed. 
	•. Collaborative Learning: Most students like to work with their peers and learn more from doing 
	so. Working collaboratively is a 
	required workplace skill for the 
	Information Age. Many everyday 
	activities are collaborative, with students working in small groups 
	to solve a problem. 
	•. Authentic Learning: Students learn best when their learning is 
	not artificial—when activities are 
	authenticandconnectedtotheworld 
	outside the classroom. 
	•. Student as Worker, Teacher as Facilitator: A teacher serves as a facilitator to student learning by arranging the environment so that students will ask important questions and discover ways to 
	answer them. 
	•. Sustainability. There are two types of sustainability connected to this project:.)intra-schoolsustainability withintheschool(s),whereaproject began after external funding was expended; and .) inter-school sustainability attached to projects thataremodelsabletobetransferred to and used by other schools and 
	districts.ProjectTIEShastheability to promote both types. Intra-school sustainability requires 
	having key elements of materials, equipment, personnel, and leadership in place in a school(s) so a project can continue after funding expires—to 
	Local school district budgets have beenmodified to accommodate updates andrepairs of projecthardware and software. 
	have a “life of its own,” so to speak. Continued financial support to update 
	equipment and replenish consumable 
	materials is usually necessary as well. 
	To spread within a school, it may also be necessary to have a project that is adaptable by virtue of scalability and 
	replicability. The project, as it exists 
	in particular classrooms, may need to 
	be modified to be successful in other classrooms. These latter two qualities 
	arediscussedbelowunderinter-school 
	sustainability. 
	Great efforts were made with 
	Project TIES to ensure it has the 
	support needed to continue in current schools long after the conclusion of 
	the grant period. Hardware, including 
	computers, probeware, and digital cameras, and software are in place, and professional development has been provided to enable teachers to utilize this equipment and materials 
	in an effective manner. Local school district budgets have been modified 
	to accommodate updates and repairs 
	of project hardware and software. In addition, extensive professional 
	development has been provided 
	development has been provided 
	so participants understand how to implement inquiry- and project-based instruction that uses technology as a 

	toolforinstruction.Returningteachers 
	havealsoemergedasleaderstoprovide on-goingprofessionaldevelopmentto 
	others in their schools and districts. In addition to project participants, 
	others in the districts and community 
	have been involved in Project TIES. 
	Area teachers, building and central office administrators, and parents 
	know about and support the project. 
	Presentations about the project have 
	beenmadetoCountyCommissioners; 
	parent-teacherorganizationshavebeen helpfulinfundraisingforvariouscomponents of the project; building-level administrators have been involved in theplanningandimplementationofthe project; and other teachers have been included in professional development presentations. These actions have createdschool-levelinvolvement,aswell as community support, which have 
	helped sustain the project. 
	Since the grant period terminated, partnerships that enhanced the grant have been put in place and continue to influence the schools. Because of the project’s successes, others within the schools and beyond have shown a sustained interest in the project. Current project schools have committed financial resources to support the project, and plans are in place for continued funding of additional teachers and classrooms at each school. Experienced TIES teachers are poised to provide continued leadership at the
	Inter-school sustainability is 
	attained through adoption by other 
	schools and districts. Sustainable 
	projects must have the qualities of replicability, the ability to be used and 
	modified by others, and scalability, 
	the ability to work within schools 
	of varying size and budget. Project TIES exemplifies both of these qualities. Project TIES is definitely 
	replicable—it can be reproduced in a 
	wide variety of settings. Because of the dedication of TIES participants, 
	as well as the design of the project, 
	TIES is well known within North Carolina. Details of the project are available from individual schools. 
	Web sites describing and explaining 
	TIES have been developed by various teachersandtheirclasses.Information about TIES has been disseminated at 
	state science teachers and educational 
	computing conference sessions. Project TIES is scalable because 
	it models good teaching and learning using technology as a tool for 
	instruction. It can be implemented in 
	anyschoolsettinginschoolsofvarying size, and it can be used at any grade 
	level. While hardware is important, 
	thechange processinherenttomoving from one type of teaching to another 
	is even more critical. More than just 
	hardware is necessary for change; the change process moved teachers to a 
	different way of using hardware. 
	Obstacles 
	While none of the difficulties was monumental, procuring and setting up equipment, allocating teacher and classroomtime,andfindingasufficient numberofsubstituteswereobstaclesin this project. Existing practices created an additional difficulty. 
	To many teachers, the idea of student-centered inquiry-and project-based instruction was novel. 
	This new instructional approach differed considerably from their more traditional, textbook-based 
	To many teachers, the idea of student-centered inquiry–and project-basedinstruction was novel. 
	approach, and the learning curve was 
	sometimes steep. This, along with 
	lack of experience with technology, 
	created consternation for some. When 
	frustrations developed, there was a tendencytoreverttotraditionalmodes ofinstructionratherthanimplementing 
	inquire-andproject-basedinstruction. 
	While some participants were able to begin their projects quite readily, others needed more guidance and 
	support. Eachyear,oneofthemostsignificant 
	andchallengingbarriersreportedbythe 
	projectteamwasadifficultyinherentto 
	anychangeeffort—aversiontochange 
	or fear of the unknown. The change 
	from a traditional to a technology-based pedagogical approach is very dramatic and met with resistance in 
	some classrooms. Overcoming that 
	resistancethroughaslowandon-going changeprocessandreachingthelevels 
	of enthusiasm now in place in TIES 
	classrooms are certainly two of the most important accomplishments of 
	the project. 
	Successes 
	At the beginning of each year, teachers set goals and objectives, plannedtheirprojects,andproceededto 
	At the beginning of each year, teachers set goals and objectives, plannedtheirprojects,andproceededto 
	develop and implement them with the 

	assistance of project staff. Each year, all TIES teachers met the objective 
	of creating this hands-on technology-
	based project within their classrooms. In addition, as the project progressed, TIES teachers became instructional 
	leaders who took on responsibility for professional development and 
	mentoring. They also participated 
	in project dissemination as they presented sessions at the state science teachers and educational computing 
	conferences. Other successes that 
	emerged from the evaluation of the project included positive attitudinal changes toward the objectives of the project; development of technology nights for parents; and statewide administrator intern site visits to 
	TIES classrooms, with an eye toward using TIES as a model of technology integration. 
	Schools in the project have strong technology and science resource support systems in place, including TIES mentors from previous years. In spite of time issues, participants who were in the project during the first two years were very helpful to the new project participants. They helped in the technical aspects of how to use equipment and in the pedagogical aspects of using technology as a tool for effective instruction. Returning teachers were very willing to share classroom management techniques with tea


	Results 
	Results 
	Results 
	The overarching goal of the TIES Project was to produce a successful, creative, and replicable model for inquiry- and project-based instruction that uses technology to integrate scienceandothercurricula.Quantitatively, we saw an increase in competency rankingsintechnologyknowledgeand skills, as measured by the TIES Technology Expertise/Comfort Survey and on the Levels of Use of Technology in theClassroom scale(adaptedfrom the CBAM research, 1987). Other evaluation strategies included site visits, worksho
	-

	TIES Technology Expertise/ Comfort Survey was developed to reflect the technologies incorporated into the project and to help participating teachers gauge their own perceptions of their progress in learning to use the technologies effectively. The survey was a self-report instrument, with rankings from 0 to 10 (0 = no expertise, 5 = some expertise, and 10 = a great deal of expertise). Participants showed a gradual increase in their expertise/ comfort levels with technology over the course of the project, wi
	The Levels of Use of Technology in theClassroomself-reportscale(adapted from the CBAM research, 1987) was 
	administered to all participants in the 
	third and fourth years of the project. A 
	clear distinction can be made between the levels of use of participants new to the project and those who had 
	been with TIES for one or two years 
	prior to the administration of the 
	instrument. While new participants 
	reported a wide range of levels of use, beginning at Level 0 (Nonuse) and 
	continuing upward through Level IV (Refinement),noreturningparticipant 
	reported a level of use below Level 
	III (Mechanical Use). Also of interest is the rapid movement of Year 3 
	participants up the Levels of Use scale, as compared to a more gradual movement for teachers who began the 
	project in the first two years. Based 
	on participant comments to a series of open-ended questions and on their interview responses, this is presumed to be a result of mentoring provided by Year . and . teachers, as well as indirect exposure to the project before 
	actually becoming a part of it. Year 4 
	participants showed limited growth; however, they were only in the project for one year, which is too short a period to allow for valid, reasonable 
	conclusions to be drawn. 
	The project team noted some 
	unanticipated beneficial outcomes. 
	Thecommentcardsusedforformative evaluation indicated that the internal mentoring, support, and coaching network was much stronger than 
	proposers initially anticipated. 
	Additionally, teachers reported that 
	students wrote about their TIES 
	projects with much less prodding than 
	in traditional writing assignments. 
	The project team was also surprised, not that teacher attitudinal changes occurred, but by the extent of those changes, as evidenced in the comment 
	cards. The magnitude of observed and 
	anecdotally reported changes from a 
	anecdotally reported changes from a 
	didactictoastudent-centeredteaching environment was much greater than 

	proposers anticipated at the outset. 
	Implications
	“Fundamental beliefs are formed over time through active engagement with ideas, understandings, and real-life experiences. Deep change occurs only when beliefs are restructured through new understandings and experimentation with new behaviors” (Loucks-Horsley, S., et al., 2003, p. 49). For change to occur, things take 
	The change from a traditional to a technology-based pedagogicalapproach is verydramatic and met with resistance in some classrooms. 
	time. This study exemplifies these beliefs. Teachers who participated 
	in the project for three or four years showed greater changes than those 
	withonlyoneortwo yearsexperience. Only participants who were in the 
	project for more than two years 
	reached Level V (Integration) or VI 
	(Renewal) on the Levels of Use of Technology scale; and not all veteran 
	participants ever rose above Level IV (Refine-ment). The change literature, 
	as well as our own experiences with this project, have led us to conclude that significant behavior changes require at least three to four years of implementation and on-going support to become institutionalized within the 
	classroom. 
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	Brain Research:. Implications to Diverse Learners. 
	Brain Research:. Implications to Diverse Learners. 
	A growing understanding of the way the brain functions offers new insights 
	into the minds of students at all stages of development. 
	This decade marks one of the most productive eras of neurological research, which offers exciting opportunities for the educational enhancement of our classrooms. The latest research is being embraced by progressive educational systems and the necessary means for positive reforms are already beginning to be implemented.Abrain-basededucation uses research in neuroscience on how the brain works to gain an understanding of how students learn and develop in a classroom. Psychology and neuroscience have finally 
	This decade marks one of the most productive eras of neurological research, which offers exciting opportunities for the educational enhancement of our classrooms. The latest research is being embraced by progressive educational systems and the necessary means for positive reforms are already beginning to be implemented.Abrain-basededucation uses research in neuroscience on how the brain works to gain an understanding of how students learn and develop in a classroom. Psychology and neuroscience have finally 
	Brain-based research deals with classroom-relevant concerns, such as sensoryperception,attention,memory, and how emotions affect learning (Goleman, 1995; LeDoux, 1996; Pert, 1997; and Sprenger, 1999). Similar studies describe the brain’s “ways of seeing one’s self” (Godwin, 2000); perception, attention, and the four 
	theaters of the brain (Ratey, .00.); and a “celebration of neurons—an 
	educator’s guide to the human brain” (Sylwester, 2001). The literature on 
	brain-based education is quickly emerging, and several studies make directconnectionsbetweenthebiology of the human brain and teaching and 
	learning (Caine and Caine, 1991, 1997; Greenenough, et al., 1993; Kotulak, 1997; Majoy, 1993; Pinker, 1997; Zadina, 2004; and Zull, 2002). Significant work by Petitto (2003) 
	and other brain researchers led to the discovery of brain tissues related to 
	the biology of language and learning. Indeed, neurolinguistic studies enable 
	educators in a multilingual setting to understand and apply strategies of teaching and learning—for example, in teaching English as a second language(Dehaene,.999;Dhorityand Jensen, .99.; Fabbro, .00.; Genesee 
	(2000); Hernandez, et al., 2000; Kuhl, 
	Our brains are fascinating, intricatestructures, with unique complexities thatcontinue to marvel researchers and teachers alike. 
	1997; and Mack, 2003. According to Zadina (2004), the goals for studying 
	brain research include (.) reaching as many children as possible, (.) 
	teaching to individual differences, (3) 
	diversifying teaching strategies, and 
	(4) maximizing the brain’s natural 
	learning processes. 
	Diversity in Brain .Development.
	Learning, as a brain function, is a biological process invented for survival. It is theorganism responding to its environment. Indeed, learning is the formation of new synapses and dentrite branching (Zull, 2002). Moreover,multipleintelligencesguru, Howard Gardner (1993), describes intelligence as the biopsychological potential to process information in certain ways in order to solve problems or fashion products that are valued in a culture or community. Certainly,intelligenceisabrain-bodyenvironment struct
	-

	and neurons (lesson strategies), create 
	repeated firings (practice) and should make the learner feel good.” 
	Our brains are fascinating, intricate structures, with unique complexities that continue to marvel researchers and teachers alike. Altogether, the human brain contains .00 billion nerve cells that make .,000 trillion synaptic connection points with one another (D’Arcangelo, 1998). We are constantly organizing and reorganizingourbrains,changingboth the physical structure of the brain and theknowledgewehold(Bransfordand Cocking, eds, 2000). Young minds in particular hold great potential, as new learning windo
	classrooms. In children, the stages of learning 
	anddevelopmentmanifestthemselves throughtheabilitytomakeconnections 
	and construct patterns. Lawrence 
	Lowery (.990) has explored the ways children seek patterns as a means of explaining how humans 
	develop mentally. He believes 
	that understanding means to know relationships, that the ability to know relationships depends on prior 
	knowledge. As learners construct an 
	understanding of themselves, they advance from viewing a single object anddiscardingit,groupingtwoobjects with a single attribute, grouping multiple objects, and eventually logically organizing and reorganizing objects based on need and criteria, and 
	using hierarchical standards. 
	Research on memory and retention 
	is also a vital asset to teachers. 
	Although lecture continues to be 
	Although lecturecontinues to be the most widely usedmethod in the classroom, countless studies indicate that students retain the most by teaching others,practicing by doing,and discussing in groups. 
	the most widely used method in the classroom, countless studies indicate that students retain the most by teaching others, practicing by doing, 
	and discussing in groups. Immediate, 
	active use of learning is clearly the best means of retaining information 
	(Sousa, 1995). In addition, students 
	havepeakandlowtimesduringtheday andthecourseoflessonsinwhichthey tend to take in the most information towards the beginning of lessons, 
	and then experience “down time” when retention decreases (Sousa). 
	Therefore, shorter, diverse lessons with different means of instruction may be much more effective than an 
	ongoing lecture environment. As a 
	corollary, sleep (resting the brain) is 
	critical in consolidating learning. 
	Finally, classroom setting and the emotions of students play significant rolesintheabilitytolearn.Experiences generate emotions, which bring relevancy and meaning to students (Jensen, 1998). Teaching tied to positive emotional experiences will lead students to generate new thought and motivation to learn. Teachers can 
	Finally, classroom setting and the emotions of students play significant rolesintheabilitytolearn.Experiences generate emotions, which bring relevancy and meaning to students (Jensen, 1998). Teaching tied to positive emotional experiences will lead students to generate new thought and motivation to learn. Teachers can 
	enhance classroom environments in 

	many ways. One important practice is 
	to link the indoors with outdoors for movement to stimulate the uptake of oxygen, which has a positive effect 
	on learning. Another is to create a 
	rich stimulating environment through hands-on activities and classrooms withrichcolors,textures,andstudents’ 
	work to indicate “ownership” of knowledge (Lackney, 1998). Earlier studies by Greenenough, et al., (1993) and Karni, et al. (1995), indicated that 
	anenriched(stimulating)environment 
	affects growth in the brain. 
	Diverse, Experiential Approach to Teaching and Learning 
	Memoryisreassembledfrommany 
	locations in the brain. The brain seems 
	to sort information in where (dorsal) and what (ventral) pathways. Zadina (.004) suggests engaging students in multiple pathways by using language, sensory motor activities, metaphor, humor, spatial-temporal activities, 
	music and emotion. Furthermore, 
	using language—which, by the way, is our best form of communication— 
	activates the frontal lobes. Teachers 
	need to apply multiple strategies and opportunities for oral communication (talking, listening, reading) as well as written ways of communication 
	(reading and writing). Gopnick, et al. 
	(.999), observe that the brain seems 
	“to love to learn from other people!” 
	Although lecturing continues to be the most widely employed method in classrooms across the country, research on the way we learn indicates that lecturing is not always very effective. Several additional strategies should be employed to maximize the amount students retain. Constructivism encourages learning through interaction to develop a personal understandingofinformation.Thefun-
	-


	Recent research in learning styles self-examination and a greater overall examines the different ways in understandingofastudent’sindividual which individuals learn and process role in his or her learning process. 
	Teaching tied to

	information and acquire new skills. The closely related theory of “Wait Clearly, the concepts of right and Time”isbasedontheideathatstudents experiences will lead left hemisphere processing are also needtimetoindividuallyprocesswhat 
	positive emotional

	relevant to these theories of learning. they have learned. Teachers must 
	students to generate 
	students to generate 

	Moreover, Perini, et al. (1997), encourage this “processing” time 
	advocate integrating learning styles instead of automatically asking their motivation to learn. andmultipleintelligences.Inaddition, students to repeat back information 
	new thought and

	learning styles may be influenced they have just covered or heard in damental concept of constructivism by such factors as age, gender and lecture. Recent studies also indicate is that the basis for all learning is dis-cultural background. Evidence shows that the brain seems to exhibit covery. Piaget (1973) writes: “to un-students achieve more in a shorter plasticity (Gage, et al., 1999)—and derstand is to discover, or reconstruct amount of time when teachers know onewaythisisdemonstratedisthrough by discov
	Evidence shows 
	students achieve more 

	in a shorter amount 
	in a shorter amount 

	thought,creativeresponse,andunique learning experiences. It is evident that commentary. Finally, students are al-sensoryinformationandtheclassroom of time when teachers lowed to process and challenge the atmospheresignificantly contribute to 
	know how to teach to 
	know how to teach to 

	information they hear or seek though the way students learn. 
	the students’ individual 
	the students’ individual 
	personaldiscovery.Thesemethodsal-

	Reflective Teaching and Learning 
	Reflective Teaching and Learning 
	Reflective Teaching and Learning 

	low students to make “sense” of what learning styles.
	and the Concept of “Wait Time” 

	they learn in class and to give the new 
	they learn in class and to give the new 
	Another concept, the idea of 
	information meaning. 

	active,personalandengaginglearning Learning Styles: Teaching to maintains that students learn by Diversity reviewing and reflecting on their Tileston (.000) indicates that work, not simply by just completing Conclusion the best teaching practices that a task or listening to a lecture. A growing understanding of the define teaching competencies relate Techniquesincludingkeepingjournals way the brain functions offers new brain research, learning styles, and and preparing portfolios reveal insightsintotheminds
	reflective teaching and learning, 
	activities. 

	needs of the student. “The teacher is a reflective practitioner and decision maker. Teachers must understand the theories,continuetostudythem,reflect 
	needs of the student. “The teacher is a reflective practitioner and decision maker. Teachers must understand the theories,continuetostudythem,reflect 
	upon them, and make appropriate applications for their own students 
	and their own situations” (Guild, 1997). Advancements in neurological 
	scienceandthegrowingunderstanding of the interconnectedness of the brain and mind present new possibilities that can lead to the enhancement of the quality of instruction for all 
	students. The knowledge of how 
	students pay attention, take in new information,processthatinformation, and then store knowledge in memory 
	is crucial for teachers. In addition, 
	practices using areas such as Learning 
	Styles,Constructivism,andReflective 
	Teaching (Wait-time) are all valuable applicationsoftheresearchandpractice 
	of brain-compatible learning. 
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