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A Survey of Support Offered to 
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Inducting well-trained mathematics and science teachers, 
who will be required to move the nation toward excellence 

in mathematics and science, is not obstacle-free. 

Policy makers in the United States 
have established a national goal of 
educational excellence in science and 
mathematics (NationalScienceBoard, 
�998). Two important aspects of 
achieving excellence in education are 
the training of exemplary science and 
mathematics teachers and supporting 
them within their educational system 
(Chaney, �995; Monk, �994). Provid
ing a framework for this effort are the 
NationalScienceEducationStandards 
[NSES] (National Research Council 
[NRC], �996), the Professional Stan
dards for Teachers of Mathematics 
[PSTM](NationalCouncilofTeachers 
of Mathematics [NCTM], �99�), and 
the Benchmarks for Science Literacy 
[BSL] (American Association for the 
Advancement of Science [AAAS], 
�993) - products of synthesized edu
cational research. Currently, teacher 
trainingandprofessionaldevelopment 
programs are being organized around 
these standards. 

Inducting well-trained science and 
mathematics teachers, who will be 
required to move the nation toward 
excellence in science and mathemat
ics, is notobstacle-free.Newly trained 
science and mathematics teachers are 

primed to enact the practices they 
have experienced in their preservice 
programs,practices that areconsistent 
with the student-centered, inquiry-
based learning environment espoused 
in the national standards documents. 
Unfortunately, during the first years 
of a teaching career, the pedagogical 
framework, skills, and knowledge 
established in the preservice train
ing are often lost (Salish I Research 
Project, �997). 

In Arizona, Sowell et al. (�995) 
found that secondary science and 
mathematics teachers were inclined 
tousenon-student-managedactivities, 
rather than those in which students 
generate their own learning (p.29). In 
addition, they found that teachersused 

Induction programs 
provide the support 
appropriate for
resolving conflicts faced 
by beginning teachers. 

textbooks and their personal beliefs as 
their major curriculum sources (p.�8). 
Beginning science and mathematics 
educators entering this environment 
will most likely encounter a dispar
ity between how they were prepared 
in their teacher preparation program 
and what is actually occurring in the 
classrooms of their schools. 

Induction programs provide the 
support appropriate for resolving 
conflicts faced by beginning teachers 
(Little, �990). In this sense, a suc
cessful induction program becomes a 
critical link in the entire professional 
development process of a teacher. 
The disparity between preservice 
training and beginning practice must 
be resolved in such a way that begin
ning teachers can both survive in the 
educational system and sustain their 
standards-based training. 

The issues mentioned above are 
important and in need of study. In 
one state, Arizona, policy makers 
supported university researchers to 
conduct a statewide survey of school 
district induction programs. In addi
tion,beginning secondaryscience and 
mathematics teachers were surveyed 
regarding their perceptions of their 
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Inducting well-
trained science and 
mathematics teachers, 
who will be required to 
move the nation toward 
excellence in science 
and mathematics, is not 
obstacle-free. 

teacher preparation and induction 
programs.Thisstudywasconductedto 
inform policy makers about the status 
of preservice education and induction 
programs. This paper reports and 
discusses the process of the study and 
several of the relevant findings, and 
how this paper informed policy at the 
state level.Theauthors hope thatother 
policymakers interested inexamining 
their own local or regional preservice 
or induction programs can draw upon 
the information in this paper. 

Questions Addressed 
Thisstudywasconducted toanswer 

questions concerning the preservice 
education programs of beginning 
secondary science and mathematics 
teachers,andtheinductionprogramsin 
which they participated after entering 
the public school sector. The follow
ing general questions were utilized to 
guide data collection: 
�. Do districts provide induction 

programs for their beginning 
secondary science and mathemat
ics teachers? If so, how are these 
programs configured? 

2. How do beginning secondary sci
enceandmathematics teachers rate 
variouscomponentsof their induc
tionprograms?What strengthsand 
weaknesses do they perceive? 

3. Do the formal induction programs 
in which beginning secondary 
science and mathematics teach
ers participate fulfill the district 
expectations of those programs? 

4. How do beginning secondary sci
enceandmathematics teachers rate 
variouscomponentsof theirpreser
viceprograms?Whatstrengthsand 
weaknesses do they perceive? 

Data Collection and Analysis 
This study targeted each school 

district and each beginning second
ary science and mathematics teacher 
in Arizona. Secondary science and 
mathematics teachers were targeted 
because of the recent emphasis on 
science and mathematics education, 
and the shortage of qualified science 
and mathematics teachers in the 
state. “Beginning” refers to teachers 
in their first, second, or third year of 
teaching—which is also noted as the 
induction phase. During the spring of 
�998, each school district in Arizona 
was contacted to obtain information 
about mentoring programs for their 
beginning science and mathematics 
teachers. If a formal or informal in
duction program existed, the contact 
person knowledgeable about the 
program was sent a questionnaire 
requesting information pertaining to 
the structure and requirements of the 
program, selection and training of 
mentors, compensation of mentors, 
andadditionalprogramsforbeginning 
teachers. In addition, each district 
contact was asked how many induc
tion-level science and mathematics 
teachers were employed. The survey 
fordistrictswascomposedofquestions 
requiring a specific response (e.g., 
Do you have a mentoring program 
for beginning teachers? How do you 
select mentor teachers? How are your 
mentor teacherscompensated?).Non

responding districts were provided 
a follow-up questionnaire in order 
to increase the response rate. A total 
of 256 districts were contacted, and 
�89 provided information on their 
induction programs; thus, achieving 
a response rate of 74%. 
Induction teachers identified by the 

initial survey of districts were sent a 
questionnaire either directly from the 
researchers of this study or via the dis
trictprofessionaldevelopmentcontact 
person. This questionnaire asked the 
beginning teachers to evaluate their 
preservice and induction programs 
and to provide demographic informa
tion about themselves. The survey for 
beginning teachers was comprised 
of closed and open-ended questions 
that encompassed three general areas: 
preservice program, induction pro
gram, and background information. 
The questions were either specific-
response (e.g., How many years have 
you been teaching? What is your 
major? How often do you meet with 
your mentor?), descriptive-response 
(e.g., Name two strengths of your 
preservice program; Name two areas 
inwhichyour inductionprogramcould 
improve),or responseonaLikert scale 
(e.g., Rate your preservice program in 
regard to the informationyou received 
about the planning of instruction, the 
NSES [NRC, �996], assessment and 
classroommanagement).Anestimated 
total of 395 beginning science and 
mathematics teachers were sent sur
veys and �86 returned them, giving a 
response rate of 47%. The complete 
districtandinductionteacherquestion
naires and their development can be 
found in Luft and Cox (�998). 

Data from the surveys were coded 
and entered into a computer by one 
researcher. Either descriptive, cor
relational, or ANOVAanalysis proce
dures were used to analyze the data. 
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When significance was found, and At the national level, there has been 
if appropriate, follow-up pair-wise an increased emphasis on supporting 
comparisonsweremade.SPSS8.0was beginning teachers. Unfortunately, Assigning beginning
the statistical package used to analyze at the time of this study, Arizona did teachers out ofand depict the data. not have a mandatory requirement 

for induction programs; therefore, their content field General Findings few mentoring programs existed for accentuates difficultiesDuring the initial contact and sur beginning teachers. When induction 
that already exist vey distribution phases of this study programs were offered, they rarely 

it became evident that school districts extendedbeyondayear.Thesefindings in science and 
did not have a reliable mechanism in are consistent with national data that mathematics.place to monitor beginning teachers. indicate little assistance is available to 
It was extremely difficult for districts mostbeginningscienceandmathemat
to identify their beginning science and These findings are consistent with ics teachers (National Commission 
mathematics teachers. Best estimates nationaldata inregardto thefirstcareer on Teaching and America’s Future, 
were often given instead of actual orientation ofbeginning teachers (Na1996). The findings also suggest that 
numbers, and some induction teachers tional Center for Education Statistics, science and mathematics teachers in 
identified by district personnel were �999), and the number of science and small districts may be sorely under-
actually beyond their third year. mathematics teacherswhoareteaching served during their induction years, 

Of the districts that responded courses in which they do not have a a finding not reported previously in 
and provided information about their major. Assigning beginning teachers the literature. 
induction programs, 2�% indicated out of their content field accentuates 

Profile of Induction Teachers that a formal mentoring program was difficulties thatalreadyexist inscience 
currently in place for beginning sci- Over half of the secondary induc and mathematics (Luft & Patterson, 
ence and mathematics teachers (as tion scienceand mathematics teachers in review). An out-of-field beginning 
well as other new teachers), and 8% (58%) surveyed were in their first teacher will not have experienced 
indicated that the induction programs career, with 7�% holding secondary the discipline-specific practice that 
in their schools were informal. Of the certificates and 26% holding elemen science and mathematics preservice 
formal programs described, 68% did tary certificates. Three-quarters of programsemphasize.Asaresult, these 
not extend beyond one year. Small the responding induction teachers teachers will likely rely on textbooks 
districts (school districts with fewer reported participating in an in-state and personal beliefs in the classroom, 
than 600 students in K-8 or 9-�2) were certification program and most (59%) and have difficulty taking advantage 
less likely to have induction programs were between 20 and 30 years of age. of the national documents of guidance 
thanlargedistricts.Theanalysisofdata A large proportion of the respondents and standardization such as NSES 
indicated 76% of beginning science were beginning their teaching careers (NRC, �996), PSTM (NCTM, �99�) 
and mathematics teachers in small with bachelor’s degrees (83%), as op- and BSL (AAAS, �993). An out-of
districts not participating in induction posed to master’s (�5%) or doctoral field beginning teacher assigned to 
programs as compared to 4�% in large degrees (2%). science or mathematics will also 
districts. In mathematics, 55% of the begin- have a particular need for specific 

ningteachers reportedteachingclasses in-discipline mentoring, which was a 
in which they did not have a major. relativelylowpriority informaldistrict 
In science, 40% of the beginning induction programs in Arizona, as 
teachers reported teaching classes described in the next section.At the national level, 
in which they did not have a major. there has been an Induction Programs as Reported There was no significant difference 

by School Districtsbetween large and small districts in 
the number of beginning teachers in 

increased emphasis on 
Formal induction programs are desupporting beginning science and mathematics who were finedhereinas those thatareorganized teachers. teaching out of field. and conducted at the district level. 
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These programs are often financially Table 1 
supported and involve a variety of 

Mentoring Programs as Reported by School Districts district personnel. Informal induction 
programs are defined as those not Survey Question	 Formal Program	 Informal Program 
organized at the district level and are Response (N = 41)	 Response (N = 16) 
typically dependent upon the admin
istration in a specific school. These Mentor training required	 76% yes; 22% no	 13% yes; 86% no 

programs may receive support from Mentors selected or volunteered	 71% selected; 22% volunteered	 60% selected; 39% 
the schooladministration,or theymay volunteered 

entail a beginning teacher seeking 
Frequency of mentor meetings	 22% weekly; 32% monthly;	 No requirements out the assistance of an experienced 27% mentor discretion 

teacher without the formal knowledge 
Same-discipline mentor	 20% yes; 80% no	 No requirements of the administration. 

requiredThiscomponentof thestudysought Mentors compensated	 29% extra pay; 32% career	 73% no compensation 
to describe the types and composi- ladder credit; 27% no 

compensationtion of existing induction programs. 
The questions asked included: Did a Additional programs offered	 68% yes; 32% no	 32% yes; 67% no 
formalor informalmentoringprogram 
for beginning teachers exist? Did the the mentor. Selected mentors should 
mentoring programs for beginning be trained to fulfill their roles (Ackley 

& Gall, �992; Little & Nelson, �990). teachers utilize assigned or volunteer Beginning teachersPreparation should allow mentors to 
mentor teachers? Did policies exist 
mentors? Was training provided to 

fulfill their roles as guides, advisors, overwhelmingly valued
and supporters, but not as evaluators regarding the role of the mentor and/ the opportunity to
(Abell,Dillon,Hopkins,McInerney,& or the induction teacher? The data in communicate with andO’Brien, �995).Additionalguidelines 

from the districts. 
Table�report theinformationobtained 

that should be established concern the receive feedback from 
amount of time a mentor spends with The collected data revealed that another teacher. a beginning teacher (this should not 

definedthaninformalprogramrequire
formalprogramrequirementsaremore 

be “as needed”), the compensation a 
The results of this aspect of the mentor receives (mentors should be 

survey revealed areas of strengths 
ments, yet both still need guidelines 

compensated), and the need for same 
and weaknesses in current induction 

thatenhance thementorandbeginning 
discipline mentors (a mentor should 

programs.Generally,beginningteach
teacher relationship. For example, it is 

be in the same field as a beginning well documented that mentors should 
ers felt their induction programs were teacher). 
adequate and could be improved by 

beselectedandprepared(Huling-Aus
tin, �992). Selection should be based Beginning Teacher providing better meetings and more upon the interest and capabilities of 

observations with feedback. Begin-Participation in Induction 
ning teachers overwhelmingly valued 
the opportunity to communicate with 

Programs 
Beginningscienceandmathematics 

and receive feedback from another teachers were surveyed to understand Preparation should teacher. Not surprisingly, the topics the support programs in which they 
most often discussed between the allow mentors to participate. They were asked about 
mentor and beginning teacher were the strengths and weaknesses of their fulfill their roles as consistent with previous studies that inductionprogramsandhowtheyrated guides, advisors, and indicate beginning teachers focus on various components of the programs. 
orientation issues, and curricular and The results of this survey can be found supporters, but not as 
instructional support (Ballantyne, in Table 2. evaluators. Hansford, & Packer, �995). 

Science educator 4 



  

    

 
  

 
        

   
 
     

      

   

 

   
     

    
   

    

   

    

   

    

    

   

     
     

     

	 	 	 	
	 	 	

	 	 	 	 	 	

	 	 	 	 	 	

	 	 	 	 	 	 	 	
	 	 	 	 	 	 	
	 	 	 	 	 	

	 	 	 	 	 	 	 	 	
	 	 	 	 	

	 	 	 	 	 	 	 	 	
	 	 	

	 	 	 	 	 	 	 	
	 	 	 	 	 	
	 	 	 	
	 	 	

	 	 	 	 	 	 	 	 	 	 	 	
	 	 	 	 	 	 	

 

Table 2 

Beginning Teacher Participation in Mentoring Programs 

Survey Question	 Teacher Response 
(N = 186) 

Involved in mentoring program?	 53% yes; 47% no 

Mentored by same-discipline teacher	 53% yes; 47% no 

Overall rating of mentoring programs	 13% outstanding; 26% superior;
33% adequate; 13% fair; 14% poor
[M = 3.10; SD = 1.23] 

Strengths of mentoring programs	 31% useful feedback; 26% good mentor;
26% communication with another teacher 

Weaknesses of mentoring programs	 57% more mentor observations and better 
meetings or workshops 

Topics most frequently discussed with mentor	 46% classroom management;
27% school and district policy;
25% classroom activities; 
24% school procedures 

If not in mentoring program, is there a person	 52% yes; 45% no 
who takes on the role of your mentor?	 

Further analysis of the beginning 
teacher survey revealed several inter
estingfindings.The number ofprofes 
sional activities attended within the 
year was higher for teachers who had 
either formal or informal mentors (M 
= 2.68, SD = �.�3; MDN = 3.00) than 
for those who did not have mentors (M 
=2.37, SD =�.07; MDN =2.00).There 
were significant positive correlations 
between mentor interactions and 
teachers’ ratings: first, the more often 
beginningteachersmetwith theirmen
tors, the higher the teachers tended to 
rate their inductionprograms(R=.537, 
p = 0.0�); and second, the more often 
beginning teachers were observed 
in class by their mentors, the higher 
they rated the induction program (R = 
.448, p = 0.0�). Also, when beginning 
teachers not in an induction program 
sought out an informal mentor, often 
that mentor was in the same discipline 
(3�% of respondents). 
These findings reinforce several 

points.First, theconcernsexpressedby 

thebeginningscienceandmathematics 
teachersdemonstrate thedevelopmen
tal nature of learning to teach. Hul
ing-Austin (�992) has described the 
uniqueconcernsofbeginning teachers 
and the need for a developmentally 
appropriate support program. Second, 
the results of this component of the 
survey also support the need for col
legial interactionsduring the induction 
period (Emmer, �986; Huling-Austin, 
�992). Beginning teachers wanted to 
interact with colleagues and valued 
the interaction they experienced 
with their mentors. In science and 

Beginning teachers
wanted to interact with 
colleagues and valued
the interaction they
experienced with their 
mentors. 

mathematics, this interaction should 
exist with same discipline mentors, 
as there are several unique qualities 
about instruction in these disciplines 
(Adams & Krockover, �997; Emmer, 
�986; Loughran, �994). 

Comparison Between Beginning 
Teacher Responses on Formal and 
Informal Induction Programs 

Two comparisons were made to 
determine the degree of agreement 
between district policy on induction 
programs and the induction programs 
that beginning science and mathemat
ics teachers experienced. The first 
comparison explored the responses 
of beginning teachers in formal and 
informal or no induction programs. 
The second comparison was between 
the district program guidelines and 
the reported experiences of beginning 
teachers.Resultsof thesecomparisons 
are located in Table 3. 
The results of the first comparison 

revealed, as one would expect, that 
informal or no induction programs 
provide limited support to beginning 
science and mathematics teachers. 
However, beginning teachers in infor
mal or no induction district programs 
who did find mentors reported having 
same discipline mentors more often 
thandidbeginning teachers indistricts 
withformal inductionprograms. Inad
dition, they reported more weekly and 
monthly meetings with their mentor 
than did beginning teachers in formal 
district induction programs. Again, 
this occurred with a limited number 
of beginning science and mathemat
ics teachers. 

The results of the second com
parison revealed a disparity between 
district policy and the experiences of 
beginning science and mathematics 
teachers. For example, one third of 
the teachers in districts with formal 
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Table 3 
Comparison Between Beginning Teacher Responses in Formal Program (FP) 
and Informal or No Program (I/NP) Districts 

Comparison Question/Topic	 FP Teacher Responses	 I/NP Teacher Responses 
(N = 99)	 (N = 87) 

Mentoring received	 65% yes; 35% no	 35% yes; 65% no 

Reported frequency of	 17% weekly; 14% biweekly;	 36% weekly; 23% monthly; 
meetings in districts that	 17% monthly; 14% bimonthly	 18% quarterly; 23% not at all 
required weekly meetings	 9% quarterly; 3% not at all 

Reported frequency of	 7% weekly; 10% biweekly;	 36% weekly; 23% monthly; 
meetings in districts that	 14% monthly; 10% bimonthly	 18% quarterly; 23% not at all 
required monthly meetings	 3% not at all 

Reported frequency of	 28% weekly; 12% biweekly;	 36% weekly; 23% monthly; 
meetings in districts that	 16% monthly; 4% bimonthly;	 18% quarterly; 23% not at all 
used mentor discretion as	 4% quarterly 
requirement 

Programs requiring same	 50% mentor in same	 67% mentor in same 
discipline mentors	 discipline	 discipline

50% mentor in different	 33% mentor in different 
discipline	 discipline 

Programs assigning mentors in	 40% mentor in same	 67% mentor in same 
same discipline when possible	 discipline	 discipline

60% mentor in different	 33% mentor in different 
discipline	 discipline 

Programs with no	 36% mentor in same	 67% mentor in same 
requirements for same	 discipline	 discipline
discipline mentors	 64% mentor in different	 33% mentor in different 

discipline	 discipline 

programs did not receive the required 
district mentoring, only half of the 
beginning teachers in formal district 
programsthat requiredsamediscipline 
mentorsactuallyhadasame-discipline 
mentor, and the number of required 
mentor meetings had low correspon
dence with the reported number of 
actual mentor meetings. Clearly, even 
welldevelopedinductionprogramsfor 
beginning science and mathematics 
teachers are not achieving the stan
dards that have been set. 

The retentionofbeginning teachers 
isahighlycomplexissue(Gold,�996). 
Beginning teachers have various psy
chological, sociological,pedagogical, 
and physical needs. While there is no 
guarantee that meeting these needs 

will ensure teacher retention, there 
is evidence that a lack of appropriate 
support can contribute to teacher attri
tion (Gold, �996). Given the shortage 
of qualified science and mathematics 
teachers inArizona, itwouldseemthat 
districts would adhere to and imple
ment sound induction programs for 
beginning science and mathematics 
teachers. In the upcoming years, other 
districts and states should carefully 

The retention of 
beginning teachers is a
highly complex issue. 

examine the implementation of their 
inductionprograms—especiallygiven 
theneed to retainqualifiedscienceand 
mathematics teachers. 

Beginning Science and 
Mathematics Teachers on Their 
Preservice Programs 

When examining the mentoring 
programs of beginning science and 
mathematics teachers, it is also im
portant to explore their preservice 
experience.Beginning teacherscanbe 
supported in an appropriate manner, 
but the quality of their preservice pro
gram may impede their initial success 
as a teacher. Thus, it is important to 
determinehowinduction teachers rate 
various components and the strengths 
and weaknesses of their preservice 
programs. Table 4 reports, in descend
ing order, the ratings that beginning 
scienceandmathematics teachersgave 
to various aspects of their preservice 
programs. Frequencies below 3% are 
not listed. 

In Arizona, beginning science and 
mathematics teachers report their 
preserviceprograms tobebetweenad
equateandsuperior.Of the topics rated 
by beginning teachers, training in les
son planning and providing of content 
knowledgereceivedthehighestscores. 
Training in classroom management, 
knowledge of the national standards, 
andtrainingin technologyreceivedthe 
lowest marks. Beginning teachers are 
frequently concerned with classroom 
managementandoftendonot feelwell 
prepared in this area. In regard to the 
other areas, beginning science and 
mathematics teachers in Arizona may 
not be adequately prepared, as advo
cated by the NSES (NRC, �996), BSL 
(AAAS, �993), and PSTM (NCTM, 
�99�), for the use of educational 
technology and an understanding of 
the national standards. Issues relating 
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and mathematics teachers should Table 4 
Beginning Teachers on Their Preservice Programs (1 – 5 Likert scale: participate in induction programs. 
Unsatisfactory, Poor, Adequate, Superior, and Outstanding, respectively) The teachers in this study valued the 

assistance they received throughout 
Survey Topic	 Ratings by Beginning Teachers (N = 186) their induction programs, such as M SD 

collegiality with peers, suggestions 
Training in lesson planning................................................ 3.71..................................1.04 provided by mentors, and feedback 

Content knowledge provided............................................. 3.70..................................1.01 from mentors about their teaching 

Instruction of content courses............................................ 3.51..................................1.24
 of science or mathematics. Second, Pedagogical knowledge provided...................................... 3.50..................................1.00

Training in reflective practice ............................................. 3.49..................................1.11 induction programs should consist of 

Instruction of education courses........................................ 3.48..................................1.14
 teacher/mentor meetings and mentor 
Training in assessment...................................................... 3.44..................................1.03
 observations throughout the school Content of mathematics and science courses................... 3.44..................................1.45
 
Content of education courses............................................ 3.32..................................1.06 year, with feedback to the beginning 

Training in instruction of diverse populations .................... 3.31..................................1.09
 teacher. Ideally, these encounters 
Training in classroom management .................................. 3.07..................................1.17
 should meet the immediate concerns Knowledge of national standards ...................................... 3.04..................................1.34

Training in utilizing technology in classroom ..................... 2.92..................................1.19 of beginning teachers while foster

ing their implementation of the state 
Overall rating of preservice program ................................. 3.54..................................1.01
 or national science and mathematics 

standards. Third, induction programs 
for beginning teachers need to be ad-of beliefs that are conducive to stan
equately supported. Funding should dards-based instruction. 
be made available to compensate and 

If induction programs trainmentors,andtosupport theimple-Conclusions and 
mentationofmeetings.Administrators Implicationsare to assist beginning 
should support induction programs Induction programs for beginning teachers in achieving by selecting qualified mentors and secondary science and mathematics 
monitoring various aspects of these standards-based teachers are a sound investment in 
programs. In this study, the varying the future. Unfortunately, the support instruction, then levels of support directly affected the offered to beginning teachers varies a solid foundation quality of induction program that was greatly by state and district (National 
implemented. There is great need to should be set during an CommissiononTeaching&America’s 
retainqualifiedscienceandmathemat-Future, �996). There are mandated educator’s preservice ics teachers; providing adequate supinductionprograms thataredeveloped 
port programs for beginning science program. and supported at the state level (Gold, 
and mathematics teachers is of critical �996), and there are states in which 
importance.to teachers’understanding of technol districts determine their own support 
The findings from this study also ogy and the national standards have programs.This studyshows,however, 

suggest ways to enhance induction previously been an area of concern thatevenwheninductionprogramsare 
programs. First, induction programs in preservice programs in Arizona in place, the program experienced by 
should be collaboratively developed (Luft & Ebert-May, �999). If induc the beginning teacher may differ from 
and conducted by university and tion programs are to assist beginning the program espoused. 
school district personnel. This will teachers in achieving standards-based This study examined the induction 
assist beginning teachers in retaining instruction, then a solid foundation programs for science and mathemat
their standards-based pedagogical should be set during an educator’s ics teachers in only one state, but 
training while easing their transition preservice program. This foundation its conclusions and implications are 
into the school culture. Different arshould include an understanding of important to other states and districts 
eas of expertise exist between school the vision advocated by the national thathave,oraredeveloping, induction 
personnel and university faculty, and reforms, along with the development programs. First, beginning science 
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Same discipline 
mentors are necessary 
if beginning teachers
are to succeed at 
standards-based 
instruction. 

an induction program with only ‘one’ 
expert certainly short-changes begin
ning teachers (Huling-Austin, �990; 
Henry,�988;Grant&Zeichner,�98�). 
Second, induction programs should 
include an embedded assessment 
that ensures programs are fulfilling 
the expectations of district organiz
ers, as well as the needs of beginning 
science and mathematics teachers. 
Induction programs should be evalu
ated to provide feedback to program 
directors, participants, and preservice 
programs (Luft, �998). Third, begin
ningscienceandmathematics teachers 
should have mentor teachers from 
similar content fields who exemplify 
standards-based instruction. Begin
ningscienceandmathematics teachers 
face several challenges that are not 
found in other disciplines (Adams & 
Krockover, �997; Loughran, �994). 
Samedisciplinementorsarenecessary 
if beginning teachers are to succeed at 
standards-based instruction. Fourth, 
induction programs should be devel
oped to provide a seamless transition 
from preservice education through 
the first years of a teacher’s career. 
Initial certification programs should 
provide information that beginning 
teachers desire, induction programs 
should extend and clarify the art and 
scienceof teaching,whileprofessional 
development programs should refine 
and expand the teacher’s professional 
knowledge. In the case of science 

and mathematics teachers, the use of 
technology and the standards should 
be emphasized. 

Final Comments 
During the last few years, numer

ous studies have been conducted at 
the state level regarding the initial 
certification and the professional de
velopment of science and mathemat
ics teachers (e.g., Luft & Ebert-May, 
�999; Sowell et al. �995). As a result 
of these studies and a general concern 
for education, state policy makers 
have focused educational funds and 
supported collaborative projects that 
addressed the needs of science and 
mathematics teachers. While all of 
the studies have provided direction 
locally, this study has played a unique 
role in its state. Specifically, this 
study is now part of the research base 
that directs grant writers in the state 
EisenhowerScienceandMathematics 
Program competition. In addition, a 
Department of Education grant was 
just awarded to four universities to 
create a coherent vision of science 
and mathematics education across the 
state. An important component of this 
proposal was the induction program, 
which followed the suggestions from 
this study.Finally,universityadvisory 
committees are using these findings to 
recommend collaborative induction 
programs. Ultimately, science and 
mathematicseducatorsfromacross the 
state are learning from the self-studies 
and are developing programs that bet
ter meet the needs of beginning and 
experienced science and mathematics 
teachers. 
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P. Elizabeth Pate, Sharon E. Nichols, Deborah J. Tippins 

Preparing Science Teachers for

Diversity Through Service Learning
 

Service learning is described as a philosophy and methodology 
involving the application of academic skills to solving real-life problems. 

The context for science teaching 
and learning in the United Stated 
has changed dramatically in recent 
years as classrooms become complex 
microcosms of cultural diversity. De
mographic and social changes reflect 
recent increases in both fertility and 
migration trends (Pallas, Natriello & 
McDill, �995). If these trends con
tinue, the science classrooms of to
morrow will look distinctly different. 
The needs of an increasingly diverse 
student population will undoubtedly 
influence both the purposes and goals 
of science education. 

Since its beginnings the United 
States, asbothaconcept andacountry, 
has been a centerpiece of diversity. 
There is an explicit recognition that 
cultural diversity has been a source of 

Today there is 
widespread agreement 
that an important
goal of science teacher
education is to prepare 
teachers who have the 
capability to teach
learners from diverse 
backgrounds. 

greatness for this country. Yet, at the 
same time, the history of schooling 
in the United States is one in which 
schools were allowed to overlook di
versity or use it as an explanation for 
vast differences in students’academic 
performance. Modern educational 
wisdom sought to melt these differ
ences by “making us all the same.” 
By contrast, postmodern education 
cherishesdifferenceandseeks tovalue 
excluded voices and understandings. 
This is a complicated task, for as 
Sleeter (�994) points out, students’ 
“diverse experiences, viewpoints 
and frames of reference can lead to 
misunderstanding” (p. �09). 

Challenges to Science

Teacher Educators
 

Today there is widespread agree
ment that an important goal of science 
teacher education is to prepare teach
ers who have the capability to teach 
learners from diverse backgrounds. 
This poses both a challenge and an op
portunity toscience teachereducators. 
For the most part, teacher education 
students are women of European an
cestry fromruralareas, small towns,or 
suburbancommunities.Theytypically 
have little experience or knowledge 
of diverse cultures and prefer to teach 
children similar to themselves (Liston 
&Zeichner,�990).McCall (�999)sug
gests that these prospective teachers 

are likely to view the world of schools 
and students, and by extension the 
worldofscienceteachingandlearning, 
in an individualistic, apolitical and id
iosyncratic manner which ignores the 
dynamicsandinfluenceofgender, race 
and social class. The issue is further 
complicated when science teacher 
preparation courses decontextualize 
knowledge through an emphasis on 
isolatedskillsandmethodswhere“one 
size fits all.” 

Science teacher education, which 
seeks to meet the challenge of pre
paring teachers for diversity, should 
be contextualized in the experiences, 
skills and values of the community. 
The science education classroom, 
when viewedas a cultural community, 
can be a starting point for situating 
knowledge of learning to teach sci
ence within our rich individual and 
collectivehistoriesasscience learners. 
Prospective teachers need to develop 
anunderstandingof the term“culture” 
and an awareness of their own cultural 
identities. Villegas (�99�) suggests 
that a pragmatic view of culture can 
be particularly useful to teachers. In 
this sense, culture is defined as “the 
way life is organized in a community, 
including how its members interact, 
use language and approach learning” 
(p. 24). In our own experience, we 
have found that prospective teachers 
struggle with developing an aware
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How can science teacher prepara- Service Learning as a
tion be transformed to meet these Context for the Professional 
challenges? The way in which science 
teacher educators might accomplish 

Science teacher 
Development of Science Teachers education, which seeks this taskiselusive,asdifferentassump- Service learningisaphilosophyand to meet the challenge tions exist concerning the meaning of methodologyinvolvingtheapplication 

“science for all” and visions of multi-of preparing teachers of academic skills to solving real-life 
cultural teaching practice. For some, problems in the community (Pate, for diversity, should science education for all is viewed as �999). A community is commonly 
a means of enhancing citizens’quality be contextualized in defined as a body of people, having 
of life (Cobern&Loving, �998).Other the experiences, skills common organization or characteris
science educators view the notion of tics. In service learning, “community” and values of the science for all as an ideological threat can be perceived narrowly (e.g., a 
toculturalknowledge(Snively&Corcommunity. classroom of students, an extended 
siglia, �998). Similarly, some science family) or broadly (e.g., a neighborness of culture in the classroom. In educatorsemphasize thatwhile there is hood, a town). Service learning con-many cases, they have not yet fully a need for different teaching methods, nects meaningful community service explored personal beliefs, values and strategies and applications of science, experiences with academic learning, experiences in relation to their emerg the underlying science concepts and personal growth, and civic responsiing theories of science teaching and principlesshouldremainthesame(Lee bility. Service learning by nature is learning. & Fradd, �998). By contrast, Osborn generally interdisciplinary and is not 
& Barton (�998), Helms (�998) and While multicultural science edu an add-on to the curriculum.
others suggest that the underlying cators have attempted to push the Four steps are generally found 
ideology of school science should be boundaries of traditional practice in in service learning: preparation, 
critiqued and challenged. With these preparing teachers for diversity, many service, reflection, and celebration 
thoughts in mind, it is important to challenges remain. Barton (2000) (Wade, �997). Preparation includes 
examine science teacher preparation has summarized these challenges by identifying community need(s) to be 
for diversity in light of alternative describing four key issues in science addressed; selecting the service ac-
exploratory frameworks.teacher preparation. She suggests that tivities; identifying collaborators; and 

multicultural science education ought researching background information 
to provide for: 

Service learning is one framework 
necessary for the project. The action 

ence teacher preparation for diversity. 
that offers an alternative vision of sci-

step is the service itself. Reflection �. Understanding, critiquing, in service learning, whether struc-In the spirit of engaging teachers in and transforming disciplinary tured or spontaneous, provides an active construction of knowledge, knowledge of science; 
service learning provides an oppor

2. Understanding, critiquing, tunity for building strong connections 
and transforming pedagogical between community context and mul
knowledge; Service learning isticultural teaching practices among 

prospective science teachers. In the 3. Understanding, critiquing, and a philosophy and
sections that follow, we will describe transforming teachers’ under- methodology involvingthe concept and characteristics of standings of histories, purposes 
service learning, examine its connec the application ofand goals of schooling, and 
tions to multicultural science teacher academic skills to4. Expandingteachers’culturalun education and provide an example of 

derstandings and worldviews of solving real-life a specific project that illustrate the 
societies, communities, schools science in service learning. problems in the and children (pg. 5). 

community. 
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opportunity for students to critically 
think about what they have learned 
academically, aboutacommunity, and 
about themselves. Reflection activi
ties often occur throughout all stages 
of the project. Celebration is the step 
in which participants recognize both 
their learning and their contributions. 
Celebration provides closure to the 
project in the form of a party, an as
sembly, or through a public awareness 
campaign. As in any learning activity, 
motivation is enhanced when there is 
student ownership in all phases of the 
service learning project. 

At our respective institutions, 
prospective science teachers have 
the opportunity to engage in service 
learning projects in three ways: 

�.	 In service learning and commu
nity-based research opportuni
ties on a self selected basis, 

2. In	 designated courses as a 
requirement, and 

3. Inastand-aloneservice learning 
course. 

The stand-alone course, taught 
annually each spring, is open to any 
major in the university, as an elective 
in their program of study or as a course 
requirement. The course centers on 
students’understandingofandexperi
ence with service learning. 

In the section that follows, we will 
share an example of a service learning 
project from the stand-alone course 
that illustrates the science in service 
learning. We will also provide portfo
lio data from the preparation, service, 
reflection, and celebration stages of 
the service learning project Science 
Supplies (Bothma & Brown, 2000). 
Italics indicate student voice. 

Science Supplies:
A Service Learning Project 

In this service learning project, two 
prospective secondary science teach-

As in any learning
activity, motivation is 
enhanced when there 
is student ownership in
all phases of the service
learning project. 

ers developed in-depth knowledge 
about a particular science curriculum 
while helping practicing teachers 
collect needed science materials and 
supplies. After several lessons on the 
history, research, and components of 
service learning, Chessa and Trudi 
began conceptualizing their project. 

During the preparation/reflection 
stages of Science Supplies, as juniors 
justbeginning theireducationcourses, 
ChessaandTrudidecided theywanted 
and needed to be in science classes 
in schools as much as possible. With 
this in mind, they began their efforts 
to identify a school-community need. 
After visiting a local middle school 
and interviewing science teachers, 
we determined there was a need for 
sciencesupplies.Thescience teachers 
were using a program involving many 
hands-on activities in which students 
worked in small groups of two to four. 
The experiments in the curriculum 
were designed to ensure that students 
obtain a better grasp of the concepts 
presented to them. Chessa and Trudi 
soon found, however, that the move 
from a traditional lecture format had 
themiddleschool teachersdesperately 
seeking consumable materials. After 
determining a genuine need, Cheesa 
andTrudicontacted thedistrict science 
coordinator to find out precisely what 
supplies were essential to enacting the 
middle school science curriculum. 

Chessa “Reflection One” 
February 14, 2000 

We have accomplished many of the 
preparations forourprojectbygetting 
a list of the supplies the teachers need 
and typing them up in an attempt to 
findoutwhichitemstheyneedthemost. 
Trudi and I have also obtained a list 
of businesses and contact people. The 
next major step that we need to take 
is to contact these individuals with a 
list of items that we wish for them to 
donate. 

However, with all this success also 
comes failure. We have not learned 
anything about the science program 
other than the fact that it is a type of 
integrated science, which means that 
it brings all fields of science together. 
We did obtain a copy of the Quality 
Core Curriculum (QCC) from the 
resource room so we now know what 
the teachers in the class are referring 
to when they say QCC. I think the 
QCC provides a very basic guideline 
for what science teachers need to 
go over in the classroom during the 
school year and leaves a wide margin 
for interpretation. It will be interest-
ing to see how the teachers that we 
will observe interpret what the QCC 
is looking for. 

Thusfar inmyproject Ihavelearned 
many things. Being pretty computer 
illiterate, Dr. P. had to teach me how 
to put a table into a word document 
so that when we write our letters to 
local businesses we will be able to 
include a table of the supplies that we 
are asking for. 

Themost important thingthat Ihave 
learned is that you have to tell people 
exactlywhatyouwant fromthemifyou 
want to get what you want. While the 
teachers were quick to provide us with 
a list of their needs, we have been un-
able to pin them down to get into the 
classroom to talk about how they use 
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their science program. I hope that we 
will see different interpretations of the 
curriculumthat thestatehas identified 
to be taught. 

Another important thing I have 
learned is that you need connections! 
Dr. P. has played a vital role in our 
project by giving us the names of 
individuals we can get in touch with. 
Now that we know that we need to be 
explicit with our need to learn about 
the curriculum, we will tell the teach-
ers that we get in touch with exactly 
what we expect to learn from them 
about the curriculum and the science 
program they are using at the middle 
school. With names of specific people 
to ask for we hope to track down a few 
teachers to observe and discuss with 
them the ways in which they use the 
curriculum. 

Trudi “Reflection One” 
Feb. 22, 2000 

Chessa and I went to the middle 
school today to speak with Mrs. K. 
Unfortunately, we left the school with 
less enthusiasm than we entered. Dur-
ing the brief meeting, Mrs. K. gave us 
a list for each grade (6-8). Each list 
had several items the teachers wanted 
for their classrooms. Eight[h] grade 
alone was 8 pages long! I don’t think 
that getting the supplies will be too 
difficult. The most daunting part will 
be to get organized. 

On our way to the car Chessa and 
I agreed that our project is not really 
what we wanted. We do want to help 
with supply gathering, but we would 
also like to be at the school. I think we 
both need to work on communicating 
our needs better. We went into the 
school looking forguidance fromMrs. 
K., but we really need to determine 
what we want to do on our own before 
we contact her again. 

The lists have given us a little more 
insight into integrated science. From 
theeight[h] grade lists wecanseehow 
manyhands-onactivitiesaredoneand 
whatkindsofmaterials theyneed. Iam 
a little confused though – is there any 
instructionbefore?Almosteveryday is 
an activity day. 

Chessa and I ended our outing by 
deciding to ask Dr. P. how to turn our 
project into something we can learn 
more from. 

Chessa and Trudi experienced 
at this point what many novices to 
service learning experience. Their 
project was getting too big and focus
ing too much on the service. They felt 
they had lost or had never even had a 
focus on science teaching and learn
ing. Even so, they were already in the 
process of understanding, critiquing, 
and transforming disciplinary and 
pedagogical knowledge of science. 
They had already begun to expand 
their understanding of schools. 

Trudi “Reflection Two” 
April 11, 2000 
We finally had the chance to see a 

teacher in action! All our previous ob-
servation times the teacher was either 
giving a test or playing a review game, 
so we’ve not really seen a whole lot of 
science taught. 

We observed a 7th grade science 
teacher.The topicwasDNAandgenet-
ics. While I could see that the teacher 
wasgoodatexplaining theconcepts to 
her students, I am really appalled at 
the videos that students have to watch 
to go along with their hand-outs. The 
video gives no background into the 
subject matter and skips around a lot! 
The worst part is the person in the 
video; an old professor-looking man 
who spoke too fast. I got the distinct 
impression that the students weren’t 
really absorbing any material from 

the video; they were just listening for 
key words they had to define. 

After the class, Mrs. L. mentioned 
that she has to spend a large part of 
every Sunday looking over the mate-
rial to make sure that the students will 
understand. So far I don’t see why this 
programwaschosenasthecurriculum. 
I understand that hands-on activities 
improve learning, but any curriculum 
withoutproperbackgroundisnogood. 
I also don’t like the little handbooks 
they use. Chessa and I looked through 
the eight[h] grade Block 3 book, and 
we both thought there was not enough 
introduction into a concept. I almost 
felt like I was reading an article in 
Time – where they have little charts 
and pictures to help readers out. 

So far, I really do not like the inte-
grated science program. 

Trudi “Reflection Three” 
April 15, 2000 

Today has been the most exciting 
day of the entire project! Chessa and 
I observed in Mrs. M’s sixth grade 
science class for one class period. We 
thoughtwewereonlygoing toobserve, 
but Mrs. M. involved us in the class 
procedures. She had us introduce our-
selvesand laterwe helped thestudents 
with the flower dissections. I thought 
that it was really neat that the teacher 
introducedus to make thestudents feel 
atease.Noother teacherhaddone that 
before, and it almost made me feel like 
I was part of the class. 

Theotherexcitingaspectof today is 
that Irealizedthat Ichosetherightpro-
fession! Interacting with the students 
was wonderful and they even showed 
me their work like I was the teacher! 
Talk about a natural high! 

This observation also made me 
realize that hands-on activities are 
crucial in science to make new con-
cepts understandable. For example, 
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in the class period, Mrs. M. put up 
an overhead of a flower diagram that 
looked nothing like an actual flower. 
When the students started pulling the 
flowers apart, they could not relate 
the pieces on the paper to the pieces 
in their hands. I think an exciting 
challenge for me will be to look for 
new ways to contextualize as many 
activities as possible. 

Finally, Chessa and Trudi were 
able to investigate thedistrict-adopted 
science curriculum and see science 
teaching in action. They questioned 
different teachingmethods, strategies, 
and applications of science. Chessa 
andTrudiwereactivelyengaged in the 
construction of knowledge related to 
science curriculum and instruction. 
In the next reflections, Chessa and 

Trudi think back on their celebration 
experiences, for them, public speak
ing engagements about their service 
learning project. 

Chessa “Reflection Four” 
April 28, 2000 

The presentation at Leadership 
Athens, while informal, was still a 
cause of a lot of stress. Trudi and I did 
not realize that we had so much to talk 
about with our project, but once we 
began there were more aspects to our 
project than I realized. The interest of 
the group also encouraged us to speak 
up. They asked us a few really good 
questions and we were able to answer 
most of them completely. Although 
we were given false hope when one 
of the members requested a copy of 
our supplies list, maybe he will still 
get back to us. 

The presentation to our class was 
really easy for us. We know most of 
the people in our class and we knew 
what we had to talk about. We have 
also gained quite a bit of self-confi-
dence. I attribute this to the fact that 

we had to be rough and tough with the 
businesses and be up front with the 
teachers. I think that this has also led 
to us being better able to express our 
wants and needs to individuals. This 
will help us express our wants to our 
future students and our needs to the 
local businesses. 

The thirdpresentation that Ipartici-
pated in was to the College of Educa-
tion. I was a little more nervous at this 
one, but I think that it was because I 
did not know very many of the people 
there and because of the prestige of 
the people that were there. 

While looking at my Academic con-
nections page I could not believe the 
number of things that I learned while 
doing a project that interested me. 
I can hardly wait to begin teaching 
so that I can try service learning in 
my classroom. I think this is a great 
motivator and yet it teaches so much. 
I can hardly believe that it has taken 
me this long to learn about this way 
of teaching. 

Now that the end of the semester 
has come Trudi and I have decided 
that we enjoyed this project so much 
that we want to work on another one. 
We have really learned a lot about the 
sciencecurriculum,soinorder tolearn 
aboutsocialstudies,reading,andmath 
curriculum we want to work on a cur-
riculum integration program. 

As part of their portfolio require
ment, Chessa and Trudi were asked to 
reflect on learning connections they 
had made as a result of their Science 
Supplies project. The connections 
are divided into science teaching, 
other skills, and regarding myself 
(See Figure �). 

It is clear when reading Chessa’s 
and Trudi’s reflections and connec
tions that they realized the power of 
their service learning activities for 
themselves as prospective science 

teachers. According to Chessa and 
Trudi, theschoolwas thebenefactorof 
our service because they received the 
donated goods; we benefited by learn-
ing invaluable curriculum [insights]. 
They viewed their experience as one 
that enabled them to learn about sci
encecurriculum, theneedsof teachers, 
student learning, and their own beliefs 
and assumptions. What Chessa and 
Trudi experienced is consistent with 
research on college students’involve
ment with service learning. Their 
participation had a strong effect on 
their personal development, career 
awareness,choiceofaservice-oriented 
career, and self-efficacy regarding the 
ability to help solve societal problems 
(Eyler & Giles, �993; Salz & Turbow
itz, �992). Their involvement in the 
school and the community, together 
with reflection on their experiences, 
was a more powerful experience than 
simply reading a science curriculum 
guide in a classroom setting. 

Chessa and Trudi were true to their 
words. Their service learning project 
wassuchameaningfulexperience that 
theyexpressed thedesire toparticipate 
in another project. They subsequently 
enrolled in an independent study 
focusing on service learning and sci
ence, even though the course was not 
a graduation requirement. The project 
they are now collaborating on was 
initiatedbyanon-profitenvironmental 
educationgroup. ChessaandTrudiare 
creating middle and high school units 
and service learning project ideas for 
the use of alternative pesticides. They 
are also participating in an internship 
program at the Center for Disease 
Control (CDC). According to Wade 
and Anderson (�996), “… service 
involvement is likely to contribute 
to their [prospective teachers] being 
more effective in the classroom, par
ticularly with children of diverse or 
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	Figure 1 

TRUDI’S CONNECTIONS CHESSA’S CONNECTIONS 

Science Teaching:	 Science Teaching: 

•	 What integrated science is, how it is used · What integrated science is 
in the classroom, and how teachers adapt · The lack of materials available to teach-
the materials they are given to better suit ers 
their students · The lack of funding at the middle school 

•	 That teachers do not have to follow the · How poorly the …Science program was 
… Science program exactly planned out 

•	 What materials are used in the · What curriculum in a can is 
program: supplies, handbook, videos, · How often there are misleading or out
teacher’s handbook dated facts in the …science book 

•	 What “curriculum in a can” is · How loud seventh graders can be 
• The importance in having a good back- · How many hours some new teachers 

ground in the subject matter you teach spend preparing for the week 
· A little bit on how to use the integrated 

science program and yet also teach some
thing to the students 

·	 The thoughts and feelings of the teachers 
about the… Science Program 

Other skills:	 Other skills: 

•	 How to insert a table in a Microsoft • How to write business letters 
Word document • Where to get information about local 

•	 How a rubric works businesses 
•	 What a democratic classroom is and • How to make a table on Word
 

how it is run • What QCC is
 
•	 What service learning is • Where to find the QCC 
•	 How to use a digital camera • How to promote our project 
•	 Which businesses are most willing to • How to communicate with others 


donate [science supplies] what we want
 
•	 What a portfolio is and how to put it • What service learning is 

together [level] • How to get in touch with the middle 
•	 How funding works at the middle school [science] teachers 

school • How to get information together in a 
•	 What Quality Core Curriculum (state single file to be put on the Internet 

curriculum objectives) is and where to • How to get pictures inserted into a file 
obtain a copy of it [science QCC’s] on the Internet 

•	 How to properly write a business letter • How to use Help on Word 
•		Where to find information on local • What a rubric is
 

businesses • What a democratic classroom is
 
•	 How to put together a portfolio (can 

you believe I have never had to do 
this before?) 

•	 What context is [means] 
•	 What a needs statement is 
•	 How to cut back a huge project to 

make it manageable, but still get 
something done 

Regarding Myself:	 Regarding Myself: 

•	 How to approach someone without • How to be aggressive 
sounding too demanding • How to present informally to a group 

•	 How to be assertive when approaching • How to be forceful yet polite with man-
managers agers 

•	 That I would like to teach Middle School • How to work with Trudi 
[science] • How to work with other people in gen

•	 That I like sixth graders more than I eral 
thought I would • How to decide whose idea to use 

•	 How to work with a partner in a long- • How to make my idea sound more attrac
term project tive (be persuasive) 

•	 To be less domineering 

troubled backgrounds” (p. 62). The 
authors further state that because of 
service learning activities, “teacher 
education students have learned about 
the importance ofbeingawareofcom
munity service agencies (Anderson & 
Guest, �993), increased their knowl
edge of and commitment to work
ing with culturally diverse student 
populations (Tellez & Hlebowitsh, 
�993), and developed an awareness 
of how children’s home lives affect 
their learning in school (Wade, �993)” 
(p. 62). Chessa and Trudi fit the bill 
perfectly! 

Connecting Service Learning 
to Multicultural Science 

Teacher Education 
Using service learning as an ap

proachtomulticultural science teacher 
educationmovesbeyondstereotypical 
notions of culture. It enables prospec
tive teachers to gain an understanding 
of culture as the way groups of people 
socially negotiate their everyday liv
ing circumstances in local settings. 
Through service learning projects, 
suchas“ScienceSupplies”prospective 
teacherscanexamineculturaldiversity 
in light of forces that shape human 
dynamics such as racial relationships, 
economic status, and political power. 
Thecontextualnatureof service learn
ing brings a real world perspective to 
learning about cultural diversity as it 
is lived by local citizens experiencing 
theconsequencesof thesesortsofcom
munity dynamics. Furthermore, by 
involving prospective science teach
ers in action-based projects service 
learning promotes thinking about the 
ways in which teachers and science 
education play a responsible role in 
contributing to the lives of students 
and parents in the school community. 
Accordingly, through examples such 
as the “Science Supplies” project, we 
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traditional representations of science however, have found it challenging 
typically framed as classroom texts to translate theoretical notions of 
or laboratory exercises serving no multicultural science education to Using service learning 
particular purpose or persons, service curriculum practice (Atwater, �994). as an approach to learning embeds science in real-world In the case of Chessa and Trudi, their 

multicultural science problems involving members of local service learning project engaged them 
communities. The science learning in critical reflection on purposes and teacher education 
that takes place holds the potential approaches underlying science teach-moves beyond to generate knowledge about unique ing in classrooms. 
situations that can contribute impor- Through their interactions at the stereotypical notions
tant insights to the scientific commu school, they explored what it felt like of culture. nity. The approach to service learning to become a member of the profes
highlighted in this article follows the sional culture of science teaching. 

see service learning as posing impor recommendations of Helms (�998) They examined the resources teachers 
tant avenues for multicultural science for ensuring that prospective science use to guide their curricular ideas and 
teacher education, as it holds the teachers will see the connections of activities and experienced the power 
potential to: service learning projects to science and joy of sharing ideas with other 

• Provide a more authentic rep- and the local community by: “facili teacher colleagues. These prospective 
resentation of the nature of sci tating action-taking, beginning with teachers also experienced how it feels 
ence awareness, moving through genuine to cross a cultural border-sometimes 
• Promote critical reflection about care and the recognition of the value feeling devalued, as teachers merely 

culture as it relates to science of service, and ending with action” (p. regarded them as “service provid
teaching and learning, and 649). The responsibilities and actions ers” instead of granting them a more 

• Develop sensitivity toward involved in Trudi and Chessa’s initial professional and collegial status. This 
students’ cultural backgrounds service learning experience helped is the sort of example of experience 
and how these influence science them understand the power of learn- needed to help prospective teachers 
learning. ing about a problem they believed develop a practical understanding of 

Scienceeducatorsareencouragedto was important and enabled them to cultural diversity in a community and 
moreauthenticallyrepresent thenature work collaboratively in developing the dynamics of inequity. 
of science by engaging prospective solutions to the problem. Finally, service learning helps de
teachers in solving real-world prob- Rodriquez’ (�996) criticism of the velop sensitivity toward the cultural 
lems that do not have pre-determined rhetoric calling for science teachers backgroundsof students.Aikenhead’s 
solutions (American Association for to address equity and cultural diver (�996)notionofculturalborder-cross
the Advancement of Science, �989; sity in the classroom accentuates the ing emphasizes the need for science 
National Research Council, �996). need for more practical approaches teachers to consider the life worlds 
Furthermore, prospective teachers that can substantively help prepare students bring to the science class-
students should experience science science teachers to deal with these room. Some students experience little 
by—generating their own ques issues. Science teacher educators, difficultyparticipating inscienceclass 
tions for inquiry, engaging in tasks as they have strong support from fam
to collectively work on problems, ily and friends who motivate and en-
and negotiating solutions to solve courage their academic performance. 
problems (Aikenhead, �985, �994; Other students are ridiculed by peers Service learningAAAS �989; NRC, �996). According when they participate in classroom embeds science into Helms (�998), community-based activities, and may have parents who 
science inquiry more authentically did not experience academic success real-world problems 
represents the nature of science as in school. These students may risk involving members ofa practice having a contextual basis feeling alienation if they negotiate 
and serving particular goals. Unlike local communities. crossing cultural boundaries of their 
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home life and school. As Chessa and 
Trudi found meaning in their service 
learning project they were able to 
adopt new strategies and goals for 
teaching science to diverse learners. 
They developed a new perspective on 
whatmakeslearningmeaningful.They 
came to understand the importance of 
being a valued part of a learning com
munity, and recognized that their own 
questions could serve as legitimate 
and important beginning points for 
learning. 

Service learning can provide an 
exciting avenue for multicultural 
science teacher education. Through 
engagement in real-worldproblems in 
actual community contexts, prospec
tive science teachers can practically 
develop understandings of cultural 
dynamics and the implications of 
cultural diversity to science teaching 
and learning. In this process, critical 
reflectiongroundedinservice learning 
experiences can lead prospective sci
ence teachers tonewinsightsaboutsci
enceeducation—withapersonalsense 
of care and responsibility to promote 
meaningful science education. 
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Thomas Gadsden, Jr., David L. Haury 

New Literacy for

Leadership: Engaging the 


Information Services of ENC and 

A profile of online resources from ENC, ERIC, and ERIC/CSMEE 

points to a wealth of information and resources for science educators 

The purpose of this article is to in
form and to invite. We want to inform 
science education leaders about the 
wealth of information and services 
available from the Eisenhower Na
tionalClearinghouse(ENC), theERIC 
(Educational Resources Information 
Center) system, and the ERIC Clear
inghouse for Science, Mathematics, 
and Environmental Education (ERIC/ 
CSMEE). We will also discuss how 
desired information can be located 
and used, and what skills are needed to 
searchsuccessfullyfor information.At 
the same time, we will invite your sug
gestionsandcollaborationinexploring 
andclarifying the informational needs 
of leaders in science education. First, 
we begin with a pair of virtual visits. 
On a recent foray through cyberspace 
lookingfor informationaboutTIMSS-
R, we stumbled upon some intriguing 
Web sites that distracted us from our 
quest: 
Visit 1: The first stop, Estuary-Net, 

states that it was “developed by 
the National Estuarine Research 
Reserve System in response to wa
ter quality issues arising in coastal 
areas” and “strives to develop 
collaborations ... to solve non-
point source pollution problems in 

that can be obtained instantly.
 

estuaries and their watersheds.” As 
we read, we learned that 425,000 
acres of estuary are now protected 
by the NERRS and a “healthy, un
tended estuary produces from four 
to ten times the weight of organic 
matter produced by a cultivated 
corn field of the same size.” (Na
tionalEstuarineResearchReserves, 
�997) If we were teaching a class 
about estuaries, this could be a 
tremendous resource. But we are 
not. So this was simply a fun and 
educational detour. 

Visit 2: Thenitwassnowflakes.Wow. 
A beautiful Web site called Snow-
crystals has “tons” of information 
with highlights on the engineering 
ofsnowflakedesigns,natural snow 
flakes, and snow crystal physics 
(both for beginners and advanced) 
(Libbrecht, �999). If we were stu
dents doing a report on precipita
tion, this would be the jackpot. 
These sites (both listed in the De

cember, 2000 ENC Digital Dozen) 
and thousands like them are filled 
withfascinatingpiecesof information. 
Careful examination of their content 
might reveal information valuable to 
our profession, but more often the 
professional is faced with compiling 

just the right informationwithinavery 
limited period of time. Browsing or 
selecting something from an interest
ing menu can certainly result in won
derful “finds” and lead in directions 
never before considered; it’s not much 
different from wandering through a 
grocery store without a shopping list. 
Still, undirected browsing is not the 
most efficient strategy for locating 
needed information. Browsing in a 
section that you are confident holds 
answers to your needs can be much 
more worthwhile, but, using a well-
designed search tool can speed your 
efforts andgreatly improve thequality 
of your results. 

Pulling together the worlds 
of Information and Action 
Despite what one may think about 

the rapid emergence of the Internet 
and World Wide Web in daily life, 
one thing is certain: there is a lot of 
information available at our virtual 
fingertips. From libraries and govern
ment agencies to e-businesses and 
fanatics, anyone who has a personal 
computer, server software, and access 
to the Internet is capable of setting up 
shop and sharing his or her opinions, 
publications, knowledge, or misinfor-
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mationwithanyonein theworldwhois 
interested or curious. The storehouses 
of information are being opened, all 
the conventional information filters 
and gatekeepers have been displaced, 
and the emancipation of information 
dissemination from external control 
has created a global free market of 
ideas. Within this milieu of electronic 
resources, instant access to informa
tion, dot-com business, and mental 
distractions there is a renewed op
portunity to form a nexus between 
information providers and leaders in 
science education. Just as the patterns 
of access to information are rapidly 
changing, our notions of leadership 
and informed decision-making in 
science education are evolving. Lead
ership has become less defined by hi 
erarchical roles and managerial styles 
than by taking decisive action within 
one’s sphereof influence tochange the 
common course of events. We believe 
thisconfluenceofcircumstances—the 
worldwide, instant availability of 
information and the changing concep
tions of leadership—presents us with 
an opportunity to pull information 
and action closer together through 
knowledgeable decision-making by 
leaders in science education. 

For leaders in science education 
information is essential, and the in
formation being sought at any given 
moment generally is pertinent to a 
particular issue or question requiring 
efficient strategies that lead to reliable 
information. Skills, skepticism, and 
the ability to determine the accuracy 
of the information foundbecome criti
cal to successful searching.TheWorld 
WideWeb is litteredwith information, 
with gems among the trash. Whether 
the information is gem-like or trash 
depends on the context as well as the 
accuracy. One of the most important 
questions to ask is, “What do we hope 

to do with the information we find?” 
With that answer we are better pre
pared to ask, “What information do 
we need to accomplish our goals? Do 
we need data that can be used to help 
make decisions? Do we want expert 
advice based on summaries of many 
studies and long experience? Are we 
looking for waysofpresentingourun
derstandings and decisions? Or do we 
seek new perspectives on a persistent 
problem? A successful search is one 
that leads to high quality information 
that is consistent and appropriate for 
your needs. 

Information can be obtained, but 
knowledge must be created. Informa
tion by itself generally has limited 
value. But from information one can 
createknowledgethatbroadensunder
standing and guides decision-making. 
Facts remain just informationuntilyou 
act upon them. When you compare 
new information with the knowledge 
you already have, it may challenge 
or reinforce your current understand
ings. It may enrich your knowledge 
by pushing you to revise what you 
thought you understood, or it may 
lead you to see new applications or 
relationships within what you already 
know. The information may help fill 
gaps inunderstandingorchallenge the 
accuracy and value of what you have 
previously thought. 

This is where ENC, ERIC, and 
ERIC/CSMEE excel. They provide 
sources of information (a reasonable 
number of reliable sources, organized 
inways thatmake themrelativelyeasy 
to use), tools that enable searchers to 
find the particular sources of informa
tionbest for them(menus,hierarchical 
trees,sitesearches,databasesearches), 
information consistent with the K-�2 
mathematics and science education 
leaders’needsandinterests, anda level 
of reliability that instills confidence. 

Who Are The Leaders? 
As Pellicer and Anderson (200�) 

have described, American schools 
have long been organized according 
to an outmoded industrial model, with 
some employees cast as managers 
(administrators) and others cast as 
laborers (teachers). Leaders have tra
ditionally been cultivated among the 
managers. In recent years, however, 
teacher roles have expanded along 
with the spreading realization that 
teachers must participate in decision-
making and join in partnership with 
administrators in leading the way to 
more effective schools. So our view 
of leadership is not one of position, 
but of informed action. The leaders in 
science education are those who join 
in creating visions, making decisions, 
and taking action to improve teaching 
and learning, whatever their profes
sional appointments might be. 

More Than Access 
Given our view of leadership, we 

believe that well-developed skills in 
finding, evaluating, and interpreting 
informationareessential to the leaders 
in science education. Mere access to 
information has become much less of 
a concern; access to relevant informa-

The leaders in 
science education 
are those who join 
in creating visions, 
making decisions,
and taking action to
improve teaching and 
learning, whatever
their professional 
appointments might be. 

Science educator 20 



  

        

   

    

    
 

 

    

      

     

   

     

     

   

 

     

     
  

      
    

    

    

 

      

 

   
   

    

      

      
   

    
     

 

tion is readily available to all who are 
onlineandcare tosearchfor it,andwho 
have the necessary perseverance. But 
how does one systematically search 
for information; how does one dif
ferentiate useful or credible informa
tion from misinformation, and how 
does one transform information into 
knowledge and action? Answering 
these questions may help clarify the 
potential synergy between informa
tion providers and leaders in science 
education. Following are two simple 
cases where instructional leaders had 
access to information, but needed 
help in finding and applying infor
mation. They sought help through 
the AskERIC service (ericir.syr.edu/ 
Qa/). 

Case 1: High School Committee 
Member 

What happens to student learning 
when science teachers are reas-
signed to teach subjects outside 
their area of expertise? 
This is the question of a high 

school teacher from New Jersey who 
was serving at the time on a school 
committee charged with the task of 
establishing policy regarding teacher 
assignments. Jean had tried searching 
the Web using general search engines, 
but had found little of relevance. She 
submittedherquestiontotheAskERIC 
service, and within 48 hours she had 
a response. She received information 
relevant to the question asked, as well 
as help in learning how to structure 
searches of the Internet and the ERIC 
database to find useful information. 
Jean was provided guidelines for us
ing an online search engine (Google 
(www.google.com) to locate Web 
resources, along with several recom
mended Web sites. Suggestions for 
searching theERICdatabasewerealso 
provided, along with the results of a 

search that focusedonscience teachers 
and teacher qualifications. In addition 
to providing data about the incidence 
of out-of-field teaching, the AskERIC 
specialist provided references to 
research on a range of issues related 
to teaching, learning, and equity that 
result from such practices. 

Case 2: School Improvement 
Assignment 

Inanothercase,a teacherdesignated 
as a “Distinguished Educator” was 
assigned to a low-performing middle 
school to develop a school improve
mentplan that includedobjectivesand 
activities reflecting research-based 
strategies. In particular, Susan was 
searching for research about the effec
tiveness of “active learning teaching 
strategies” with regard to improving 
student achievement. She had a par
ticular interest in higher-order think
ing skills, cooperative learning, and 
graphic organizers, as she explained: 

I am in a very low performing 
middle school. Therefore, we are 
attempting to raise student achieve-
ment. We have many computers that 
are not being used effectively. Our 
school has a weak discipline policy. 
Most of our teachers are using the “sit 
and get” method for teaching—too 
much lecture, worksheets, etc. —that 
is the reason for the active learning 
research. 

In response, an AskERIC special
ist provided guidance in finding the 
needed information. In addition to 
identifying useful Web resources and 
records from the ERIC database, he 
showed Susan how to use Descrip
tors from the online ERIC Thesaurus 
to construct the following search 
strategy: 

((active learning in de) or (study 
skills in de) or (cooperative learning 
in de) or (advance organizers in de)) 

and (academic achievement in de) and 
(middle schools in de) (25 records; 
Note: “de” indicates “descriptors”) 

In both of these cases, someone 
in a situation calling for leadership 
wanted to make informed decisions 
andhadaccess to information,but they 
needed help in formulating questions 
and conducting fruitful searches. The 
information provider in these cases 
offered the following: (a) gateways 
to relevant information, (b) help in 
translating questions into fruitful 
search strategies, (c) instructions 
in how to use search tools, and (d) 
sample results from searches. Clearly, 
informationproviderscannotgive this 
much individual attention to leaders 
in science education every time they 
havequestions,but the twocasesserve 
to illustrate the typical informational 
needs of leaders, as well as some 
dimensions of potential interaction 
between leaders and information pro
viders in science education. 

Within the most recent decade, 
whileaccess to informationhasspread 
globally, there has been essentially 

Within the most recent 
decade, while access to 
information has spread 
globally, there has been 
essentially no research 
or scholarly attention 
to the informational 
needs, information 
skills, information 
seeking behavior, or
information services of 
science educators. 
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While ERIC focuses 
more on published 
research and scholarly 
articles, ENC handles 
the curriculum and 
instruction side of 
information resources. 

no research or scholarly attention to 
the informational needs, information 
skills, information seeking behavior, 
or information services of science 
educators. Beyond discussions of spe
cialized courses or learning modules, 
suchas thatofMcNalleyandKuhlthau 
(�994), there has been no systematic 
exploration of the role of information 
literacyskillsor theroleof information 
providers in leadership development 
or science education reform. With this 
report of resources and services pro
vided by ERIC/CSMEE and ENC, we 
hope to begin a larger dialogue about 
the informational needs and informa
tion skills of science educators, the 
role of information providers, and the 
possible dimensions of collaboration 
amongscienceeducatorsandinforma
tion providers. We begin here with a 
description of current resources and 
services. 

Inside ENC 
While ERIC focuses more on 

published research and scholarly 
articles, ENC handles the curriculum 
and instruction side of information 
resources. ENC’s goal is to link K-�2 
mathematics and science educators 
with the resources they need to help 
each student learn (See Figure �). Per
haps the most powerful way to obtain 
such information from ENC is online 

at the ENC Online web site. When a 
teacher or a leader of teachers comes 
to www.enc.org they will find instruc 
tional materials, standards, web sites 
for learning, new ideas, professional 
development activities and packages, 
science content background, personal 
help, recommendations and advice 
fromsuccessful teachers,news–all for 
K-�2 mathematics and science – laid 
out in ways that make sense. 

The education leader looking for 
Information about Curriculum Ma
terials should visit the “Curriculum 
Resources” section of the ENC Web 
site, thegateway toENC’ssearch tools 
and access to the largest databank 
of information on mathematics and 
science instructional resources in the 
nation. Over �8,000 mathematics and 
science curriculum resources, real 
stuff and virtual, web sites, kits, text

books, professional readings, videos, 
software, CD-ROMs, etc. have been 
reviewed and abstracted by profes
sional abstractors and specialists in 
mathematics and science education. 
Their objective descriptions along 
with extensive information like grade 
level, subjectarea, specific topics, cost 
range, media type, type of resource, 
table of contents, evaluation infor
mation, title, data, author, publisher, 
fundingagency,andother information 
comprise the catalog records for each 
item. (www.enc.org/resources/) 

A variety of Search Tools are 
designed to suit the varied and spe
cific needs of science educators. The 
Simple Search tool provides a quick 
word search that can be limited by 
using criteria like grade level bands, 
cost, and one of four major categories 
of intended use. (www.enc.org/re-

Figure 1 

Information Available at ENC 
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sources/search/)TheAdvancedSearch 
tool enables the user to refine their 
search by specifying grade, media 
type, resource type, subject, funding 
agency, and more. (www.enc.org/re
sources/search/advanced/) A search 
could even be limited to just Web sites 
that have won recognition as one of 
ENC’sDigitalDozen.TheBrowsetool 
provides three levels of subject terms 
organized inahierarchical treearound 
mathematics, science, integrated ap
proaches, general education, and edu
cational technology. Beginning with 
these very general subject areas you 
follow the “tree” to specific topics like 
motion or photosynthesis. This may 
be the ideal approach when you are 
not sure where to begin or you want 
to identify pertinent search terms that 
you might have overlooked. (www. 
enc.org/resources/browse/) 

Thehugebreadthofpotentialsearch 
criteria encourages fine-tuning each 
search to obtain optimum results. For 
example, through an ENC search a 
teachermaylocate lessons that involve 
3rd grade students in learning about 
rainforests. (www.enc.org/resources/) 
Ateachereducatormightfindexamples 
of using the Action Reflection Process 
to ensure that all students including 
those with special needs succeed in 
inquirybasedscience learning. (www. 
enc.org/resources/) A district science 
supervisor may identify information 
that will help convince a reluctant 
teacher to buy into important changes. 
(www.enc.org/topics/change/)Careful 
searches may locate materials perfect 
for a particular student or classroom, 
or for the professional growth of a 
school or district or even state. 

Online Guides for both the novice 
and the more advanced aid in search
ing ENC and the Web in general. 
“Search Help” provides extra guid
ance inusing theENCdatabasesearch 

tools and includes: “Elements of an 
AdvancedSearch,Limitingandbroad
ening searches, and Resource type 
definitions.” (www.enc.org/resources/ 
search/help/) ENC Pathfinders of 
fer pre-selected searches on certain 
important topics including: Higher 
Education Scholarships, Grants, and 
Fellowships; Integrating Technology 
into the Classroom; Professional De
velopment Grants; Technology and 
Equipment Grants; and Technology 
Plans.Pathfindersareeasy to print and 
contain full titles of the suggested web 
resources,completeURLs,andcontact 
information. ENC will continue to 
createPathfindersonadditional topics. 
(www.enc.org/professional/timesav
ers/reference/paths/) The “ENC Site 
Search” includes a Help with quick 
tips and advanced strategies for using 
InfoSeek to locatedesired information 
on the ENC web site. (carson.enc. 
org:8765/help/) 

In “Timesavers” (Professional 
Resources) educators will find a 
“Searching the Web Tutorial” that 
includes Internet Basics like “What 
is the Internet” and “Why Search the 
Web?”The tutorial for moreadvanced 
searching includes refining the ques
tion, planning the search strategy, 
advanced keyword searches, etc. 
Finally an excellent glossary removes 
the mystery of related jargon. (www. 
enc.org/professional/timesavers/web
searching/) 

Even more help is available from 
the ENC/ERIC Reference Desk (also 
in Professional Resources). Research 
librarians respond to online requests, 
e-mails, phone calls, letters, and 
personal visits to help educators 
find the information desired. They 
will help clarify specific questions 
and find answers in both the ENC 
and ERIC systems. If a question is 
beyond their expertise, they identify 

others who can answer the questions. 
(www.enc.org/professional/time 
savers/reference/). 
Closer to home, you can find help 

from real people located at ENC’s 
network of twelve regional Demon
stration Sites and over �50 volunteer 
local Access Centers. Contact infor
mation for Demonstration Site and 
Access Center coordinators can be 
found among the ENC Partners lists 
along with the Eisenhower Regional 
Consortia,professionalorganizations, 
and others who work closely with 
ENC. (www.enc.org/partners/) 

Everypublicationof theEisenhow
erNational Clearinghouse is available 
atENCOnline in full textandgraphics 
and can be printed as needed. But they 
are also available for free in print and 
in some cases, CD-ROM. Each issue 
of the free quarterly magazine, ENC 
Focus: A Magazine for Classroom 
Innovators, features Discussions of 
Issues of Concern in mathematics and 
scienceeducation.Theycontainessays 
by noted experts, stories by classroom 
teachers that illustrate outstanding 
teaching and learning related to the 
topic, and descriptions of exemplary 
instructional resources that support 
good practice. Recent titles have in
cluded: Partnerships with Business 
and the Community, Making Schools 
Work for Every Child, Mathematics 
and Science in the Real World, Assess-
mentThat Informs Practice,TheReal-
ity of Change, Integrating Technology 
in theClassroom,InquiryandProblem 
Solving,FamilyInvolvement, Informal 
Math and Science Education, TIMSS, 
and more. A list of issues along with 
all related resources at ENC can be 
found in the “Topics” section. (www. 
enc.org/topics/) 

Many may not be aware that 
ENC produces materials especially 
for use by professional develop-
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Every publication
of the Eisenhower 
National Clearinghouse
is available at ENC 
Online in full text and 
graphics and can be
printed as needed. 

ers as they work with teachers and 
schools in mathematics and science 
reform efforts. For example, cur
rently available online are Teacher 
Change: Improving K-12 Mathemat-
ics, Ideas that Work: Science Profes-
sional Development, and Ideas that 
Work: Mathematics Professional 
Development (publications by Susan 
Loucks-Horsely), and Equity. These 
Professional Development Resources 
along with many other outstanding 
web sites useful for professional de
velopment can be found in the “Web 
Links” section of ENC Online. While 
supplies last ENC’s professional de
velopmentpackagesarealsoavailable 
in print and/or on CD-ROM. Coming 
soon will be a package designed to as
sist educators in using the Authentic 
Task Approach to professional devel
opment, a facilitated system that leads 
teams of educators to develop solu
tions to real problems they currently 
face. (www.enc.org/weblinks/pd/) 
The annual Guidebook to Federal 
Resources(nowpublishedexclusively 
online as a searchable database in the 
“Professional Resources” section) 
helps leaders locate Federal Resources 
available in their own state as well 
as describing each agency’s national 
programs for students and educators. 
For example, a search for resources 
available from the U.S. Department of 

Education in the State of Virginia will 
give the names and phone numbers of 
key staff at the Eisenhower Regional 
Math/Science ConsortiumatAELand 
the services they can provide leaders. 
The same search gives the contact 
information for the coordinators of 
the state’s Eisenhower Professional 
Development Program. Links to the 
web sites of each Federal agency as 
well as a special search tool to locate 
only materials created or supported 
by a specific Federal agency (NSF or 
NASA, for example) adds even more 
value. (www.enc.org/professional/ 
federalresources/ guidebook/) 

Of course, ENC also has hundreds 
of Links to otheroutstandingWeb sites 
for students, teachers, and leaders of 
teachers. The links are organized into 
menus that make sense, like lesson 
plans and activities categorized by 
mathematicsandsciencesubjectareas, 
or “Student/Classroom” sites that can 
beusedbyorwithstudentsbothwithin 
and beyond thecontextof the teaching 
day, things like projects, simulations, 
virtual field trips, games, and even 
online courses. Within “Reference 
Sources” one finds “Ask-An-Expert 
Sites,” “Real Data Sources,” “Math 
and Science Background Informa
tion,” and “Biography Sites.” And 
of course, there’s the “Professional 
Resources” section with national and 
state“StandardsandFrameworks”and 
“Funding Opportunities.” (www.enc. 
org/weblinks/) 

What more is at ENC 
Online? 

Here are some additional 
treasures to look for: 

•	 News –Daily Education Headlines 
and EducationBulletins assembled 
from75U.S.newspapersevery day 
with links to the full stories in the 
newspapers cited. In addition to 

articles about teaching and learn
ing there are articles concerning 
advances in scientific knowledge. 
(www.enc.org/thisweek/news/) 

•	 Recommendations for high quality 
k-�2 mathematics and science Web 
Sitesknownas themonthly“Digital 
Dozen;” (www.enc.org/weblinks/ 
dd/) evaluative information and 
learned opinions about resources 
in the collection like “Exemplary 
and Promising Programs;” (www. 
enc.org/professional/federalre
sources/exemplary/) andadvice for 
using the Web effectively in the 
classroom–inarticles like“Getting 
What You Want from the Web,” 
“Becoming a Critical Consumer 
of the Web,” “Taming the World 
Wide Web,” “School and Home 
Connect Through the World Wide 
Web,”and“DesigningaClassroom 
Web Page.” (www.enc.org/profes
sional/timesavers/classroom/) 

•	 ENC Content Calendar – A brand 
new online feature with lessons 
and activities designed to celebrate 
each day of the year, highlighting 
birthdays of outstanding scientists 
and mathematicians, historical 
events, and notable applications of 
mathematics and science. 
Whether a reform effort has to do 

with implementing effective science 
learning strategies using informa
tion technologies, using community 
resources in learning mathematics 
and science, or rebuilding the science 
curriculum around inquiry learning 
and the National Science Education 
Standards,helpful resourcesareabun
dant at ENC Online and the tools are 
available to help you locate all that 
you need. 
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ERIC and ERIC/CSMEE
from the inside 

You might say ERIC has an iden
tity problem; it has been a part of 
academic life for so long that it has 
something akin to brand-name recog
nition. Unfortunately, the acronym is 
so familiar that most educators never 
stop to wonder if they really know 
what ERIC is or does. Surprisingly, 
most are less familiar with ERIC than 
they realize. The one ERIC resource 
that is most familiar is the database; 
ERIC maintains the world’s largest 
bibliographic database of education
relatedresourceswithoveronemillion 
records. Because ERIC has regularly 
acquired and archived “ephemeral” 
publications, ERIC is also the only 
viable source for many influential 
documents in the ongoing evolution 
of science education. We’ll talk more 
about the database shortly. 

What most people do not realize is 
that ERIC is a misnomer; the Educa
tional Resources Information Center 
has no center. ERIC is a decentralized 
information system comprising �6 
clearinghouses, aprocessingfacility, a 
public relations component, and ever-
changing numbers of adjunct clear
inghouses. Of particular relevance to 
science educators is the ERIC Clear
inghouse for Science, Mathematics, 
and Environmental Education (ERIC/ 
CSMEE), which is located at the same 
address as ENC. In addition to sharing 
hallways, meeting rooms, a resource 
room,andrestrooms,weshare respon
sibility for keeping science educators 
informed of practices, research find
ings, resources, and policies related 
to science teaching and learning (See 
Figure 2). So, when you say “ERIC” 
you could be referring to any one of 
the many components in the system. 
Here we will try to differentiate the 

ERIC maintains 
the world’s largest 
bibliographic database
of education-related 
resources with over one 
million records. 

resources of ERIC the system from 
those of ERIC/CSMEE. 

ERIC the system is large and 
multifaceted, but its services can be 
roughly divided into four functional 
pieces: (a) the database, (b) an array 
of Web servers, (c) publications, and 
(d) teamsofspecialists toanswerques
tions and provide services. First we 
will consider the database, since it is 
the aspect of ERIC that is most famil
iar to educators. Each of the �6 ERIC 
clearinghouses acquires documents 
from around the world and reviews 
magazines and journals for relevant 
articles to index. Those long familiar 
with ERIC will remember, and pos-

Figure 2 

Information Available at ERIC/CSMEE 
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sibly still use, the RIE (Resources in 
Education) and CIJE (Current Index 
to Journals in Education) indices that 
used to be available in most research 
libraries and many public libraries. 
CIJE was the red one, remember? 
Within its database, ERIC has records 
of scholarly publications, conference 
papers, journal articles, and other 
documents having to do with teach
ing and learning all subjects at all age 
levels. One of the few types of printed 
materialnot foundinERIC, textbooks, 
happens to be one of the specialties 
of ENC. Since ENC also collects kits 
and other non-print media, one of the 
unique features of the ERIC-ENC 
team is that between the two of them 
you have access to nearly every type 
of resource available for education in 
science. Users can access the ERIC 
database a number of ways, and your 
preferred mode of access may reflect 
youracademicheritage.Thosefamiliar 
with the paper indices in the reference 
sections of libraries probably became 
familiar with ERIC sometime prior 
to the �980s. From the �980s until 
recently,mostERICuserscametorely 
onsearchingthedatabasebyusingCD-
ROMS. With the new millennium has 
come widespread access to the ERIC 
database through theWorldWideWeb 
of the Internet. There is an array of 
search engines, from those developed 
by universities to commercial search 
engines. Fortunately, ERIC now has 
its own search engines that can be 
accessed through a gateway at www. 
accesseric.org:8�/searchdb/searchdb. 
html. The most popular search engine 
is hosted by AskERIC at ericir.syr. 
edu/Eric/, but thewizardat searcheric. 
org/ is also becoming very popular. It 
allowsveryrapidsearchesusingERIC 
Descriptors and includes an online 
ERIC Thesaurus. Tutorials and help 
using thesearchenginesarealsoavail-

Within its database, 
ERIC has records of 
scholarly publications,
conference papers, 
journal articles, and
other documents 
having to do with
teaching and learning
all subjects at all age
levels. 

able at both locations mentioned. 
The number of ERIC Web sites 

continues to grow, but they are all 
interconnected. The official home 
page of the ERIC system is located 
at www.accesseric.org/home.html, 
but ERIC/CSMEE also maintains a 
directory at www.ericse.org/ericsys. 
html. We will say more about the 
ERIC/CSMEE Web site shortly, but 
if it all seems too amorphous, you 
can search the contents of all ERIC 
clearinghouses with a single search 
engine at search.ed.gov/csi/eric.html. 
Each clearinghouse and other ERIC 
components have their own Web sites 
with online publications, links, and 
services, so it would be valuable for 
leaders in education to take the grand 
tour of the individual Web sites to 
become familiar with the abundance 
of resources available. 

Each ERIC clearinghouse also 
publishes a number of documents 
each year, from two-page Digests to 
research monographs. The best way 
to learn of these publications is to 
visit the Web sites of the individual 
clearinghouses, but there is a central 
search engine to locate ERIC Digests 

at www.ed.gov/databases/ERIC_Di
gests/index/. You can also browse 
a listing of science-related Digests 
published by ERIC/CSMEE at www. 
ericse.org/digests.html. Digests are 
very popular with teachers, teacher 
educators, and parents because they 
present very succinct overviews of 
specific topics, either providing an 
overview of findings related to a topic, 
or pointing the way to the array of 
resources available on a particular 
topic. The ERIC system as a whole 
also produces an annual guide to 
education-related conferences, and 
the guide can be searched online at 
webprod.aspensys.com/education/er
icconf/ericcal/introduction.asp. 

In addition to all the electronic 
servicesavailable fromERIC,youcan 
also still talk to people in the ERIC 
system. Each clearinghouse has a toll-
free telephone number, and all have 
user services specialists who will try 
to answer your questions. For an over
view of the ERIC system and contact 
information forall theclearinghouses, 
download the guide, All About ERIC, 
at www.accesseric.org/resources/al
labout/index.html. The most popular 
personal service of the ERIC system, 
byfar, is theAskERICservice.Anyone 
“interested” in education is invited to 
submit questions by e-mail through 
ericir.syr.edu/Qa/. Someone in the 
ERIC system will respond to you 
within 48 hours, usually providing a 
sample search of the ERIC database 
as well as a listing of other Internet 
resources pertaining to your question. 
Most of the science-related questions 
are answered by staff members at 
ERIC/CSMEE. 

Being part of the ERIC system, 
ERIC/CSMEE offers all the resources 
typical of ERIC clearinghouses, 
so here we will focus on resources 
that will be of particular interest to 
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science educators. We do publish a 
variety of ERIC Digests and other 
documents that are described on our 
Web site (www.ericse.org), and our 
newest book is, Developing Teacher 
Leaders: Professional Development 
in Science and Mathematics (Nesbit, 
200�). ERIC/CSMEE also has an out
reach office that provides packets of 
Digests, sample searches, brochures, 
and bookmarks for conferences or 
meetings upon request. Packets can 
be requested through e-mail (ericse@ 

Anyone “interested” in 
education is invited to 
submit questions by e-
mail through ericir.syr.
edu/Qa/ 

osu.edu) or telephone (�-800-276
0462). Of special interest to teachers 
and others wishing to find Web-based 
resources for particular topics or 
situations, we are in the process of 
developing directories that we call 
“companions.” The Web compan
ions currently online are listed at 
www.ericse.org/companion.html and 
include the following: Homework 
Companion; African Americans in 
Science; Women in Science, Math, 
and Technology; Earthday Everyday 
Companion; Space Science Compan
ion; Science Fair Companion; and 
Evolution Companion. 

The ERIC/CSMEE Web site 
also includes an array of links to 
organizations, lesson plans, online 
publications of special interest, an
nouncements, and journals. Our hope 
is to support ongoing improvement 

in science teaching, learning, and 
scholarship by facilitating an active 
exchange of ideas and resources, so 
there are guidelines at our Web site 
for you and others to contribute to our 
ongoing development of resources. 

Summing Up 
This discussion of the link between 

useful information and taking action 
reminds David of a serious mistake 
he made several years ago in his role 
as a workshop leader. The two-day 
workshopwastobeheldsomedistance 
from where the participants lived, in 
an area where most of us had never 
traveled. David decided that it would 
be good to give everyone a map to the 
site, so he called the lodge we were 
using and asked for directions. As 
the person described each road, turn, 
intersection, and landmark, David du
tifully drew a map. It looked good; he 
took special care to label all the roads 
and include distances and significant 
landmarks. When we made copies, 
manycommentedonhowwell themap 
turned out and how helpful it was to 
have the map. Only later, when David 
tried to follow the map, himself, did 
he learn that the person on the tele
phone had forgotten a critical turn. 
After being lost for some time, David 
finally found the lodge and stayed by 
the telephone to take the many calls 
that he knew would be coming from 
other lost drivers. Though embarrass
ing, David learned a valuable lesson 
through this experience: be sure to 
check your sources and carefully as
sess thereliabilityofyour information. 
Everyone in a leadership role will 
occasionally have to make decisions 
or take actions in situations where he 
or she has no personal experience or 
little personal knowledge. In those 
situations, reliance will have to be 
placed on the knowledge, skills, or 

experiences of others, whether direct 
reliance on a colleague, or indirect 
reliance through research findings, 
project reports, or Web resources. It is 
at this nexus that the resources of ENC 
and ERIC/CSMEE come into focus. 
Our hope is that we can be the sources 
of pertinent and reliable information 
when you are searching, but we need 
help in determining how best to tailor 
and refine our information services 
to be of greatest assistance to science 
educators who are taking the lead in 
our ongoing efforts to reform science 
teaching and learning. 

Invitation to a Dialogue 
BothENCandERICarecommitted 

to providing high quality products and 
services, and to continuous response 
to the K-�2 science community. So we 
invite you to join us in a dialogue to 
refine the processes of seeking and us 
ing information. Please consider with 
us questions like the following: 

•	 What are the informational needs 
and issues facingscienceeducation 
leaders? 

•	 How best can ENC and ERIC 
contribute to addressing those 
needs? 

•	 What information seeking behav-
iors and resources are currently 
most used by leaders in science 
education? 

•	 Howcanwe(ENCandERIC)obtain 
the continuous feedback we need to 
adjust our services in response to 
the changing needs and priorities 
of K-12 science leaders? 

•	 WhatresourcesandservicesatENC 
and ERIC work best for you now? 
How can we make them better? 
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•	 What gaps or roadblocks have you 
faced in using the resources and 
services of ENC and ERIC? 

•	 What research is needed to inform 
efforts to provide, locate, share, 
and use information effectively 
to improve science teaching and 
learning? 

•	 What are (and what should be) the 
roles of information literacy skills 
and therolesof informationprovid-
ers in leadership development or 
science education reform? 

•	 What can leaders of K-12 science 
education do to move along our 
investigation of the best roles for 
ERIC and ENC? 

If there are other important ques
tions to add to this list, please let us 
know. To join us in this dialogue send 
e-mail tohaury.2@osu.eduor to tgads
den@enc.org. We invite your sugges
tions and collaboration in exploring 
andclarifying the informational needs 
of leaders in science education. 
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Arthur Louis Odom 

Inquiry-Based Field Studies involving

Teacher-Scientist Collaboration
 

Collaboration is seen as an important ingredient
 
in designing teacher professional development programs.
 

Introduction 
High quality science education 

must include major efforts by both 
university schools of education and 
collegesofarts andsciencesbeforewe 
canrealize thenationalgoalofproduc
ing scientifically literate citizens. In 
addition to science teaching methods 
courses, prospective and practicing 
teachers must take science courses 
in which they learn science through 
inquiry,having thesameopportunities 
as their students will have to develop 
understanding(NRC,�996).Todesign 
an effective curriculum that will give 
teachersopportunities to learn science 
by inquiry will take a concerted, inte
grated, and cooperative interaction of 
exponents from education and all the 
disciplines of science at the university 
level (Crosby, �997). The challenge 
to universities is to create optimal 
collaborative learning situations in 
which the best sources of science and 
educationexpertiseare linkedwith the 
experiences and needs of the teachers. 
This will require substantive changes 
in science teaching at the university 
level. 

Scientists and educators have long 
argued that the best way for majors 
and nonmajors to learn science is 
for them to model what scientists 
do (Halpern, 2000). There is general 
agreement that inquiry into authentic 
questions generated from students’ 

Teacher research 
also supports lifelong
learning and the
intellectual rigor
required to lead 
students through 
investigation and
inquiry. 

experiences is the key to effective 
science teaching. A good way to in
troduce teachers to inquiry is through 
participation in scientific research 
with scientists. When teachers have 
the opportunity to conduct scientific 
research, they understand the nature 
of science and learning by enhancing 
their own skills through exploring, 
constructing, and discovering new 
ideasandknowledge.Teacherresearch 
also supports lifelong learning and 
the intellectual rigor required to lead 
students through investigation and 
inquiry. Although successful teach-
er-scientist partnerships have been 
established, they are challenging to 
achieve; little is known about the 
effects of such collaborations on par
ticipants and students (Caton, Brewer, 
& Brown, 2000). 

A project, entitled the Teacher 
Scientist Network (TSN), teamed 
scientists with teachers in elemen
tary classrooms. The teacher-scientist 
partnerships were created to enhance 
and support science education. The 
two goals of TSN were that (�) the 
scientist would address the school’s 
science curriculum, so that children 
were helped along the existing cur
riculum and (2) the teachers would 
ensure the scientist’s skills were used 
appropriately. It was reported that the 
TSN enhanced classroom science by 
bringingfresh,up-to-date information. 
Teachers were provided contact with 
professional science information and 
advice, and scientists were provided 
insight into educational processes and 
purposes. Students were able to view 
sciencerolemodels, and teacherswere 
given opportunities for professional 
development in science and science 
education (Chennell, �999). 

Educators at North Carolina State 
University developed SCI-LINK to 
link research scientists with grades 
6-�2 science teachers to assist in de
veloping skills, classroom strategies, 
and instructional materials needed to 
include recent advances in science in 
their teaching. It was reported that 
SCI-LINK provided teachers with 
a better understanding of scientific 
environmental research and recent 
findings,andallowedthedevelopment 
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of activities and other instructional 
materials for classroom use. Leader
ship skills also were developed, as 
evidenced by the master teachers who 
evolved and the many professional 
activities in which they have been 
engaged (Anderson, �993). 

Caton, Brewer, & Brown (2000) 
reportedonaproject that linkedenergy 
scienceengineerswithmiddleandhigh 
school science teachers in research 
partnerships. A two-day summer in
stitute allowed teams of 4-5 teachers 
and a scientist to explore wind-en
ergy by building working windmills, 
using kits of everyday supplies and 
equipment. They found teachers had 
an increased appreciation of inquiry, 
greater confidence in teaching using 
inquiry, and greater use of inquiry in 
the classroom. 

This article describes a collabora
tive effort between a School of Educa
tion and College of Arts and Sciences 
at a Midwestern university to design 
a teacher professional development 
program,usingteacher-scientist teams 
to improve teachers understandings 
of methods of scientific inquiry with 
field-based environmental research 
activities. It specifically presents an 
overview of the inquiry based inser
viceprogram, describes theprogram’s 

Teachers were 
provided contact with 
professional science 
information and 
advice, and scientists 
were provided insight 
into educational 
processes and 
purposes. 

development, its content and goals, 
activities, results, and subsequent 
changes as the program evolved. 

Teacher-Scientist 

Collaboration
 

A project entitled “Inquiry-Based 
Field Studies involving Teacher-Sci
entist Collaboration” was undertaken 
as a result of collaborative meetings 
between the School of Education and 
the College of Arts and Sciences, ini
tiated by a request from teachers and 
administrators from an urban school 
district in a large Midwestern city to 
identify and implement a model of 
inquiry learning for middle and high 
schoolmathematicsandscience teach
ers. Three consecutive cycles (�998
99, �999-00, 2000-0�) were funded 
with Dwight D. Eisenhower Profes
sional Development Program grants. 
Theproject exploredways toestablish 
productive,collaborativerelationships 
between teachers and scientists and to 
give teachers the opportunity to ask 
authentic scientific researchquestions 
of scientists. The project was initially 
based on the 2� Questions to Conclu
sions model for teacher enhancement 
(Calabi, �997). The 2� Questions to 
Conclusions model was selected be
cause it was reported to be an effective 
way to team teachers and scientists in 
research, and it was consistent with 
the pedagogy and content stipulated 
by the Missouri Show-Me Standards 
(Missouri Department of Elementary 
and Secondary Education, �996) and 
NationalScienceEducationStandards 
(NRC,�996)as requestedby theurban 
school district. 

Prior to seeking Eisenhower fund
ing, university professors and school 
district teachers and administrators 
were provided training on 2� Ques
tions to Conclusions by Dr. P. Calabi, 
who developed the model. Continued 

communication between university 
and school district personnel resulted 
in numerous planning meetings, from 
which we developed a basic frame
work for a professional development 
program that teamed teachers and 
scientists. 

A science educator from the uni
versity volunteered to be the project 
director and wrote the initial and all 
subsequent Eisenhower grants. He 
facilitatedcommunicationbetweenthe 
university and school district, insured 
teacher involvement in theplanningof 
the project, and administered details 
of the grant. A university research ge
ologist, with a long record of studying 
shale throughout the world, volun
teered to be co-PI and lead scientist. 
Herecruitedscientistsat theuniversity 
and in the local communitycolleges to 
work as collaborators with the science 
teachers, and he also identified field 
research sites. A university organic 
chemist volunteered to be co-PI and 
worked as the staff development spe
cialist. She had extensive experience 
with the 2� Questions to Conclusions 
modelandleduniversitystaffdevelop
ment and training during subsequent 
years. The curriculum coordinator for 
theurbanschooldistricthelped recruit 
teachers to participate in the program. 
In addition, two high school teachers 
fromtheHouston,Texasarea,whohad 
previously participated in the original 
institute, acted as facilitators during 
the projects first cycle. 

Summary of Subject

Content and Goals
 

The project was designed to help 
teachers develop a better understand
ing of scientific inquiry. Reflection on 
how these skills could be integrated 
in the classroom was not formally 
addressed, although informal discus
sions occurred throughout the project. 
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The primary goal was to establish 
productive,collaborativerelationships 
between teachers and scientists and 
give teachers theopportunity toaskau
thentic scientific research questions of 
scientists. This goal was subsumed by 
thefollowingobjectives: tomodel the 
skillsofaskingandansweringresearch 
questions; toencourage teachers toask 
questionsandtoformulatehypotheses; 
to increase teachers’ self confidence 
in doing scientific research; to make 
instruction more student-centered; 
to model and encourage analytical 
thinking in science or any subject; 
and to awaken learner curiosity. In 
addition, we planned to include the 
following content and pedagogical 
skills but maintained open lines of 
communication about content to en
able teachers “…to have a significant 
voice in decisions about content…” as 
stipulatedby NationalScience Educa
tion Standards Teaching Standard E 
(NRC: �996, page 46). 

Subject Content: 
�. Science as Inquiry 

a. Identify questions and concepts 
that guide scientific investiga
tion. 

b. Design and conduct scientific 
investigations. 

c. Usetechnologyandmathematics 
to improve investigations. 

d. Formulate and revise scientific 
explanations and models, using 
logic and evidence. 

e. Recognize and analyze alterna
tive explanations and models. 

f. Communicate and defend a sci
entific argument. 

2. Characteristics and interactions of 
living organisms. 

3. Changes in ecosystems and inter
actions of organisms with their 
environments. 

4. Processes (such as water cycle, 
airflow) and interactions of earth’s 
biosphere, atmosphere, lithosphere 
and hydrosphere. 

5. Impact of science, technology and 
human activityonresourcesand the 
environment. 

Pedagogy Skills: 
�. Model the planning of an inquiry 

based science program for their 
students. 

2. Guide teachers in active and ex
tended scientific inquiry. 

3. Design and manage learning envi
ronments thatprovide teacherswith 
time, space, and resources needed 
for scientific inquiry. 

4. Model the intellectual rigor and 
standards of evidence of scientific 
processes. 

21 Questions-to-Conclusions 
Twenty-one Questions-to-Conclu

sions was used to introduce teachers 
and scientists to approach scientific 
research in simplistic terms. It pro
videdaplatformtodevelopascientific 
research project (Calabi, �997). This 
method contained four steps: asking 
questions, discussing the questions, 
utilizing “triage,” and developing a 
research project. The process was 
led by a facilitator assigned to the 
research site. 
The first step, asking questions, 

introduced the study area by helping 
participants focus on the details of the 
field site. Study sites selected were: a 
woodland, a grassland, a creek, and 
an urban site in a field adjacent to a 
local high school. Participants were 
asked list questions until they had 
reached 2� in total or the time limit 
hadbeenreached(30minutes).During 
this stage, the participants immersed 

themselves in the assigned area. They 
were asked to work alone while keep
ing in sight of another person, and 
write down the first 21questions that 
cametomind.Once theywerefinished 
with 2� questions, or the time limit 
had been reached, participants came 
back into a group. 

During step two the participants’ 
questions were discussed. They were 
requested to choose one question for 
which they were really interested in 
knowing the answer; this was called 
a “burning question.” Other questions 
were prioritized during this process, 
in case two people had the same 
“burning question.” Then, facilitators 
and participants were arranged in a 
circle, and participants shared their 
questions.Facilitators ledadiscussion 
of the questions by asking additional 
questions such as, “How would you 
go about studying this question?” and 
“What do you think is going on with 
the phenomenon?” 

Step three, the “triage” portion of 
this technique, was to used re-evalu
ate the questions as possible research 
questions. Each “burning question” 
was written on a portable tablet car
ried into the field for all to see and 
discuss. Each topic was dissected into 
sections: what is the question, how 
would you answer the question, and 
what methods would you use? During 
this stage, questions were focused and 
clarified. 

Step four, developing the research 
project, involved choosing a question. 
The participants decided which ques
tion they wished to pursue during a 
specified timeframe. They worked in 
groupslimitedtofourmembers, toplan 
and conduct their respective research 
projects with the aid of a facilitator. 
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Project Activities during
the 1998-99 Cycle 

The project had three specific 
phases,designed to facilitatedevelop
ment of specific skills and knowledge. 
Phase 1 involved introduction to field 
research sites using 2� Questions to 
Conclusions and introduction to re
search methodology with a facilitator. 
Phase 2 focused the development of 
scientificprocessesthroughfieldstudy, 
datacollection,andcommunicationof 
research findings with 3-day research 
projects, culminating in a poster ses
sion of findings. Phase 3 involved 
an extensive long-term field based 
research project by teacher-scientist 
teams, culminating in a poster session 
which university and school district 
faculty and administration were in
vited to attend. 

Phases � and 2 occurred during a 
two-week summer institute in June 
�998, for a total of 80 contact hours. 
Duringphase3, teacher-scientist teams 
conducted long-term research for a 
total of 80 hours of independent study, 
including4follow-upmeetingsduring 
Fall�998andWinter�999. Inaddition, 
teachers attended a half-day prelimi
nary meeting May �998, to provide an 
overview of the project, and discuss 
equipment, procedures, and safety 
concerns of scientific fieldwork. 

Most of the research activities were 
focused at J.A. Reed Wildlife area, a 
2500+ acre site located a half-hour 
drive from the university campus. 
The project specifically included 
some work in an urban setting close 
to campus, to demonstrate that scien
tific research was not the exclusive 
domain of exotic wilderness settings, 
but worthwhile field projects can be 
done in any setting. 
During the first four days of the 

summer institute, teachers were intro
duced to the four different study areas. 

Teams of teachers rotated among the 
four study areas each day and were 
introduced to field based research 
by facilitators, using the Twenty-one 
Questions to Conclusions model. 
The facilitators were 2 high school 
teachers who had completed a similar 
program. During the four one-day 
mini-projects, teachers asked ques
tions, selected questions of interest 
for research, designed experiments to 
answer questions, collected data, and 
drew conclusions. At the end of each 
day all of the teacher teams returned 
to a central location to share research 
findings. 
On the fifth day of the summer in

stitute, teacher teams began three-day 
research projects, which were self-de
signedresearchprojectsculminatingin 
a formalpostersession.Ahalf-daywas 
spent on campus in the computer lab 
organizing research and constructing 
posters. At the poster session, scien
tists were introduced to the teacher 
teams. Subsequently, each of the 
scientists made a formal presentation 
of his/her personal research efforts. 
Informal discussions followed the 
presentations, servingasamechanism 
for teachers and scientists to discover 
common interests that led to the for
mation of teacher-scientist research 
teams. Teacher-scientist teams then 
jointly designed long-term research 
projects, with teachers taking the lead 
and participating scientists providing 
guidance. The remaining two days of 
thesummerinstitutewereusedto iden
tify and chose research questions for 
the long-term research projects, plan 
how the80hoursof independent study 
wouldbeused toconduct the research, 
and begin data collection. 

Phase 3 began after the summer 
institutewascompleted.Someteacher
scientist teams immediately took ad
vantage and conducted much of their 

research during the summer. Other 
teams had previous commitments 
and did not begin long-term research 
projects until the fall. During the fall 
and winter, teacher-scientist teams 
attended three half day and � full day 
follow-up meetings. Teams provided 
progress reports; continued planning; 
shared ideas and techniques; trouble
shot problems, and began working on 
posters. The final follow-up meeting 
was used to complete and present 
research in a poster session which 
university and school district faculty 
and administration were invited to 
attend. 

Results 
The urban school district pro

vided each middle and high school 
mathematics and science teacher a 
written description of the project 
and instructions for enrolling. Hav
ing received release time from their 
schools, sixteen prospective science-
teacher participants attended a May 
preliminary meeting to learn about the 
project. On learning that such partici
pation would involve a commitment 
to two consecutive weeks of full-time 
field work in June and considerable 
team-based research during the sub
sequent school year, accompanied by 
four additional, mandatory, follow-up 
meetings,several individuals indicated 
that theywouldbeunable toparticipate 
in the project. Twelve urban middle 
and high school mathematics and sci
ence teachers enrolled. Each teacher 
received a daily stipend for partici
pating, compensation for mileage to 
travel to research sites, meals during 
the sessions, materials for use in the 
field and for the poster sessions, and 
9 hours of graduate credit in a course 
entitled “Field-Based Inquiry and 
Problem Solving.” 
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All of the participants successfully 
completedthe2-weeksummerinstitute 
and formed teacher-scientist research 
teams for long-term research projects. 
Three teachers dropped out before 
completing their independent research 
projects.Teacherattitudesandimpres
sions about the course were collected 
and pre and post assessment data were 
collected, using a performance based 
assessment tool. Long-term research 
projects of the teacher-scientist teams 
are summarized below. 

Long-term research teams 
Three of the four teacher-scientist 

teams successfully completed long
term research projects that were 
presented as poster sessions. Many of 
long-termprojects began inmid-June, 
and all were completed by March of 
the next year. Research included: 

(TeamOne)Ateamofthree teachers 
and a biologist from a state agency 
conducted a study of the relation
ship between macroinvertebrates 
and various sorts of plant debris in 
the Blue River, a tributary of the 
Missouri, which flows throughout 
Kansas City. The stated object was 
to determine whether there was 
any one-to-one correspondence 
between the types and numbers 
of invertebrates. Specifically, did 
gastropods, crustacea, etc. display 
any affinities with particular types 
of leaf litter? 

(Team Two) A team of three teach
ers and an EPAscientist, conducted 
a comparative study of the CO2 
contents of air within classrooms 
in three buildings to which the 
participating three teachers were 
assigned. The stated objective was 
to determine the source of carbon 
dioxideinthebuildingsandwhether 
the type of heating or cooling sys

tem (or lack thereof) had a major 
effect on the CO2 content of the 
ambient air. 

(TeamThree)Ateamof three teach
ers and a mineralogy professor 
conducted a study of the relative 
amount of deterioration occurring 
on building stones exposed on the 
exteriorofamiddleschool towhich 
two participating teachers were as
signed. The stated objective was to 
determine whether or not textural 
features or the mineralogy of the 
rocks as determined by X-ray dif
fraction, could be used to predict 
their vulnerability to the weather. 

(Team Four) A team of two partici
pants,whoultimatelydroppedfrom 
theprogram,attempted toconducta 
studyof thedeerpopulationof rural 
acreage, but they lost interest. 

Performance Assessment 
The performance assessment was 

a written test administered prior to 
and after the summer institute. The 
goal of the assessment was to provide 
additional objective evidence, in ad
dition to the three-day and long-term 
research projects, on the effectiveness 
of thesummer institute for introducing 
thefollowingskills: statingaproblem 
as a cause and effect question, hy
pothesizing, designing an experiment 
to test the hypothesis, and drawing 
conclusions. 

The testhad twoparts,whichbegan 
with a description of a hypothetical 
study area of �000 acre woodland 
with a creek running through it, sur
roundedbybusinessesandresidences. 
In the first part, the description was 
followed by instructions to identify 
suitable research questions, variable 
identification, hypothesizing, experi
mental design. During part 2, possible 
errors were identified, conclusions 

were drawn, and additional questions 
were asked, based on a pre-defined 
question, hypothesis, experimental 
design and data set. The following is a 
generaldescriptionof theperformance 
assessment. 

Teachers were asked to brainstorm 
5-�0possible researchquestionsabout 
the hypothetical study area and select 
onequestionfordevelopment intoare
search project. High quality questions 
weredefinedascompletelydescribing 
the cause (independent variable) and 
effect (dependentvariable).After iden
tifyingaquestionfordevelopment into 
a researchproject, teacherswereasked 
to identify the independentanddepen
dent variables, constants, and controls 
followed by a hypothesis. Hypotheses 
were assessed on which essential ele
ments werepresent andwhether ornot 
they fit the question. Hypothesis was 
definedbyfiveessentialelements: (1) 
incorporates independentvariable, (2) 
incorporates dependent variable, (3) 
shows directional effect or possible 
outcome, (4) testable, (5) explains an 
outcome. 

In next section, teachers developed 
an experimental design to test the 
hypothesis.The itemwasopen-ended, 
without guidelines. In addition to as
sessing whether the procedure offered 
a test of the hypothesis, we assessed 
the completeness of design, classified 
onfivedifferent levelsaccording to the 
essential elements. Five essential ele
mentsdefinedacompleteexperimental 
design: (�) materials, (2) control pro
cedure clearly stated and appropriate, 
(3) logical sequenceofprocedures, (4) 
clearly stated test situation, and (5) 
adequate test of hypothesis. 

After designing an experiment, 
teachers were asked to draw conclu
sions,basedon anabbreviatedversion 
of a hypothetical research project 
from the study area in which informa-
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tion about the project was provided, 
including the question, independent 
and dependent variables, control, 
constant, hypothesis, and data col
lected during an experiment. Teachers 
were asked to suppose the data were 
collected many different times with 
similar results, to eliminate the need 
for statistical analysis, and were asked 
to write possible conclusions from the 
experiment regarding the hypothesis. 
Three essential elements defined a 
conclusion: (�)conclusionisbasedon 
all the data, (2) statement of support or 
lack of support of the hypothesis, and 
(3) conclusion is reasonable. 

A scoring guide was developed, 
based on the essential elements of 
each item described above. Teachers’ 
responseswere transcribedfromorigi
nal assessment papers to individual 
sheets, to simplify handling and hide 
the identity of the teacher. Research
ers, using the same scoring guide, as
sessed each item on the performance 
assessmentandcomparedresults.Dis
agreement between researchers was 
negotiated until a score were agreed 
upon. Modifications of the scoring 
guide were made as we assessed the 
small practice set. The modifications 
continued until the researchers were 
satisfied the scoring guide would 
provide meaningful analysis. Scoring 
was then applied to the entire set of 
�2 pre- and post-tests. 

With an n=�2, statistical analysis 
has very little power to determine 
significance between tests (Ferguson 
& Takane, �989). These data alone 
would be insufficient for describing 
the outcome of the project, but add 
they to the overall picture previously 
described with the long-term projects 
and course evaluations. With this in 
mind, datawere reportedbelow.There 
was a greater average score on the 
post-test thanpre-test inall categories. 

Teachers gained most on the ques
tion and drawing conclusions. There 
were gains for experimental design 
fit to hypothesis and completeness of 
design, respectively. The least gain 
was 0.� for formulating a hypothesis. 
T-tests indicated there was a sig
nificant difference between pre- and 
post-mean test scores for formulating 
a question, designing an experiment 
to fit the hypothesis (p<0.05), and no 
significant difference between mean 
scores for formulating a hypothesis, 
completeness of experimental design, 
and drawing conclusions (p>0.05). 

Course Evaluation 
1998-1999 

The course evaluation consisted of 
�8 free response items about the proj
ect.Thewidevarietyof items included 
questions about the study areas, the 2� 
Questions toConclusionsmodel, food, 
facilitators and scientists, scientific 
equipment, time in field, assessment, 
and overall impressions. 

Generally, participants were satis
fied with the study area. Some com
mented they wished it were closer 
to campus, but most agreed that a 
wide variety of environments were 
available for research. The 2� Ques
tions to Conclusions model was well 

As evidenced by the
three-day and long-
term research projects, 
and the performance
assessment, teachers 
continued to have 
difficulty writing
high quality research 
questions. 

received by most participants. Many 
commented it was “excellent” or “a 
very good idea.” Another teacher 
commented that the model was good 
for introducing one-day projects but 
did not lead to good research projects. 
Another said “it was hard to do some 
days, and in some areas, but a good 
teaching (model) for all areas.” 

A wide variety of comments were 
made about the facilitators and sci
entists. Responses included “great 
groupsofpeople,whoquickly learned 
how to work together,” “facilitators 
made everything stay on track,” and 
“the diversity (scientists and science 
educators) was wonderful.” Others 
respondedthat“thescientistsdominate 
too much,” “specific questions were 
in some cases not answered,” and 
“too many times I felt that I had to 
fight or demand information before it 
would be given and sometimes it was 
flatly refused,” referring to designing 
their own research projects. In gen
eral, interaction among facilitators, 
teachers and scientists was viewed 
as positive. 
Scientific equipment available for 

use was viewed as sufficient, and all 
thought the food was great. Many felt 
more time was needed in the field, 
and some felt “overwhelmed” and 
“rushed” at first, and thought more 
timewas also needed toprepare poster 
sessions. One commented that they 
would have preferred 2 three day 
projects instead of 4 one day and � 
three-dayproject, to reduce the feeling 
of being rushed. 

Participants were asked if the 
performance assessment was repre
sentative of the program. The pre-as
sessment was given during the pre
liminary meeting before the summer 
institute and the post assessment was 
given the Saturday following the sum
mer institute.Manycommented it was 
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excellent,or itwasrepresentative.Oth
ers felt the assessment was very long, 
very difficult, and said they were not 
mentallyprepared.Asked tocomment 
about theoverallexperience,responses 
included fun, hard work, exhausting, 
scary, overwhelming, excellent, just 
right, uncomfortably general, pretty 
good, I liked the freedom, I felt re
stricted, and it was fine. 

Modifications in Project 
Activities for 1999-2000 

and 2000-2001 
The Teacher-Scientist Collabora

tion project was funded for two ad
ditional Eisenhower cycles. We have 
also been invited to submit a full NSF 
proposal based on the project, and will 
be submitting another Eisenhower 
proposal for the 200�-2002 cycle. 
Some major and minor changes have 
been made in the project since the 
�998-99 cycle, based on performance 
assessments, course evaluations, and 
comments from the scientists. Major 
changes includedresearchcontent, ad
ditionaldetailed focusonquestioning, 
andmodelingcausalquestions.During 
thefirst cycle, teachers researchedany 
topic of interest. Therewere unlimited 
possibilities. Although the scientists 
felt secure in their scientific abilities, 
manyfeltuncomfortablecollaborating 
on questions outside their primary 
specialty.Subsequently,duringthefol
lowing years, field sites were selected 
withcollaboratingscientists inmind. If 
a scientist specialized in local fossils, 
we selected study sites with fossils, 
or if a scientist specialized on aquatic 
biology, we selected an aquatic site. 
Becausea limitednumberof scientists 
were participating in the project, if 
teachers posed a question beyond the 
expertise of our scientists, we would 
re-direct them or ask them to pose a 
new question. 

The 2� Questions to Conclusions 
model was a good way to introduce 
a new field site, but it was limited 
for developing questions appropriate 
for hypothesizing. As evidenced by 
the three-day and long-term research 
projects, and the performance as
sessment, teachers continued to have 
difficultywritinghighquality research 
questions. Many of the questions 
that resulted from the 2� Questions 
to Conclusions model were factual, 
descriptive, or correlative. Few, if 
any, causal questions were asked that 
lent themselves to hypothesizing. 
As a result, we continued to use 2� 
Questions to Conclusions model to 
introduce field sites. However, more 
time was included for reflection and 
discussion of the types of questions 
appropriate for research. If teachers 
posed a causal question appropri
ate for research within the time and 
equipment constraints, it was used. 
However, if an appropriate research 
question did not arise, we introduced 
a causal question developed during 
research site selection process prior 
to the two-week institute. By select
ing a causal question in advance good 
questioning practices could be mod
eled along with making connections 
between questions, hypothesizing, 
experimental design, and drawing 
conclusions, which was a challenge 
for the�998-99cycle teachers.Alsoby 
introducing a question, it was easier to 
model scientific reasoning skills with 
ahighquality researchprojectwithina 
shortperiodof time.Witha longer time 
frame it may be possible for teachers 
to discover the characteristics of good 
questions, but the two-week summer 
institute did not provide enough time. 
The 4 one-day research projects have 
been reduced to 3, and the main focus 
is on developing good scientific ques 
tions and reasoning skills. The fourth 

If teachers posed
a causal question
appropriate for
research within the 
time and equipment
constraints, it was used. 

dayisnowusedto introduceadditional 
field sampling techniques. 

Minor changes were made in as
sessment procedures, poster sessions, 
transportation to field sites and project 
advertisement. Initially, the post-as
sessment was administered on the 
Saturday after the summer institute. 
Some teachers were exhausted and 
many commented that it was difficult 
to focus on the assessment. The post- 
assessment has been moved to one of 
the fall follow-up meetings, allowing 
recovery and reflection upon the two-
week summer institute. 

Almost all of the teachers com
mented that there was too little time 
to prepare posters after the three-day 
research projects. One entire day is 
now scheduled, rather than a half-day, 
to construct posters. Transportation to 
research sites was a problem during 
the �998-99 cycle. At times, teachers 
would arrive late or request to leave 
early. It was difficult to maintain co
herence during research with arrival 
anddeparture traffic.Further, wewere 
limited to researchsiteswithsufficient 
parking. Subsequently, vans are now 
rented to transport facilitators, teach
ers, scientists, and equipment to re
search sites. The vans have eliminated 
late arrivals and early departures, and 
have increased camaraderie and team 
spirit.With fewer limitations inselect-
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ing research sites, the time driving can 
be used to discuss content, point out 
interesting phenomena, reflect, and 
discuss the days work. 
For thefirst cycle, aprojectdescrip

tion was developed to advertise the 
project. Our partner school district 
made every effort to provide teach
ers with the description; �6 teachers 
inquired and �� urban school district 
teachersparticipated in theproject.We 
sent thedescriptionand letters to other 
Kansas City school districts superin
tendents and principals advertising 
the project, and one additional teacher 
applied. Enrollment was limited to 
24 teachers. After the first cycle, we 
discovered that a number of teachers 
never heard of our project. The next 
cycle (�999-2000) brochures were 
directly mailed to schools in the urban 
school district and other area schools. 
Aweb site also advertised the project. 
Eleven teachers participated in the 
secondcycle.For thethirdcycle(2000
200�)copiesof thebrochuresweresent 
to thedistricts inearlyspring. Inquiries 
about the project were low. Finally, 
a classified ad about our project was 
run in the local newspaper. Within 
a week 30 inquiries were received. 
Twenty-four applied for the program. 
Twenty attended the first meeting, and 
eighteen completed the program. In 
the future, we are considering over
enrolling toallowforattrition.Aseries 
of newspaper ads will also be run as 
early as possible during the spring. 
Many teachers indicated they were 
interested, but found out too late or 
already had plans. 

Final Thoughts 
The primary goal was to establish 

productive collaborative relation
ships between teachers and scientists 
and give teachers the opportunity to 
inquire into authentic scientific re

search questions with scientists. Not 
only did the project allow teachers 
to conduct research with scientists, 
it provided them opportunities to 
develop a deeper understanding of 
the nature and processes of science. 
Teacher and scientist left the project 
with a greater understanding of the 
problems that each faces in science 
and science education. 

Feedback from teachers was a key 
factor in modifying the project from 
year to year. Course evaluations were 
examined carefully, and comments 
were taken seriously. Many of the 
scientists were impressed with the 
teachers’ enthusiasm and knowledge. 

Teacher and scientist 
left the project with a 
greater understanding 
of the problems that 
each faces in science 
and science education. 

One scientist commented that many 
of the teachers were capable to doing 
research equal to graduate level sci
ence majors. 

Professional development projects 
like this one requires a tremendous 
commitment from both teachers and 
scientists. Especially during indepen
dent study, both must be willing to 
spend their free time and weekends 
conducting research. Each year there 
has been attrition during the indepen
dentstudy.Both teachersandscientists 
have commented on the tremendous 
amount of work required. It is im
portant that all be briefed about the 
major time and energy commitments 
required tosuccessfullycompletesuch 
a project before enrolling. 

Nothing worth having is easy. The 
hard work among the teachers, sci
entists and educators has resulted in 
strong working relationships between 
the School of Education, the College 
of Arts and Sciences, and the urban 
school district. Scientists are begin
ning to recognize their important role 
in teacher education, and have found 
a new respect for science education 
as a discipline; teachers and educators 
have found a greater understanding of 
the nature and processes of science. 
Clearly, more research is necessary to 
explore relationships among teachers, 
scientists andeducators.However, the 
efforts and the results in this project 
are encouraging for universities who 
struggle to provide a comprehensive 
professionaldevelopmentprogramfor 
teachers that is dependent upon both 
schools of education and colleges of 
arts and science. 
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Kenneth W. Miller, David M. Davison 

A Cultural and Linguistic Approach 

to Teaching Science and Mathematics 


to Native American Students
 

An argument is made that traditional approaches to teaching science and 
mathematics to Native American students have not been successful, perhaps 

because the students do not find meaning in the curriculum. 

Introduction 
Traditionally, educators claim that 

science and mathematics are “culture 
free,” thatearthlyobjectsareclassified 
as living or non-living, or that 2 + 2 = 
4, and that these truths exist indepen
dently of any reality. Such statements 
ignore the way these sciences devel
opedfromattempts tosolvereal-world 
problems,and theyoverlook the rather 
substantial thrustsof thepastdecade to 
relate school curricula in mathematics 
and science to the real world (NCTM, 
�989; NRC, �996). 

One issue to consider is whether 
the “real world” is the same for all 
students. The “real world” on an 
Indian reservation is quite different 
from the “real world” of inner-city 
Detroit, suburban Denver, or rural 
Minnesota. Judging by the relatively 
lower performance of ethnic minori
ties (especially African Americans, 
Mexican Americans, and Native 
Americans) on normed mathematics 
and science tests, it appears there may 
be other reasons why these students 
perform less well in mathematics 
and science (Bourque, Champaigne, 
& Chrissman, �997; Reece, Miller, 
Mazzeo, & Dossey, �997). 

A number of studies have focused 
on the growing problem of Native 
Americans and people with non-west
ern world views transforming their 
resurgent cultures to a Euro-western 
understandingofmathematicsandsci
ence (Anderson, �988). In Montana, 
for example, standardized test results 
indicate significant differences in na
tive students on the reservations when 
compared with other ethnic cultures 
(MontanaOfficeofPublic Instruction, 
�998). Though questions concerning 
thevalidityofnorm-referenced testing 
as base-line data exist, these tests still 
serve as indicators of achievement (or 
lack thereof) and such data are cause 
for alarm. Test scores are, in effect, 
snapshots of student achievement 
generalizable only to the specific mo
ment the test was given. 

Historically, attempts to assimilate 
Native American students into the 
structure of American schools have 
proven ineffective, notwithstanding 
the substantial financial investment 
that has been made. For example, 
during the decades of the 60s and 70s, 
manyof thechildrenwereforbidden to 
speak their native languageand forced 
to speak English only. The effects 
were profound because language is 

theprimarymethodbywhichmeaning 
is constructed (Freire, �982: Shapiro, 
�994). Simply stated, since language 
is such a central component in any 
culture for the construction of existing 
schema, a whole generation of native 
students become adults with little 
understanding of the language base 
of their own culture. 

Aboveall, ithasbeenshownthat the 
learning of Native American students 
is affected by their understanding of 
theEnglish languageaswellasbytheir 
understanding of native language and 
culture (Atwater, �994: Crawford, 

Historically, attempts 
to assimilate Native 
American students 
into the structure of 
American schools have 
proven ineffective, 
notwithstanding the
substantial financial 
investment that has 
been made. 
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�997: Indian Nations at Risk, �99�; 
Reyhner & Tennant, �995). This inter-
cultural and bilingual understanding 
helps to develop a prior knowledge so 
importantasafoundationalknowledge 
base. Yet, so many native children are 
Limited English Proficient (LEP) and 
also limited in their understanding 
of their own native language. Con
sequently, this creates some serious 
gaps in the foundational schema in 
native children. Without a language to 
interpret and describe concepts, new 
knowledge does not have individual 
or prescribed meaning. 

Native Understanding of

Science and Mathematics
 
The purpose of this article is to 

consider factors affecting the learn
ing of mathematics and science and 
to explore strategies for improving 
the performance in mathematics and 
science of students living on the Crow 
IndianReservation inMontana.Onthe 
Crow Indian reservation, a course for 
Native American teachers and aides 
was designed specifically to enhance 
the learning of science and mathemat
icsbynativestudents.Thecoursework 
focusedon integrationofmathematics 
andscience,constructivist techniques, 
and the development of culturally 
relevant curricula. There is little argu
ment that most curriculum materials, 
textbooks and other resources, used 
with Native American students pro
vide little information that is relevant 
to their interests. Further, how much 
of these materials are relevant to their 
cultural background? For example, 
many native cultures emphasize a 
juxtaposition with nature rather than 
dominanceover it (Caduto&Bruchac, 
�989).Nativepeoplesviewsoil,water, 
or trees as brother or sister (Robbins, 
�983). Hence, the course focused on 
strategies to enrich the students’math 
and science curricula with culturally 

There is little 
argument that most
curriculum materials, 
textbooks and other 
resources, used with 
Native American 
students provide little 
information that 
is relevant to their 
interests. 

appropriate illustrations. 
The results of these classes offered 

on the Crow Indian Reservation have 
stimulated several questions that need 
to be addressed. First, how authentic 
are culturally relevant materials? For 
example, can a member of one culture 
developacurriculumthat is relevant to 
another culture, or can an activity that 
is relevant in one culture be relevant 
inanotherculture?Thisarticle focuses 
onsuccessfulstrategies fordeveloping 
and using culturally relevant curricula 
with Native American students. 

Curricular Relevant 

Materials
 

The new generation of Native 
American students know very little 
about their cultural heritage. Indian 
grandmothers express concern that 
today’s children are losing both their 
native language and their knowledge 
of cultural traditions. This, from an 
educational standpoint, is serious; un
less the children value their heritage, 
their self-esteem will be affected. It 
becomes the educator’s responsibility 
tohelpthesestudents tovaluewhothey 
are.Denigrating theirheritageand try
ing to assimilate them into the “anglo” 
way of thinking must cease. 

One duty of a teacher on “native 
soil” is to promote a generous under
standingof theheritage.Canthisoccur 
if the teacher is not a member of that 
culture? For example, can an anglo 
teacher develop culturally relevant 
understandings of Euro-centric scien
tific concepts and mathematical ideas 
which are integrated with traditional 
cultural beliefs? The answer could 
be yes, but only if adequate cultural 
understanding is incorporated in the 
lessons.This,however, isnot thenorm 
in the inter-racial classrooms we have 
visited. Through no fault of their own, 
few anglo teachers have the cultural 
background to create culturally rele
vantmaterials.Atbest, theyhave taken 
one or two undergraduate courses in 
Native American studies that focus 
moreonsocial issues involvingNative 
American cultures, than on important 
pedagogical concerns andappropriate 
curriculum development. 

Textbook Presentations 
and Culture 

As indicated in the introduction, 
there is a strong belief among cur
riculum specialists that mathematics 
and science curricula are culture-free. 
In a typical textbook presentation in 
geometry, many of the activities are 
artifacts of the anglo culture. Never
theless, regardless of the ethnicity of 
the students, the problems are gener
alizable to most school settings. Texts 
typically continue with illustrations 
that are not culturally embedded. 

Studies indicate that Native Ameri
can students are holistic learners 
(More, �989; Walker, Dodd, & Big
elow, �989). Though this may not 
be a generalizable statement about 
Native American learning, learning 
in a holistic manner is more consis
tent with constructivist philosophies. 
Many constructivists would state that 
learning in this way would be best for 
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Other culturally relevant examples classifications as determined by Euro-
in symmetry include star quilts, loom western science. It continues with the 
beadwork,andnativeart.Asubstantial breakdownofkingdomclassifications As educators it is 
amount of informal geometry is used into phyla, class, order, family, genus, essential for us to use by practitioners of these crafts. Thus, and species. These diagrams on clas

culturally sensitive within the tribal culture there is much sification can be found in almost any 
informal mathematics that is inherent life science textbook.curricula to enhance 
in the culture; as educators we have Nativeculturehas littleneedtoclaslearning. failed to acknowledge their scientific sify living things in this manner.These 
efforts. attributes used to classify plants, for 

The amount of mathematics and example, are of little relevance to the students (Brooks & Brooks, �993; science that is traditional to the Na- Native culture. In fact, living thingsdo Shapiro, �994; Yager, �99�). Science tive American is indeed significant. not hold the same attributes. Further, educators have known for decades Consider the scientific achievements classifying plants first as vascular or the value of inquiry and discovery. of the Mayans, the Aztecs and the non-vascular has very little mean-Emerging from the National Science Incas. Historically, mathematics and ing. Instead, in the Native American Education Standards (NRC, �996) science books written even by the culture, the classification of plants is and the Curriculum and Evaluation moreenlightenedauthorsoverlookthe based solely on the specific use and Standards for School Mathematics value within the society. In changing (NCTM, �989) is a strong emphasis a typicalactivityofplantclassification Figure 1 on constructivist approaches for all to a more culturally sensitive one, it Americans. To add to that, the stan would be more appropriate to clasdards inbothscienceand mathematics sify the regional or local plants based suggestastrongemphasisonpedagogy upon their use within the culture. For that is inquiry based and more closely example, the teacher would take a parallels constructivist ideology. plant like the Choke Cherry and pro-A lesson in symmetry, closely vide the Crow name (Baachua) and linking the mathematics standards its uses within the culture, that is, to and traditional native culture, is dye clothes, make jams and jellies, consistent with constructivist beliefs. and pemmican. Plant classifications Figure � shows how the same topic are based on uses within the culture, of symmetry can be developed us- thus the activity is much more culturing culturally rich examples. In this contributions of non-western mathe ally relevant than classification based manner, symmetry can be explored maticians and scientists. The typical upon how western scientists define, in ways that respond to the culture of American approach to the history of identify, and classify plants. the students. As educators it is essen science and mathematics is Euro- This is not to suggest that alltial for us to use culturally sensitive centric and should move away from typical presentations of science and curricula to enhance learning. In fact, this emphasis if the thinking of all 
one of the strategies recommended for non-European Americans is to be 
use in classrooms of Native American treated justly. 
students is to replace the conventional Is it possible to develop culturally 

The amount ofmaterial that introduces a lesson with sensitivematerialsbyusingtextbooks? 
information that is culturally sensitive Theanswer isno.Specifically,western mathematics and 
and will appeal specifically to the par- and non-western worldviews do not science that isticular audience. This approach can be match. For example, in a sample les
generalized tocurriculumillustrations son in science, the textbook handles traditional to the 
that are relevant to students of other the topic of classification in a typical Native American is cultures. manner.The lesson is representative in indeed significant.that it begins with the major kingdom 
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mathematics are inappropriate. But 
it is inappropriate that, in most cases, 
textbookactivitiesare theonlypresen
tations used in the typical classroom. 
Unless teachers are culturally sensi
tive, they cannon prepare lessons that 
are culturally relevant. 

Cultural teachingstrategiespresent 
a curricular problem, in that teaching 
specific concepts in a cultural manner 
require more time. The activities are 
more in-depth, with less emphasis 
on curricular coverage. Cultural 
teaching strategies involve teaching 
philosophies more in line with in
quiry, discovery, and active learning. 
This philosophy is more holistic and 
provides opportunities for a more 
constructivist approach to teaching. 
To effect this change, several teaching 
strategies must be employed, includ
ing the integration of mathematics 
and science. 

Cultural teaching
strategies involve
teaching philosophies
more in line with 
inquiry, discovery, and 
active learning. 

Integrating Science and

Mathematics
 

Several methods of integration can 
be used to provide for a more relevant 
curriculum. Content specific, process 
and thematic integration (Davison, 
Miller, & Metheny, �995) are some 
of these methods. Of these types, 
thematic integration techniques are 
most common in today’s schools. The 
design of culturally sensitive thematic 
unit should include ideas that embed 

culture into the theme. Miller and 
Davison (�998) show how to repre
sent a culturally sensitive thematic 
unit. Notice that the understandings 
presented are common to the spe
cific culture in the audience. Such a 
web should include native artwork, 
indigenous social uses, and common 
understandings specific to that culture 
as well as traditional western beliefs 
and understandings. 

Of course, there are some basic 
problems specific to techniques used 
in thematic integration. Many times 
in our schools, thematic integration 
develops from work in language arts, 
with the content of mathematics and 
science held at a minimum. Content in 
these two disciplines is relevant only 
in the context of completing the unit 
and rarely matches specific math or 
science content scope and sequence. 
In fact, many thematic units suggest 
that simply reading about whales, 
for example, is the “doing” of sci
ence. This is cause for some concern. 
Thematic integration has a tendency 
to gloss over the important concepts 
needed in mathematics and science. 
Yet, with care , it is possible to create 
veryappropriate learningactivities for 
students using a thematic integration 
model (Miller & Davison, �998). 

Native Americans commonly are 
taught as though you isolate instead 
of integrate the native approaches to 
culturewith thedifferentcontentareas. 
If concepts are presented more holis
tically, embedding a cultural focus 
in thematic integration, content and 
cultural learning would be enhanced. 
This is different from what is com
monly called multicultural education. 
To most educators, multicultural edu
cation reflects the diverse cultures that 
makeupourUnitedStatesandincludes 
references to all cultural traditions as 
part of the ever-changing American 

curriculum. To cultural minorities 
in America, however, the focus of a 
“multicultural” approach is the inclu
sion of perspectives from their culture 
as an integral part of the curriculum. 
Curriculum development along these 
lines uses illustrations and activities 
that are appropriate and sensitive to 
the classroom audience. 

Questionsstill remainregarding the 
abilities of different cultural members 
to provide culturally relevant activi
ties. At the very least, white, Mexican 
American, and African American 
students need to be culturally aware 
of the generalized Native American 
culture.Anarticulatedgoalofbilingual 
education is that a Native American 
teacher be an effective role model for 
NativeAmericanstudents.Thismeans 
that Native American teachers from 
outside the specific tribe also need to 
be culturally sensitiveandappropriate 
role models. 

Certainly it is not productive to 
continue to teach white cultural val
ues on Indian reservations. Many of 
the available supplemental resources 
are stereotypical. We should not, 
for example, observe a reservation 
classroom at Thanksgiving and find 
children coloring picture of pilgrims, 
teaching children that the faces in the 
pictures do not match the faces in the 
classrooms. Instead, the classroom of 
the Native American student should 
hold rich examples of culturally 
relevant activities specific to Native 
American culture. But more impor
tant, it should provide a multicultural 
perspective that will enable native 
students to be successful outside their 
tribal culture (Van Hamme, �996). 
However, teacherswhoare themselves 
NativeAmericansusesomeofthemost 
culturally insensitive materials. Con
sequently,plans to increase thenumber 
of native teachers to any culture have 
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to be with the understanding that they 
need to be sensitive to enhancing the 
academic standards and the cultural 
mores of their own people. 

Conclusion 
This article has examined strate

gies for enhancing the learning of 
science and mathematics by Native 
American students. Traditional ap
proaches to teaching these subjects 
to Native American students have 
not been successful, and a relevant 
approach that would help the students 
find meaning in the curriculum has 
been suggested. 

The use of constructivist learning 
techniques,wherein the studentdraws 
on prior experiences to facilitate 
the acquisition of new learning, is 
consistent with the use of curricular 
illustrations fromthestudents’culture. 
Accordingly, the inclusion of such 
examples from the Native American 
culture as beadwork and star quilts in 
geometry and plant classification in 
science, will help students find more 
relevance in their science and math
ematics curricula. 

Finally, a curricular approach that 
integrates mathematics, science, and 
culture will also enhance learning 
opportunities forNativeAmericanstu
dents. Thematic integration, focusing 
on a central theme, promotes a holistic 
view of the curriculum that can help 
students make connections between 
different views of the curriculum and 
their lives.Thechallengeforeducators 
is to continue to explore such connec
tions and to continue to look for ways 
that science and mathematics can be 
integrated with each other and within 
the native culture. 
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Julie Saam, William J. Boone, Valerie Chase 

Self-Efficacy and Outcome
Expectancy of Selected Upper

Elementary and Middle School
Science Teachers – Surprises

and Lessons 
A study of teachers’ self-efficacy and outcome expectancy, as the result of a 

professional development outreach program, provides information concerning 
selected characteristics of teachers and their students. 

Introduction 
Research is widespread in the field 

ofself-efficacyandoutcomeexpectan
cy of teachers. Many researchers have 
previously investigated self-efficacy 
andoutcomeexpectancyfor thosewho 
teach inavarietyofsettings.However, 
previous work does not seem to have 
considered teachers involved in local 
outreachprograms; researchersdonot 
seem to have taken into consideration 
how teachers might be similar or dis
similar as a function of school setting 
and student demographics. This study 
provides important details regarding 
the self-efficacy and outcome expec
tancy of grade 5-7 teachers involved 
in local outreach workshops. 

During the last five years, the 
National Aquarium in Baltimore and 
researchers from Indiana University 
conducted an extensive data collec
tion in an effort to (a) investigate the 
mechanism by which master science 
teachers instruct peers, (b) explore 
ways to optimize sustained profes
sional development for science teach

ers, and (c) evaluate data collection 
techniques carried out with practicing 
elementary and middle school science 
teachers. This work was a component 
of a three-year teacher enhancement 
project funded by the National Sci
ence Foundation. Part of the grant 
involved preparing a national pool of 
master teachers to utilize a grades 5-7 
curriculum entitled“Living inWater.” 
Each summer, a new cadre of master 
teachers discussed and practiced with 
hands-onactivitiesassociatedwith the 
curriculum.Duringthe lastweekof the 
summer institute, the master teachers, 
with the guidance of the aquarium 
staff, discussed and planned out
reach programs. Each master teacher 
received three university credits for 
participating in the summer institute 
and a stipend for completing both the 
institute and outreach with teachers 
near their own district. 

This study concentrated on evalu
ating one aspect of the grant’s data 
collection: the evaluation of “local” 
teachers who attended outreach pro

vided by master teachers throughout 
the United States. Local teachers were 
asked to complete two self-efficacy 
surveys, one distributed during the 
outreach (on-site survey) and the 
other survey mailed approximately 
one year later to the local teachers 
(follow-up survey). The local teach
ers also provided data concerning 
their own ethnicity. In the follow-up 
survey, the local teachers provided an 
approximation of their own students’ 
social economic status, geography, 
and ethnicity. 

The results of this study provide 
a unique snapshot of local teachers’ 
self-efficacy, more specifically the 
self-efficacy of teachers who did not 
participate in a multiple week summer 
institute, but did attend a local work
shop presented by a master teacher in 
their district (or a local district). The 
data collected for this study provide 
guidancefor thosedevelopingsummer 
institutes and inservices to encourage 
science teaching.The resultsmayhelp 
scienceeducatorsandsupervisorsbet-
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ter understand elementary and middle ship between teacher efficacy and 
school science teachers who com- student achievement (Ashton, �984; 
monly attend local outreach provided Gibson and Dembo, �984). In �984 More importantly, 
by master science teachers, but do not Ashton commented, “no other teacher teachers with high(for whatever reason) attend multiple characteristic has demonstrated such 

self-efficacy took more week summer institutes. The data a consistent relationship to student 
analysispresentedinthispaperfocuses achievement” (p. 28). It is important responsibility for their
on two aspects of the local teachers’ to note, however, that the relationship students’ learning. self-efficacy: (1) self-efficacy as a of self-efficacy and achievement is an 
function of teacher-reported student indirect relationship. Teacher efficacy 
demographics, and (2) self-efficacy as influencesteacherbehavior, that in turn items are used to calculate a respon
a functionof the teacher-response-rate correlates with student achievement. dent’s outcome expectancy measure. 
to a follow-up survey. These data are Gibson and Dembo (�984) reported Ahigheroutcomeexpectancymeasure 
important forall those interactingwith that teachers with high self-efficacy of one group (e.g., group �) compared 
science teachers; particularly those had better organized classrooms, co- to that of another group (e.g., group 2) 
involved in planning, structuring, and herent instruction, and more feedback indicates that the group � respondents 
evaluating professional development for students experiencing learning have a stronger belief in what their 
programs and outreach. difficulties than teachers with low students can do. Ahigher self-efficacy 

self-efficacy.More importantly, teach measure of one group (again group 
Literature Review ers with high self-efficacy took more �) compared to another group (group 

responsibility for their students’learn 2) indicates that group � respondents Teacher Self-Efficacy 
ing. When students were struggling, have a stronger belief in themselves as The construct of self-efficacy used teachers blamed their own actions science teachers. The original Riggs for the foundation of this survey origi before blaming their students’actions and Enochs survey can be reviewed nated from Bandura’s (�977) social (Ashton and Webb, �986; Gibson and for the text of each item. A sample cognitive theory. Later, Gibson and Dembo, �984). outcome item is the following: When Dembo (�984) applied a two-part a student does better than usual in sci-construct (self-efficacy and outcome Self-Efficacy Instruments ence, it is often because the teacher expectancy) to the teachingprofession exerted a little extra effort. A sample Instruments used to measure by defining teacher efficacy to involve self-efficacy item is the following: I teacher self-efficacy in recent years confidence in one’s own teaching am continually finding better ways to have evolved from non-subject speability and expectation of student teach science.cific scales to subject-specific scales learning based upon his or her own In general, the majority of research (Gibson and Dembo, �984; Guskey, teaching strategies. Initially, much of presented in the literature concerning �987;Riggsand Enochs, �990). Riggs the research in this field considered self-efficacyinvolves investigationsof and Enochs (�990) created one com-the issue of teacher efficacy possibly teachers in classrooms or pre-service monly utilized subject specific scale, correlating with student achievement. teachers training for future teaching. the Science Teacher Efficacy Belief Various studies suggested a relation- However, little specific attention has Instrument (STEBI), which measures 

beenpaid toclassroomteacherschoosthe self-efficacy of science teachers. 
ing to attend local workshops, many The instrument measures two specific 
of whom choose not to attend national constructs: (1) teacher self-efficacy, It is important to institutes. This study of local teachers defined as a teacher’s confidence in note, however, that attending workshops is particularly teaching science, and (2) outcome ex-
important, for in the last decade, many pectancy, defined as a teacher’s belief the relationship of 
scienceeducationinitiativeshavebeen inwhat scienceastudentcando.When self-efficacy and characterized by: (�) professional this scale is used, one set of items is 

achievement is an development sustained over time, and used to determine a respondent’s self
(2) the goal of wide scale and sucefficacymeasure, andadifferent setof indirect relationship. 
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cessful dissemination of knowledge 
by using master teachers who work 
with teachers local to their school. 
Some examples of recent programs 
emphasizing these issues are NSF 
funded programs, such as the Ohio’s 
State Systemic Initiative and Purdue 
University’s Epicenter program. 

Data Collection 
Local teachers attending outreach 

institutes in four different states pre
sentedbyoneofsevendifferentmaster 
teachers provided the data reported 
in this study. Local teachers in most 
instances taught in either the same 
school district as the master teacher 
or a neighboring district. Prior to the 
startofeachone-dayoutreach institute 
implemented by master teachers, ev
ery attending local teacher completed 
the self-efficacy survey of Riggs and 
Enochs (�990). When completing the 
initial survey, local teachers supplied 
their names and mailing addresses 
for a one-year follow-up survey. In 
the follow-up administration of the 
RiggsandEnochs (�990) survey, local 
teachers were also asked to supply the 
following information: percentageof 
their studentsasa functionofethnicity 
(Asian, African-American, Hispanic, 
Pacific Islander, Native American, 
White); percentage of their students 
according to approximate economic 
level (poverty, low income, middle 
income, upper income), percentage 
of their students based upon geogra
phy (rural, rural/suburban, suburban, 
urban). Over 450 local teachers com
pleted surveys at the initial workshop, 
225 completed the follow-up survey 
(50% response rate). Not all of the 
225 teachers who responded to both 
the follow-up survey and the initial 
survey furnished complete surveys. 
This issue is reflected in the N values 
presented in the tables. 

Data Analysis 
Twomeasuresofself-efficacy(self-

efficacy and outcome expectancy), as 
outlined by Riggs and Enochs (�990), 
were computed for each local teacher 
who completed either the on-site sur
vey or both surveys. Attitudes of re
spondents’ self-efficacy and outcome 
expectancy were computed by first 
takingtheresponsecategoriesselected 
by respondents and converting these 
selections to attitudinal measures 
utilizing the Rasch model (Wright and 
Masters, �982) which helps one cor
rect for the possible non-linearity of 
rating scales. Rasch analysis provides 
linear measures that can then be used 
in analyses that utilize parametric 
equations. Immediately using num
bers used for the coding of responses 
ignores that fact that such numbers 
are only labels which indicate which 
part of the scale was selected by a 
respondent. For instance the number � 
might be used to indicate the selection 
of “strongly agree” in the rating scale, 
and the number 2 used to indicate the 
selection of “agree” by a respondent. 
See Wright and Masters (�982) for a 
full discussion of these issues. In the 
analysis, the Rasch log odds units 
(logits) are used for evaluation and are 
presented in the data tables. 

To organize the data, respondents’ 
demographic information was tallied 
using the following procedure. A lo
cal teacher who would classify the 
majority of his/her students as Asian 
would be a teacher of Asian students. 
A local teacher who would classify 
the majority of his/her students as 
African-American would be a teacher 
ofAfrican-Americanstudents.Similar 
procedures were used with all student 
ethnic categories. The same strategy 
was used to classify teachers as a 
function of students’ geography and 
social economic status (SES) levels. 

This strategy (which limited or elimi
nated empty cells and cells containing 
low frequency counts) allowed the 
researchers to avoid violating the un
derlyingassumptionsofANOVAtests. 
For example, when utilizing all of the 
ethnicitycategories,onecategorymay 
only have one member and another 
categorymayhave40members.When 
anattemptwasmade toperforma two
way ANOVA test with these cells, it 
was discovered that some cells were 
missing. As a result, combination and 
stratificationofthedatawerenecessary 
to eliminate missing cells and avoid 
cells with low frequency counts. This 
strategy resulted in a definition of two 
levels for each variable; ethnicity 
(white, minority); geography (subur
ban,urban);SES(poverty/lowincome, 
middle income/upper income). 

To evaluate the data, t-tests and 
ANOVAs were utilized. T-tests 
compared the self-efficacy and/or 
the outcome expectancy of the lo
cal teachers who completed only the 
on-site survey with the local teachers 
who completed both surveys. Using 
the local teachers who completed both 
surveys, a t-test was used to evaluate 
the difference between the on-site 
survey data and the follow-up data for 
self-efficacyandoutcomeexpectancy. 
Afourthevaluationutilizeda two-way 
ANOVA, investigating the changes in 
self-efficacy and outcome expectancy 
of local teachers who completed both 
surveys. Finally, an ANOVAwas used 
to specifically investigate teachers’ 
self-efficacy and outcome expectancy 
as a function of students’ ethnicity, 
geography, and SES. 

Results 
Results of the analysis provide a 

unique view of local teachers’ (�) 
self-efficacy as a function of teacher-
reported student demographics and 
(2) self-efficacy as a function of the 
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teacher-response-rate to the follow-
up survey. It is also important to 
point out that these local teachers, 
in reality, refer to teachers who are 
predominately white, but do teach a 
range of students in terms of ethnicity, 
SES,andgeographicsettingofstudent 
residence. 

As a result of the distinction with 
respect to self-efficacy made by Riggs 
and Enochs (�990), these results are 
presentedinthefollowingmanner: (�) 
self-efficacy as a function of demo
graphics, (2) outcome expectancy as a 
functionofdemographics, (3)self-effi
cacyasafunctionof teacher-response
rate, and (4) outcome expectancy as a 
function of teacher-response-rate. 

Self-Efficacy/Demographics 
The self-efficacy (confidence) of 

teachers was found to be no different 
when analyzed with regard to their 
students’ ethnicity and geography. 
However, the difference between the 
mean self-efficacy of teachers who 
taught students classified as being of 
poverty or very low economic status, 
averaged across the two levels of 
geography (suburban and urban), and 
themeanself-efficacyof teacherswho 
taught students classified as being 
middleorupper income,alsoaveraged 
across the two levels of geography, 
was too great to attribute to sampling 
fluctuation, F (�, �66) = 7.�5, p = .0� 

(See Table �). Simply stated, teachers 
classifyingtheirstudentsasmiddle/up
per income had a statistically higher 
self-efficacy when compared with 
teachers classifying their students as 
poverty/low income. Thus, teachers 
responding to this survey who taught 
students predominantly of middle or 
high income had a stronger belief in 
themselves as teachers. However, 
when local teachers are compared in 
terms of student ethnicity and geo
graphic location there was no differ
ence in teacher self-efficacy. 

Outcome Expectancy/ 
Demographics 

Analysis of variance of the local 
teachers’ outcome expectancy on the 
reportingof thepercentageof students 
living at different economic levels, 
different geographic locations, and 
different SES, showed no significant 
difference. In other words, local 
teachers were found to have the same 
beliefs in what their students could do, 
regardless of their students’ ethnicity, 
geography, and SES. 

Self-Efficacy/Teacher-Response-
Rate 
Themeanscore for theself-efficacy 

of local teachers who completed both 
surveys (M = �.79, SD = �.64) was 
significantly different from that of 
local teachers who only completed the 

on-site survey (M = �.33, SD = �.45), 
p= 0.00� (See Table 2.). Teachers who 
completed both surveys had signifi
cantly higher self-efficacy measures 
(greater confidence in their ability to 
teach) than local teachers who only 
completed the on-site survey. 

A related evaluation of teachers 
who completed both surveys com
pared the self-efficacy of teachers 
who completed the survey at the 
master teacher workshop with their 
own self-efficacy approximately one 
year later. Interestingly, no statistical 
differences in self-efficacy among 
these teachers were found (See Table 
3); their self-efficacy (as a group) did 
not change. 

Outcome Expectancy/Teacher-
Response-Rate 

Meanscores regarding theoutcome 
expectancyof local teacherswhocom
pleted both surveys (M = 0.99, SD = 
0.90) were found to be significantly 
different from those of local teachers 
whoonlycompleted theon-site survey 
(M = 0.87, SD = 0.83), p = 0.04 (See 
Table 4.). Teachers who completed 
both surveys had significantly higher 
outcomeexpectancymeasures(greater 
belief in what their students could 
do) than local teachers who only 
completed the on-site survey. Mean 
measures (for outcome expectancy) 
were compared for local teachers who 

Table 1.	 Table 2 
Self-efficacy of Local Teachers as a Function of		 T-test results comparing the mean self-efficacy data of 

Student SES.	 teachers who completed only the on-site survey with 
those teachers who completed the on –site survey andSES	 N	 Mean	 Standard Deviation 
the one year follow-up survey. (logits)	 (logits) 

Local teachers	 N	 Mean (logits)	 SD (logits) Middle income/
upper/income	 97	 2.19	 1.62 Completed On-site

Poverty/ Survey Only	 228	 1.33	 1.45 
low Income	 73	 1.60	 1.53 Completed On-site

and Follow-up Survey	 225	 1.79	 1.64p= .01 

p=.001. 
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Table 4. 
T-test results comparing the mean outcome expectancy 

data of teachers who completed only the on-site survey 
with those teachers who completed both surveys. Com-
parison is made using only on-site data. 

Local teachers	 N	 Mean (logits)	 SD (logits) 

Completed On-site
Survey Only	 228	 0.87	 0.83 

Completed On-site
and Follow-up Survey	 225	 0.99	 0.90 

p=.04 

Table 3 
T-test results comparing the mean self-efficacy data of 

local teachers who completed both surveys. 
Surveys	 N	 Mean (logits)	 SD (logits) 

Completed On-site
Survey Only	 225	 1.79	 1.64 

Completed On-site
and Follow-up Survey	 225	 1.94	 1.65 

No significant difference 

Table 5. 
T-test comparing the self-efficacy of local teachers who 

completed both surveys. 
Surveys	 N	 Mean (logits)	 SD (logits) 

On-site	 225	 0.99	 0.90 
Follow-up	 225	 0.85	 0.90 

No significant difference 

efficacy had organized classrooms, 
coherent instruction, and provided 
relevant feedback to students experi
encingdifficulty.Finson(2000)reports 
that teachers’ with high self-efficacy 
“tend to teach in ways characterized 
by theuseof inquiryapproaches,more 

completed both the initial survey and student-centered thought, beliefs that 
the follow-up survey. No differences 

geography, or ethnicity of students. 
they can help any student overcome 

were found (See Table 5); thus teach-
Also, the teachers’ self-efficacy was 

learningproblemsandsucceed,andare 
ers who completed both surveys did 

not dependent upon their students’ge
moreknowledgeableof their students’ 

not change over the course of a year 
ography or ethnicity. Thus, how these 

developmental levels” (p. �). These teachers felt about their own teaching 
and other studies have suggested that 

expectancy. 
withregard toself-efficacyoroutcome ability did not differ as a function of 

teachers’ self-efficacy tends to affect students’ geography or ethnicity. 
teachers’ actions in the classroom. Bandura (�977, �982, �986) sug-

Discussion Since researchers report that high gests that theconstructofself-efficacy, 
Researchers often collect data self-efficacy ratings are linked with including self-efficacy and outcome 

from master teachers. Rarely are the best-practice teaching strategies, it is expectancy,affects teachers’thoughts, 
attitudes of local teachers involved certainlya positive result that the local actions, and emotions. Following 
in the dissemination effort evaluated. teachers (99% of whom were white) Bandura’s (�977,�982,�986) sugges-
One goal of this data analysis was to reported no difference in self-efficacy tion that self-efficacy affects teachers’ 
better describe and understand some or outcome expectancy as a function actions, Gibson and Dembo (�984) 
characteristics of local teachers at- of their students’ geographic location found that teachers with high self-
tending the one-day outreach offered (suburban, urban) or ethnicity (white, 
by master teachers. Results of analyz minority).
ing these data provide a snapshot of However, results from this study 
these local teachers, based upon their indicate a significant difference be-Thus, what teachers
self-efficacy and outcome expectancy tween SES factors in relation to the felt a student couldaccordingtodemographic information self-efficacy of local teachers. Other 

achieve did notand teacher-response-rate. Results studieshavealsosuggested that teach
suggest that the outcome expectancy ers’ positive actions directed toward differ as a function 
of teachers did not depend upon their students such as recognition, praise, of economic level,students’ economic level, geography, and intellectual expectation correlate 
or ethnicity. Thus, what teachers felt to students’ SES (Jackson and Cosca, geography, or ethnicity 
a student could achieve did not dif �974; Sadker and Sadker, �98�). of students.fer as a function of economic level, Analysis of this data set suggests that 
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local teachers who classified their 
students as coming from a middle/up
per income background had a higher 
self-efficacy when compared to local 
teachers who classified their students 
as poverty/low income. This result 
might suggest that these two groups of 
teachers may differ in the classroom. 
However, analysis of this data set 
revealed no difference between these 
same groups of teachers concern
ing their outcome expectancy (the 
teacher’s belief in what the students 
can do). In other words, the teachers 
of the middle/upper income students 
may have a higher self-efficacy (more 
confidence in what they—the teacher 
can do) than do the teachers of pov
erty/low income students. However, 
these two groups of teachers do not 
differ in what they feel their students 
can do. This is certainly a positive 
result that mirrors results found by 
other self-efficacy researchers. 

Science workshop developers 
should note the differences found 
when both self-efficacy and outcome 
expectance are considered on a func
tion of student SES. It is important 
for educators, involved in summer 
workshops, professional develop-
ment,or researchfocusingonoutcome 
expectancy to analyze self-efficacy 
and outcome expectancy. Analyzing 
just one aspect of self-efficacy and 
not both could provide an incomplete 
picture regarding the whole self-effi
cacy of the teachers. Furthermore, it 
is useful to collect added information 
on students of teachers, to more fully 
explore differences and similarities 
of teachers. 

As another part of this study, two 
added analyses were made: (�) a 
comparison of local teachers who 
completed only the on-site survey 
with those who completed both on-
site and follow-up surveys and (2) 
a comparison of teachers’ responses 

to the on-site and follow-up surveys 
(for those teachers who completed 
the instrument both times it was 
administered). The analysis suggests 
that local teachers who responded to 
bothsurveyshadahigher self-efficacy 
and outcome expectancy than those 
local teachers who only responded to 
the on-site survey. Teachers who re
sponded to both surveys reported their 
self-efficacy and outcome expectancy 
no differently from the on-site survey 
to the one-year follow-up survey. This 
finding suggests that the outreach 
experience (and anything else during 
the year) did not change the self-ef
ficacy or outcome expectancy of the 
local teachers. In many ways this 
should not be surprising, for one shot 
inservices can help teachers, but it is 
perhaps too ambitious to claim such 
a short intervention will make a great 
difference in a teacher’s life. 

Workshopdevelopersandresearch
ers need to pay much greater atten
tion to the significant difference of 
self-efficacy and outcome expectancy 
between the teachers who only com
pleted theon-site surveyand those that 
completed both surveys. Educators 
will always find it difficult to retrieve 
responses from research subjects 
(especially after one year). However, 
the difference between those who 
responded after a year and those who 
did not indicate that it is necessary to 

Teachers who are 
now teaching at a new
school may no longer
feel a need to report 
on a curriculum that 
was introduced at a 
previous school. 

pay very close attention to those who 
are and those who are not responding 
to data collection requests. If there is 
a difference in those who do and do 
not respond to data collection requests 
in any study, and any reform effort, 
then how different is “reality” from 
that which is presented in a report or 
paper? It seems it should be an imme
diate goal of science supervisors and 
science educators to draw in teachers 
who maynotwish toprovide feedback 
in initial or follow-up surveys. In any 
school district there are teachers who 
would gladly become master teach
ers, there are those who will attend 
local workshops without hesitation, 
there are those who will not provide 
follow-up data, and of course there 
are those who do not want to attend 
any workshops nor do they wish to 
provide any data to those involved in 
workshops, inservices,anddissemina
tion. It seems that each of these groups 
must be more often considered when 
designing and evaluating efforts to 
improveelementaryandmiddleschool 
science classrooms. 

What might be some reasons for 
the lack of response from some of the 
surveyed teachers? Those teachers 
who did not respond might simply not 
answer the survey. However, it could 
be that those not answering have been 
transferred to another school, or have 
moved their residence(the researchers 
did not ask that teachers specify the 
“type” of address they were supply
ing). Teachers who are now teaching 
at a new school may no longer feel a 
need to reportonacurriculumthatwas 
introduced at a previous school. Also, 
perhaps there is something important 
about those teachers who either will
ingly or unwillingly are now teaching 
at another school. These teachers may 
have asked for a transfer and/or the 
district may have transferred them 
without their consent. 
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It is suggested that those interested 
in collecting similar data pay careful 
attention to steps that may be used to 
collect data from as large a sample 
as possible. Such steps may include 
“freebies” for the completion of a sur
vey, funds to find missing teachers, or 
withholding some portion of a stipend 
for those conducting outreach and 
collecting data in the field. This final 
suggestion may insure the complete 
collection of data at the front end (at 
initial workshops). 

Conclusion 
This unique snapshot of teachers’ 

self-efficacyandoutcomeexpectancy, 
as the result of a professional devel
opment outreach program, provides 
important information concerning 
selected characteristics of local teach
ers and their students. In terms of 
self-efficacyandoutcomeexpectancy, 
the only significant difference among 
surveyed teachers was with regard to 
student SES and self-efficacy. This 
may reflect that those science teach
ers feel students from any SES level 
are capable of succeeding, however, it 
appears that the same science teachers 
blame themselves for an inability to 
successfully teach students from low 
SES backgrounds. With this result 
in mind, workshop developers and 
professional development designers 
shouldfocuseffortsonassisting teach
ers working with low SES students. 
There were significant differences 

when teachers who responded once 
to the survey were compared to those 
teachers who responded twice. These 
results highlight another important 
issue for those involved in planning, 
organizing, and evaluating outreach 
programs. This group of teachers 
showed a distinct difference between 
those who responded to two data 
collection requests and those who 
responded only to an initial survey. 

Elementary and middle school sci
ence educators can be provided with 
meaningfulprofessionaldevelopment 
programs, which can in turn help in
crease the likelihood of student learn
ing. However, evaluation pictures are 
incomplete when many teachers do 
not provide data. It seems that science 
educators must carefully monitor the 
quality and extent of the data they 
collect. 

The results of evaluating the pre
post self-efficacy data also provide 
added guidance. Those involved in 
evaluation that documents a project 
(and provides some guidance to sci
ence supervisors and researchers) 
might find it prudent to plan pre-post 
assessments in which there will be a 
realistic chance to observe a change, 
based upon the project of interest. 

[Note: The opinions expressed 
in this paper are solely those of the 
authors and do not necessarily reflect 
the views of any organization.] 
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Donna F. Berlin, Arthur L. White 

Science and Mathematics Together: 

Implementing a Theoretical Model
 

A theoretical model is designed to describe or characterize 
the integration of science and mathematics education. 

Overview of the Literature 
The field of integrated science 

and mathematics education is not 
new. Since the beginning of the 20th 

century, the integration of science 
and mathematics education has been 
suggested as a promising path toward 
improved student understanding of, 
performance in, and attitude toward 
both subject areas. Having spent over 
�5 years acquiring and reviewing the 
literature related to the integration of 
scienceandmathematicseducationhas 
resulted in the amassing of over 750 
citations. To characterize this robust 
bodyof literature,fivecategorieswere 
chosen: Curriculum, Instruction, 
Research, Curriculum-Instruction, 
and Curriculum-Evaluation. A nar
row definition of curriculum, i.e., the 
intended learnings or the outcomes of 
being educated, was used. Citations 
in the Curriculum section primarily 
deal with the content in a course or a 
group of courses or “what students are 
taught.” Instruction is the process of 
implementingthecurriculumanddeals 
with pedagogy, strategies, and activi
ties. The Research section deals with 
theoretical models, concept papers, 
empirical research, and reviews of re
search. Two additional sections focus 
specifically on curriculum programs. 
The Curriculum-Instruction section 
includes instructional activities, and 
the Curriculum-Evaluation section 
includes evaluation information. The 

initial review of the literature spanned 
the years �905 through �99� and 
included 555 citations (see Berlin, 
1991).Theyears1992 through thefirst 
six months of �999 include an addi
tional 2�0 citations (see Berlin, �999). 
Clearly, the last six and one-half years 
has witnessed a tremendous growth in 
articles focused on the integration of 
science and mathematics education. 
The number of articles published in 
the last six and one-half years was 
nearly 40% of the number of articles 
published in the preceding 87 years. 

The most frequently 
mentioned 
mathematics concepts
and skills include 
angular measurement, 
estimation, formulas 
and equations,
fractions, functions, 
geometry, graphing, 
modeling, patterns,
percentage, probability 
and statistics, problem 
solving, ratio and
proportion, and 
variable. 

Returning to the section divisions, 
one finds a consistent pattern for 
nearly�00years–approximately50% 
of the documents are categorized as 
instructional. Many published strate
gies and activities integrate science 
and mathematics education; however, 
most of the instructional activities are 
primarily science activities or lessons 
that include mathematics-related 
concepts. These science activities 
are most often found in the journals 
published by the National Science 
Teachers Association, including Sci-
ence and Children, Science Scope, 
and the Science Teacher. The science 
processes most frequently cited in the 
instructional literature include: classi
fying, collecting and organizing data, 
communicating,controllingvariables, 
developing models, experimenting, 
inferring, interpretingdata,measuring, 
observing, predicting, and space-time 
relationships. The most frequently 
mentioned mathematics concepts and 
skills include angular measurement, 
estimation, formulas and equations, 
fractions, functions, geometry, graph
ing, modeling, patterns, percentage, 
probability and statistics, problem 
solving, ratio and proportion, and 
variable. The mathematics concepts 
aresometimes,butnotoften,explicitly 
stated as objectives, particularly in 
the science-based activities. Activi
ties or lessons related to both science 
and mathematics can be found in 
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other journals, including School Sci-
ence and Mathematics and journals 
published by the National Council 
of Teachers of Mathematics such as 
the Arithmetic Teacher, Teaching 
Children Mathematics, Mathematics 
Teaching in theMiddleSchool, and the 
Mathematics Teacher. The aforemen
tioned concepts, skills, and processes 
for science and mathematics are also 
often the basis for the curriculum and 
the instructional activities developed 
for specific projects, e.g., Activities 
IntegratingMathandScience (AIMS); 
Great Explorations in Math and Sci-
ence (GEMS); IntegratingMathemat-
ics,Science,andTechnology (IMaST); 
Minnesota Mathematics and Science 
Teaching Project (MINNEMAST); 
TeachingIntegratedMathematicsand 
Science (TIMS); and Unified Science 
and Mathematics for Elementary 
Schools (USMES). 

As one reviews the literature by 
category, another interesting pattern 
is revealed. The Research section, 
including theoretical models, con
cept papers, and empirical research, 
consists of the smallest percentage of 
citations.For thefirst87years,only7% 
of thedocumentswere in thiscategory. 
Furthermore, many of the documents 
included in this section were only 
tangentially related to integrated sci
ence and mathematics education. For 
example, a number of research studies 
related mathematics skills to science 
achievement; these include conserva
tion, seriation, graphing ability, pro
portional reasoning,andspatialability. 
Since �99�, the Research section has 
advanced to �7% of the citations, or 
36articles.Furtherexplorationinto the 
natureof theupdatedResearchsection 
suggests a grouping based on theoreti
cal models/concept papers, empirical 
research, and tangentially-related 
empirical research. This subgrouping 

reveals that the number of theoretical 
models and concept papers related to 
integrated science and mathematics 
education represents more than half 
of the Research section (20 citations). 
Unfortunately, one still finds a criti
cal shortage of literature focused on 
empirical research (�2 citations; 6% 
of the total citations). Only 4 of the 
articles listed in the Research section 
are classified as tangentially related 
to integrated science and mathematics 
education, e.g., research relating the 
development of graphing skills to the 
use of microcomputer-based science 
laboratories. 

Since a review of all the literature 
related to science and mathematics 
education is well-beyond the scope 
of this paper, the focus will be on 
an analysis of various theoretical 
models. This discussion will set the 
stage for the Berlin-White Integrated 
Science and Mathematics Model, an 
interpretativeorframeworktheory,not 
a normative goal-directed theory. As 
an interpretive or framework theory, 
this model is designed to describe or 
characterize the integration of sci
ence and mathematics education, not 
to specify goals related to successful 
integration. Therefore, this model is 
meant to be used and interpreted by 
researchers and practitioners within 
the context of their own cognition and 
experience. 
One has little difficulty finding pro

ponents of science and mathematics 
integration.Current reformdocuments 
in the United States recommend inte
gration of content and instruction in 
a changing curriculum. The following 
documents recognize the integration 
of science and mathematics as a nec
essary component of reform: Cur-
riculum and Evaluation Standards 
for School Mathematics (National 
Council of Teachers of Mathematics, 

One has little 
difficulty finding
proponents of science 
and mathematics 
integration. Current 
reform documents 
in the United 
States recommend 
integration of content
and instruction in a 
changing curriculum. 

�989); Principles and Standards for 
School Mathematics (National Coun-
cilofTeachersofMathematics,2000); 
Reshaping School Mathematics. A 
Philosophy and Framework for Cur-
riculum (National Research Council, 
�990); Science for All Americans 
(Rutherford&Ahlgren,�990);Bench-
marks forScienceLiteracy (American 
Association for the Advancement of 
Science, �993); and National Sci-
ence Education Standards (National 
Research Council, �996). 

Since mathematics is both the lan
guage of science and a science of 
patterns, the special links between 
mathematics and science are far 
more than just thosebetweentheory 
andapplications.Themethodology 
of mathematical inquiry shares 
with the scientific method a focus 
on exploration, investigation, con
jecture, evidence, and reasoning. 
Firmer school ties between science 
and mathematics should especially 
help students’ grasp of both fields. 
(National Research Council, �990; 

pp.44-45)
 
Although the area of integrated 


science and mathematics education 
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is not new as evidenced by writings 
dating back to �905, it is complex, not 
well defined, and inadequately stud
ied. The literature in the last decade 
has increasingly focused on defining 
integrated science and mathematics 
education through theoretical models. 
Anearlier theoreticalmodel,proposed 
by the participants of the Cambridge 
Conference on Integration of Math
ematicsandScienceEducationheld in 
�967(EducationDevelopmentCenter, 
1970), defined five categories of inter
actionbetweenscienceandmathemat
ics. These categories include: math 
for math, math for science, math and 
science, science for math, and science 
for science. Brown and Wall (�976) 
fashioned these categories into a con
tinuum consisting of mathematics for 
the sake of mathematics, mathematics 
for the sake of science, mathematics 
and science in concert, science for the 
sake of mathematics, and science for 
the sake of science. Recent theoretical 
modelshaveusedthissamecontinuum 
with minor wordsmithing. For ex
ample, Lonning and DeFranco (�997) 
describe their continuum as indepen
dentmathematics,mathematics focus, 
balanced mathematics and science, 
science focus, and independent sci-
ence.Similarly,Huntley (�998),using 
an interestingforeground/background 
analogy, suggests a continuum from 
mathematics for the sake of math
ematics, mathematics with science, 
mathematics and science, science 
with mathematics, and science for 
the sake of science. Finally, Roebuck 
and Warden (�998) modify the Brown 
and Wall continuum to include math 
for math’s sake, science-driven math, 
mathematics and science in concert, 
math-driven science, and science 
for science’s sake. Only one recent 
theoretical model, the Berlin-White 
Integrated Science and Mathematics 

Model (Berlin & White, �994, �995, 
�998), uniquely describes the center 
of the continuum, mathematics and 
science. The multidimensionality of 
the model also addresses the critical 
need posited by Miller and Davison 
(�998, �999) for paradigmatic change 
in school pedagogy to successfully 
integrate science and mathematics 
education. 

The Berlin -White 

Integrated Science and


Mathematics Model
 
The Berlin -White Integrated Sci

enceandMathematicsModelhasbeen 
recognized in both the science and 
mathematics education communities 
(Berlin & White, �994, �995, �998). 
Evolving over a period of �5 years, it 
reflects and combines multiple per
spectives and endeavors, including 
empirical research, a comprehensive 
review of the literature, the perspec
tives of the science and mathematics 
communities, curriculum research 
and development projects, and val
ued classroom practice. With support 
fromtheNationalScienceFoundation 
(Berlin, �994; Berlin & White, �992) 
and the Department of Education, 
Office of Educational Research and 
Improvement (Berlin &White, �995), 
two national level conferences on the 
integration of science and mathemat
ics education helped to delineate the 
multiple aspects of this model. 

The Berlin-White Integrated Sci
enceandMathematicsModel includes 
six aspects: (a) ways of learning, (b) 
ways of knowing, (c) content knowl
edge, (d) process and thinking skills, 
(e) attitudes and perceptions, and (f) 
teaching strategies. 
•	 Ways of learning. Integration can be 

based on how students experience, 
organize, and think about science 
and mathematics. Based on a con

structivist/neuropsychological per
spective or rationale, students must 
do science and mathematics and be 
actively involved in the learning 
process. 

•	 Ways of knowing. Integrated school 
science and mathematics can re
inforce the cyclical relationships 
between inductive-deductive and 
qualitative-quantitativeviewsof the 
world. In science and mathematics, 
new knowledge is often produced 
through a combination of induction 
and deduction. For this discussion, 
induction means looking at nu
merous examples to find a pattern 
(qualitative) that can be translated 
into a rule (quantitative). The appli
cation of this rule in a new context 
is deduction. 

•	 Content knowledge. Science and 
mathematics can be integrated in 
terms of content that is overlapping 
or analogous. Big ideas or themes 
such as change, conservation, mod
els, patterns, scale, symmetry, and 
systemscanbefoundinbothscience 
and mathematics. The examination 
of concepts, principles, laws, and 
theoriesof scienceandmathematics 
reveal ideas that are unique to each 
discipline and ideas that overlap or 
are analogous (e.g., the fulcrum of 
a lever and the mean of a distribu
tion). 

Integrated science
and mathematics can 
develop processes and 
skills related to inquiry, 
problem-solving, and 
higher-order thinking 
skills. 
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•	 Process and thinking skills. Inte
grated science and mathematics can 
develop processes and skills related 
to inquiry, problem-solving, and 
higher-order thinking skills. Inte
gration of science and mathematics 
can focus on ways of collecting 
and using information gathered 
by investigation, exploration, ex
perimentation,andproblemsolving. 
Skills representative of this aspect 
include classifying, collecting and 
organizing data, communicating, 
controlling variables, developing 
models, estimating, experimenting, 
graphing, hypothesizing, inferring, 
interpreting data, measuring, ob
serving,predicting,andrecognizing 
patterns. 

•	 Attitudes and perceptions. Inte
gration can be viewed from what 
children believe about science and 
mathematics, their involvement, 
and their confidence in their abil 
ity to do science and mathematics. 
Similarities and differences related 
to scientific and mathematical at
titudes/perceptions or “habits of 
mind” can be identified. The values, 
attitudes, and ways of thinking 
shared between science and math
ematicseducation includeaccepting 
the changing nature of science and 
mathematics; basing decisions and 
actions on data; a desire for knowl
edge;ahealthydegreeofskepticism, 
honesty, and objectivity; relying 
on logical reasoning; willingness 
to consider other explanations; and 
working together to achieve better 
understanding. 

•	 Teaching strategies. Integration 
can be viewed from the teaching 
methods valued by both science and 
mathematics educators. Integrated 
science and mathematics teaching 
should include a broad range of 
content, provide time for inquiry-
based learning and problem solv-

Integrated science and
mathematics teaching
should include a broad 
range of content,
provide time for
inquiry-based learning
and problem solving, 
provide opportunities 
to use laboratory
instruments and 
other tools, provide 
appropriate uses of 
technology. 

ing, provide opportunities to use 
laboratory instruments and other 
tools, provide appropriate uses of 
technology (e.g., calculators and 
computers), encourage cooperative 
learning, embed assessment within 
instruction, and maximize oppor
tunities for successful connections 
between science and mathematics. 
Some of the aspects, namely, ways 

of learning, attitudes and perceptions, 
and teaching strategies, are not unique 
to integrated science and mathematics 
education. However, they often are 
found in the descriptions of integrated 
science and mathematics activities or 
integrated science and mathematics 
curriculum programs. These aspects 
may be perceived as necessary for ef
fective integration, but in no way are 
they sufficient conditions. The three 
substantive and cogent aspects related 
to integrated science and mathemat
ics teaching and learning are ways 
of knowing, content knowledge, and 
process and thinking skills. 

The identification and elaboration 
of these aspects is meant to clarify the 
characteristics in constant interplay 
in defining integration. It is expected 
that the real value will be in identi
fying the links and overlap among 
the aspects, rather than attending to 
them in isolation. The Berlin-White 
Integrated Science and Mathematics 
Model is designed to provide a con
ceptual base and a common language 
that advances the research agenda, 
to serve as a template for character
izing current resources, and to guide 
in the development of new materials 
related to integratedscienceandmath
ematics teaching and learning. The 
Berlin-White Integrated Science and 
Mathematics Model is an interpretive 
or framework theory. The value of 
an interpretive or framework theory 
cannot be determined by testing, but 
rather is judged by communication 
and implementation. To assist in the 
use of the Berlin-White Integrated 
Science and Mathematics Model, a 
checklist-type template also has been 
developed to identify the relevant 
aspects of science and mathematics 
integration thataredirectlyobservable 
inanintegratedscienceandmathemat
ics lesson or activity. 

Classroom 
Example: Natural Selection 

An example of an integrated sci
ence and mathematics activity is a 
commonly taught science lesson on 
naturalselection.Thescienceconcepts 
and processes involved in this lesson 
include collecting and organizing 
data, diversity and adaptation, genetic 
variation, hypothesizing, interpreting 
data,measuring,modeling,observing, 
organisms and their environment, and 
prediction. The activity provides a 
naturalandlogicalconnectionbetween 
the teaching and learning of science 
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and mathematics. The mathematics The following worksheets are used white bugs to black bugs, white bugs 
concepts and skills involved in this by students in a cooperative group set- to total bugs, black bugs to total bugs, 
activity include area measurement; ting to teach science and mathematics white area to black area, white area to 
graphing; non-standard and standard together (see Figures 4 to 6). After the total area, and black area to total area) 
units of measurement; ratio and students have completed the activity, become meaningful in the context of 
proportion; percentage; probability; each group shares the data from their this activity. Small group and whole 
randomization; and sampling, mea GroupDataRecordsheet.Discussions class discussions can seamlessly flow 
surement, and experimenter error. related to ratios and proportions (e.g., between science and mathematics. 
Materials needed for this activity in
clude three environments represented 

Figure 4. Group worksheet page 1. by three sheets of 8 �/2 x �� inch white 
paper, onewith twoblacksquares, one Group Worksheet 
with a black circle, and one with a 

Circle the letter of your group and write the student names.black irregular shapeon it (seeFigures Group A B 
� to 3); a supply of black-colored and Student Names ____________________________________________________________
white-colored hole punches; an 8 �/2 
x �� inch box with a lid (boxes from 
a copy store work well); graph paper; You should have 3 sheets of white paper with black figures on them. One sheet has two black 
and a transparent centimeter grid.	 squares, one sheet has a black circle, and the third sheet has an irregular black shape on it. 

You should also have some white and black hole punches and a transparency with a centi
meter grid on it. Each white sheet represents a different environment, and the hole punches 
represent white and black bugs. 

Step 1: Count out 20 bugs (hole punches) of each color. This is the first generation of bugs 
Figure 1. Environment: Square shapes.	 for this activity. 

Step 2: Tape the environment with the two large squares in a box and randomly distribute 
the bugs over the environment by putting the lid on the box and shaking the box. Be careful 
that none of the bugs escape or get lost. 

Step 3: Predators, like birds, often catch and eat bugs that stand out from the environment. 
Open the box and capture all of the bugs that stand out due to color. 

Step 4: Count the bugs that are not captured for this first generation and record the number 
of each color on the Group Data Record. 

Step 5: Determine the area of the black and the white regions of the environment. Describe 
how you determined the area and record your value in the space provided on the Group Data 
Record. 

Description: ____________________________________________________ 

Predictions: Predict the number of white bugs and the number of black bugs you would expect 
to survive from the first generation for: 

(�) the environment with the black circle
 
Number of white bugs = _____________________________________
 
Number of black bugs = _____________________________________
 

(2) the environment with the irregular black shape. 
Number of white bugs = _____________________________________ 
Number of black bugs = _____________________________________ 

Figure 2. Environment: Circular shape. 

Figure 3. Environment: Irregular shape. 
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	 	 	 	 	 	Figure 5. Group worksheet page 2. 

Group Worksheet 

Circle the letter of your group and write the student names.
 
Group A B
 

Student Names ________________________________________________________
 

A Groups: Determine the actual number of each color bug from the first generation that 
survives in the environment with the black circle. Enter here and on the Group Data 
Record sheet. 

Number of white bugs = ___________________________
 
Number of black bugs = ___________________________
 

B Groups: Determine the actual number of each color bug from the first generation 
that survives in the environment with the irregular black shape. Enter here and on the 
Group Data Record sheet. 

Number of white bugs = ___________________________
 
Number of black bugs = ___________________________
 

Step 6: Using the first generation survivors in the environment of your choice (squares, 
circle, or irregular shape), add one white bug for each white bug survivor and one black 
bug for each black bug survivor. Collect all of the bugs and randomly distribute this new 
population over the environment. Repeat steps 3 and 4 from the Group Worksheet (page 
�) and record the number of black bugs and the number of white bugs remaining in the 
environment on the Group Data Record. 

Step 7: Repeat step 6 three more times using the most recent generation each time. 
Record the number of bugs of each color left in the environment after the birds have 
captured the bugs that stand out. 

Question: What happens to the number of white bugs, the number of black bugs, the 
number of bugs overall? 

Step 8: Make a graph of the number of white bugs and black bugs on one set of axes 
to help describe the trends of natural selection. 

Predictions: Predict the number of white bugs and the number of black bugs you would 
expect to survive from the first generation for: 

(�) the environment with the black circle
 
Number of white bugs = ___________________________
 
Number of black bugs = ___________________________
 

(2) the environment with the irregular black shape.
 
Number of white bugs = ___________________________
 
Number of black bugs = ___________________________
 

Figure 6. Group data record page 3. 

Group Data Record 

Circle the letter of your group and write the student 

names.
 
Group A B
 
Student Names ___________________________
 

Environment: Square Shapes 
Number of Bugs 

Generation White Black Total 
� 
2 
3 
4 
5 
Area: ___________________________________ 

White Black Total 

Environment: Circular Shape 
Number of Bugs 

Generation White Black Total 
� 
2 
3 
4 
5 
Area: ___________________________________ 

White Black Total 

Environment: Irregular Shape 
Number of Bugs 

Generation White Black Total 
� 
2 
3 
4 
5 
Area: ___________________________________ 

White Black Total 
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To characterize this integrated sci
ence and mathematics activity, the 
Berlin-White Integrated Science and 
MathematicsModel templatewasused 
(seeFigure7).This templatehighlights 
the characteristics that are inherent in 
this activity with respect to five of the 
Berlin-White Integrated Science and 
Mathematics Model aspects: ways of 
knowing, content knowledge, process 
and thinking skills, attitudes and per
ceptions, and teaching strategies. The 
sixth model aspect, ways of learning, 
is not included in the template as it 
is a rationale supportive of the other 
aspects. This exercise can be useful in 
selectinganddevelopingactivitiesand 
in planning instruction; the composite 
may serve as an operational definition 
to support and promote future empiri
cal research. 
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Figure 7. Berlin-White Integrated Science and Mathematics Model template. 

I. WAYS OF KNOWING 
Induction ✔ 
Deduction ✔ 
Inductive-Deductive Cycle 

II. CONTENT KNOWLEDGE 
Number and Operation ✔ 
Patterns, Functions, and Algebra ✔ 
Geometry and Spatial Sense 
Measurement ✔ 
Data Analysis, Statistics, and Probability ✔ 
Change ✔ 
Conservation 
Models ✔ 
Patterns ✔ 
Scale ✔ 
Symmetry 
Systems ✔ 

III. PROCESS AND THINKING SKILLS 
Classifying 
Collecting and Organizing Data ✔ 
Communicating ✔ 
Controlling Variables ✔ 
Developing Models ✔ 
Defining Operationally 
Estimating ✔ 
Experimenting 
Graphing ✔ 
Hypothesizing ✔ 
Inferring ✔ 
Interpreting Data ✔ 
Measuring ✔ 
Observing ✔ 
Predicting ✔ 
Recognizing Patterns ✔ 

IV. ATTITUDES AND PERCEPTIONS 
Dynamic Nature of Science and Mathematics ✔ 
Habits of Minds/Dispositions ✔ 
Reasoning/Data-Based Decisions ✔ 

V. TEACHING STRATEGIES 
Alternative Assessments 
Cooperative Learning ✔ 
Educational Technology 
Inquiry-Based 
Multiple Representational Modes 
Problem Solving ✔ 
Mathematics Manipulatives ✔ 
Science Equipment 
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Paul DeHart Hurd 

Science Education Tomorrow:
 
Connecting Students to a


Changing World
 

Preparing students for the use of science knowledge is essential 
for the implementation of a modern science curriculum. 

Twenty-five years have passed 
since efforts began to reinvent science 
education. Atotal of �50 countries are 
now engaged in the process, but little 
progress has occurred. Only one new 
science education goal is agreed upon 
by all countries: “Learning to Learn.” 
One issue we face today in reinvent
ingsciencecurricula includeschanges 
in the ethos, culture, and practice of 
today’s science. The nature of science 
has undergone major changes in the 
last 50 years. Today, dimensions of 
science extend into the social sciences 
and humanities, as well as ethics, 
values, and the law. These aspects of 
modern science have been ignored in 
efforts to reinvent an education in the 
sciences. 

Knowledge in the sciences has ex
plodedover thepastcentury.Morethan 
80,000researchjournalsnowreporton 
advances in the sciences. Classifica
tionofscienceasdisciplines: biology, 
chemistry,earthsciences,andphysics, 
is no longer adequate. The concept 
of a “discipline” has given way to 

Knowledge in the
sciences has exploded
over the past century. 

a “field,” representing a single area 
of research. Biology, for instance, 
today is represented by 400 named 
research fields; many others remain 
unnamed. Traditional disciplines of 
science are gradually being absorbed 
into fields of biology; some of these 
include biophysics, biochemistry, and 
biotechnology. 

Science research is now centered 
in industry, with more than 50% of 
today’s science researchers employed 
in industry, a shift from universities 
and colleges. Increasingly, the frame
work for research in the sciences is 
finding solutions to personal, social, 
and economic problems, instead of 
seeking theories related to the natural 
world.Morestrategicfocus inresearch 
is problem oriented, such as finding a 
cure for AIDS. 

Research in the sciences today is 
done by teams of six to eight persons, 
rather than by individuals. Teamwork 
can increase the fertility ofhypotheses 
related to a problem and its resolution. 
Computers keep track of observations 
and organize data, and robots serve as 
research assistants, with the capacity 
to search for and record information 
24 hours a day. Some robots have been 
sent to the moon or planets, making 
observations and sending them back 
to earth. 

From the very beginning of mod
ern science, advancement has been 
dependent upon developments in 
technology. Before the �7th century, 
Egyptian astronomers verified 5,000 
stars in the heavens, plus two double 
stars. Today’s telescopes identify 
hundreds of millions of stars. 

Anton van Leewenhock’s devel
opment of the simple microscope in 
�675 opened the door to the previ
ously unknown worlds of protozoa 
and bacteria. Today, science is a tool 
for generating new technologies and 
a means for extending the frontiers of 
science. Science and technology are 
two sides of a single coin. 

Over the past 50 years, the United 
Stateshasbecomeaknowledge-inten
sive society. One result of this change 
is to make “learning to learn” a goal 
of science teaching, along with the 
utilization of knowledge. 

The majority of science
textbooks commonly
used in grades K-12
are history books; their
goals and standards are 
unlike today’s sciences. 
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The current education reform 
movement recognizes that it is time to 
develop science curricula that do not 
isolate science from human welfare, 
personal development, and social and 
economic progress. This relationship 
is often described as a “lived cur
riculum.” 

Today’s science differs from that of 
past centuries.Themajorityof science 
textbooks commonly used in grades 
K-�2arehistorybooks; theirgoalsand 
standards are unlike today’s sciences. 
Traditionally, science courses were 
taught in the context of career prepa
ration with inquiry skills as the major 
focus.Thenewcurriculumframework 
focusesonproperutilizationofscience 
knowledgetoresolveproblemsrelated 
to life and living, or personal-social 
contexts. This goal requires teaching 
science and technology aspects that 
can be experienced by students and 
used in human adaptability. 

For the past century, all science 
curriculum reforms have stated their 
purpose to be “meeting the needs of 
students.” The curriculum proposed, 
however, always focused on the stu
dentsbecomingscientists.Thepresent 
reform movement recognizes a need 
to reinvent school science curricula. 
Pastefforts to identifyfacts,principles, 
and generalizations that characterized 
biology, chemistry, earth science, and 
physics now identify science prin
ciples as standards. 

Revolutionary changes are taking 
place in thescienceswithinourknowl
edge-intensive society, and they are 
impacting our culture, the economy, 
andtheadaptabilityofpeople.Wemust 
have new criteria for the reinvention 
of science curricula. Traditionally, 
science curricula focused on inquiry 
andthefactsandtheoriescharacteristic 
of a discipline, but a new view of sci
enceeducation is emerging. Its central 

Past efforts to identify
facts, principles, and
generalizations that
characterized biology, 
chemistry, earth 
science, and physics
now identify science
principles as standards. 

theme is the utilization of science 
knowledgeforhumanadaptabilityand 
welfare. In other words, students and 
their quality of life are the major focus 
of an education in the sciences. 

The “standards” for the reinvented 
science curricula are seen as life 
skills: intellectual and social skills 
likely to increase the adaptive ca
pacities of students and equip them 
for more productive lives. Examples 
of these skills include: (�) acquiring 
a literacy concept of the interaction 
of science and technology; (2) mak
ing decisions that recognize elements 
of risk; (3) recognizing the place of 
values, feelings, emotions, and eth
ics in making decisions about one’s 
life (Botvin, �979; Hamburg, �990; 
Hurd, 2000; Morganett, �990; Sas
katchewanNewstart,�972;Tokanishi, 
�993). Life skills provide a means of 
relating science and technology to 
everyday life. 

Historically, efforts have been pro
posed tomake thegeneraleducation in 
the sciences different from that of the 
careerscientist. Introductionofscience 
into western civilization around �500 
led Francis Bacon in �620 to describe 
goals for a general education in the 
sciences. He saw the ideal of human 
service as the ultimate goal of science 

education, to the end of equipping the 
intellect for a “better and more perfect 
use of human reason.” The subject 
matter selected to achieve this end 
should be that “which has the most 
for the welfare of man” (Dick, �935, 
pp. 44�-487). This context for science 
education persists today, nearly 400 
years later, though without supporting 
science curricula in schools. 

Efforts have often been made, 
throughout history, to develop an 
education in the sciences that serves 
human ends. James J.G. Wilkinson 
delivered a lecture in �847 that was 
an appeal for a diffusion of scientific 
knowledge beyond the learned class 
that produced it. He emphasized 
the view that “intellectual property” 
should serve human life, noting that 
there is a difference between the cre
ation of knowledge and those who 
wish to apply it to human ends. He 
criticized scientists for wanting only 
to be judged by their peers and their 
own intentions, without concern for 
the business of life: the living spheres 
of knowledge (�847). 

In �932, a commission was ap
pointed by the Progressive Education 
Association (PEA) to study the edu
cational process and goals relevant to 
the needs of learners as they interact 
with their social medium in situations 
confrontingyoungpeople in thehome, 
school, community, and the wider 
social sciences. After seven years of 
debate, the goals for science teach
ing were defined in terms of personal 
living, immediate personal-social 
relations, social-civic relationships, 
and economic relations (Thayer, 
�938).Scienceeducators responded to 
these goals with a number of studies 
identifying the principles and gener
alizations that represented the present 
[�932]statusofbiology,earthscience, 
chemistry, and physics. These studies 
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were products of professional science 
organizations and doctoral disserta
tions, but were never combined into 
a single list, and there is no evidence 
that the studies fulfilled the goals of 
the PEA (Thayer, �938). 

In the �950s, the National Science 
Foundation(NSF)financiallysupport
ed scientists, colleges,anduniversities 
to reform the teaching of science and 
to develop new science courses (Hurd 
&Gallagher,�968;Hurd,�969,�970). 
School science courses were brought 
up-to-date in terms of discipline 
content, but not in terms of human 
life, a knowledge-based economy, or 
utilization of science knowledge for 
life benefit. 

A future perspective, “learning to 
learn,” is a first step forward in rein
ventingscienceeducation.For thefirst 
time, standards for technology literacy 
havebeendeveloped.Thesestandards 
represent technology as a subject in 
itself, not as a factor in the practice 
of science (International Technol
ogy Education Association, 2000). A 
broader point of view is presented by 
UNESCO (Connect, �999). 

Nearly 400 years have passed since 
Francis Bacon (�620) proposed a 
framework for science education in 
terms of the “welfare of man.” We 
face the same issue today, with a call 
for reinvention of science education. 
A quarter of a century has gone by 

without a philosophical framework 
based on the “welfare of man.” For 
example, efforts tohavestudents think 
like scientists and behave like scien
tists, based on the structure of science 
disciplines, is essentially a career-
oriented curriculum. By contrast, the 
reinvented science curriculum being 
sought has a framework of develop
mental needs of students for produc
tive lives in a continuously-changing 
world. Responsibility for developing 
a new science curriculum for grades 
K-�2 belongs to professional science 
educators who are willing to work 
within the framework of today’s sci
ence and the quality of life. 
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	teacher without the formal knowledge 
	teacher without the formal knowledge 

	Same-discipline mentor. 20% yes; 80% no. No requirements 
	of the administration. 
	of the administration. 

	requiredMentors compensated. 29% extra pay; 32% career. 73% no compensation to describe the types and composi-ladder credit; 27% no compensation
	Thiscomponentofthestudysought 

	tion of existing induction programs. The questions asked included: Did a Additional programs offered. 68% yes; 32% no. 32% yes; 67% no formalorinformalmentoringprogram for beginning teachers exist? Did the the mentor. Selected mentors should mentoring programs for beginning 
	be trained to fulfill their roles (Ackley 
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	& Gall, .992; Little & Nelson, .990). 
	teachers utilize assigned or volunteer 
	Beginning teachers

	Preparation should allow mentors to mentor teachers? Did policies exist 
	Preparation should allow mentors to mentor teachers? Did policies exist 
	mentors? Was training provided to 

	fulfill their roles as guides, advisors, 
	fulfill their roles as guides, advisors, 
	overwhelmingly valued
	and supporters, but not as evaluators 
	regarding the role of the mentor and/ 
	the opportunity to
	(Abell,Dillon,Hopkins,McInerney,& 
	or the induction teacher? The data in 
	communicate with and

	O’Brien, .995).Additionalguidelines from the districts. 
	Table.reporttheinformationobtained 
	Table.reporttheinformationobtained 
	that should be established concern the 
	receive feedback from 
	amount of time a mentor spends with 
	The collected data revealed that 
	another teacher. 

	a beginning teacher (this should not definedthaninformalprogramrequire
	a beginning teacher (this should not definedthaninformalprogramrequire
	a beginning teacher (this should not definedthaninformalprogramrequire
	a beginning teacher (this should not definedthaninformalprogramrequire
	formalprogramrequirementsaremore 

	be “as needed”), the compensation a 

	The results of this aspect of the 
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	mentor receives (mentors should be survey revealed areas of strengths 
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	and weaknesses in current induction 

	thatenhancethementorandbeginning 

	discipline mentors (a mentor should 
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	teacher relationship. For example, it is 
	teacher relationship. For example, it is 
	be in the same field as a beginning 
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	well documented that mentors should 
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	providing better meetings and more 
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	observations with feedback. Begin-
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	Participation in Induction 
	ning teachers overwhelmingly valued the opportunity to communicate with 

	Programs 
	Programs 
	Beginningscienceandmathematics 
	and receive feedback from another 
	teachers were surveyed to understand 
	Preparation should 
	teacher. Not surprisingly, the topics 
	the support programs in which they 
	most often discussed between the 
	allow mentors to 
	participate. They were asked about 
	mentor and beginning teacher were 
	the strengths and weaknesses of their 



	fulfill their roles as 
	fulfill their roles as 
	fulfill their roles as 
	consistent with previous studies that 
	inductionprogramsandhowtheyrated 
	guides, advisors, and 
	indicate beginning teachers focus on 
	various components of the programs. 
	orientation issues, and curricular and 

	The results of this survey can be found supporters, but not as 
	The results of this survey can be found supporters, but not as 
	The results of this survey can be found supporters, but not as 
	instructional support (Ballantyne, 

	in Table 2. 

	evaluators. 
	evaluators. 
	Hansford, & Packer, .995). 
	Table 2 

	Beginning Teacher Participation in Mentoring Programs 
	Survey Question. Teacher Response (N = 186) 
	Involved in mentoring program?. 53% yes; 47% no 
	Mentored by same-discipline teacher. 53% yes; 47% no 
	Overall rating of mentoring programs. 13% outstanding; 26% superior;33% adequate; 13% fair; 14% poor[M = 3.10; SD = 1.23] 
	Strengths of mentoring programs. 31% useful feedback; 26% good mentor;26% communication with another teacher 
	Weaknesses of mentoring programs. 57% more mentor observations and better meetings or workshops 
	Topics most frequently discussed with mentor. 46% classroom management;27% school and district policy;25% classroom activities; 24% school procedures 
	If not in mentoring program, is there a person. 52% yes; 45% no who takes on the role of your mentor?. 
	Further analysis of the beginning teacher survey revealed several interestingfindings.The number ofprofessional activities attended within the year was higher for teachers who had either formal or informal mentors (M = 2.68, SD = ...3; MDN = 3.00) than for those who did not have mentors (M =2.37, SD =..07; MDN =2.00).There were significant positive correlations between mentor interactions and teachers’ ratings: first, the more often beginningteachersmetwiththeirmentors, the higher the teachers tended to 
	Further analysis of the beginning teacher survey revealed several interestingfindings.The number ofprofessional activities attended within the year was higher for teachers who had either formal or informal mentors (M = 2.68, SD = ...3; MDN = 3.00) than for those who did not have mentors (M =2.37, SD =..07; MDN =2.00).There were significant positive correlations between mentor interactions and teachers’ ratings: first, the more often beginningteachersmetwiththeirmentors, the higher the teachers tended to 
	These findings reinforce several 
	points.First,theconcernsexpressedby 
	thebeginningscienceandmathematics teachersdemonstratethedevelopmental nature of learning to teach. Huling-Austin (.992) has described the uniqueconcernsofbeginningteachers and the need for a developmentally appropriatesupport program. Second, the results of this component of the survey also support the need for collegialinteractionsduringtheinduction period (Emmer, .986; Huling-Austin, .992). Beginning teachers wanted to interact with colleagues and valued the interaction they experienced with their ment
	Figure
	Beginning teacherswanted to interact with colleagues and valuedthe interaction theyexperienced with their mentors. 
	mathematics, this interaction should exist with same discipline mentors, as there are several unique qualities about instruction in these disciplines (Adams & Krockover, .997; Emmer, .986; Loughran, .994). 
	Comparison Between Beginning Teacher Responses on Formal and Informal Induction Programs 
	Two comparisons were made to determine the degree of agreement between district policy on induction programs and the induction programs that beginning science and mathematics teachers experienced. The first comparison explored the responses of beginning teachers in formal and informal or no induction programs. The second comparison was between the district program guidelines and the reported experiences of beginning teachers.Resultsofthesecomparisons are located in Table 3. 
	The results of the first comparison revealed, as one would expect, that informal or no induction programs provide limited support to beginning science and mathematics teachers. However, beginning teachers in informal or no induction district programs who did find mentors reported having same discipline mentors more often thandidbeginningteachersindistricts withformalinductionprograms.Inaddition, they reported more weekly and monthly meetings with their mentor than did beginning teachers in formal district
	The results of the second comparison revealed a disparity between district policy and the experiences of beginning science and mathematics teachers. For example, one third of the teachers in districts with formal 

	Table 3 
	Table 3 
	Table 3 

	Comparison Between Beginning Teacher Responses in Formal Program (FP) and Informal or No Program (I/NP) Districts 
	Comparison Question/Topic. FP Teacher Responses. I/NP Teacher Responses (N=99). (N=87) 
	Mentoring received. 65% yes; 35% no. 35% yes; 65% no 
	Reported frequency of. 17% weekly; 14% biweekly;. 36% weekly; 23% monthly; meetings in districts that. 17% monthly; 14% bimonthly. 18% quarterly; 23% not at all required weekly meetings. 9% quarterly; 3% not at all 
	Reported frequency of. 7% weekly; 10% biweekly;. 36% weekly; 23% monthly; meetings in districts that. 14% monthly; 10% bimonthly. 18% quarterly; 23% not at all required monthly meetings. 3% not at all 
	Reported frequency of. 28% weekly; 12% biweekly;. 36% weekly; 23% monthly; meetings in districts that. 16% monthly; 4% bimonthly;. 18% quarterly; 23% not at all used mentor discretion as. 4% quarterly requirement 
	Programs requiring same. 50% mentor in same. 67% mentor in same 
	discipline mentors. discipline. discipline50% mentor in different. 33% mentor in different discipline. discipline 
	Programs assigning mentors in. 40% mentor in same. 67% mentor in same 
	same discipline when possible. discipline. discipline60% mentor in different. 33% mentor in different discipline. discipline 
	Programs with no. 36% mentor in same. 67% mentor in same requirements for same. discipline. disciplinediscipline mentors. 64% mentor in different. 33% mentor in different 
	discipline. discipline 
	programs did not receive the required district mentoring, only half of the beginning teachers in formal district programsthatrequiredsamediscipline mentorsactuallyhadasame-discipline mentor, and the number of required mentor meetings had low correspondence with the reported number of actual mentor meetings. Clearly, even welldevelopedinductionprogramsfor beginning science and mathematics teachers are not achieving the standards that have been set. 
	programs did not receive the required district mentoring, only half of the beginning teachers in formal district programsthatrequiredsamediscipline mentorsactuallyhadasame-discipline mentor, and the number of required mentor meetings had low correspondence with the reported number of actual mentor meetings. Clearly, even welldevelopedinductionprogramsfor beginning science and mathematics teachers are not achieving the standards that have been set. 
	Theretentionofbeginningteachers isahighlycomplexissue(Gold,.996). Beginning teachers have various psychological,sociological,pedagogical, and physical needs. While there is no guarantee that meeting these needs 
	Theretentionofbeginningteachers isahighlycomplexissue(Gold,.996). Beginning teachers have various psychological,sociological,pedagogical, and physical needs. While there is no guarantee that meeting these needs 
	will ensure teacher retention, there is evidence that a lack of appropriate support can contribute to teacher attrition (Gold, .996). Given the shortage 

	of qualified science and mathematics 
	teachersinArizona,itwouldseemthat districts would adhere to and implement sound induction programs for beginning science and mathematics teachers. In the upcoming years, other districts and states should carefully 
	Figure
	The retention of beginning teachers is ahighly complex issue. 
	examine the implementation of their inductionprograms—especiallygiven 
	theneedto retainqualifiedscienceand 
	mathematics teachers. 
	Beginning Science and Mathematics Teachers on Their Preservice Programs 
	When examining the mentoring programs of beginning science and mathematics teachers, it is also important to explore their preservice experience.Beginningteacherscanbe supported in an appropriate manner, but the quality of their preservice program may impede their initial success as a teacher. Thus, it is important to determinehowinductionteachersrate various components and the strengths and weaknesses of their preservice programs. Table 4 reports, in descending order, the ratings that beginning sciencea
	In Arizona, beginning science and mathematics teachers report their preserviceprogramstobebetweenadequateandsuperior.Ofthetopicsrated by beginning teachers, training in lesson planning and providing of content knowledgereceivedthehighestscores. Training in classroom management, knowledge of the national standards, andtrainingintechnologyreceivedthe lowest marks. Beginning teachers are frequently concerned with classroom managementandoftendonotfeelwell prepared in this area. In regard to the other areas, b
	In Arizona, beginning science and mathematics teachers report their preserviceprogramstobebetweenadequateandsuperior.Ofthetopicsrated by beginning teachers, training in lesson planning and providing of content knowledgereceivedthehighestscores. Training in classroom management, knowledge of the national standards, andtrainingintechnologyreceivedthe lowest marks. Beginning teachers are frequently concerned with classroom managementandoftendonotfeelwell prepared in this area. In regard to the other areas, b
	and mathematics teachers should 
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	Beginning Teachers on Their Preservice Programs (1 – 5 Likert scale: Unsatisfactory, Poor, Adequate, Superior, and Outstanding, respectively) The teachers in this study valued the assistance they received throughout 
	participate in induction programs. 

	Survey Topic. Ratings by Beginning Teachers (N = 186)
	their induction programs, such as 
	their induction programs, such as 
	M SD 
	collegiality with peers, suggestions 

	Training in lesson planning................................................ 3.71..................................1.04provided by mentors, and feedback .Content knowledge provided............................................. 3.70..................................1.01Instruction of content courses............................................ 3.51..................................1.24. 
	from mentors about their teaching .

	of science or mathematics. Second, 
	of science or mathematics. Second, 

	Pedagogical knowledge provided...................................... 3.50..................................1.00.Training in reflective practice............................................. 3.49..................................1.11 induction programs should consist of .Instruction of education courses........................................ 3.48..................................1.14. 
	teacher/mentor meetings and mentor 
	teacher/mentor meetings and mentor 

	Training in assessment...................................................... 3.44..................................1.03.
	observations throughout the school 
	observations throughout the school 

	Content of mathematics and science courses................... 3.44..................................1.45. Content of education courses............................................ 3.32..................................1.06 year, with feedback to the beginning .Training in instruction of diverse populations .................... 3.31..................................1.09.
	teacher. Ideally, these encounters 
	teacher. Ideally, these encounters 

	Training in classroom management .................................. 3.07..................................1.17.
	should meet the immediate concerns 
	should meet the immediate concerns 

	Knowledge of national standards ...................................... 3.04..................................1.34.Training in utilizing technology in classroom ..................... 2.92..................................1.19 of beginning teachers while foster
	ing their implementation of the state 
	ing their implementation of the state 

	Overall rating of preservice program ................................. 3.54..................................1.01. 
	or national science and mathematics standards. Third, induction programs for beginning teachers need to be ad-
	or national science and mathematics standards. Third, induction programs for beginning teachers need to be ad-
	of beliefs that are conducive to stan
	equately supported. Funding should 
	equately supported. Funding should 
	dards-based instruction. 

	be made available to compensate and 
	If induction programs 
	trainmentors,andtosupporttheimple-
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	Conclusions and 
	mentationofmeetings.Administrators 


	Implications
	Implications
	Implications
	are to assist beginning 
	should support induction programs 
	Induction programs for beginning 
	teachers in achieving 
	by selecting qualified mentors and 
	secondary science and mathematics 
	monitoring various aspects of these 
	standards-based 
	teachers are a sound investment in 
	programs. In this study, the varying 
	the future. Unfortunately, the support 
	instruction, then 
	levels of support directly affected the 
	offered to beginning teachers varies 
	a solid foundation 
	quality of induction program that was 
	greatly by state and district (National 
	implemented. There is great need to 
	should be set during an 
	CommissiononTeaching&America’s 
	retainqualifiedscienceandmathemat-
	Future, .996). There are mandated 
	educator’s preservice 
	ics teachers; providing adequate sup
	inductionprogramsthataredeveloped 
	port programs for beginning science 
	program. 
	and supported at the state level (Gold, 
	and mathematics teachers is of critical 
	.996), and there are states in which 
	importance.
	to teachers’understanding of technol
	districts determine their own support 
	The findings from this study also 
	ogy and the national standards have 
	programs.Thisstudyshows,however, 
	suggest ways to enhance induction 
	suggest ways to enhance induction 
	previously been an area of concern 

	thatevenwheninductionprogramsare 
	programs. First, induction programs 
	programs. First, induction programs 
	in preservice programs in Arizona 

	in place, the program experienced by 
	should be collaboratively developed 
	should be collaboratively developed 
	(Luft & Ebert-May, .999). If induc

	the beginning teacher may differ from 
	and conducted by university and 
	and conducted by university and 
	and conducted by university and 
	tion programs are to assist beginning 

	the program espoused. 

	school district personnel. This will 
	school district personnel. This will 
	teachers in achieving standards-based 

	This study examined the induction 
	assist beginning teachers in retaining 
	assist beginning teachers in retaining 
	instruction, then a solid foundation 

	programs for science and mathemat
	their standards-based pedagogical 
	their standards-based pedagogical 
	should be set during an educator’s 

	ics teachers in only one state, but 
	training while easing their transition 
	training while easing their transition 
	preservice program. This foundation 

	its conclusions and implications are 
	into the school culture. Different ar
	into the school culture. Different ar
	should include an understanding of 

	important to other states and districts 
	eas of expertise exist between school 
	eas of expertise exist between school 
	the vision advocated by the national 

	thathave,oraredeveloping,induction 
	personnel and university faculty, and 
	personnel and university faculty, and 
	reforms, along with the development 

	programs. First, beginning science 
	Figure
	Same discipline mentors are necessary if beginning teachersare to succeed at standards-based instruction. 
	an induction program with only ‘one’ expert certainly short-changes beginning teachers (Huling-Austin, .990; Henry,.988;Grant&Zeichner,.98.). Second, induction programs should include an embedded assessment 
	that ensures programs are fulfilling 
	the expectations of district organizers, as well as the needs of beginning science and mathematics teachers. Induction programs should be evaluated to provide feedback to program directors, participants, and preservice programs (Luft, .998). Third, beginningscienceandmathematicsteachers should have mentor teachers from 
	similar content fields who exemplify 
	standards-based instruction. Beginningscienceandmathematicsteachers face several challenges that are not found in other disciplines (Adams & Krockover, .997; Loughran, .994). Samedisciplinementorsarenecessary if beginning teachers are to succeed at standards-based instruction. Fourth, induction programs should be developed to provide a seamless transition from preservice education through 
	the first years of a teacher’s career. Initial certification programs should 
	provide information that beginning teachers desire, induction programs should extend and clarify the art and scienceofteaching,whileprofessional 
	development programs should refine 
	and expand the teacher’s professional knowledge. In the case of science 
	and expand the teacher’s professional knowledge. In the case of science 
	and mathematics teachers, the use of technology and the standards should be emphasized. 

	Final Comments 
	During the last few years, numerous studies have been conducted at the state level regarding the initial certification and the professional development of science and mathematics teachers (e.g., Luft & Ebert-May, .999; Sowell et al. .995). As a result of these studies and a general concern for education, state policy makers have focused educational funds and supported collaborative projects that addressed the needs of science and mathematics teachers. While all of the studies have provided direction loca
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	Preparing Science Teachers for.Diversity Through Service Learning. 
	Preparing Science Teachers for.Diversity Through Service Learning. 
	Service learning is described as a philosophy and methodology involving the application of academic skills to solving real-life problems. 
	The context for science teaching and learning in the United Stated has changed dramatically in recent years as classrooms become complex microcosms of cultural diversity. Demographic and social changes reflect recent increases in both fertility and migration trends (Pallas, Natriello & McDill, .995). If these trends continue, the science classrooms of tomorrow will look distinctly different. The needs of an increasingly diverse student population will undoubtedly influence both the purposes and goals of 
	The context for science teaching and learning in the United Stated has changed dramatically in recent years as classrooms become complex microcosms of cultural diversity. Demographic and social changes reflect recent increases in both fertility and migration trends (Pallas, Natriello & McDill, .995). If these trends continue, the science classrooms of tomorrow will look distinctly different. The needs of an increasingly diverse student population will undoubtedly influence both the purposes and goals of 
	Since its beginnings the United States,asbothaconcept andacountry, has been a centerpiece of diversity. There is an explicit recognition that cultural diversity has been a source of 
	Figure
	Today there is widespread agreement that an importantgoal of science teachereducation is to prepare teachers who have the capability to teachlearners from diverse backgrounds. 
	greatness for this country. Yet, at the same time, the history of schooling in the United States is one in which schools were allowed to overlook diversity or use it as an explanation for vast differences in students’academic performance. Modern educational wisdom sought to melt these differences by “making us all the same.” By contrast, postmodern education cherishesdifferenceandseekstovalue excluded voices and understandings. This is a complicated task, for as Sleeter (.994) points out, students’ “diver
	Challenges to Science.Teacher Educators. 
	Today there is widespread agreement that an important goal of science teacher education is to prepare teachers who have the capability to teach learners from diverse backgrounds. This poses both a challenge and an opportunitytoscienceteachereducators. For the most part, teacher education students are women of European ancestryfromruralareas,smalltowns,or suburbancommunities.Theytypically have little experience or knowledge of diverse cultures and prefer to teach children similar to themselves (Liston &Z
	Today there is widespread agreement that an important goal of science teacher education is to prepare teachers who have the capability to teach learners from diverse backgrounds. This poses both a challenge and an opportunitytoscienceteachereducators. For the most part, teacher education students are women of European ancestryfromruralareas,smalltowns,or suburbancommunities.Theytypically have little experience or knowledge of diverse cultures and prefer to teach children similar to themselves (Liston &Z
	are likely to view the world of schools and students, and by extension the worldofscienceteachingandlearning, in an individualistic, apolitical and idiosyncratic manner which ignores the 

	dynamicsandinfluenceofgender,race 
	and social class. The issue is further complicated when science teacher preparation courses decontextualize knowledge through an emphasis on isolatedskillsandmethodswhere“one 
	size fits all.” 
	Science teacher education, which seeks to meet the challenge of preparing teachers for diversity, should be contextualized in the experiences, skills and values of the community. The science education classroom, when viewedas a culturalcommunity, can be a starting point for situating knowledge of learning to teach science within our rich individual and collectivehistoriesassciencelearners. Prospective teachers need to develop anunderstandingoftheterm“culture” and an awareness of their own cultural identit
	(p. 24). In our own experience, we have found that prospective teachers struggle with developing an aware
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	challenges? The way in which science teacher educators might accomplish 
	challenges? The way in which science teacher educators might accomplish 
	Science teacher 

	Development of Science Teachers 
	Development of Science Teachers 
	Development of Science Teachers 
	education, which seeks 
	thistaskiselusive,asdifferentassump-
	Servicelearningisaphilosophyand 
	to meet the challenge 
	tions exist concerning the meaning of 
	methodologyinvolvingtheapplication 
	“science for all” and visions of multi-
	of preparing teachers 
	of academic skills to solving real-life 
	cultural teaching practice. For some, 
	problems in the community (Pate, 
	for diversity, should 
	science education for all is viewed as 
	.999). A community is commonly 
	a means of enhancing citizens’quality 
	be contextualized in 
	defined as a body of people, having 
	oflife(Cobern&Loving, .998).Other 
	the experiences, skills 
	common organization or characteris
	science educators view the notion of 
	tics.In servicelearning,“community” 
	and values of the 
	science for all as an ideological threat 
	can be perceived narrowly (e.g., a 
	toculturalknowledge(Snively&Cor
	community. 
	classroom of students, an extended 
	siglia, .998). Similarly, some science 
	family) or broadly (e.g., a neighbor
	family) or broadly (e.g., a neighbor
	ness of culture in the classroom. In 

	educatorsemphasizethatwhilethereis 
	hood, a town). Service learning con-
	hood, a town). Service learning con-
	many cases, they have not yet fully 

	a need for different teaching methods, 
	nects meaningful community service 
	nects meaningful community service 
	explored personal beliefs, values and 

	strategies and applications of science, 
	experiences with academic learning, 
	experiences with academic learning, 
	experiences in relation to their emerg

	the underlying science concepts and 
	personal growth, and civic responsi
	personal growth, and civic responsi
	ing theories of science teaching and 

	principlesshouldremainthesame(Lee 
	bility. Service learning by nature is 
	bility. Service learning by nature is 
	learning. 

	& Fradd, .998). By contrast, Osborn 
	generally interdisciplinary and is not 
	& Barton (.998), Helms (.998) and 
	While multicultural science edu
	While multicultural science edu
	an add-on to the curriculum.

	others suggest that the underlying 
	cators have attempted to push the 
	cators have attempted to push the 
	Four steps are generally found 

	ideology of school science should be 
	boundaries of traditional practice in 
	boundaries of traditional practice in 
	in service learning: preparation, 

	critiqued and challenged. With these 
	preparing teachers for diversity, many 
	service, reflection, and celebration 
	thoughts in mind, it is important to 
	challenges remain. Barton (2000) 
	challenges remain. Barton (2000) 
	(Wade, .997). Preparation includes 

	examine science teacher preparation 
	has summarized these challenges by 
	has summarized these challenges by 
	identifying community need(s) to be 

	for diversity in light of alternative 
	describing four key issues in science 
	describing four key issues in science 
	describing four key issues in science 
	addressed; selecting the service ac-

	exploratory frameworks.

	teacher preparation. She suggests that 
	teacher preparation. She suggests that 
	tivities; identifying collaborators; and 

	multicultural science education ought 

	researching background information to provide for: 
	Service learning is one framework 
	Service learning is one framework 

	necessary for the project. The action ence teacher preparation for diversity. 
	that offers an alternative vision of sci-
	that offers an alternative vision of sci-
	step is the service itself. Reflection 
	.. Understanding, critiquing, 
	.. Understanding, critiquing, 
	in service learning, whether struc-

	In the spirit of engaging teachers in 
	and transforming disciplinary 
	and transforming disciplinary 
	tured or spontaneous, provides an 

	active construction of knowledge, 
	knowledge of science; 
	service learning provides an oppor
	2. Understanding, critiquing, 
	tunity for building strong connections 
	and transforming pedagogical 
	between community context and mul
	Figure
	knowledge; 
	Service learning is
	ticultural teaching practices among 
	prospective science teachers. In the 
	3. Understanding, critiquing, and 
	a philosophy and
	sections that follow, we will describe 
	transforming teachers’ under-
	methodology involving
	the concept and characteristics of 
	standings of histories, purposes 
	service learning, examine its connec
	the application of
	and goals of schooling, and 
	tions to multicultural science teacher 
	academic skills to
	4. Expandingteachers’culturalun
	education and provide an example of 
	derstandings and worldviews of 
	solving real-life 
	a specific project that illustrate the 
	societies, communities, schools 
	societies, communities, schools 
	science in service learning. 

	problems in the 
	and children (pg. 5). 
	community. 

	opportunity for students to critically think about what they have learned academically, aboutacommunity,and about themselves. Reflection activities often occur throughout all stages of the project. Celebration is the step in which participants recognize both their learning and their contributions. Celebration provides closure to the project in the form of a party, an assembly, or through a public awareness campaign. As in any learning activity, motivation is enhanced when there is student ownership in all
	opportunity for students to critically think about what they have learned academically, aboutacommunity,and about themselves. Reflection activities often occur throughout all stages of the project. Celebration is the step in which participants recognize both their learning and their contributions. Celebration provides closure to the project in the form of a party, an assembly, or through a public awareness campaign. As in any learning activity, motivation is enhanced when there is student ownership in all
	At our respective institutions, prospective science teachers have the opportunity to engage in service learning projects in three ways: 
	... In service learning and commu
	nity-based research opportuni
	ties on a self selected basis, 
	2. 
	2. 
	2. 
	In. designated courses as a requirement, and 

	3. 
	3. 
	Inastand-aloneservicelearning course. 


	The stand-alone course, taught annually each spring, is open to any major in the university, as an elective in their program of study or as a course requirement. The course centers on students’understandingofandexperience with service learning. 
	In the section that follows, we will share an example of a service learning project from the stand-alone course that illustrates the science in service learning. We will also provide portfolio data from the preparation, service, reflection, and celebration stages of the service learning project Science Supplies (Bothma & Brown, 2000). Italics indicate student voice. 
	Science Supplies:A Service Learning Project 
	In this service learning project, two prospective secondary science teach-
	Figure
	As in any learningactivity, motivation is enhanced when there is student ownership inall phases of the servicelearning project. 
	ers developed in-depth knowledge about a particular science curriculum while helping practicing teachers collect needed science materials and supplies. After several lessons on the history, research, and components of service learning, Chessa and Trudi began conceptualizing their project. 
	During the preparation/reflection stages of Science Supplies, as juniors justbeginningtheireducationcourses, ChessaandTrudidecidedtheywanted and needed to be in science classes in schools as much as possible. With this in mind, they began their efforts to identify a school-community need. After visiting a local middle school and interviewing science teachers, we determined there was a need for sciencesupplies.Thescienceteachers were using a program involving many hands-on activities in which students worked

	Chessa “Reflection One” 
	Chessa “Reflection One” 
	Chessa “Reflection One” 
	February 14, 2000 
	We have accomplished many of the preparationsforourprojectbygetting a list of the supplies the teachers need and typing them up in an attempt to findoutwhichitemstheyneedthemost. Trudi and I have also obtained a list of businesses and contact people. The next major step that we need to take is to contact these individuals with a list of items that we wish for them to donate. 
	However, with all this success also comes failure. We have not learned anything about the science program other than the fact that it is a type of integrated science, which means that it brings all fields of science together. We did obtain a copy of the Quality Core Curriculum (QCC) from the resource room so we now know what the teachers in the class are referring to when they say QCC. I think the QCC provides a very basic guideline for what science teachers need to go over in the classroom during the schoo
	-

	ThusfarinmyprojectIhavelearned many things. Being pretty computer illiterate, Dr. P. had to teach me how to put a table into a word document so that when we write our letters to local businesses we will be able to include a table of the supplies that we are asking for. 
	ThemostimportantthingthatIhave learned is that you have to tell people exactlywhatyouwantfromthemifyou want to get what you want. While the teachers were quick to provide us with a list of their needs, we have been unable to pin them down to get into the classroom to talk about how they use 
	ThemostimportantthingthatIhave learned is that you have to tell people exactlywhatyouwantfromthemifyou want to get what you want. While the teachers were quick to provide us with a list of their needs, we have been unable to pin them down to get into the classroom to talk about how they use 
	-

	their science program. I hope that we will see different interpretations of the 


	curriculumthatthestatehasidentified 
	curriculumthatthestatehasidentified 
	to be taught. 
	Another important thing I have learned is that you need connections! Dr. P. has played a vital role in our project by giving us the names of individuals we can get in touch with. Now that we know that we need to be explicit with our need to learn about the curriculum, we will tell the teachers that we get in touch with exactly what we expect to learn from them about the curriculum and the science program they are using at the middle school. With names of specific people to ask for we hope to track down a fe
	-



	Trudi “Reflection One” 
	Trudi “Reflection One” 
	Trudi “Reflection One” 
	Feb. 22, 2000 
	Chessa and I went to the middle school today to speak with Mrs. K. Unfortunately, we left the school with less enthusiasm than we entered. During the brief meeting, Mrs. K. gave us a list for each grade (6-8). Each list had several items the teachers wanted for their classrooms. Eight[h] grade alone was 8 pages long! I don’t think that getting the supplies will be too difficult. The most daunting part will be to get organized. 
	-

	On our way to the car Chessa and I agreed that our project is not really what we wanted. We do want to help with supply gathering, but we would also like to be at the school. I think we both need to work on communicating our needs better. We went into the schoollookingforguidancefromMrs. K., but we really need to determine what we want to do on our own before we contact her again. 
	The lists have given us a little more insight into integrated science. From theeight[h] gradelists wecanseehow manyhands-onactivitiesaredoneand whatkindsofmaterialstheyneed.Iam a little confused though – is there any instructionbefore?Almosteverydayis an activity day. 
	Chessa and I ended our outing by deciding to ask Dr. P. how to turn our project into something we can learn more from. 
	Chessa and Trudi experienced at this point what many novices to service learning experience. Their project was getting too big and focusing too much on the service. They felt they had lost or had never even had a focus on science teaching and learning. Even so, they were already in the process of understanding, critiquing, and transforming disciplinary and pedagogical knowledge of science. They had already begun to expand their understanding of schools. 

	Trudi “Reflection Two” 
	Trudi “Reflection Two” 
	April 11, 2000 
	We finally had the chance to see a teacher in action! All our previous observation times the teacher was either giving a test or playing a review game, so we’ve not really seen a whole lot of science taught. 
	-

	We observed a 7grade science teacher.ThetopicwasDNAandgenetics. While I could see that the teacher wasgoodatexplainingtheconceptsto her students, I am really appalled at the videos that students have to watch to go along with their hand-outs. The video gives no background into the subject matter and skips around a lot! The worst part is the person in the video; an old professor-looking man who spoke too fast. I got the distinct impression that the students weren’t really absorbing any material from 
	We observed a 7grade science teacher.ThetopicwasDNAandgenetics. While I could see that the teacher wasgoodatexplainingtheconceptsto her students, I am really appalled at the videos that students have to watch to go along with their hand-outs. The video gives no background into the subject matter and skips around a lot! The worst part is the person in the video; an old professor-looking man who spoke too fast. I got the distinct impression that the students weren’t really absorbing any material from 
	th 
	-

	the video; they were just listening for 

	key words they had to define. 
	After the class, Mrs. L. mentioned that she has to spend a large part of every Sunday looking over the material to make sure that the students will understand. So far I don’t see why this programwaschosenasthecurriculum. I understand that hands-on activities improve learning, but any curriculum withoutproperbackgroundisnogood. I also don’t like the little handbooks they use. Chessa and I looked through the eight[h] grade Block 3 book, and we both thought there was not enough introduction into a concept. I a
	-

	So far, I really do not like the integrated science program. 
	-



	Trudi “Reflection Three” 
	Trudi “Reflection Three” 
	Trudi “Reflection Three” 
	April 15, 2000 
	Today has been the most exciting day of the entire project! Chessa and I observed in Mrs. M’s sixth grade science class for one class period. We thoughtwewereonlygoingtoobserve, but Mrs. M. involved us in the class procedures. She had us introduce ourselvesandlaterwe helpedthestudents with the flower dissections. I thought that it was really neat that the teacher introducedusto makethestudentsfeel atease.Nootherteacherhaddonethat before, and it almost made me feel like I was part of the class. 
	-

	Theotherexcitingaspectoftodayis thatIrealizedthatIchosetherightprofession! Interacting with the students was wonderful and they even showed me their work like I was the teacher! Talk about a natural high! 
	-

	This observation also made me realize that hands-on activities are crucial in science to make new concepts understandable. For example, 
	This observation also made me realize that hands-on activities are crucial in science to make new concepts understandable. For example, 
	-

	in the class period, Mrs. M. put up 


	an overhead of a flower diagram that looked nothing like an actual flower. 
	an overhead of a flower diagram that looked nothing like an actual flower. 
	When the students started pulling the 
	flowers apart, they could not relate 
	the pieces on the paper to the pieces in their hands. I think an exciting challenge for me will be to look for new ways to contextualize as many activities as possible. 
	Finally, Chessa and Trudi were able toinvestigate thedistrict-adopted science curriculum and see science teaching in action. They questioned differentteachingmethods,strategies, and applications of science. Chessa andTrudiwereactivelyengagedinthe construction of knowledge related to science curriculum and instruction. 
	In the next reflections, Chessa and Trudi think back on their celebration experiences, for them, public speaking engagements about their service learning project. 


	Chessa “Reflection Four” 
	Chessa “Reflection Four” 
	Chessa “Reflection Four” 
	April 28, 2000 
	The presentation at Leadership Athens, while informal, was still a cause of a lot of stress. Trudi and I did not realize that we had so much to talk about with our project, but once we began there were more aspects to our project than I realized. The interest of the group also encouraged us to speak up. They asked us a few really good questions and we were able to answer most of them completely. Although we were given false hope when one of the members requested a copy of our supplies list, maybe he will st
	The presentation to our class was really easy for us. We know most of the people in our class and we knew what we had to talk about. We have also gained quite a bit of self-confidence. I attribute this to the fact that 
	The presentation to our class was really easy for us. We know most of the people in our class and we knew what we had to talk about. We have also gained quite a bit of self-confidence. I attribute this to the fact that 
	-

	we had to be rough and tough with the businesses and be up front with the teachers. I think that this has also led to us being better able to express our wants and needs to individuals. This will help us express our wants to our future students and our needs to the local businesses. 

	ThethirdpresentationthatIparticipated in was to the College of Education. I was a little more nervous at this one, but I think that it was because I did not know very many of the people there and because of the prestige of the people that were there. 
	-
	-

	While looking at my Academic connections page I could not believe the number of things that I learned while doing a project that interested me. I can hardly wait to begin teaching so that I can try service learning in my classroom. I think this is a great motivator and yet it teaches so much. I can hardly believe that it has taken me this long to learn about this way of teaching. 
	-

	Now that the end of the semester has come Trudi and I have decided that we enjoyed this project so much that we want to work on another one. We have really learned a lot about the sciencecurriculum,soinordertolearn aboutsocialstudies,reading,andmath curriculum we want to work on a curriculum integration program. 
	-

	As part of their portfolio requirement, Chessa and Trudi were asked to reflect on learning connections they had made as a result of their Science Supplies project. The connections are divided into science teaching, other skills, and regarding myself (See Figure .). 
	It is clear when reading Chessa’s and Trudi’s reflections and connections that they realized the power of their service learning activities for themselves as prospective science 
	It is clear when reading Chessa’s and Trudi’s reflections and connections that they realized the power of their service learning activities for themselves as prospective science 
	teachers. According to Chessa and Trudi,theschoolwasthebenefactorof our service because they received the donated goods; we benefited by learning invaluable curriculum [insights]. They viewed their experience as one that enabled them to learn about sciencecurriculum,theneedsofteachers, student learning, and their own beliefs and assumptions. What Chessa and Trudi experienced is consistent with research on college students’involvement with service learning. Their participation had a strong effect on their 
	-


	career, and self-efficacy regarding the 
	ability to help solve societal problems (Eyler & Giles, .993; Salz & Turbowitz, .992). Their involvement in the school and the community, together 
	with reflection on their experiences, 
	was a more powerful experience than simply reading a science curriculum guide in a classroom setting. 
	Chessa and Trudi were true to their words. Their service learning project wassuchameaningfulexperiencethat theyexpressedthedesiretoparticipate in another project. They subsequently enrolled in an independent study focusing on service learning and science, even though the course was not a graduation requirement. The project they are now collaborating on was initiatedbyanon-profitenvironmental educationgroup. ChessaandTrudiare creating middle and high school units and service learning project ideas for the u

	Figure 1 
	TRUDI’S CONNECTIONS CHESSA’S CONNECTIONS 
	TRUDI’S CONNECTIONS CHESSA’S CONNECTIONS 
	Science Teaching:. Science Teaching: 
	Science Teaching:. Science Teaching: 
	•. 
	•. 
	•. 
	What integrated science is, how it is used · What integrated science is in the classroom, and how teachers adapt · The lack of materials available to teach-the materials they are given to better suit ers their students · The lack of funding at the middle school 

	•. 
	•. 
	That teachers do not have to follow the · How poorly the …Science program was … Science program exactly planned out 

	•. 
	•. 
	What materials are used in the · What curriculum in a can is program: supplies, handbook, videos, · How often there are misleading or outteacher’s handbook dated facts in the …science book 

	•. 
	•. 
	What “curriculum in a can” is · How loud seventh graders can be 


	• The importance in having a good back-· How many hours some new teachers ground in the subject matter you teach spend preparing for the week · A little bit on how to use the integrated science program and yet also teach something to the students 
	·. The thoughts and feelings of the teachers about the… Science Program 

	Other skills:. Other skills: 
	Other skills:. Other skills: 
	•. 
	•. 
	•. 
	How to insert a table in a Microsoft • How to write business letters Word document • Where to get information about local 

	•. 
	•. 
	How a rubric works businesses 

	•. 
	•. 
	What a democratic classroom is and • How to make a table on Word. how it is run • What QCC is. 

	•. 
	•. 
	What service learning is • Where to find the QCC 

	•. 
	•. 
	How to use a digital camera • How to promote our project 

	•. 
	•. 
	Which businesses are most willing to • How to communicate with others .donate [science supplies] what we want. 

	•. 
	•. 
	What a portfolio is and how to put it • What service learning is together [level] • How to get in touch with the middle 

	•. 
	•. 
	How funding works at the middle school [science] teachers school • How to get information together in a 

	•. 
	•. 
	What Quality Core Curriculum (state single file to be put on the Internet curriculum objectives) is and where to • How to get pictures inserted into a file obtain a copy of it [science QCC’s] on the Internet 

	•. 
	•. 
	How to properly write a business letter • How to use Help on Word 

	•..
	•..
	•..
	Where to find information on local • What a rubric is. businesses • What a democratic classroom is. 

	•. 
	•. 
	•. 
	How to put together a portfolio (can you believe I have never had to do this before?) 

	•. 
	•. 
	What context is [means] 

	•. 
	•. 
	What a needs statement is 

	•. 
	•. 
	How to cut back a huge project to make it manageable, but still get something done 





	Regarding Myself:. Regarding Myself: 
	Regarding Myself:. Regarding Myself: 
	•. 
	•. 
	•. 
	How to approach someone without • How to be aggressive sounding too demanding • How to present informally to a group 

	•. 
	•. 
	How to be assertive when approaching • How to be forceful yet polite with man-managers agers 

	•. 
	•. 
	That I would like to teach Middle School • How to work with Trudi [science] • How to work with other people in gen

	•. 
	•. 
	That I like sixth graders more than I eral thought I would • How to decide whose idea to use 

	•. 
	•. 
	How to work with a partner in a long-• How to make my idea sound more attracterm project tive (be persuasive) 

	•. 
	•. 
	•. 
	To be less domineering 



	troubled backgrounds” (p. 62). The authors further state that because of service learning activities, “teacher education students have learned about theimportance ofbeingawareofcommunity service agencies (Anderson & Guest, .993), increased their knowledge of and commitment to working with culturally diverse student populations (Tellez & Hlebowitsh, .993), and developed an awareness of how children’s home lives affect their learning in school (Wade, .993)” 
	troubled backgrounds” (p. 62). The authors further state that because of service learning activities, “teacher education students have learned about theimportance ofbeingawareofcommunity service agencies (Anderson & Guest, .993), increased their knowledge of and commitment to working with culturally diverse student populations (Tellez & Hlebowitsh, .993), and developed an awareness of how children’s home lives affect their learning in school (Wade, .993)” 
	(p. 62). Chessa and Trudi fit the bill 
	perfectly! 
	Connecting Service Learning to Multicultural Science Teacher Education 
	Using service learning as an approachtomulticulturalscienceteacher educationmovesbeyondstereotypical notions of culture. It enables prospective teachers to gain an understanding of culture as the way groups of people socially negotiate their everyday living circumstances in local settings. Through service learning projects, suchas“ScienceSupplies”prospective teacherscanexamineculturaldiversity in light of forces that shape human dynamics such as racial relationships, economic status, and political power.

	Sect
	Figure
	Figure
	Figure

	Figure
	Figure
	traditional representations of science 
	traditional representations of science 
	however, have found it challenging 
	typically framed as classroom texts 
	to translate theoretical notions of 
	or laboratory exercises serving no 
	multicultural science education to 
	Using service learning 
	particular purpose or persons, service 
	curriculum practice (Atwater, .994). 
	as an approach to 
	learning embeds science in real-world 
	In the case of Chessa and Trudi, their 
	multicultural science 
	problems involving members of local 
	service learning project engaged them 
	communities. The science learning 
	in critical reflection on purposes and 
	teacher education 
	that takes place holds the potential 
	approaches underlying science teach-
	moves beyond 
	to generate knowledge about unique 
	ing in classrooms. 
	situations that can contribute impor-
	Through their interactions at the 
	stereotypical notions
	tant insights to the scientific commu
	school, they explored what it felt like 
	of culture. 
	nity. The approach to service learning 
	to become a member of the profes
	highlighted in this article follows the 
	sional culture of science teaching. 
	see service learning as posing impor
	recommendations of Helms (.998) 
	They examined the resources teachers 
	tant avenues for multicultural science 
	for ensuring that prospective science 
	use to guide their curricular ideas and 
	teacher education, as it holds the 
	teachers will see the connections of 
	activities and experienced the power 
	potential to: 
	service learning projects to science 
	and joy of sharing ideas with other 
	• Provide a more authentic rep-
	and the local community by: “facili
	teacher colleagues. These prospective 
	resentation of the nature of sci
	tating action-taking, beginning with 
	teachers also experienced how it feels 
	ence 
	awareness, moving through genuine 
	to cross a cultural border-sometimes 
	• Promote critical reflection about 
	care and the recognition of the value 
	feeling devalued, as teachers merely 
	culture as it relates to science 
	of service, and ending with action” (p. 
	regarded them as “service provid
	teaching and learning, and 
	649). The responsibilities and actions 
	ers” instead of granting them a more 
	• Develop sensitivity toward 
	involved in Trudi and Chessa’s initial 
	professional and collegial status. This 
	students’ cultural backgrounds 
	service learning experience helped 
	is the sort of example of experience 
	and how these influence science 
	them understand the power of learn-
	needed to help prospective teachers 
	learning. 
	ing about a problem they believed 
	develop a practical understanding of 
	Scienceeducatorsareencouragedto 
	was important and enabled them to 
	cultural diversity in a community and 
	moreauthenticallyrepresentthenature 
	work collaboratively in developing 
	the dynamics of inequity. 
	of science by engaging prospective 
	solutions to the problem. 
	Finally, service learning helps de
	teachers in solving real-world prob-
	Rodriquez’ (.996) criticism of the 
	velop sensitivity toward the cultural 
	lems that do not have pre-determined 
	rhetoric calling for science teachers 
	backgroundsofstudents.Aikenhead’s 
	solutions (American Association for 
	to address equity and cultural diver
	(.996)notionofculturalborder-cross
	the Advancement of Science, .989; 
	sity in the classroom accentuates the 
	ing emphasizes the need for science 
	National Research Council, .996). 
	need for more practical approaches 
	teachers to consider the life worlds 
	Furthermore, prospective teachers 
	that can substantively help prepare 
	students bring to the science class-
	students should experience science 
	science teachers to deal with these 
	room. Some students experience little 
	by—generating their own ques
	issues. Science teacher educators, 
	difficultyparticipatinginscienceclass 
	tions for inquiry, engaging in tasks 
	as they have strong support from fam
	to collectively work on problems, 
	ily and friends who motivate and en-
	and negotiating solutions to solve 
	courage their academic performance. 
	problems (Aikenhead, .985, .994; 
	Other students are ridiculed by peers 
	Service learning
	AAAS .989; NRC, .996). According 
	when they participate in classroom 
	embeds science in
	to Helms (.998), community-based 
	activities, and may have parents who 
	science inquiry more authentically 
	did not experience academic success 
	real-world problems 
	represents the nature of science as 
	in school. These students may risk 
	involving members of
	a practice having a contextual basis 
	feeling alienation if they negotiate 
	and serving particular goals. Unlike 
	local communities. 
	crossing cultural boundaries of their 

	home life and school. As Chessa and Trudi found meaning in their service learning project they were able to adopt new strategies and goals for teaching science to diverse learners. They developed a new perspective on whatmakeslearningmeaningful.They came to understand the importance of being a valued part of a learning community, and recognized that their own questions could serve as legitimate and important beginning points for learning. 
	home life and school. As Chessa and Trudi found meaning in their service learning project they were able to adopt new strategies and goals for teaching science to diverse learners. They developed a new perspective on whatmakeslearningmeaningful.They came to understand the importance of being a valued part of a learning community, and recognized that their own questions could serve as legitimate and important beginning points for learning. 
	Service learning can provide an exciting avenue for multicultural science teacher education. Through engagementinreal-worldproblemsin actual community contexts, prospective science teachers can practically develop understandings of cultural dynamics and the implications of cultural diversity to science teaching and learning. In this process, critical 
	reflectiongroundedinservicelearning 
	experiences can lead prospective scienceteacherstonewinsightsaboutscienceeducation—withapersonalsense of care and responsibility to promote meaningful science education. 
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	New Literacy for.Leadership: Engaging the .Information Services of ENC and .
	New Literacy for.Leadership: Engaging the .Information Services of ENC and .
	A profile of online resources from ENC, ERIC, and ERIC/CSMEE 
	points to a wealth of information and resources for science educators 
	The purpose of this article is to inform and to invite. We want to inform science education leaders about the wealth of information and services available from the Eisenhower NationalClearinghouse(ENC),theERIC (Educational Resources Information Center) system, and the ERIC Clearinghouse for Science, Mathematics, and Environmental Education (ERIC/ CSMEE). We will also discuss how desired information can be located and used, and what skills are needed to the same time, we will invite your suggestionsandco
	The purpose of this article is to inform and to invite. We want to inform science education leaders about the wealth of information and services available from the Eisenhower NationalClearinghouse(ENC),theERIC (Educational Resources Information Center) system, and the ERIC Clearinghouse for Science, Mathematics, and Environmental Education (ERIC/ CSMEE). We will also discuss how desired information can be located and used, and what skills are needed to the same time, we will invite your suggestionsandco
	searchsuccessfullyforinformation.At 

	Visit 1: The first stop, Estuary-Net, 
	states that it was “developed by the National Estuarine Research Reserve System in response to water quality issues arising in coastal areas” and “strives to develop collaborations ... to solve non-point source pollution problems in 

	that can be obtained instantly.. 
	estuaries and their watersheds.” As we read, we learned that 425,000 acres of estuary are now protected by the NERRS and a “healthy, untended estuary produces from four to ten times the weight of organic matter produced by a cultivated corn field of the same size.” (NationalEstuarineResearchReserves, .997) If we were teaching a class about estuaries, this could be a tremendous resource. But we are not. So this was simply a fun and educational detour. 
	estuaries and their watersheds.” As we read, we learned that 425,000 acres of estuary are now protected by the NERRS and a “healthy, untended estuary produces from four to ten times the weight of organic matter produced by a cultivated corn field of the same size.” (NationalEstuarineResearchReserves, .997) If we were teaching a class about estuaries, this could be a tremendous resource. But we are not. So this was simply a fun and educational detour. 
	Visit 2: Thenitwassnowflakes.Wow. A beautiful Web site called Snow-crystals has “tons” of information with highlights on the engineering ofsnowflakedesigns,naturalsnowflakes, and snow crystal physics (both for beginners and advanced) (Libbrecht, .999). If we were students doing a report on precipitation, this would be the jackpot. These sites (both listed in the De
	cember, 2000 ENC Digital Dozen) 
	and thousands like them are filled 
	withfascinatingpiecesofinformation. Careful examination of their content might reveal information valuable to our profession, but more often the professional is faced with compiling 
	withfascinatingpiecesofinformation. Careful examination of their content might reveal information valuable to our profession, but more often the professional is faced with compiling 
	justtherightinformationwithinavery limited period of time. Browsing or selecting something from an interesting menu can certainly result in won

	derful “finds” and lead in directions 
	never before considered; it’s not much different from wandering through a grocery store without a shopping list. Still, undirected browsing is not the 
	most efficient strategy for locating 
	needed information. Browsing in a 
	section that you are confident holds 
	answers to your needs can be much more worthwhile, but, using a well-designed search tool can speed your effortsandgreatlyimprovethequality of your results. 
	Pulling together the worlds of Information and Action 
	Despite what one may think about the rapid emergence of the Internet and World Wide Web in daily life, one thing is certain: there is a lot of information available at our virtual fingertips. From libraries and government agencies to e-businesses and fanatics, anyone who has a personal computer, server software, and access to the Internet is capable of setting up shop and sharing his or her opinions, publications, knowledge, or misinfor-
	Despite what one may think about the rapid emergence of the Internet and World Wide Web in daily life, one thing is certain: there is a lot of information available at our virtual fingertips. From libraries and government agencies to e-businesses and fanatics, anyone who has a personal computer, server software, and access to the Internet is capable of setting up shop and sharing his or her opinions, publications, knowledge, or misinfor-
	mationwithanyoneintheworldwhois interested or curious. The storehouses of information are being opened, all 


	the conventional information filters 
	the conventional information filters 
	and gatekeepers have been displaced, and the emancipation of information dissemination from external control has created a global free market of ideas. Within this milieu of electronic resources, instant access to information, dot-com business, and mental distractions there is a renewed opportunity to form a nexus between information providers and leaders in science education. Just as the patterns of access to information are rapidly changing, our notions of leadership and informed decision-making in scie
	one’ssphereof influencetochangethe 
	common course of events. We believe 
	thisconfluenceofcircumstances—the 
	worldwide, instant availability of information and the changing conceptions of leadership—presents us with an opportunity to pull information and action closer together through knowledgeable decision-making by leaders in science education. 
	For leaders in science education information is essential, and the information being sought at any given moment generally is pertinent to a particular issue or question requiring efficient strategies that lead to reliable information. Skills, skepticism, and the ability to determine the accuracy oftheinformationfoundbecome criticaltosuccessful searching.TheWorld WideWeb is litteredwith information, with gems among the trash. Whether the information is gem-like or trash depends on the context as well as th
	to do with the information we find?” 
	With that answer we are better prepared to ask, “What information do we need to accomplish our goals? Do we need data that can be used to help make decisions? Do we want expert advice based on summaries of many studies and long experience? Are we lookingfor waysofpresentingourunderstandings and decisions? Or do we seek new perspectives on a persistent problem? A successful search is one that leads to high quality information that is consistent and appropriate for your needs. 
	Information can be obtained, but knowledge must be created. Information by itself generally has limited value. But from information one can createknowledgethatbroadensunderstanding and guides decision-making. Factsremainjustinformationuntilyou act upon them. When you compare new information with the knowledge you already have, it may challenge or reinforce your current understandings. It may enrich your knowledge by pushing you to revise what you thought you understood, or it may lead you to see new appl
	This is where ENC, ERIC, and ERIC/CSMEE excel. They provide sources of information (a reasonable number of reliable sources, organized inwaysthatmakethemrelativelyeasy to use), tools that enable searchers to find the particular sources of informationbestforthem(menus,hierarchical trees,sitesearches,databasesearches), information consistent with the K-.2 mathematics and science education leaders’needsandinterests,andalevel of reliability that instills confidence. 

	Who Are The Leaders? 
	Who Are The Leaders? 
	Who Are The Leaders? 
	As Pellicer and Anderson (200.) have described, American schools have long been organized according to an outmoded industrial model, with some employees cast as managers (administrators) and others cast as laborers (teachers). Leaders have traditionally been cultivated among the managers. In recent years, however, teacher roles have expanded along with the spreading realization that teachers must participate in decision-making and join in partnership with administrators in leading the way to more effective
	More Than Access 
	Given our view of leadership, we believe that well-developed skills in finding, evaluating, and interpreting informationareessentialtotheleaders in science education. Mere access to information has become much less of a concern; access to relevant informa-
	Figure
	The leaders in science education are those who join in creating visions, making decisions,and taking action toimprove teaching and learning, whatevertheir professional appointments might be. 
	tion is readily available to all who are onlineandcaretosearchforit,andwho have the necessary perseverance. But how does one systematically search for information; how does one differentiate useful or credible information from misinformation, and how does one transform information into knowledge and action? Answering these questions may help clarify the potential synergy between information providers and leaders in science education. Following are two simple cases where instructional leaders had access t
	the AskERIC service (ericir.syr.edu/ 

	Case 1: High School Committee Member 
	What happens to student learning when science teachers are reassigned to teach subjects outside their area of expertise? 
	-

	This is the question of a high school teacher from New Jersey who was serving at the time on a school committee charged with the task of establishing policy regarding teacher assignments. Jean had tried searching the Web using general search engines, but had found little of relevance. She submittedherquestiontotheAskERIC service, and within 48 hours she had a response. She received information relevant to the question asked, as well as help in learning how to structure searches of the Internet and the ERIC 
	This is the question of a high school teacher from New Jersey who was serving at the time on a school committee charged with the task of establishing policy regarding teacher assignments. Jean had tried searching the Web using general search engines, but had found little of relevance. She submittedherquestiontotheAskERIC service, and within 48 hours she had a response. She received information relevant to the question asked, as well as help in learning how to structure searches of the Internet and the ERIC 
	www.google.com

	searchthatfocusedonscienceteachers 

	and teacher qualifications. In addition 
	to providing data about the incidence 
	of out-of-field teaching, the AskERIC 
	specialist provided references to research on a range of issues related to teaching, learning, and equity that result from such practices. 
	Case 2: School Improvement Assignment 
	Inanothercase,ateacherdesignated as a “Distinguished Educator” was assigned to a low-performing middle school to develop a school improvementplanthatincludedobjectivesand activities reflecting research-based strategies. In particular, Susan was searching for research about the effectiveness of “active learning teaching strategies” with regard to improving student achievement. She had a particular interest in higher-order thinking skills, cooperative learning, and graphic organizers, as she explained: 
	I am in a very low performing middle school. Therefore, we are attempting to raise student achievement. We have many computers that are not being used effectively. Our school has a weak discipline policy. Most of our teachers are using the “sit and get” method for teaching—too much lecture, worksheets, etc. —that is the reason for the active learning research. 
	-

	In response, an AskERIC special
	ist provided guidance in finding the 
	needed information. In addition to identifying useful Web resources and records from the ERIC database, he showed Susan how to use Descriptors from the online ERIC Thesaurus to construct the following search strategy: 
	((active learning in de) or (study skills in de) or (cooperative learning in de) or (advance organizers in de)) 
	((active learning in de) or (study skills in de) or (cooperative learning in de) or (advance organizers in de)) 
	and (academic achievement in de) and (middle schools in de) (25 records; Note: “de” indicates “descriptors”) 

	In both of these cases, someone in a situation calling for leadership wanted to make informed decisions andhadaccesstoinformation,butthey needed help in formulating questions and conducting fruitful searches. The information provider in these cases offered the following: (a) gateways to relevant information, (b) help in translating questions into fruitful search strategies, (c) instructions in how to use search tools, and (d) sample results from searches. Clearly, informationproviderscannotgivethis much ind
	Within the most recent decade, whileaccesstoinformationhasspread globally, there has been essentially 
	Figure
	Within the most recent decade, while access to information has spread globally, there has been essentially no research or scholarly attention to the informational needs, information skills, information seeking behavior, orinformation services of science educators. 

	Sect
	Figure
	While ERIC focuses more on published research and scholarly articles, ENC handles the curriculum and instruction side of information resources. 
	no research or scholarly attention to the informational needs, information skills, information seeking behavior, or information services of science educators. Beyond discussions of specialized courses or learning modules, suchasthatofMcNalleyandKuhlthau (.994), there has been no systematic exploration of the role of information literacyskillsortheroleofinformation providers in leadership development or science education reform. With this report of resources and services provided by ERIC/CSMEE and ENC, we 
	Inside ENC 
	While ERIC focuses more on published research and scholarly articles, ENC handles the curriculum and instruction side of information resources. ENC’s goal is to link K-.2 mathematics and science educators with the resources they need to help each student learn (See Figure .). Perhaps the most powerful way to obtain such information from ENC is online 
	While ERIC focuses more on published research and scholarly articles, ENC handles the curriculum and instruction side of information resources. ENC’s goal is to link K-.2 mathematics and science educators with the resources they need to help each student learn (See Figure .). Perhaps the most powerful way to obtain such information from ENC is online 
	at the ENC Online web site. When a teacher or a leader of teachers comes totional materials, standards, web sites for learning, new ideas, professional development activities and packages, science content background, personal help, recommendations and advice fromsuccessfulteachers,news–allfor K-.2 mathematics and science – laid out in ways that make sense. 
	 www.enc.org they will find instruc


	The education leader looking for Information about Curriculum Materials should visit the “Curriculum Resources” section of the ENC Web site,thegatewaytoENC’ssearchtools and access to the largest databank of information on mathematics and science instructional resources in the nation. Over .8,000 mathematics and science curriculum resources, real stuff and virtual, web sites, kits, text
	The education leader looking for Information about Curriculum Materials should visit the “Curriculum Resources” section of the ENC Web site,thegatewaytoENC’ssearchtools and access to the largest databank of information on mathematics and science instructional resources in the nation. Over .8,000 mathematics and science curriculum resources, real stuff and virtual, web sites, kits, text
	books, professional readings, videos, software, CD-ROMs, etc. have been reviewed and abstracted by professional abstractors and specialists in mathematics and science education. Their objective descriptions along with extensive information like grade 

	level,subjectarea,specifictopics,cost 
	range, media type, type of resource, table of contents, evaluation information, title, data, author, publisher, fundingagency,andotherinformation comprise the catalog records for each item. (/) 
	www.enc.org/resources

	A variety of Search Tools are designed to suit the varied and specific needs of science educators. The Simple Search tool provides a quick word search that can be limited by using criteria like grade level bands, cost, and one of four major categories of intended use. (-
	www.enc.org/re


	Figure 1 
	Information Available at ENC 
	Figure
	sources/search/)TheAdvancedSearch 
	sources/search/)TheAdvancedSearch 
	tool enables the user to refine their 
	search by specifying grade, media type, resource type, subject, funding sources/search/advanced/) A search could even be limited to just Web sites that have won recognition as one of ENC’sDigitalDozen.TheBrowsetool provides three levels of subject terms organizedinahierarchical treearound mathematics, science, integrated approaches, general education, and educational technology. Beginning with these very general subject areas you 
	agency, and more. (www.enc.org/re

	follow the “tree” to specific topics like 
	motion or photosynthesis. This may be the ideal approach when you are not sure where to begin or you want to identify pertinent search terms that you might have overlooked. (www. enc.org/resources/browse/) 
	Thehugebreadthofpotentialsearch 
	criteria encourages fine-tuning each 
	search to obtain optimum results. For example, through an ENC search a teachermaylocatelessonsthatinvolve 
	rd 
	3

	grade students in learning about rainforests.(www.enc.org/resources/) Ateachereducatormightfindexamples of using the Action Reflection Process to ensure that all students including those with special needs succeed in inquirybasedsciencelearning.(www. enc.org/resources/) A district science supervisor may identify information that will help convince a reluctant teacher to buy into important changes. searches may locate materials perfect for a particular student or classroom, or for the professional growth of 
	(www.enc.org/topics/change/)Careful 

	Online Guides for both the novice and the more advanced aid in searching ENC and the Web in general. “Search Help” provides extra guidanceinusing theENCdatabasesearch 
	Online Guides for both the novice and the more advanced aid in searching ENC and the Web in general. “Search Help” provides extra guidanceinusing theENCdatabasesearch 
	tools and includes: “Elements of an AdvancedSearch,Limitingandbroadening searches, and Resource type 

	definitions.”(www.enc.org/resources/ search/help/) ENC Pathfinders offer pre-selected searches on certain important topics including: Higher Education Scholarships, Grants, and Fellowships; Integrating Technology into the Classroom; Professional Development Grants; Technology and Equipment Grants; and Technology 
	Plans.Pathfindersareeasyto printand 
	contain full titles of the suggested web resources,completeURLs,andcontact information. ENC will continue to 
	createPathfindersonadditionaltopics. 
	(ers/reference/paths/) The “ENC Site Search” includes a Help with quick tips and advanced strategies for using InfoSeektolocatedesiredinformation on the ENC web site. (carson.enc. org:8765/help/) 
	www.enc.org/professional/timesav

	In “Timesavers” (Professional Resources) educators will find a “Searching the Web Tutorial” that includes Internet Basics like “What is the Internet” and “Why Search the Web?”Thetutorialfor moreadvanced searching includes refining the question, planning the search strategy, advanced keyword searches, etc. Finally an excellent glossary removes the mystery of related jargon. (www. enc.org/professional/timesavers/websearching/) 
	Even more help is available from the ENC/ERIC Reference Desk (also in Professional Resources). Research librarians respond to online requests, e-mails, phone calls, letters, and personal visits to help educators find the information desired. They will help clarify specific questions and find answers in both the ENC and ERIC systems. If a question is beyond their expertise, they identify 
	Even more help is available from the ENC/ERIC Reference Desk (also in Professional Resources). Research librarians respond to online requests, e-mails, phone calls, letters, and personal visits to help educators find the information desired. They will help clarify specific questions and find answers in both the ENC and ERIC systems. If a question is beyond their expertise, they identify 
	others who can answer the questions. (savers/reference/). 
	www.enc.org/professional/time 


	Closer to home, you can find help from real people located at ENC’s network of twelve regional Demonstration Sites and over .50 volunteer local Access Centers. Contact information for Demonstration Site and Access Center coordinators can be found among the ENC Partners lists along with the Eisenhower Regional Consortia,professionalorganizations, and others who work closely with ENC. (/) 
	www.enc.org/partners

	EverypublicationoftheEisenhowerNational Clearinghouseisavailable atENCOnlineinfulltextandgraphics and can be printed as needed. But they are also available for free in print and in some cases, CD-ROM. Each issue of the free quarterly magazine, ENC Focus: A Magazine for Classroom Innovators, features Discussions of Issues of Concern in mathematics and scienceeducation.Theycontainessays by noted experts, stories by classroom teachers that illustrate outstanding teaching and learning related to the topic, and
	-
	-

	Many may not be aware that ENC produces materials especially for use by professional develop-
	Figure
	Every publicationof the Eisenhower National Clearinghouseis available at ENC Online in full text and graphics and can beprinted as needed. 
	ers as they work with teachers and schools in mathematics and science reform efforts. For example, currently available online are Teacher Change: Improving K-12 Mathematics, Ideas that Work: Science Professional Development, and Ideas that Work: Mathematics Professional Development (publications by Susan Loucks-Horsely), and Equity. These 
	-
	-

	Professional Development Resources 
	along with many other outstanding web sites useful for professional development can be found in the “Web Links” section of ENC Online. While supplies last ENC’s professional developmentpackagesarealsoavailable in print and/or on CD-ROM. Coming soon will be a package designed to assist educators in using the Authentic Task Approach to professional development, a facilitated system that leads teams of educators to develop solutions to real problems they currently face. (/) The annual Guidebook to Federal
	along with many other outstanding web sites useful for professional development can be found in the “Web Links” section of ENC Online. While supplies last ENC’s professional developmentpackagesarealsoavailable in print and/or on CD-ROM. Coming soon will be a package designed to assist educators in using the Authentic Task Approach to professional development, a facilitated system that leads teams of educators to develop solutions to real problems they currently face. (/) The annual Guidebook to Federal
	www.enc.org/weblinks/pd

	Education in the State of Virginia will give the names and phone numbers of key staff at the Eisenhower Regional Math/Science ConsortiumatAELand the services they can provide leaders. The same search gives the contact information for the coordinators of the state’s Eisenhower Professional Development Program. Links to the web sites of each Federal agency as well as a special search tool to locate only materials created or supported 

	by a specific Federal agency (NSF or 
	NASA, for example) adds even more value. (/ federalresources/ guidebook/) 
	www.enc.org/professional

	Of course, ENC also has hundreds of Linksto otheroutstandingWeb sites for students, teachers, and leaders of teachers. The links are organized into menus that make sense, like lesson plans and activities categorized by mathematicsandsciencesubjectareas, or “Student/Classroom” sites that can beusedbyorwithstudentsbothwithin and beyondthecontextoftheteaching day, things like projects, simulations, virtual field trips, games, and even online courses. Within “Reference Sources” one finds “Ask-An-Expert Sites,” 


	What more is at ENC 
	What more is at ENC 
	What more is at ENC 
	Online? Here are some additional treasures to look for: 
	•. News –Daily Education Headlines and EducationBulletins assembled from75U.S.newspapersevery day with links to the full stories in the newspapers cited. In addition to 
	•. News –Daily Education Headlines and EducationBulletins assembled from75U.S.newspapersevery day with links to the full stories in the newspapers cited. In addition to 
	articles about teaching and learning there are articles concerning 

	advances in scientific knowledge. 
	(/) 
	www.enc.org/thisweek/news

	•. 
	•. 
	•. 
	Recommendations for high quality k-.2 mathematics and science Web Sitesknownasthemonthly“Digital dd/) evaluative information and learned opinions about resources in the collection like “Exemplary and Promising Programs;” (www. enc.org/professional/federalresources/exemplary/)andadvicefor using the Web effectively in the classroom–inarticleslike“Getting What You Want from the Web,” “Becoming a Critical Consumer of the Web,” “Taming the World Wide Web,” “School and Home Connect Through the World Wide Web,”an
	Dozen;” (www.enc.org/weblinks/ 
	Web Page.” (www.enc.org/profes


	•. 
	•. 
	ENC Content Calendar – A brand new online feature with lessons and activities designed to celebrate each day of the year, highlighting birthdays of outstanding scientists and mathematicians, historical events, and notable applications of mathematics and science. 


	Whether a reform effort has to do with implementing effective science learning strategies using information technologies, using community resources in learning mathematics and science, or rebuilding the science curriculum around inquiry learning and the National Science Education Standards,helpful resourcesareabundant at ENC Online and the tools are available to help you locate all that you need. 
	ERIC and ERIC/CSMEEfrom the inside 
	You might say ERIC has an identity problem; it has been a part of academic life for so long that it has something akin to brand-name recognition. Unfortunately, the acronym is so familiar that most educators never stop to wonder if they really know what ERIC is or does. Surprisingly, most are less familiar with ERIC than they realize. The one ERIC resource that is most familiar is the database; ERIC maintains the world’s largest bibliographic database of educationrelatedresourceswithoveronemillion record
	What most people do not realize is that ERIC is a misnomer; the Educational Resources Information Center has no center. ERIC is a decentralized information system comprising .6 clearinghouses,aprocessingfacility,a public relations component, and ever-changing numbers of adjunct clearinghouses. Of particular relevance to science educators is the ERIC Clearinghouse for Science, Mathematics, and Environmental Education (ERIC/ CSMEE), which is located at the same address as ENC. In addition to sharing hallwa
	Figure
	ERIC maintains the world’s largest bibliographic databaseof education-related resources with over one million records. 
	resources of ERIC the system from those of ERIC/CSMEE. 
	ERIC the system is large and multifaceted, but its services can be roughly divided into four functional pieces: (a) the database, (b) an array of Web servers, (c) publications, and (d)teamsofspecialiststoanswerquestions and provide services. First we will consider the database, since it is the aspect of ERIC that is most familiar to educators. Each of the .6 ERIC clearinghouses acquires documents from around the world and reviews magazines and journals for relevant articles to index. Those long familiar w

	Figure 2 
	Information Available at ERIC/CSMEE 
	Figure
	sibly still use, the RIE (Resources in Education) and CIJE (Current Index to Journals in Education) indices that used to be available in most research libraries and many public libraries. CIJE was the red one, remember? Within its database, ERIC has records of scholarly publications, conference papers, journal articles, and other documents having to do with teaching and learning all subjects at all age levels. One of the few types of printed materialnotfoundinERIC,textbooks, happens to be one of the specia
	sibly still use, the RIE (Resources in Education) and CIJE (Current Index to Journals in Education) indices that used to be available in most research libraries and many public libraries. CIJE was the red one, remember? Within its database, ERIC has records of scholarly publications, conference papers, journal articles, and other documents having to do with teaching and learning all subjects at all age levels. One of the few types of printed materialnotfoundinERIC,textbooks, happens to be one of the specia
	preferred mode of access may reflect 
	youracademicheritage.Thosefamiliar with the paper indices in the reference sections of libraries probably became familiar with ERIC sometime prior to the .980s. From the .980s until recently,mostERICuserscametorely onsearchingthedatabasebyusingCD-ROMS. With the new millennium has come widespread access to the ERIC databasethroughtheWorldWideWeb of the Internet. There is an array of search engines, from those developed by universities to commercial search engines. Fortunately, ERIC now has its own search eng
	Figure
	Within its database, ERIC has records of scholarly publications,conference papers, journal articles, andother documents having to do withteaching and learningall subjects at all agelevels. 
	able at both locations mentioned. 
	The number of ERIC Web sites continues to grow, but they are all interconnected. The official home page of the ERIC system is located at , but ERIC/CSMEE also maintains a html. We will say more about the ERIC/CSMEE Web site shortly, but if it all seems too amorphous, you can search the contents of all ERIC clearinghouses with a single search engine at search.ed.gov/csi/eric.html. Each clearinghouse and other ERIC components have their own Web sites with online publications, links, and services, so it would 
	www.accesseric.org/home.html
	directory at www.ericse.org/ericsys. 

	Each ERIC clearinghouse also publishes a number of documents each year, from two-page Digests to research monographs. The best way to learn of these publications is to visit the Web sites of the individual clearinghouses, but there is a central search engine to locate ERIC Digests 
	Each ERIC clearinghouse also publishes a number of documents each year, from two-page Digests to research monographs. The best way to learn of these publications is to visit the Web sites of the individual clearinghouses, but there is a central search engine to locate ERIC Digests 
	gests/index/. You can also browse a listing of science-related Digests published by ERIC/CSMEE at www. ericse.org/digests.html. Digests are very popular with teachers, teacher educators, and parents because they present very succinct overviews of 
	at www.ed.gov/databases/ERIC_Di


	specific topics, either providing an overview of findings related to a topic, 
	or pointing the way to the array of resources available on a particular topic. The ERIC system as a whole also produces an annual guide to education-related conferences, and the guide can be searched online at webprod.aspensys.com/education/ericconf/ericcal/introduction.asp. 
	In addition to all the electronic servicesavailablefromERIC,youcan also still talk to people in the ERIC system. Each clearinghouse has a toll-free telephone number, and all have user services specialists who will try to answer your questions. For an overview of the ERIC system and contact informationforalltheclearinghouses, download the guide, All About ERIC, labout/index.html. The most popular personal service of the ERIC system, byfar,istheAskERICservice.Anyone “interested” in education is invited to su
	at www.accesseric.org/resources/al

	Being part of the ERIC system, ERIC/CSMEE offers all the resources typical of ERIC clearinghouses, so here we will focus on resources that will be of particular interest to 
	Being part of the ERIC system, ERIC/CSMEE offers all the resources typical of ERIC clearinghouses, so here we will focus on resources that will be of particular interest to 
	science educators. We do publish a variety of ERIC Digests and other documents that are described on our newest book is, Developing Teacher Leaders: Professional Development in Science and Mathematics (Nesbit, 200.). ERIC/CSMEE also has an out
	Web site (www.ericse.org), and our 


	reach office that provides packets of 
	Digests, sample searches, brochures, and bookmarks for conferences or meetings upon request. Packets can be requested through e-mail (ericse@ 
	Figure


	Anyone “interested” in 
	Anyone “interested” in 
	Anyone “interested” in 
	education is invited to submit questions by email through ericir.syr.edu/Qa/ 
	-

	osu.edu) or telephone (.-800-2760462). Of special interest to teachers 
	and others wishing to find Web-based 
	resources for particular topics or situations, we are in the process of developing directories that we call “companions.” The Web companions currently online are listed at include the following: Homework Companion; African Americans in Science; Women in Science, Math, and Technology; Earthday Everyday Companion; Space Science Companion; Science Fair Companion; and Evolution Companion. 
	www.ericse.org/companion.html and 

	The ERIC/CSMEE Web site also includes an array of links to organizations, lesson plans, online publications of special interest, announcements, and journals. Our hope is to support ongoing improvement 
	The ERIC/CSMEE Web site also includes an array of links to organizations, lesson plans, online publications of special interest, announcements, and journals. Our hope is to support ongoing improvement 
	in science teaching, learning, and scholarship by facilitating an active exchange of ideas and resources, so there are guidelines at our Web site for you and others to contribute to our ongoing development of resources. 


	Summing Up 
	Summing Up 
	This discussion of the link between useful information and taking action reminds David of a serious mistake he made several years ago in his role as a workshop leader. The two-day workshopwastobeheldsomedistance from where the participants lived, in an area where most of us had never traveled. David decided that it would be good to give everyone a map to the site, so he called the lodge we were using and asked for directions. As the person described each road, turn, intersection, and landmark, David dutifu
	This discussion of the link between useful information and taking action reminds David of a serious mistake he made several years ago in his role as a workshop leader. The two-day workshopwastobeheldsomedistance from where the participants lived, in an area where most of us had never traveled. David decided that it would be good to give everyone a map to the site, so he called the lodge we were using and asked for directions. As the person described each road, turn, intersection, and landmark, David dutifu
	experiences of others, whether direct reliance on a colleague, or indirect 

	reliance through research findings, 
	project reports, or Web resources. It is at this nexus that the resources of ENC and ERIC/CSMEE come into focus. Our hope is that we can be the sources of pertinent and reliable information when you are searching, but we need help in determining how best to tailor 
	and refine our information services 
	to be of greatest assistance to science educators who are taking the lead in our ongoing efforts to reform science teaching and learning. 


	Invitation to a Dialogue 
	Invitation to a Dialogue 
	Invitation to a Dialogue 
	BothENCandERICarecommitted to providing high quality products and services, and to continuous response to the K-.2 science community. So we invite you to join us in a dialogue to refine the processes of seeking and using information. Please consider with us questions like the following: 
	•. 
	•. 
	•. 
	What are the informational needs andissuesfacingscienceeducation leaders? 

	•. 
	•. 
	How best can ENC and ERIC contribute to addressing those needs? 

	•. 
	•. 
	What information seeking behaviors and resources are currently most used by leaders in science education? 
	-


	•. 
	•. 
	Howcanwe(ENCandERIC)obtain the continuous feedback we need to adjust our services in response to the changing needs and priorities of K-12 science leaders? 

	•. 
	•. 
	WhatresourcesandservicesatENC and ERIC work best for you now? How can we make them better? 


	•. 
	•. 
	•. 
	What gaps or roadblocks have you faced in using the resources and services of ENC and ERIC? 

	•. 
	•. 
	What research is needed to inform efforts to provide, locate, share, and use information effectively to improve science teaching and learning? 

	•. 
	•. 
	What are (and what should be) the roles of information literacy skills andtherolesofinformationproviders in leadership development or science education reform? 
	-


	•. 
	•. 
	What can leaders of K-12 science education do to move along our investigation of the best roles for ERIC and ENC? 


	If there are other important questions to add to this list, please let us know. To join us in this dialogue send e-mailtohaury.2@osu.eduortotgads. We invite your suggestions and collaboration in exploring andclarifyingtheinformational needs of leaders in science education. 
	den@enc.org
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	Inquiry-Based Field Studies involving.Teacher-Scientist Collaboration. 
	Inquiry-Based Field Studies involving.Teacher-Scientist Collaboration. 
	Collaboration is seen as an important ingredient. in designing teacher professional development programs.. 
	Introduction 
	Introduction 
	Introduction 
	High quality science education must include major efforts by both university schools of education and collegesofartsandsciencesbeforewe canrealizethenationalgoalofproducing scientifically literate citizens. In addition to science teaching methods courses, prospective and practicing teachers must take science courses in which they learn science through inquiry,havingthesameopportunities as their students will have to develop understanding(NRC,.996).Todesign an effective curriculum that will give teachersopp
	Scientists and educators have long argued that the best way for majors and nonmajors to learn science is for them to model what scientists do (Halpern, 2000). There is general agreement that inquiry into authentic questions generated from students’ 
	Figure
	Teacher research also supports lifelonglearning and theintellectual rigorrequired to lead students through investigation andinquiry. 
	experiences is the key to effective science teaching. A good way to introduce teachers to inquiry is through 
	participation in scientific research 
	with scientists. When teachers have 
	the opportunity to conduct scientific 
	research, they understand the nature of science and learning by enhancing their own skills through exploring, constructing, and discovering new ideasandknowledge.Teacherresearch also supports lifelong learning and the intellectual rigor required to lead students through investigation and inquiry. Although successful teach-er-scientist partnerships have been established, they are challenging to achieve; little is known about the effects of such collaborations on participants and students (Caton, Brewer, & B
	A project, entitled the Teacher Scientist Network (TSN), teamed scientists with teachers in elementary classrooms. The teacher-scientist partnerships were created to enhance and support science education. The two goals of TSN were that (.) the scientist would address the school’s science curriculum, so that children were helped along the existing curriculum and (2) the teachers would ensure the scientist’s skills were used appropriately. It was reported that the TSN enhanced classroom science by bringingf
	Educators at North Carolina State University developed SCI-LINK to link research scientists with grades 6-.2 science teachers to assist in developing skills, classroom strategies, and instructional materials needed to include recent advances in science in their teaching. It was reported that SCI-LINK provided teachers with a better understanding of scientific environmental research and recent findings,andallowedthedevelopment 
	Educators at North Carolina State University developed SCI-LINK to link research scientists with grades 6-.2 science teachers to assist in developing skills, classroom strategies, and instructional materials needed to include recent advances in science in their teaching. It was reported that SCI-LINK provided teachers with a better understanding of scientific environmental research and recent findings,andallowedthedevelopment 
	of activities and other instructional materials for classroom use. Leadership skills also were developed, as evidenced by the master teachers who evolved and the many professional activities in which they have been engaged (Anderson, .993). 

	Caton, Brewer, & Brown (2000) reportedonaprojectthatlinkedenergy scienceengineerswithmiddleandhigh school science teachers in research partnerships. A two-day summer institute allowed teams of 4-5 teachers and a scientist to explore wind-energy by building working windmills, using kits of everyday supplies and equipment. They found teachers had an increased appreciation of inquiry, greater confidence in teaching using inquiry, and greater use of inquiry in the classroom. 
	This article describes a collaborative effort between a School of Education and College of Arts and Sciences at a Midwestern university to design a teacher professional development program,usingteacher-scientistteams to improve teachers understandings of methods of scientific inquiry with field-based environmental research activities. It specifically presents an overview of the inquiry based inserviceprogram, describestheprogram’s 
	Figure
	Teachers were provided contact with professional science information and advice, and scientists were provided insight into educational processes and purposes. 
	development, its content and goals, activities, results, and subsequent changes as the program evolved. 
	Teacher-Scientist .Collaboration. 
	A project entitled “Inquiry-Based Field Studies involving Teacher-Scientist Collaboration” was undertaken as a result of collaborative meetings between the School of Education and the College of Arts and Sciences, initiated by a request from teachers and administrators from an urban school district in a large Midwestern city to identify and implement a model of inquiry learning for middle and high schoolmathematicsandscienceteachers. Three consecutive cycles (.99899, .999-00, 2000-0.) were funded with D
	Prior to seeking Eisenhower funding, university professors and school district teachers and administrators were provided training on 2. Questions to Conclusions by Dr. P. Calabi, who developed the model. Continued 
	Prior to seeking Eisenhower funding, university professors and school district teachers and administrators were provided training on 2. Questions to Conclusions by Dr. P. Calabi, who developed the model. Continued 
	communication between university and school district personnel resulted in numerous planning meetings, from which we developed a basic framework for a professional development program that teamed teachers and scientists. 

	A science educator from the university volunteered to be the project director and wrote the initial and all subsequent Eisenhower grants. He facilitatedcommunicationbetweenthe university and school district, insured teacherinvolvementintheplanningof the project, and administered details of the grant. A university research geologist, with a long record of studying shale throughout the world, volunteered to be co-PI and lead scientist. Herecruitedscientistsattheuniversity andinthelocalcommunitycolleges to 
	Summary of Subject.Content and Goals. 
	The project was designed to help teachers develop a better understanding of scientific inquiry. Reflection on how these skills could be integrated in the classroom was not formally addressed, although informal discussions occurred throughout the project. 
	The primary goal was to establish productive,collaborativerelationships between teachers and scientists and giveteacherstheopportunitytoaskau
	thenticscientificresearch questions of 
	scientists. This goal was subsumed by thefollowingobjectives: tomodelthe skillsofaskingandansweringresearch questions;toencourageteacherstoask questionsandtoformulatehypotheses; 
	to increase teachers’ self confidence in doing scientific research; to make 
	instruction more student-centered; to model and encourage analytical thinking in science or any subject; and to awaken learner curiosity. In addition, we planned to include the following content and pedagogical skills but maintained open lines of communication about content to en
	able teachers “…to have a significant 
	voice in decisions about content…” as stipulatedby NationalScience Education Standards Teaching Standard E (NRC: .996, page 46). 
	Subject Content: 
	Subject Content: 
	.. Science as Inquiry 
	a. 
	a. 
	a. 
	Identify questions and concepts that guide scientific investigation. 

	b. 
	b. 
	Design and conduct scientific 


	investigations. 
	c. 
	c. 
	c. 
	Usetechnologyandmathematics to improve investigations. 

	d. 
	d. 
	Formulate and revise scientific 


	explanations and models, using logic and evidence. 
	e. 
	e. 
	e. 
	Recognize and analyze alternative explanations and models. 

	f. 
	f. 
	Communicate and defend a sci


	entific argument. 
	2. 
	2. 
	2. 
	Characteristics and interactions of living organisms. 

	3. 
	3. 
	Changes in ecosystems and interactions of organisms with their environments. 


	4. Processes (such as water cycle, 
	airflow) and interactions of earth’s 
	biosphere, atmosphere, lithosphere and hydrosphere. 
	5. Impact of science, technology and human activityonresourcesandthe environment. 

	Pedagogy Skills: 
	Pedagogy Skills: 
	.. Model the planning of an inquiry 
	based science program for their 
	students. 
	2. Guide teachers in active and ex
	tended scientific inquiry. 
	3. Design and manage learning environmentsthatprovideteacherswith time, space, and resources needed 
	for scientific inquiry. 
	4. Model the intellectual rigor and 
	standards of evidence of scientific 
	processes. 



	21 Questions-to-Conclusions 
	21 Questions-to-Conclusions 
	21 Questions-to-Conclusions 
	Twenty-one Questions-to-Conclusions was used to introduce teachers and scientists to approach scientific research in simplistic terms. It providedaplatformtodevelopascientific research project (Calabi, .997). This method contained four steps: asking questions, discussing the questions, utilizing “triage,” and developing a research project. The process was led by a facilitator assigned to the research site. 
	The first step, asking questions, introduced the study area by helping participants focus on the details of the field site. Study sites selected were: a woodland, a grassland, a creek, and an urban site in a field adjacent to a local high school. Participants were asked list questions until they had reached 2. in total or the time limit hadbeenreached(30minutes).During this stage, the participants immersed 
	The first step, asking questions, introduced the study area by helping participants focus on the details of the field site. Study sites selected were: a woodland, a grassland, a creek, and an urban site in a field adjacent to a local high school. Participants were asked list questions until they had reached 2. in total or the time limit hadbeenreached(30minutes).During this stage, the participants immersed 
	themselves in the assigned area. They were asked to work alone while keeping in sight of another person, and 

	write down the first 21questions that cametomind.Oncetheywerefinished 
	with 2. questions, or the time limit had been reached, participants came back into a group. 
	During step two the participants’ questions were discussed. They were requested to choose one question for which they were really interested in knowing the answer; this was called a “burning question.” Other questions were prioritized during this process, in case two people had the same “burning question.” Then, facilitators and participants were arranged in a circle, and participants shared their questions.Facilitatorsledadiscussion of the questions by asking additional questions such as, “How would you go
	Step three, the “triage” portion of this technique, was to used re-evaluate the questions as possible research questions. Each “burning question” was written on a portable tablet carried into the field for all to see and discuss. Each topic was dissected into sections: what is the question, how would you answer the question, and what methods would you use? During this stage, questions were focused and clarified. 
	Step four, developing the research project, involved choosing a question. The participants decided which question they wished to pursue during a specified timeframe. They worked in groupslimitedtofourmembers,toplan and conduct their respective research projects with the aid of a facilitator. 

	Project Activities duringthe 1998-99 Cycle 
	Project Activities duringthe 1998-99 Cycle 
	The project had three specific phases,designed to facilitatedevelopment of specific skills and knowledge. Phase 1 involved introduction to field research sites using 2. Questions to Conclusions and introduction to research methodology with a facilitator. Phase 2 focused the development of scientificprocessesthroughfieldstudy, datacollection,andcommunicationof research findings with 3-day research projects, culminating in a poster session of findings. Phase 3 involved an extensive long-term field based re
	Phases . and 2 occurred during a two-week summer institute in June .998, for a total of 80 contact hours. Duringphase3,teacher-scientistteams conducted long-term research for a total of 80 hours of independent study, including4follow-upmeetingsduring Fall.998andWinter.999.Inaddition, teachers attended a half-day preliminary meeting May .998, to provide an overview of the project, and discuss equipment, procedures, and safety concerns of scientific fieldwork. 
	Most of the research activities were focused at J.A. Reed Wildlife area, a 2500+ acre site located a half-hour drive from the university campus. The project specifically included some work in an urban setting close to campus, to demonstrate that scientific research was not the exclusive domain of exotic wilderness settings, but worthwhile field projects can be done in any setting. 
	During the first four days of the summer institute, teachers were introduced to the four different study areas. 
	Teams of teachers rotated among the four study areas each day and were 
	introduced to field based research 
	by facilitators, using the Twenty-one Questions to Conclusions model. The facilitators were 2 high school teachers who had completed a similar program. During the four one-day mini-projects, teachers asked questions, selected questions of interest for research, designed experiments to answer questions, collected data, and drew conclusions. At the end of each day all of the teacher teams returned to a central location to share research 
	findings. 
	On the fifth day of the summer institute, teacher teams began three-day research projects, which were self-designedresearchprojectsculminatingin aformalpostersession.Ahalf-daywas spent on campus in the computer lab organizing research and constructing posters. At the poster session, scientists were introduced to the teacher teams. Subsequently, each of the scientists made a formal presentation of his/her personal research efforts. Informal discussions followed the presentations,servingasamechanism for te
	Phase 3 began after the summer institutewascompleted.Someteacherscientist teams immediately took advantage and conducted much of their 
	Phase 3 began after the summer institutewascompleted.Someteacherscientist teams immediately took advantage and conducted much of their 
	research during the summer. Other teams had previous commitments and did not begin long-term research projects until the fall. During the fall and winter, teacher-scientist teams attended three half day and . full day follow-up meetings. Teams provided progress reports; continued planning; shared ideas and techniques; troubleshot problems, and began working on 

	posters. The final follow-up meeting 
	was used to complete and present research in a poster session which university and school district faculty and administration were invited to attend. 
	Results 
	The urban school district provided each middle and high school mathematics and science teacher a written description of the project and instructions for enrolling. Having received release time from their schools, sixteen prospective science-teacher participants attended a May preliminary meeting to learn about the project. On learning that such participation would involve a commitment to two consecutive weeks of full-time field work in June and considerable team-based research during the subsequent scho
	All of the participants successfully completedthe2-weeksummerinstitute and formed teacher-scientist research teams for long-term research projects. Three teachers dropped out before completingtheirindependentresearch projects.Teacherattitudesandimpressions about the course were collected and pre and post assessment data were collected, using a performance based assessment tool. Long-term research projects of the teacher-scientist teams are summarized below. 


	Long-term research teams 
	Long-term research teams 
	Long-term research teams 
	Three of the four teacher-scientist teams successfully completed longterm research projects that were presented as poster sessions. Many of long-termprojects beganinmid-June, and all were completed by March of the next year. Research included: 
	(TeamOne)Ateamofthreeteachers and a biologist from a state agency conducted a study of the relationship between macroinvertebrates and various sorts of plant debris in the Blue River, a tributary of the 
	Missouri, which flows throughout 
	Kansas City. The stated object was to determine whether there was any one-to-one correspondence between the types and numbers 
	of invertebrates. Specifically, did 
	gastropods, crustacea, etc. display 
	any affinities with particular types 
	of leaf litter? 
	(Team Two) A team of three teachers and an EPAscientist, conducted a comparative study of the COcontents of air within classrooms in three buildings to which the participating three teachers were assigned. The stated objective was to determine the source of carbon dioxideinthebuildingsandwhether the type of heating or cooling sys
	(Team Two) A team of three teachers and an EPAscientist, conducted a comparative study of the COcontents of air within classrooms in three buildings to which the participating three teachers were assigned. The stated objective was to determine the source of carbon dioxideinthebuildingsandwhether the type of heating or cooling sys
	2 

	tem (or lack thereof) had a major effect on the COcontent of the ambient air. 
	2 


	(TeamThree)Ateamofthreeteachers and a mineralogy professor conducted a study of the relative amount of deterioration occurring on building stones exposed on the exteriorofamiddleschooltowhich two participating teachers were assigned. The stated objective was to determine whether or not textural features or the mineralogy of the rocks as determined by X-ray diffraction, could be used to predict their vulnerability to the weather. 
	(Team Four) A team of two participants,whoultimatelydroppedfrom theprogram,attemptedtoconducta studyofthedeerpopulationofrural acreage, but they lost interest. 
	Performance Assessment 
	The performance assessment was a written test administered prior to and after the summer institute. The goal of the assessment was to provide additional objective evidence, in addition to the three-day and long-term research projects, on the effectiveness ofthesummerinstituteforintroducing thefollowingskills: statingaproblem as a cause and effect question, hypothesizing, designing an experiment to test the hypothesis, and drawing conclusions. 
	The testhadtwoparts,whichbegan with a description of a hypothetical study area of .000 acre woodland with a creek running through it, surroundedbybusinessesandresidences. 
	In the first part, the description was 
	followed by instructions to identify suitable research questions, variable identification, hypothesizing, experimental design. During part 2, possible 
	errors were identified, conclusions 
	were drawn, and additional questions 
	were asked, based on a pre-defined 
	question, hypothesis, experimental design and data set. The following is a generaldescriptionoftheperformance assessment. 
	Teachers were asked to brainstorm 5-.0possibleresearchquestionsabout the hypothetical study area and select onequestionfordevelopmentintoaresearch project. High quality questions weredefinedascompletelydescribing the cause (independent variable) and effect(dependentvariable).Afteridentifyingaquestionfordevelopmentinto aresearchproject,teacherswereasked toidentifytheindependentanddependent variables, constants, and controls followed by a hypothesis. Hypotheses were assessed on which essential elements we
	In next section, teachers developed an experimental design to test the hypothesis.Theitemwasopen-ended, without guidelines. In addition to assessing whether the procedure offered a test of the hypothesis, we assessed the completeness of design, classified onfivedifferentlevelsaccordingtothe essential elements. Five essential elementsdefinedacompleteexperimental design: (.) materials, (2) control procedure clearly stated and appropriate, 
	(3)logicalsequenceofprocedures,(4) clearly stated test situation, and (5) adequate test of hypothesis. 
	After designing an experiment, teachers were asked to draw conclusions,basedon anabbreviatedversion of a hypothetical research project from the study area in which informa-
	After designing an experiment, teachers were asked to draw conclusions,basedon anabbreviatedversion of a hypothetical research project from the study area in which informa-
	tion about the project was provided, including the question, independent and dependent variables, control, constant, hypothesis, and data collected during an experiment. Teachers were asked to suppose the data were collected many different times with similar results, to eliminate the need for statistical analysis, and were asked to write possible conclusions from the experiment regarding the hypothesis. 

	Three essential elements defined a 
	conclusion: (.)conclusionisbasedon all the data, (2) statement of support or lack of support of the hypothesis, and 
	(3) conclusion is reasonable. 
	A scoring guide was developed, based on the essential elements of each item described above. Teachers’ responsesweretranscribedfromoriginal assessment papers to individual sheets, to simplify handling and hide the identity of the teacher. Researchers, using the same scoring guide, assessed each item on the performance assessmentandcomparedresults.Disagreement between researchers was negotiated until a score were agreed upon. Modifications of the scoring guide were made as we assessed the small practice 
	With an n=.2, statistical analysis has very little power to determine significance between tests (Ferguson & Takane, .989). These data alone would be insufficient for describing the outcome of the project, but add they to the overall picture previously described with the long-term projects and course evaluations. With this in mind, datawerereportedbelow.There was a greater average score on the post-testthanpre-testinallcategories. 
	Teachers gained most on the question and drawing conclusions. There were gains for experimental design 
	fit to hypothesis and completeness of 
	design, respectively. The least gain was 0.. for formulating a hypothesis. T-tests indicated there was a sig
	nificant difference between pre- and 
	post-mean test scores for formulating a question, designing an experiment 
	to fit the hypothesis (p<0.05), and no significant difference between mean 
	scores for formulating a hypothesis, completeness of experimental design, and drawing conclusions (p>0.05). 
	Course Evaluation 1998-1999 
	The course evaluation consisted of .8 free response items about the project.Thewidevarietyofitemsincluded questions about the study areas, the 2. QuestionstoConclusionsmodel,food, facilitators and scientists, scientific equipment, time in field, assessment, and overall impressions. 
	Generally, participants were satisfied with the study area. Some commented they wished it were closer to campus, but most agreed that a wide variety of environments were available for research. The 2. Questions to Conclusions model was well 
	Figure
	As evidenced by thethree-day and longterm research projects, and the performanceassessment, teachers continued to have 
	-


	difficulty writing
	difficulty writing
	high quality research questions. 
	received by most participants. Many commented it was “excellent” or “a very good idea.” Another teacher commented that the model was good for introducing one-day projects but did not lead to good research projects. Another said “it was hard to do some days, and in some areas, but a good teaching (model) for all areas.” 
	A wide variety of comments were made about the facilitators and scientists. Responses included “great groupsofpeople,whoquickly learned how to work together,” “facilitators made everything stay on track,” and “the diversity (scientists and science educators) was wonderful.” Others respondedthat“thescientistsdominate too much,” “specific questions were in some cases not answered,” and “too many times I felt that I had to fight or demand information before it would be given and sometimes it was flatly refuse
	Scientific equipment available for use was viewed as sufficient, and all thought the food was great. Many felt more time was needed in the field, and some felt “overwhelmed” and “rushed” at first, and thought more timewas also needed toprepare poster sessions. One commented that they would have preferred 2 three day projects instead of 4 one day and . three-dayproject,toreducethefeeling of being rushed. 
	Participants were asked if the performance assessment was representative of the program. The pre-assessment was given during the preliminary meeting before the summer institute and the post assessment was given the Saturday following the summer institute.Manycommented it was 
	Participants were asked if the performance assessment was representative of the program. The pre-assessment was given during the preliminary meeting before the summer institute and the post assessment was given the Saturday following the summer institute.Manycommented it was 
	excellent,oritwasrepresentative.Others felt the assessment was very long, 

	very difficult, and said they were not 
	mentallyprepared.Askedtocomment abouttheoverallexperience,responses included fun, hard work, exhausting, scary, overwhelming, excellent, just right, uncomfortably general, pretty good, I liked the freedom, I felt re
	stricted, and it was fine. 
	Modifications in Project 
	Modifications in Project 
	Activities for 1999-2000 and 2000-2001 
	The Teacher-Scientist Collaboration project was funded for two additional Eisenhower cycles. We have also been invited to submit a full NSF proposal based on the project, and will be submitting another Eisenhower proposal for the 200.-2002 cycle. Some major and minor changes have been made in the project since the .998-99 cycle, based on performance assessments, course evaluations, and comments from the scientists. Major changesincludedresearchcontent,additionaldetailedfocusonquestioning, andmodelingcaus
	withcollaboratingscientistsinmind.If 

	The 2. Questions to Conclusions model was a good way to introduce a new field site, but it was limited for developing questions appropriate for hypothesizing. As evidenced by the three-day and long-term research projects, and the performance assessment, teachers continued to have difficultywritinghighqualityresearch questions. Many of the questions that resulted from the 2. Questions to Conclusions model were factual, descriptive, or correlative. Few, if any, causal questions were asked that lent themselve
	Figure
	If teachers poseda causal questionappropriate forresearch within the time and equipmentconstraints, it was used. 
	dayisnowusedtointroduceadditional 
	field sampling techniques. 
	Minor changes were made in assessment procedures, poster sessions, transportation to field sites and project advertisement. Initially, the post-assessment was administered on the Saturday after the summer institute. Some teachers were exhausted and many commented that it was difficult to focus on the assessment. The post- assessment has been moved to one of the fall follow-up meetings, allowing recovery and reflection upon the two-week summer institute. 
	Almost all of the teachers commented that there was too little time to prepare posters after the three-day research projects. One entire day is now scheduled, rather than a half-day, to construct posters. Transportation to research sites was a problem during the .998-99 cycle. At times, teachers would arrive late or request to leave early. It was difficult to maintain coherence during research with arrival anddeparturetraffic.Further, wewere limitedtoresearchsiteswithsufficient parking. Subsequently, vans
	Almost all of the teachers commented that there was too little time to prepare posters after the three-day research projects. One entire day is now scheduled, rather than a half-day, to construct posters. Transportation to research sites was a problem during the .998-99 cycle. At times, teachers would arrive late or request to leave early. It was difficult to maintain coherence during research with arrival anddeparturetraffic.Further, wewere limitedtoresearchsiteswithsufficient parking. Subsequently, vans
	ing research sites, the time driving can be used to discuss content, point out 

	interesting phenomena, reflect, and 
	discuss the days work. 
	Forthefirstcycle,aprojectdescription was developed to advertise the project. Our partner school district made every effort to provide teachers with the description; .6 teachers inquired and .. urban school district sent thedescriptionand letters to other Kansas City school districts superintendents and principals advertising the project, and one additional teacher applied. Enrollment was limited to 24 teachers. After the first cycle, we discovered that a number of teachers never heard of our project. The
	teachersparticipatedintheproject.We 




	Final Thoughts 
	Final Thoughts 
	Final Thoughts 
	The primary goal was to establish productive collaborative relationships between teachers and scientists and give teachers the opportunity to inquire into authentic scientific re
	The primary goal was to establish productive collaborative relationships between teachers and scientists and give teachers the opportunity to inquire into authentic scientific re
	search questions with scientists. Not only did the project allow teachers to conduct research with scientists, it provided them opportunities to develop a deeper understanding of the nature and processes of science. Teacher and scientist left the project with a greater understanding of the problems that each faces in science and science education. 

	Feedback from teachers was a key factor in modifying the project from year to year. Course evaluations were examined carefully, and comments were taken seriously. Many of the scientists were impressed with the teachers’ enthusiasm and knowledge. 
	Figure
	Teacher and scientist left the project with a greater understanding of the problems that each faces in science and science education. 
	One scientist commented that many of the teachers were capable to doing research equal to graduate level science majors. 
	Professional development projects like this one requires a tremendous commitment from both teachers and scientists. Especially during independent study, both must be willing to spend their free time and weekends conducting research. Each year there has been attrition during the independentstudy.Bothteachersandscientists have commented on the tremendous amount of work required. It is important that all be briefed about the major time and energy commitments requiredtosuccessfullycompletesuch a project befo
	Nothing worth having is easy. The hard work among the teachers, scientists and educators has resulted in strong working relationships between the School of Education, the College of Arts and Sciences, and the urban school district. Scientists are beginning to recognize their important role in teacher education, and have found a new respect for science education as a discipline; teachers and educators have found a greater understanding of the nature and processes of science. Clearly, more research is neces
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	A Cultural and Linguistic Approach .to Teaching Science and Mathematics .to Native American Students. 
	A Cultural and Linguistic Approach .to Teaching Science and Mathematics .to Native American Students. 
	An argument is made that traditional approaches to teaching science and mathematics to Native American students have not been successful, perhaps 
	because the students do not find meaning in the curriculum. 
	Introduction 
	Introduction 
	Introduction 
	Traditionally, educators claim that science and mathematics are “culture free,”thatearthlyobjectsareclassified as living or non-living, or that 2 + 2 = 4, and that these truths exist independently of any reality. Such statements ignore the way these sciences developedfromattemptstosolvereal-world problems,andtheyoverlooktherather substantialthrustsofthepastdecadeto relate school curricula in mathematics and science to the real world (NCTM, .989; NRC, .996). 
	One issue to consider is whether the “real world” is the same for all students. The “real world” on an Indian reservation is quite different from the “real world” of inner-city Detroit, suburban Denver, or rural Minnesota. Judging by the relatively lower performance of ethnic minorities (especially African Americans, Mexican Americans, and Native Americans) on normed mathematics and science tests, it appears there may be other reasons why these students perform less well in mathematics and science (Bourque
	A number of studies have focused on the growing problem of Native Americans and people with non-western world views transforming their resurgent cultures to a Euro-western understandingofmathematicsandscience (Anderson, .988). In Montana, for example, standardized test results indicate significant differences in native students on the reservations when compared with other ethnic cultures (MontanaOfficeofPublicInstruction, .998). Though questions concerning thevalidityofnorm-referencedtesting as base-line
	Historically, attempts to assimilate Native American students into the structure of American schools have proven ineffective, notwithstanding the substantial financial investment that has been made. For example, during the decades of the 60s and 70s, manyofthechildrenwereforbiddento speaktheir nativelanguageand forced to speak English only. The effects were profound because language is 
	Historically, attempts to assimilate Native American students into the structure of American schools have proven ineffective, notwithstanding the substantial financial investment that has been made. For example, during the decades of the 60s and 70s, manyofthechildrenwereforbiddento speaktheir nativelanguageand forced to speak English only. The effects were profound because language is 
	theprimarymethodbywhichmeaning isconstructed(Freire,.982: Shapiro, .994). Simply stated, since language is such a central component in any culture for the construction of existing schema, a whole generation of native students become adults with little understanding of the language base of their own culture. 

	Aboveall,ithasbeenshownthatthe learning of Native American students is affected by their understanding of theEnglishlanguageaswellasbytheir understanding of native language and culture (Atwater, .994: Crawford, 
	Figure
	Historically, attempts to assimilate Native American students into the structure of American schools have proven ineffective, notwithstanding the
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	substantial financial 
	substantial financial 
	investment that has been made. 
	.997: Indian Nations at Risk, .99.; Reyhner & Tennant, .995). This inter-cultural and bilingual understanding helps to develop a prior knowledge so importantasafoundationalknowledge base. Yet, so many native children are 
	Limited English Proficient (LEP) and 
	also limited in their understanding of their own native language. Consequently, this creates some serious gaps in the foundational schema in native children. Without a language to interpret and describe concepts, new knowledge does not have individual or prescribed meaning. 
	Native Understanding of.Science and Mathematics. 
	The purpose of this article is to consider factors affecting the learning of mathematics and science and to explore strategies for improving the performance in mathematics and science of students living on the Crow IndianReservationinMontana.Onthe Crow Indian reservation, a course for Native American teachers and aides was designed specifically to enhance the learning of science and mathematicsbynativestudents.Thecoursework focusedonintegrationofmathematics andscience,constructivisttechniques, and the dev
	Figure
	There is little argument that mostcurriculum materials, textbooks and other resources, used with Native American students provide little information that is relevant to their interests. 
	appropriate illustrations. 
	The results of these classes offered on the Crow Indian Reservation have stimulated several questions that need to be addressed. First, how authentic are culturally relevant materials? For example, can a member of one culture developacurriculumthatisrelevantto another culture, or can an activity that is relevant in one culture be relevant inanotherculture?Thisarticlefocuses onsuccessfulstrategiesfordeveloping and using culturally relevant curricula with Native American students. 
	Curricular Relevant .Materials. 
	The new generation of Native American students know very little about their cultural heritage. Indian grandmothers express concern that today’s children are losing both their native language and their knowledge of cultural traditions. This, from an educational standpoint, is serious; unless the children value their heritage, their self-esteem will be affected. It becomes the educator’s responsibility tohelpthesestudentstovaluewhothey are.Denigrating theirheritageandtrying to assimilate them into the “angl
	One duty of a teacher on “native soil” is to promote a generous understandingoftheheritage.Canthisoccur if the teacher is not a member of that culture? For example, can an anglo teacher develop culturally relevant understandings of Euro-centric scientific concepts and mathematical ideas which are integrated with traditional cultural beliefs? The answer could be yes, but only if adequate cultural understanding is incorporated in the lessons.This,however,isnotthenorm in the inter-racial classrooms we have v
	Textbook Presentations and Culture 
	As indicated in the introduction, there is a strong belief among curriculum specialists that mathematics and science curricula are culture-free. In a typical textbook presentation in geometry, many of the activities are artifacts of the anglo culture. Nevertheless, regardless of the ethnicity of the students, the problems are generalizable to most school settings. Texts typically continue with illustrations that are not culturally embedded. 
	Studies indicate that Native American students are holistic learners (More, .989; Walker, Dodd, & Bigelow, .989). Though this may not be a generalizable statement about Native American learning, learning in a holistic manner is more consistent with constructivist philosophies. Many constructivists would state that learning in this way would be best for 
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	that it begins with the major kingdom 
	mathematics are inappropriate. But it is inappropriate that, in most cases, textbookactivitiesaretheonlypresentations used in the typical classroom. Unless teachers are culturally sensitive, they cannon prepare lessons that are culturally relevant. 
	Culturalteachingstrategiespresent a curricular problem, in that teaching specific concepts in a cultural manner require more time. The activities are more in-depth, with less emphasis on curricular coverage. Cultural teaching strategies involve teaching philosophies more in line with inquiry, discovery, and active learning. This philosophy is more holistic and provides opportunities for a more constructivist approach to teaching. To effect this change, several teaching strategies must be employed, includi
	Figure
	Cultural teachingstrategies involveteaching philosophiesmore in line with inquiry, discovery, and active learning. 
	Integrating Science and.Mathematics. 
	Several methods of integration can be used to provide for a more relevant curriculum. Content specific, process and thematic integration (Davison, Miller, & Metheny, .995) are some of these methods. Of these types, thematic integration techniques are most common in today’s schools. The design of culturally sensitive thematic unit should include ideas that embed 
	Several methods of integration can be used to provide for a more relevant curriculum. Content specific, process and thematic integration (Davison, Miller, & Metheny, .995) are some of these methods. Of these types, thematic integration techniques are most common in today’s schools. The design of culturally sensitive thematic unit should include ideas that embed 
	culture into the theme. Miller and Davison (.998) show how to represent a culturally sensitive thematic unit. Notice that the understandings presented are common to the spe

	cific culture in the audience. Such a 
	web should include native artwork, indigenous social uses, and common 
	understandings specific to that culture 
	as well as traditional western beliefs and understandings. 
	Of course, there are some basic problems specific to techniques used in thematic integration. Many times in our schools, thematic integration develops from work in language arts, with the content of mathematics and science held at a minimum. Content in these two disciplines is relevant only in the context of completing the unit and rarely matches specific math or science content scope and sequence. In fact, many thematic units suggest that simply reading about whales, for example, is the “doing” of science
	Native Americans commonly are taught as though you isolate instead of integrate the native approaches to culturewiththedifferentcontentareas. If concepts are presented more holistically, embedding a cultural focus in thematic integration, content and cultural learning would be enhanced. This is different from what is commonly called multicultural education. To most educators, multicultural education reflects the diverse cultures that makeupourUnitedStatesandincludes references to all cultural traditions 
	Native Americans commonly are taught as though you isolate instead of integrate the native approaches to culturewiththedifferentcontentareas. If concepts are presented more holistically, embedding a cultural focus in thematic integration, content and cultural learning would be enhanced. This is different from what is commonly called multicultural education. To most educators, multicultural education reflects the diverse cultures that makeupourUnitedStatesandincludes references to all cultural traditions 
	curriculum. To cultural minorities in America, however, the focus of a “multicultural” approach is the inclusion of perspectives from their culture as an integral part of the curriculum. Curriculum development along these lines uses illustrations and activities that are appropriate and sensitive to the classroom audience. 

	Questionsstillremainregardingthe abilities of different cultural members to provide culturally relevant activities. At the very least, white, Mexican American, and African American students need to be culturally aware of the generalized Native American culture.Anarticulatedgoalofbilingual education is that a Native American teacher be an effective role model for NativeAmericanstudents.Thismeans that Native American teachers from outside the specific tribe also need to be culturally sensitiveandappropriate 
	Certainly it is not productive to continue to teach white cultural values on Indian reservations. Many of the available supplemental resources are stereotypical. We should not, for example, observe a reservation classroom at Thanksgiving and find children coloring picture of pilgrims, teaching children that the faces in the pictures do not match the faces in the classrooms. Instead, the classroom of the Native American student should hold rich examples of culturally relevant activities specific to Native A
	Certainly it is not productive to continue to teach white cultural values on Indian reservations. Many of the available supplemental resources are stereotypical. We should not, for example, observe a reservation classroom at Thanksgiving and find children coloring picture of pilgrims, teaching children that the faces in the pictures do not match the faces in the classrooms. Instead, the classroom of the Native American student should hold rich examples of culturally relevant activities specific to Native A
	to be with the understanding that they need to be sensitive to enhancing the academic standards and the cultural mores of their own people. 


	Conclusion 
	Conclusion 
	This article has examined strategies for enhancing the learning of science and mathematics by Native American students. Traditional approaches to teaching these subjects to Native American students have not been successful, and a relevant approach that would help the students find meaning in the curriculum has been suggested. 
	The use of constructivist learning techniques,whereinthe studentdraws on prior experiences to facilitate the acquisition of new learning, is consistent with the use of curricular illustrationsfromthestudents’culture. Accordingly, the inclusion of such examples from the Native American culture as beadwork and star quilts in geometry and plant classification in science, will help students find more relevance in their science and mathematics curricula. 
	Finally, a curricular approach that integrates mathematics, science, and culture will also enhance learning opportunitiesforNativeAmericanstudents. Thematic integration, focusing on a central theme, promotes a holistic view of the curriculum that can help students make connections between different views of the curriculum and theirlives.Thechallengeforeducators is to continue to explore such connections and to continue to look for ways that science and mathematics can be integrated with each other and wit
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	Self-Efficacy and OutcomeExpectancy of Selected UpperElementary and Middle SchoolScience Teachers – Surprisesand Lessons 
	A study of teachers’ self-efficacy and outcome expectancy, as the result of a 
	professional development outreach program, provides information concerning selected characteristics of teachers and their students. 
	Introduction 
	Introduction 
	Introduction 
	Research is widespread in the field ofself-efficacyandoutcomeexpectancy of teachers. Many researchers have previously investigated self-efficacy andoutcomeexpectancyforthosewho teachinavarietyofsettings.However, previous work does not seem to have considered teachers involved in local outreachprograms;researchersdonot seem to have taken into consideration how teachers might be similar or dissimilar as a function of school setting and student demographics. This study provides important details regarding th
	During the last five years, the National Aquarium in Baltimore and researchers from Indiana University conducted an extensive data collection in an effort to (a) investigate the mechanism by which master science teachers instruct peers, (b) explore ways to optimize sustained professional development for science teach
	During the last five years, the National Aquarium in Baltimore and researchers from Indiana University conducted an extensive data collection in an effort to (a) investigate the mechanism by which master science teachers instruct peers, (b) explore ways to optimize sustained professional development for science teach
	ers, and (c) evaluate data collection techniques carried out with practicing elementary and middle school science teachers. This work was a component of a three-year teacher enhancement project funded by the National Science Foundation. Part of the grant involved preparing a national pool of master teachers to utilize a grades 5-7 curriculum entitled“LivinginWater.” Each summer, a new cadre of master teachers discussed and practiced with hands-onactivitiesassociatedwiththe curriculum.Duringthelastweekofthe

	This study concentrated on evaluating one aspect of the grant’s data collection: the evaluation of “local” teachers who attended outreach pro
	This study concentrated on evaluating one aspect of the grant’s data collection: the evaluation of “local” teachers who attended outreach pro
	vided by master teachers throughout the United States. Local teachers were 

	asked to complete two self-efficacy 
	surveys, one distributed during the outreach (on-site survey) and the other survey mailed approximately one year later to the local teachers (follow-up survey). The local teachers also provided data concerning their own ethnicity. In the follow-up survey, the local teachers provided an approximation of their own students’ social economic status, geography, and ethnicity. 
	The results of this study provide a unique snapshot of local teachers’ self-efficacy, more specifically the self-efficacy of teachers who did not participate in a multiple week summer institute, but did attend a local workshop presented by a master teacher in their district (or a local district). The data collected for this study provide guidanceforthosedevelopingsummer institutes and inservices to encourage scienceteaching.Theresultsmayhelp scienceeducatorsandsupervisorsbet-
	The results of this study provide a unique snapshot of local teachers’ self-efficacy, more specifically the self-efficacy of teachers who did not participate in a multiple week summer institute, but did attend a local workshop presented by a master teacher in their district (or a local district). The data collected for this study provide guidanceforthosedevelopingsummer institutes and inservices to encourage scienceteaching.Theresultsmayhelp scienceeducatorsandsupervisorsbet-
	ter understand elementary and middle 
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	cessful dissemination of knowledge by using master teachers who work with teachers local to their school. Some examples of recent programs emphasizing these issues are NSF funded programs, such as the Ohio’s State Systemic Initiative and Purdue University’s Epicenter program. 
	Data Collection 
	Local teachers attending outreach institutes in four different states presentedbyoneofsevendifferentmaster teachers provided the data reported in this study. Local teachers in most instances taught in either the same school district as the master teacher or a neighboring district. Prior to the startofeachone-dayoutreachinstitute implemented by master teachers, every attending local teacher completed the self-efficacy survey of Riggs and Enochs (.990). When completing the initial survey, local teachers sup


	Data Analysis 
	Data Analysis 
	Data Analysis 
	Twomeasuresofself-efficacy(selfefficacy and outcome expectancy), as outlined by Riggs and Enochs (.990), were computed for each local teacher who completed either the on-site survey or both surveys. Attitudes of respondents’ self-efficacy and outcome expectancy were computed by first takingtheresponsecategoriesselected by respondents and converting these selections to attitudinal measures utilizing the Rasch model (Wright and Masters, .982) which helps one correct for the possible non-linearity of rating
	-

	To organize the data, respondents’ demographic information was tallied using the following procedure. A local teacher who would classify the majority of his/her students as Asian would be a teacher of Asian students. A local teacher who would classify the majority of his/her students as African-American would be a teacher ofAfrican-Americanstudents.Similar procedures were used with all student ethnic categories. The same strategy was used to classify teachers as a function of students’ geography and social
	This strategy (which limited or eliminated empty cells and cells containing low frequency counts) allowed the researchers to avoid violating the underlyingassumptionsofANOVAtests. For example, when utilizing all of the ethnicitycategories,onecategorymay only have one member and another categorymayhave40members.When anattemptwasmadetoperformatwoway ANOVA test with these cells, it was discovered that some cells were missing. As a result, combination and 
	stratificationofthedatawerenecessary 
	to eliminate missing cells and avoid cells with low frequency counts. This 
	strategy resulted in a definition of two 
	levels for each variable; ethnicity (white, minority); geography (suburban,urban);SES(poverty/lowincome, middle income/upper income). 
	To evaluate the data, t-tests and ANOVAs were utilized. T-tests compared the self-efficacy and/or the outcome expectancy of the local teachers who completed only the on-site survey with the local teachers who completed both surveys. Using the local teachers who completed both surveys, a t-test was used to evaluate the difference between the on-site survey data and the follow-up data for self-efficacyandoutcomeexpectancy. Afourthevaluationutilizedatwo-way ANOVA, investigating the changes in self-efficacy an
	Results 
	Results of the analysis provide a unique view of local teachers’ (.) self-efficacy as a function of teacher-reported student demographics and 
	(2) self-efficacy as a function of the 
	teacher-response-rate to the follow-up survey. It is also important to point out that these local teachers, in reality, refer to teachers who are predominately white, but do teach a range of students in terms of ethnicity, SES,andgeographicsettingofstudent residence. 
	As a result of the distinction with 
	respect to self-efficacy made by Riggs 
	and Enochs (.990), these results are presentedinthefollowingmanner: (.) self-efficacy as a function of demographics, (2) outcome expectancy as a functionofdemographics,(3)self-efficacyasafunctionofteacher-responserate, and (4) outcome expectancy as a function of teacher-response-rate. 
	Self-Efficacy/Demographics 
	Self-Efficacy/Demographics 
	The self-efficacy (confidence) of teachers was found to be no different when analyzed with regard to their students’ ethnicity and geography. However, the difference between the mean self-efficacy of teachers who taught students classified as being of poverty or very low economic status, averaged across the two levels of geography (suburban and urban), and themeanself-efficacyofteacherswho taught students classified as being middleorupperincome,alsoaveraged across the two levels of geography, was too great 
	(See Table .). Simply stated, teachers classifyingtheirstudentsasmiddle/upper income had a statistically higher 
	self-efficacy when compared with 
	teachers classifying their students as poverty/low income. Thus, teachers responding to this survey who taught students predominantly of middle or high income had a stronger belief in themselves as teachers. However, when local teachers are compared in terms of student ethnicity and geographic location there was no differ
	ence in teacher self-efficacy. 
	Outcome Expectancy/ Demographics 
	Analysis of variance of the local teachers’ outcome expectancy on the reportingofthepercentageofstudents living at different economic levels, different geographic locations, and different SES, showed no significant difference. In other words, local teachers were found to have the same beliefs in what their students could do, regardless of their students’ethnicity, geography, and SES. 
	Self-Efficacy/Teacher-Response-


	Rate 
	Rate 
	Rate 
	Themeanscorefortheself-efficacy of local teachers who completed both surveys (M = ..79, SD = ..64) was significantly different from that of local teachers who only completed the 
	on-site survey (M = ..33, SD = ..45), = 0.00.(See Table 2.). Teachers who completed both surveys had significantly higher self-efficacy measures (greater confidence in their ability to 
	p

	teach) than local teachers who only completed the on-site survey. 
	A related evaluation of teachers who completed both surveys compared the self-efficacy of teachers who completed the survey at the master teacher workshop with their own self-efficacy approximately one year later. Interestingly, no statistical differences in self-efficacy among these teachers were found (See Table 3); their self-efficacy (as a group) did not change. 
	Outcome Expectancy/TeacherResponse-Rate 
	-

	Meanscoresregardingtheoutcome expectancyoflocalteacherswhocompleted both surveys (M = 0.99, SD = 0.90) were found to be significantly different from those of local teachers whoonlycompletedtheon-sitesurvey (M = 0.87, SD = 0.83), p = 0.04 (See Table 4.). Teachers who completed both surveys had significantly higher outcomeexpectancymeasures(greater belief in what their students could do) than local teachers who only completed the on-site survey. Mean measures (for outcome expectancy) were compared for local 

	Table 1.. Table 2 
	Self-efficacy of Local Teachers as a Function of..T-test results comparing the mean self-efficacy data of 
	Self-efficacy of Local Teachers as a Function of..T-test results comparing the mean self-efficacy data of 
	Student SES.. teachers who completed only the on-site survey with those teachers who completed the on –site survey and
	SES. N. Mean. Standard Deviation 

	the one year follow-up survey. 
	the one year follow-up survey. 
	(logits). (logits) Local teachers. N. Mean (logits). SD (logits) 
	Middle income/upper/income. 97. 2.19. 1.62 Survey Only. 228. 1.33. 1.45 low Income. 73. 1.60. 1.53 and Follow-up Survey. 225. 1.79. 1.64
	Completed On-site
	Poverty/
	Completed On-site

	p= .01 p=.001. 
	Table 4. T-test results comparing the mean outcome expectancy data of teachers who completed only the on-site survey with those teachers who completed both surveys. Com-parison is made using only on-site data. Local teachers. N. Mean (logits). SD (logits) Completed On-siteSurvey Only. 228. 0.87. 0.83 Completed On-siteand Follow-up Survey. 225. 0.99. 0.90 p=.04 
	efficacy had organized classrooms, 
	Table 3 T-test results comparing the mean self-efficacy data of local teachers who completed both surveys. Surveys. N. Mean (logits). SD (logits) Completed On-siteSurvey Only. 225. 1.79. 1.64 Completed On-siteand Follow-up Survey. 225. 1.94. 1.65 No significant difference Table 5. T-test comparing the self-efficacy of local teachers who completed both surveys. Surveys. N. Mean (logits). SD (logits) On-site. 225. 0.99. 0.90 Follow-up. 225. 0.85. 0.90 No significant difference 
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	Bandura (.977, .982, .986) sug-




	Discussion 
	Discussion 
	Discussion 
	Since researchers report that high 
	geststhattheconstructofself-efficacy, 
	Researchers often collect data 
	self-efficacy ratings are linked with 
	including self-efficacy and outcome 
	from master teachers. Rarely are the 
	from master teachers. Rarely are the 
	best-practice teaching strategies, it is 
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	attitudes of local teachers involved 
	certainlya positiveresult thatthe local 

	actions, and emotions. Following 
	in the dissemination effort evaluated. 
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	better describe and understand some 
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	actions, Gibson and Dembo (.984) 
	characteristics of local teachers at-
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	indicate a significant difference be-
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	ers’ positive actions directed toward 

	differ as a function 
	of teachers did not depend upon their 
	of teachers did not depend upon their 
	students such as recognition, praise, 

	of economic level,
	students’ economic level, geography, 
	students’ economic level, geography, 
	students’ economic level, geography, 
	students’ economic level, geography, 
	and intellectual expectation correlate 

	or ethnicity. Thus, what teachers felt 

	to students’ SES (Jackson and Cosca, 

	geography, or ethnicity 
	a student could achieve did not dif
	a student could achieve did not dif
	.974; Sadker and Sadker, .98.). 

	of students.
	fer as a function of economic level, 
	fer as a function of economic level, 
	Analysis of this data set suggests that 

	local teachers who classified their 
	students as coming from a middle/upper income background had a higher 
	self-efficacy when compared to local teachers who classified their students 
	as poverty/low income. This result might suggest that these two groups of teachers may differ in the classroom. However, analysis of this data set revealed no difference between these same groups of teachers concerning their outcome expectancy (the teacher’s belief in what the students can do). In other words, the teachers of the middle/upper income students 
	may have a higher self-efficacy (more confidence in what they—the teacher 
	can do) than do the teachers of poverty/low income students. However, these two groups of teachers do not differ in what they feel their students can do. This is certainly a positive result that mirrors results found by 
	other self-efficacy researchers. 
	Science workshop developers should note the differences found when both self-efficacy and outcome expectance are considered on a function of student SES. It is important for educators, involved in summer workshops, professional develop-ment,orresearchfocusingonoutcome expectancy to analyze self-efficacy and outcome expectancy. Analyzing just one aspect of self-efficacy and not both could provide an incomplete picture regarding the whole self-efficacy of the teachers. Furthermore, it is useful to collect a
	As another part of this study, two added analyses were made: (.) a comparison of local teachers who completed only the on-site survey with those who completed both on-site and follow-up surveys and (2) a comparison of teachers’ responses 
	As another part of this study, two added analyses were made: (.) a comparison of local teachers who completed only the on-site survey with those who completed both on-site and follow-up surveys and (2) a comparison of teachers’ responses 
	to the on-site and follow-up surveys (for those teachers who completed the instrument both times it was administered). The analysis suggests that local teachers who responded to 

	bothsurveyshadahigherself-efficacy 
	and outcome expectancy than those local teachers who only responded to the on-site survey. Teachers who responded to both surveys reported their 
	self-efficacy and outcome expectancy 
	no differently from the on-site survey to the one-year follow-up survey. This 
	finding suggests that the outreach 
	experience (and anything else during the year) did not change the self-ef
	ficacy or outcome expectancy of the 
	local teachers. In many ways this should not be surprising, for one shot inservices can help teachers, but it is perhaps too ambitious to claim such a short intervention will make a great difference in a teacher’s life. 
	Workshopdevelopersandresearchers need to pay much greater attention to the significant difference of self-efficacy and outcome expectancy between the teachers who only completedtheon-sitesurveyandthosethat completed both surveys. Educators will always find it difficult to retrieve responses from research subjects (especially after one year). However, the difference between those who responded after a year and those who did not indicate that it is necessary to 
	Figure
	Teachers who are now teaching at a newschool may no longerfeel a need to report on a curriculum that was introduced at a previous school. 
	pay very close attention to those who are and those who are not responding to data collection requests. If there is a difference in those who do and do not respond to data collection requests in any study, and any reform effort, then how different is “reality” from that which is presented in a report or paper? It seems it should be an immediate goal of science supervisors and science educators to draw in teachers who maynotwishtoprovidefeedback in initial or follow-up surveys. In any school district there 
	What might be some reasons for the lack of response from some of the surveyed teachers? Those teachers who did not respond might simply not answer the survey. However, it could be that those not answering have been transferred to another school, or have movedtheirresidence(theresearchers did not ask that teachers specify the “type” of address they were supplying). Teachers who are now teaching at a new school may no longer feel a need toreportonacurriculumthatwas introduced at a previous school. Also, perh
	It is suggested that those interested in collecting similar data pay careful attention to steps that may be used to collect data from as large a sample as possible. Such steps may include “freebies” for the completion of a survey, funds to find missing teachers, or withholding some portion of a stipend for those conducting outreach and collecting data in the field. This final suggestion may insure the complete collection of data at the front end (at initial workshops). 
	Conclusion 
	This unique snapshot of teachers’ 
	self-efficacyandoutcomeexpectancy, 
	as the result of a professional development outreach program, provides important information concerning selected characteristics of local teachers and their students. In terms of 
	self-efficacyandoutcomeexpectancy, the only significant difference among 
	surveyed teachers was with regard to 
	student SES and self-efficacy. This may reflect that those science teachers feel students from any SES level are capable of succeeding, however, it appears that the same science teachers blame themselves for an inability to successfully teach students from low SES backgrounds. With this result in mind, workshop developers and professional development designers shouldfocuseffortsonassistingteachers working with low SES students. 
	There were significant differences when teachers who responded once to the survey were compared to those teachers who responded twice. These results highlight another important issue for those involved in planning, organizing, and evaluating outreach programs. This group of teachers showed a distinct difference between those who responded to two data collection requests and those who responded only to an initial survey. 
	Elementary and middle school science educators can be provided with meaningfulprofessionaldevelopment programs, which can in turn help increase the likelihood of student learning. However, evaluation pictures are incomplete when many teachers do not provide data. It seems that science educators must carefully monitor the quality and extent of the data they collect. 
	The results of evaluating the pre
	post self-efficacy data also provide 
	added guidance. Those involved in evaluation that documents a project (and provides some guidance to science supervisors and researchers) 
	might find it prudent to plan pre-post 
	assessments in which there will be a realistic chance to observe a change, based upon the project of interest. 
	[Note: The opinions expressed in this paper are solely those of the 
	authors and do not necessarily reflect 
	the views of any organization.] 
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	Science and Mathematics Together: .Implementing a Theoretical Model. 
	A theoretical model is designed to describe or characterize the integration of science and mathematics education. 
	Overview of the Literature 
	Overview of the Literature 
	Overview of the Literature 
	The field of integrated science and mathematics education is not new. Since the beginning of the 20century, the integration of science and mathematics education has been suggested as a promising path toward improved student understanding of, performance in, and attitude toward both subject areas. Having spent over .5 years acquiring and reviewing the literature related to the integration of scienceandmathematicseducationhas resulted in the amassing of over 750 citations. To characterize this robust bodyofli
	The field of integrated science and mathematics education is not new. Since the beginning of the 20century, the integration of science and mathematics education has been suggested as a promising path toward improved student understanding of, performance in, and attitude toward both subject areas. Having spent over .5 years acquiring and reviewing the literature related to the integration of scienceandmathematicseducationhas resulted in the amassing of over 750 citations. To characterize this robust bodyofli
	th 

	initial review of the literature spanned the years .905 through .99. and included 555 citations (see Berlin, 

	1991).Theyears1992throughthefirst 
	six months of .999 include an additional 2.0 citations (see Berlin, .999). Clearly, the last six and one-half years has witnessed a tremendous growth in articles focused on the integration of science and mathematics education. The number of articles published in the last six and one-half years was nearly 40% of the number of articles published in the preceding 87 years. 
	Figure
	The most frequently mentioned mathematics conceptsand skills include angular measurement, estimation, formulas and equations,fractions, functions, geometry, graphing, modeling, patterns,percentage, probability and statistics, problem solving, ratio andproportion, and variable. 
	Returning to the section divisions, 
	one finds a consistent pattern for 
	nearly.00years–approximately50% of the documents are categorized as instructional. Many published strategies and activities integrate science and mathematics education; however, most of the instructional activities are primarily science activities or lessons that include mathematics-related concepts. These science activities are most often found in the journals published by the National Science Teachers Association, including Science and Children, Science Scope, and the Science Teacher. The science process
	nearly.00years–approximately50% of the documents are categorized as instructional. Many published strategies and activities integrate science and mathematics education; however, most of the instructional activities are primarily science activities or lessons that include mathematics-related concepts. These science activities are most often found in the journals published by the National Science Teachers Association, including Science and Children, Science Scope, and the Science Teacher. The science process
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	other journals, including School Science and Mathematics and journals published by the National Council of Teachers of Mathematics such as the Arithmetic Teacher, Teaching Children Mathematics, Mathematics TeachingintheMiddleSchool,andthe Mathematics Teacher. The aforementioned concepts, skills, and processes for science and mathematics are also often the basis for the curriculum and the instructional activities developed 
	-


	for specific projects, e.g., Activities IntegratingMathandScience(AIMS); Great Explorations in Math and Science (GEMS); IntegratingMathematics,Science,andTechnology(IMaST); Minnesota Mathematics and Science Teaching Project (MINNEMAST); TeachingIntegratedMathematicsand Science (TIMS); and Unified Science and Mathematics for Elementary Schools (USMES). 
	-
	-

	As one reviews the literature by category, another interesting pattern is revealed. The Research section, including theoretical models, concept papers, and empirical research, consists of the smallest percentage of citations.Forthefirst87years,only7% ofthedocumentswereinthiscategory. Furthermore, many of the documents included in this section were only tangentially related to integrated science and mathematics education. For example, a number of research studies related mathematics skills to science achie
	As one reviews the literature by category, another interesting pattern is revealed. The Research section, including theoretical models, concept papers, and empirical research, consists of the smallest percentage of citations.Forthefirst87years,only7% ofthedocumentswereinthiscategory. Furthermore, many of the documents included in this section were only tangentially related to integrated science and mathematics education. For example, a number of research studies related mathematics skills to science achie
	reveals that the number of theoretical models and concept papers related to integrated science and mathematics education represents more than half of the Research section (20 citations). Unfortunately, one still finds a critical shortage of literature focused on empirical research (.2 citations; 6% of the total citations). Only 4 of the articles listed in the Research section 

	are classified as tangentially related 
	to integrated science and mathematics education, e.g., research relating the development of graphing skills to the use of microcomputer-based science laboratories. 
	Since a review of all the literature related to science and mathematics education is well-beyond the scope of this paper, the focus will be on an analysis of various theoretical models. This discussion will set the stage for the Berlin-White Integrated Science and Mathematics Model, an interpretativeorframeworktheory,not a normative goal-directed theory. As an interpretive or framework theory, this model is designed to describe or characterize the integration of science and mathematics education, not to sp
	One has little difficulty finding proponents of science and mathematics integration.Currentreformdocuments in the United States recommend integration of content and instruction in a changing curriculum. The following documents recognize the integration of science and mathematics as a necessary component of reform: Curriculum and Evaluation Standards for School Mathematics (National Council of Teachers of Mathematics, 
	-

	Figure
	One has little 


	difficulty finding
	difficulty finding
	difficulty finding
	proponents of science and mathematics integration. Current reform documents in the United States recommend integration of contentand instruction in a changing curriculum. 
	.989); Principles and Standards for School Mathematics (National Coun-cilofTeachersofMathematics,2000); Reshaping School Mathematics. A Philosophy and Framework for Curriculum (National Research Council, .990); Science for All Americans (Rutherford&Ahlgren,.990);BenchmarksforScienceLiteracy (American Association for the Advancement of Science, .993); and National Science Education Standards (National Research Council, .996). 
	-
	-
	-

	Since mathematics is both the language of science and a science of patterns, the special links between mathematics and science are far morethanjustthosebetweentheory andapplications.Themethodology of mathematical inquiry shares 
	with the scientific method a focus 
	on exploration, investigation, conjecture, evidence, and reasoning. Firmer school ties between science and mathematics should especially 
	help students’ grasp of both fields. 
	(National Research Council, .990; .pp.44-45). Although the area of integrated .
	science and mathematics education 
	science and mathematics education 
	is not new as evidenced by writings dating back to .905, it is complex, not well defined, and inadequately studied. The literature in the last decade 


	has increasingly focused on defining 
	has increasingly focused on defining 
	integrated science and mathematics education through theoretical models. Anearliertheoreticalmodel,proposed by the participants of the Cambridge Conference on Integration of MathematicsandScienceEducationheldin .967(EducationDevelopmentCenter, 1970), defined five categories of interactionbetweenscienceandmathematics. These categories include: math for math, math for science, math and science, science for math, and science for science. Brown and Wall (.976) fashioned these categories into a continuum con
	integrated science and mathematics education through theoretical models. Anearliertheoreticalmodel,proposed by the participants of the Cambridge Conference on Integration of MathematicsandScienceEducationheldin .967(EducationDevelopmentCenter, 1970), defined five categories of interactionbetweenscienceandmathematics. These categories include: math for math, math for science, math and science, science for math, and science for science. Brown and Wall (.976) fashioned these categories into a continuum con
	Model (Berlin & White, .994, .995, .998), uniquely describes the center of the continuum, mathematics and science. The multidimensionality of the model also addresses the critical need posited by Miller and Davison (.998, .999) for paradigmatic change in school pedagogy to successfully integrate science and mathematics education. 

	The Berlin -White .Integrated Science and.Mathematics Model. 
	The Berlin -White Integrated ScienceandMathematicsModelhasbeen recognized in both the science and mathematics education communities (Berlin & White, .994, .995, .998). Evolving over a period of .5 years, it reflects and combines multiple perspectives and endeavors, including empirical research, a comprehensive review of the literature, the perspectives of the science and mathematics communities, curriculum research and development projects, and valued classroom practice. With support fromtheNationalScie
	The Berlin-White Integrated ScienceandMathematicsModelincludes six aspects: (a) ways of learning, (b) ways of knowing, (c) content knowledge, (d) process and thinking skills, 
	(e) attitudes and perceptions, and (f) teaching strategies. 
	•. Ways of learning. Integration can be based on how students experience, organize, and think about science and mathematics. Based on a con
	•. Ways of learning. Integration can be based on how students experience, organize, and think about science and mathematics. Based on a con
	structivist/neuropsychological perspective or rationale, students must do science and mathematics and be actively involved in the learning process. 

	•. Ways of knowing. Integrated school science and mathematics can reinforce the cyclical relationships between inductive-deductive and qualitative-quantitativeviewsofthe world. In science and mathematics, new knowledge is often produced through a combination of induction and deduction. For this discussion, induction means looking at nu
	merous examples to find a pattern 
	(qualitative) that can be translated into a rule (quantitative). The application of this rule in a new context is deduction. 
	•. Content knowledge. Science and mathematics can be integrated in terms of content that is overlapping or analogous. Big ideas or themes such as change, conservation, models, patterns, scale, symmetry, and systemscanbefoundinbothscience and mathematics. The examination of concepts, principles, laws, and theoriesofscienceandmathematics reveal ideas that are unique to each discipline and ideas that overlap or are analogous (e.g., the fulcrum of a lever and the mean of a distribution). 
	Figure
	Integrated scienceand mathematics can develop processes and skills related to inquiry, problem-solving, and higher-order thinking skills. 
	•. 
	•. 
	•. 
	•. 
	Process and thinking skills. Integrated science and mathematics can develop processes and skills related to inquiry, problem-solving, and higher-order thinking skills. Integration of science and mathematics can focus on ways of collecting and using information gathered by investigation, exploration, experimentation,andproblemsolving. Skills representative of this aspect include classifying, collecting and organizing data, communicating, controlling variables, developing models, estimating, experimenting,

	•. Attitudes and perceptions. Integration can be viewed from what children believe about science and mathematics, their involvement, and their confidence in their ability to do science and mathematics. Similarities and differences related to scientific and mathematical attitudes/perceptions or “habits of mind” can be identified. The values, attitudes, and ways of thinking shared between science and mathematicseducationincludeaccepting the changing nature of science and mathematics; basing decisions and 

	•. 
	•. 
	Teaching strategies. Integration can be viewed from the teaching methods valued by both science and mathematics educators. Integrated science and mathematics teaching should include a broad range of content, provide time for inquiry-based learning and problem solv-


	Figure
	Integrated science andmathematics teachingshould include a broad range of content,provide time forinquiry-based learningand problem solving, provide opportunities to use laboratoryinstruments and other tools, provide appropriate uses of technology. 
	ing, provide opportunities to use laboratory instruments and other tools, provide appropriate uses of technology (e.g., calculators and computers), encourage cooperative learning, embed assessment within instruction, and maximize opportunities for successful connections between science and mathematics. Some of the aspects, namely, ways of learning, attitudes and perceptions, and teaching strategies, are not unique to integrated science and mathematics education. However, they often are found in the descrip
	they sufficient conditions. The three 
	substantive and cogent aspects related to integrated science and mathematics teaching and learning are ways of knowing, content knowledge, and process and thinking skills. 
	The identification and elaboration of these aspects is meant to clarify the characteristics in constant interplay in defining integration. It is expected that the real value will be in identifying the links and overlap among the aspects, rather than attending to them in isolation. The Berlin-White Integrated Science and Mathematics Model is designed to provide a conceptual base and a common language that advances the research agenda, to serve as a template for characterizing current resources, and to gui
	Classroom Example: Natural Selection 
	An example of an integrated science and mathematics activity is a commonly taught science lesson on naturalselection.Thescienceconcepts and processes involved in this lesson include collecting and organizing data, diversity and adaptation, genetic variation, hypothesizing, interpreting data,measuring,modeling,observing, organisms and their environment, and prediction. The activity provides a naturalandlogicalconnectionbetween the teaching and learning of science 
	An example of an integrated science and mathematics activity is a commonly taught science lesson on naturalselection.Thescienceconcepts and processes involved in this lesson include collecting and organizing data, diversity and adaptation, genetic variation, hypothesizing, interpreting data,measuring,modeling,observing, organisms and their environment, and prediction. The activity provides a naturalandlogicalconnectionbetween the teaching and learning of science 
	and mathematics. The mathematics 
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	The following worksheets are used 
	The following worksheets are used 

	white bugs to black bugs, white bugs concepts and skills involved in this 
	by students in a cooperative group set-
	by students in a cooperative group set-

	to total bugs, black bugs to total bugs, activity include area measurement; 
	ting to teach science and mathematics 
	ting to teach science and mathematics 

	white area to black area, white area to graphing; non-standard and standard 
	together (see Figures 4 to 6). After the 
	together (see Figures 4 to 6). After the 

	total area, and black area to total area) units of measurement; ratio and 
	students have completed the activity, 
	students have completed the activity, 

	become meaningful in the context of proportion; percentage; probability; 
	each group shares the data from their 
	each group shares the data from their 

	this activity. Small group and whole randomization; and sampling, mea
	GroupDataRecordsheet.Discussions 
	GroupDataRecordsheet.Discussions 
	class discussions can seamlessly flow 
	surement, and experimenter error. 
	related to ratios and proportions (e.g., 

	between science and mathematics. Materials needed for this activity include three environments represented 
	Figure 4. Group worksheet page 1. 
	Figure 4. Group worksheet page 1. 
	by three sheets of 8 ./2 x .. inch white paper, onewithtwoblacksquares, one 

	Group Worksheet 
	Group Worksheet 
	with a black circle, and one with a 
	with a black circle, and one with a 

	Circle the letter of your group and write the student names.
	blackirregularshapeonit(seeFigures 
	blackirregularshapeonit(seeFigures 

	Group A B . to 3); a supply of black-colored and 
	Student Names ____________________________________________________________
	white-colored hole punches; an 8 ./2 x .. inch box with a lid (boxes from a copy store work well); graph paper; You should have 3 sheets of white paper with black figures on them. One sheet has two black 
	squares, one sheet has a black circle, and the third sheet has an irregular black shape on it. You should also have some white and black hole punches and a transparency with a centimeter grid on it. Each white sheet represents a different environment, and the hole punches represent white and black bugs. 
	and a transparent centimeter grid.. 

	Step 1: Count out 20 bugs (hole punches) of each color. This is the first generation of bugs 
	Figure 1. Environment: Square shapes.. for this activity. 
	Step 2: Tape the environment with the two large squares in a box and randomly distribute the bugs over the environment by putting the lid on the box and shaking the box. Be careful that none of the bugs escape or get lost. 
	Step 3: Predators, like birds, often catch and eat bugs that stand out from the environment. Open the box and capture all of the bugs that stand out due to color. 
	Step 4: Count the bugs that are not captured for this first generation and record the number 
	of each color on the Group Data Record. 
	of each color on the Group Data Record. 

	Step 5: Determine the area of the black and the white regions of the environment. Describe how you determined the area and record your value in the space provided on the Group Data Record. 
	Description: ____________________________________________________ 
	Predictions: Predict the number of white bugs and the number of black bugs you would expect 
	to survive from the first generation for: 
	to survive from the first generation for: 

	(.) the environment with the black circle. Number of white bugs = _____________________________________. Number of black bugs = _____________________________________. 
	Figure

	(2) the environment with the irregular black shape. Number of white bugs = _____________________________________ Number of black bugs = _____________________________________ 
	Figure
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	Figure 2. Environment: Circular shape. 
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	Figure 2. Environment: Circular shape. 
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	Group Worksheet 
	Group Worksheet 
	Circle the letter of your group and write the student names.. Group A B. Student Names ________________________________________________________. 
	A Groups: Determine the actual number of each color bug from the first generation that 
	survives in the environment with the black circle. Enter here and on the Group Data Record sheet. 
	Number of white bugs = ___________________________. Number of black bugs = ___________________________. 
	B Groups: Determine the actual number of each color bug from the first generation 
	that survives in the environment with the irregular black shape. Enter here and on the Group Data Record sheet. 
	Number of white bugs = ___________________________. Number of black bugs = ___________________________. 
	Step 6: Using the first generation survivors in the environment of your choice (squares, 
	circle, or irregular shape), add one white bug for each white bug survivor and one black bug for each black bug survivor. Collect all of the bugs and randomly distribute this new population over the environment. Repeat steps 3 and 4 from the Group Worksheet (page .) and record the number of black bugs and the number of white bugs remaining in the environment on the Group Data Record. 
	Step 7: Repeat step 6 three more times using the most recent generation each time. Record the number of bugs of each color left in the environment after the birds have captured the bugs that stand out. 
	Question: What happens to the number of white bugs, the number of black bugs, the number of bugs overall? 
	Step 8: Make a graph of the number of white bugs and black bugs on one set of axes to help describe the trends of natural selection. 
	Predictions: Predict the number of white bugs and the number of black bugs you would 
	expect to survive from the first generation for: 
	(.) the environment with the black circle. Number of white bugs = ___________________________. Number of black bugs = ___________________________. 
	(2) the environment with the irregular black shape.. Number of white bugs = ___________________________. Number of black bugs = ___________________________. 
	Figure 6. Group data record page 3. 
	Sect
	Figure


	Group Data Record 
	Group Data Record 
	Group Data Record 

	Circle the letter of your group and write the student .names.. Group A B. Student Names ___________________________. 

	Environment: Square Shapes 
	Environment: Square Shapes 
	Number of Bugs Generation White Black Total . 2 3 4 5 Area: ___________________________________ 
	White Black Total 
	White Black Total 


	Environment: Circular Shape 
	Environment: Circular Shape 
	Number of Bugs Generation White Black Total . 2 3 4 5 Area: ___________________________________ 
	Sect
	Figure
	White Black Total 


	Environment: Irregular Shape 
	Environment: Irregular Shape 
	Number of Bugs Generation White Black Total . 2 3 4 5 Area: ___________________________________ 
	Sect
	Figure
	White Black Total 
	To characterize this integrated science and mathematics activity, the Berlin-White Integrated Science and MathematicsModeltemplatewasused (seeFigure7).Thistemplatehighlights the characteristics that are inherent in 
	this activity with respect to five of the 
	Berlin-White Integrated Science and Mathematics Model aspects: ways of knowing, content knowledge, process and thinking skills, attitudes and perceptions, and teaching strategies. The sixth model aspect, ways of learning, is not included in the template as it is a rationale supportive of the other aspects. This exercise can be useful in selectinganddevelopingactivitiesand in planning instruction; the composite 
	may serve as an operational definition 
	to support and promote future empirical research. 
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	Figure 7. Berlin-White Integrated Science and Mathematics Model template. 
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	I. WAYS OF KNOWING 
	I. WAYS OF KNOWING 

	Induction 
	Induction 
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	Deduction 
	Deduction 
	✔ 

	Inductive-Deductive Cycle 
	Inductive-Deductive Cycle 

	II. CONTENT KNOWLEDGE 
	II. CONTENT KNOWLEDGE 

	Number and Operation 
	Number and Operation 
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	Patterns, Functions, and Algebra 
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	Measurement 
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	Data Analysis, Statistics, and Probability 
	Data Analysis, Statistics, and Probability 
	✔ 

	Change 
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	Models 
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	Patterns 
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	III. PROCESS AND THINKING SKILLS 
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	Science Education Tomorrow:. Connecting Students to a.Changing World. 
	Science Education Tomorrow:. Connecting Students to a.Changing World. 
	Preparing students for the use of science knowledge is essential for the implementation of a modern science curriculum. 
	Twenty-five years have passed since efforts began to reinvent science education. Atotal of .50 countries are now engaged in the process, but little progress has occurred. Only one new science education goal is agreed upon by all countries: “Learning to Learn.” One issue we face today in reinventingsciencecurriculaincludeschanges in the ethos, culture, and practice of today’s science. The nature of science has undergone major changes in the last 50 years. Today, dimensions of science extend into the social 
	Twenty-five years have passed since efforts began to reinvent science education. Atotal of .50 countries are now engaged in the process, but little progress has occurred. Only one new science education goal is agreed upon by all countries: “Learning to Learn.” One issue we face today in reinventingsciencecurriculaincludeschanges in the ethos, culture, and practice of today’s science. The nature of science has undergone major changes in the last 50 years. Today, dimensions of science extend into the social 
	Knowledge in the sciences has explodedoverthepastcentury.Morethan 80,000researchjournalsnowreporton advances in the sciences. Classificationofscienceasdisciplines: biology, chemistry,earthsciences,andphysics, is no longer adequate. The concept of a “discipline” has given way to 
	Figure
	Knowledge in thesciences has explodedover the past century. 
	a “field,” representing a single area 
	of research. Biology, for instance, today is represented by 400 named 
	research fields; many others remain 
	unnamed. Traditional disciplines of science are gradually being absorbed 
	into fields of biology; some of these 
	include biophysics, biochemistry, and biotechnology. 
	Science research is now centered in industry, with more than 50% of today’s science researchers employed in industry, a shift from universities and colleges. Increasingly, the framework for research in the sciences is finding solutions to personal, social, and economic problems, instead of seeking theories related to the natural world.Morestrategicfocusinresearch is problem oriented, such as finding a cure for AIDS. 
	Research in the sciences today is done by teams of six to eight persons, rather than by individuals. Teamwork canincreasethefertility ofhypotheses related to a problem and its resolution. Computers keep track of observations and organize data, and robots serve as research assistants, with the capacity to search for and record information 24 hours a day. Some robots have been sent to the moon or planets, making observations and sending them back to earth. 
	From the very beginning of modern science, advancement has been dependent upon developments in technology. Before the .7century, Egyptian astronomers verified 5,000 stars in the heavens, plus two double stars. Today’s telescopes identify hundreds of millions of stars. 
	th 

	Anton van Leewenhock’s development of the simple microscope in .675 opened the door to the previously unknown worlds of protozoa and bacteria. Today, science is a tool for generating new technologies and a means for extending the frontiers of science. Science and technology are two sides of a single coin. 
	Over the past 50 years, the United Stateshasbecomeaknowledge-intensive society. One result of this change is to make “learning to learn” a goal of science teaching, along with the utilization of knowledge. 
	Figure
	The majority of sciencetextbooks commonlyused in grades K-12are history books; theirgoals and standards are unlike today’s sciences. 
	The current education reform movement recognizes that it is time to develop science curricula that do not isolate science from human welfare, personal development, and social and economic progress. This relationship is often described as a “lived curriculum.” 
	Today’s science differs from that of pastcenturies.Themajorityofscience textbooks commonly used in grades K-.2arehistorybooks;theirgoalsand standards are unlike today’s sciences. Traditionally, science courses were taught in the context of career preparation with inquiry skills as the major focus.Thenewcurriculumframework focusesonproperutilizationofscience knowledgetoresolveproblemsrelated to life and living, or personal-social contexts. This goal requires teaching science and technology aspects that can 
	For the past century, all science curriculum reforms have stated their purpose to be “meeting the needs of students.” The curriculum proposed, however, always focused on the studentsbecomingscientists.Thepresent reform movement recognizes a need to reinvent school science curricula. Pasteffortstoidentifyfacts,principles, and generalizations that characterized biology, chemistry, earth science, and physics now identify science principles as standards. 
	Revolutionary changes are taking placeinthescienceswithinourknowledge-intensive society, and they are impacting our culture, the economy, andtheadaptabilityofpeople.Wemust have new criteria for the reinvention of science curricula. Traditionally, science curricula focused on inquiry andthefactsandtheoriescharacteristic of a discipline, but a new view of scienceeducation is emerging. Its central 
	Figure
	Past efforts to identifyfacts, principles, andgeneralizations thatcharacterized biology, chemistry, earth science, and physicsnow identify scienceprinciples as standards. 
	theme is the utilization of science knowledgeforhumanadaptabilityand welfare. In other words, students and their quality of life are the major focus of an education in the sciences. 
	The “standards” for the reinvented science curricula are seen as life skills: intellectual and social skills likely to increase the adaptive capacities of students and equip them for more productive lives. Examples of these skills include: (.) acquiring a literacy concept of the interaction of science and technology; (2) making decisions that recognize elements of risk; (3) recognizing the place of values, feelings, emotions, and ethics in making decisions about one’s life (Botvin, .979; Hamburg, .990; H
	Historically, efforts have been proposedtomakethegeneraleducationin the sciences different from that of the careerscientist.Introductionofscience into western civilization around .500 led Francis Bacon in .620 to describe goals for a general education in the sciences. He saw the ideal of human service as the ultimate goal of science 
	Historically, efforts have been proposedtomakethegeneraleducationin the sciences different from that of the careerscientist.Introductionofscience into western civilization around .500 led Francis Bacon in .620 to describe goals for a general education in the sciences. He saw the ideal of human service as the ultimate goal of science 
	education, to the end of equipping the intellect for a “better and more perfect use of human reason.” The subject matter selected to achieve this end should be that “which has the most for the welfare of man” (Dick, .935, pp. 44.-487). This context for science education persists today, nearly 400 years later, though without supporting science curricula in schools. 

	Efforts have often been made, throughout history, to develop an education in the sciences that serves human ends. James J.G. Wilkinson delivered a lecture in .847 that was an appeal for a diffusion of scientific knowledge beyond the learned class that produced it. He emphasized the view that “intellectual property” should serve human life, noting that there is a difference between the creation of knowledge and those who wish to apply it to human ends. He criticized scientists for wanting only to be judged 
	In .932, a commission was appointed by the Progressive Education Association (PEA) to study the educational process and goals relevant to the needs of learners as they interact with their social medium in situations confrontingyoungpeopleinthehome, school, community, and the wider social sciences. After seven years of debate, the goals for science teaching were defined in terms of personal living, immediate personal-social relations, social-civic relationships, and economic relations (Thayer, .938).Scien
	In .932, a commission was appointed by the Progressive Education Association (PEA) to study the educational process and goals relevant to the needs of learners as they interact with their social medium in situations confrontingyoungpeopleinthehome, school, community, and the wider social sciences. After seven years of debate, the goals for science teaching were defined in terms of personal living, immediate personal-social relations, social-civic relationships, and economic relations (Thayer, .938).Scien
	were products of professional science organizations and doctoral dissertations, but were never combined into a single list, and there is no evidence 

	that the studies fulfilled the goals of 
	the PEA (Thayer, .938). 
	In the .950s, the National Science Foundation(NSF)financiallysupportedscientists,colleges,anduniversities to reform the teaching of science and to develop new science courses (Hurd &Gallagher,.968;Hurd,.969,.970). School science courses were brought up-to-date in terms of discipline content, but not in terms of human life, a knowledge-based economy, or utilization of science knowledge for life benefit. 
	A future perspective, “learning to learn,” is a first step forward in reinventingscienceeducation.Forthefirst time,standardsfortechnologyliteracy havebeendeveloped.Thesestandards represent technology as a subject in itself, not as a factor in the practice of science (International Technology Education Association, 2000). A broader point of view is presented by UNESCO (Connect, .999). 
	Nearly 400 years have passed since Francis Bacon (.620) proposed a framework for science education in terms of the “welfare of man.” We face the same issue today, with a call for reinvention of science education. A quarter of a century has gone by 
	Nearly 400 years have passed since Francis Bacon (.620) proposed a framework for science education in terms of the “welfare of man.” We face the same issue today, with a call for reinvention of science education. A quarter of a century has gone by 
	without a philosophical framework based on the “welfare of man.” For example,effortstohavestudentsthink like scientists and behave like scientists, based on the structure of science disciplines, is essentially a career-oriented curriculum. By contrast, the reinvented science curriculum being sought has a framework of developmental needs of students for productive lives in a continuously-changing world. Responsibility for developing a new science curriculum for grades K-.2 belongs to professional science 
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