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Model Program

An Action Research Project on Preparing Teachers to Meet
the Needs of Underserved Student Populations

Gayle A. Buck
University of Nebraska-Lincoln, Lincoln, NE, U.S.A.

Jeanene G. Cordes
University of Nebraska-Lincoln, Lincoln, NE, U.S.A.

Th e focus of this action research study was on the initial stage in reforming our
teacher preparation programs. We designed, conducted, evaluated, and revised
the components of our teacher preparation prog rams that were aimed at providing
preservice teachers with the confi dence and knowledge needed to meet the needs
of youth populations underserved in science education. Th e conceptual frame-
work of this study predicted that providing preservice teachers with experiences
in teaching science to at-risk youth in a nonformal educational setting and that
exploring these experiences in a seminar setting will increase the teachers’ confi -
dence and knowledge in regard to teaching science to children from underserved
populations. Th e community-based experience allowed for an experience in which
20 preservice teachers taught in a situation in which at-risk youth were the ma-
jority, thus spotlighting their needs in a manner traditionally not experienced
by these prospective teachers. A two-phase methodological design ( J. Creswell,
1994) was utilized to answer the questions: (a) Did the plan lead to the desired
outcomes? and (b) What strategies fostered or hindered progress toward the de-
sired outcomes? Th e fi ndings of this study were utilized to develop our next action
step in preparing teachers to foster science literacy for All Americans.

Introduction

 Th e national goal for science education is science literacy for all Americans
(National Research Council, 1996). Th is emphasis has emerged from the understand-
ing that all students, regardless of their starting points in life, should be provided with
the scientifi c skills and knowledge necessary to engage in the various disciplines
deeply and intellectually (Cohen & Bames, 1993; Meier, 1995). Many proponents
of this national agenda stress the importance of reform initiatives that make struc-
tures and practices accessible so that each individual can succeed (Anderson, 1991;
Delpit, 1988).
 During this period of science education reform, the student population ra-
tios in U.S. classrooms have been undergoing changes. Over the last 10 years, the
population of English language learners has increased by 1 million students (Clair
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& Adger, 1999). Th irty-nine percent of all teachers now have English-language
learners in their classrooms (Sleeter, 2001). Th e number of students (K—12) from
minority populations is rapidly increasing, with projections of continued growth
to 46% by 2020 (Banks, 1991). Th ere has also been an increase in the number of
children with learning disabilities. Currently, 5-10 million children have learning
disabilities (Hallahan & Kauff man, 2000). In part, this is contributed to an increase
of the number of children who live in poverty. Th is group has increased from 15-
19% since the 1970s (Hallahan & Kauff man, 2000). Unfortunately, these student
populations represent children who have historically been underserved by science
education (National Research Council, 1996).
 In light of science education reforms and the increasing percentage of youth
from populations traditionally underserved by science education, calls for reform in
science teacher preparation emphasize the importance of helping teachers develop
the confi dence and knowledge needed for these diverse classrooms.

Purpose

 As teacher educators we are committed to providing our students with authen-
tic experiences in teaching science. For more than 40 years, our teacher education
programs have been able to provide our students with experiences in classrooms
that were successfully meeting the needs of their student population. Now we were
depending on our fi eld placement sites to also provide our preservice teachers with
experiences in successfully meeting the needs of students from underserved popu-
lations. However, with the rapidly changing face of the classroom population, the
fi eld sites were depending on our preservice teachers and subsequent graduates to
bring with them the contemporary knowledge and skills needed to help them create
environments that would meet the needs of underserved science learners. We found
ourselves looking elsewhere for a needed fi eld placement that would provide our
students with experiences in successfully meeting the needs of underserved popula-
tions of students. Our search led to discussions with local, nonprofi t organizations
within the surrounding area. Th ese agencies were working with children from low-
income homes, exiting juvenile justice centers, entering emergency shelters due to
domestic violence, or waiting placement in foster services. Th ese youth represented
many diverse ethnic, linguistic, and learning-disabled populations. Th ey attended
public schools in the area and were the ones most aff ected by the fact that many
teachers were not prepared to meet diverse needs in the mainstream classroom.
Th ese discussions led to ideas of how to reform our teacher preparation programs
to include an informal, diverse fi eld experience.
 Th e focus of this action research project was on preparing elementary and
middle-level science teachers to meet the needs of children from underserved pop-
ulations. We defi ned underserved as those students “who have traditionally not
received encouragement and opportunity to pursue science-women and girls,
students of color, students with disabilities, and students with limited English
profi ciency . . . special students and diff ering sources of motivation” (National
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Research Council, 1996, p. 221). Th is experience was based on the philosophy
that any eff orts to change classroom practice are likely to fail unless there are
substantial opportunities to explore teachers’ knowledge, beliefs, attitudes, and ex-
periences (Haney, Czemiak, & Lumpe, 1996). Th e conceptual framework of our plan
of action predicted that providing teachers with experiences in teaching science to
diverse learners in a nonformal educational setting and exploring these experiences
in a seminar setting will increase the teachers’ confi dence and knowledge in re-
gard to teaching science to children from diverse populations and backgrounds. Th e
community-based practice allowed for an experience in which at-risk youth were in
the majority, thus spotlighting their needs in a manner traditionally not experienced
by our prospective teachers.

Guiding Literature

 Th e plan we describe in this study was designed and adjusted with the support of
an extensive amount of literature. Th e focus of the literature search was guided by the
goals of our eff ort: Increase preservice teachers’ (a) level of confi dence in teaching
science to underrepresented populations in education, (b) knowledge of pedagogical
strategies that foster or impede success for underrepresented populations, and (c)
preparedness to teach science to students from diverse backgrounds. Th e following
is a review of those pieces that we found to be most infl uential in our eff orts.
 In order to educate prospective teachers to work with youth from underserved
populations, they must review and study their own images and beliefs. Th is explo-
ration is necessary because they function as fi lters for making sense of the knowl-
edge and experiences they will encounter. Th ese beliefs and images also function
as barriers to change by limiting the ideas that teacher education students are able
and willing to entertain (Feiman-Nemser, 2001). Prior attitudes and values play a
huge role in the way preservice teachers interact with diverse students. Teachers
often leave education programs with misconceptions about the history and culture
of groups other than their own that are incomplete, misleading, and chauvinistic.
Without intervention, these entering beliefs will continue to shape their ideas and
practices within the classroom (Banks, 1991; Bullock, 1997; Feiman-Nemser, 2001;
Zeichner, 1993). One of the current practices suggested is that of having preservice
teachers explore their own cultural identities by writing autobiographies (Banks,
1991; Feiman-Nemser, 2001; Zeichner, 1993). Kanpol (1998) labeled a similar
practice as “confession.” In this practice, the student does the same type of self-
analysis. As preservice teachers reexamine their own attitudes and values toward
cultural groups other than their own, they will be better able to understand and relate
to other cultural groups (Banks, 1991; Listen & Zeichner, 1990; Zeichner, 1993;
Zeichner et al., 1998). In our project, we had teachers explore their own beliefs about
underserved student populations. Th is was a prerequisite experience that we believe
the preservice teachers needed to infl uence their confi dence, skills, and knowledge.
Th erefore, it became an early component of our action plan. Although this was not
a research question, data was collected in this area to monitor that what we found
to be a prerequisite experience was provided.
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 Many researchers are noting that refl ective practices in the student teaching
practicum are benefi cial for prospective teachers, as well as for students. Refl ection
serves to help the preservice teachers sort out their thinking about problematic sit-
uations that occur and helps them refl ect about that situation (Listen & Zeichner,
1990; Zeichner, 1990). A result from refl ective preservice teaching is the develop-
ment of research-based teachers who are willing to review and inquire into their
own practices. In light of this, a distance-delivered refl ection journal became part
of our plan of action.
 By using inquiry-oriented practices, such as teachers telling their stories, writ-
ing journals, doing action research, producing case studies, supervising each other,
and so on, a great deal will be learned about preservice teachers’ attitudes and
opinions concerning diversity (Darling-Hammond, 1996; Feiman-Nemser, 2001;
Zeichner, 1992). Zeichner further stated that these approaches have the potential
to help preservice teachers realize the purposes of education in a democratic so-
ciety. Using an inquiry approach for prospective teachers will allow them to be-
come constructivist learners themselves (Zeichner & Teitelbaum, 1982). Th is will
stress the need to adapt instruction to students’ skill levels, involving them ac-
tively in thinking about content and analyzing the situations as cited by Southerland
and Gess-Newsome (1999). Using a practicum situation as a vehicle for this
type of inquiry into teaching, as we did in this action plan, helped preservice
teachers to become aware of the cognitive, social, and cultural dimensions of
learning; the role of diversity in instruction; and how modifi cations of assess-
ment and the curriculum contribute to learning (Southerland & Gess-Newsome,
1999).
 Another aspect of teacher preparation that institutes of higher education must
incorporate into their programs is awareness of curriculum weaknesses that would
create learning diffi  culties for a child of diversity. Equitable representation in cur-
ricular materials; equitable opportunities in the laboratory setting; and equitable
evaluation of student performance are important information for prospective teach-
ers to know (Bullock, 1997). Bullock also believes that preservice teachers are more
apt to respond to novel instruction if it is presented in teacher training programs. In
light of this, the students in this project worked with curricula from the surrounding
public schools. Th ey identifi ed the strengths and weaknesses of the curricula. Based
on their fi ndings, they made appropriate adjustments.
 Developing school and community relationships in teacher education programs
assists preservice teachers in learning about diversity as it exists in the real world.
A scaff olding or bridging between the cultures of school and home must be estab-
lished (Zeichner, 1993). Th is will provide knowledge of the cultural elements that
are relevant to the students as they enter the classroom of the practicum. Th ere is
a call for the broadening of the practicum to include more attention to the com-
munity domain. In this fi rst action step, the preservice teacher worked with two
programs that were part of a large community organization whose mission is to
help children, youth, and their families grow to live safe, healthy, and productive
lives.
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Modes of Inquiry

Research Orientation

 Our inquiry, how to better prepare science teachers to meet the needs of youth
from underserved populations, came out of our practice. Th is question became the
starting point for an action research project. Action research is a process of inquiry
that produces practical knowledge that is useful to our everyday life (Reason &
Bradbury, 2002). Th e aim of this type of research is to improve our practice by
using professional eyes to observe our own practice (Arhar, Holly, & Kasten, 2001).
Th ere are several models of the process of action research (e.g., Arhar et al., 2001;
Kemmis, 1988; Stringer, 1996; Wells, 1994). After reviewing these models, we
concluded that it was the model described and illustrated by Kemmis (1988) that
provided the process that would best guide our eff orts. Kemmis’s model includes
reconnaissance, planning, fi rst action step, monitoring, refl ecting, rethinking, and
evaluation. Th ese are completed in a spiraling process in the following order (see
Figure I):

Step 1: Reconnaissance: Th e fi rst step in Kemmis’s model is reconnaissance. Th is
 is a thorough look into what is happening now. In our study, we had completed
 the reconnaissance by reviewing our current teacher preparation programs and
 the current literature on teacher development.
Step 2: General Plan: Th e second step in Kemmis’s model is the development of a
 general plan. In this step we developed a general plan to revise our program to

Figure 1. Lewin’s Action Research Cycle. From Action Research in Retrospect and Prospect,
p. 29, by Stephen Kemmis, 1990.
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include an informal fi eld placement that located teachers in situations in which
the majority of students were from underserved populations. Th is placement
was to become part of the overall professional fi eld placements, not replacing
practice in the public school settings. Th e development of this component of our
teacher preparation program became our fi rst action step. Since this would require
extensive eff ort and monitoring, we developed this component outside of the
larger teacher preparation programs. Th is component was carefully monitored and
evaluated. Th e fi ndings from this action were utilized to revise this component in
a manner that would allow it to become incorporated into our teacher preparation
program.

Step 3: First Action Step: Th e third step in Kemmis’s model is to take a fi rst action
step. Our fi rst action step focused on the project. Preparing Teachers to Meet
the Needs of Students From Underrepresented Populations in Science Education.
Th is project was a collaborative eff ort between the College of Education and
Human Sciences and nonprofi t community organizations. Th is grant-funded ex-
perience supported a cohort of preservice teachers to take part in a seminar that
focused on helping them develop the confi dence and knowledge that would en-
able them to successfully educate children who are traditionally left out of science
education. Th e students in this seminar completed 12 h of teaching in nonprofi t
organizations that work with at-risk youth, took part in fi ve 2 h seminar meetings,
and participated in a distance-delivered, refl ection and discussion group.

 Th e unifying structures of this course were programs at local community orga-
nizations. Th ese programs sought to involve children from underrepresented pop-
ulations in inquiry-based, science-learning activities. Course participants explored
their beliefs about the populations represented in the programs, explored the soci-
etal and educational barriers that prevent diverse populations from succeeding in
science education, learned skills that research has shown supports learning for such
populations, and perfected their own teaching skills in a fi eld teaching experience
in which the minority populations were in the majority.

Participants

 Since this program was in the trial stages and was the focus of a research
project, student participation was voluntary. Th e students were recruited from the
science methods courses that occurred in the semester prior to this program. For
their participation, the participants received 2 h of graduate credit and $150 worth of
diversity materials at the completion of the seminar. To be eligible for the graduate
credit, all applicants had to be within 1 year of graduation. All participants were
working toward teaching certifi cation in K-6 grades or 4-9 grades.
 Overall, 22 preservice teachers responded to the advertisement for this fi eld
experience and seminar. Two of the students decided not to participate after the
initial meeting, leaving 20 participants. All but one of the students completed
the program (N = 19). Th is population included 17 females and 2 males. Ten of
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the participants were seeking certifi cation in grades K-6 and nine were seeking
certifi cation in grades 4-9.

Outcomes Sought

 Th e fi rst action step was designed and monitored in light of three major
outcomes.

1. Increase preservice teachers’ level of confi dence in teaching science to underrep-
 resented populations in education. Teachers are more likely to devote instruction
 time to science and use hands-on approaches if they have a positive attitude
 (Kagan, 1992; McDevitt, Heikkinen, Alcom, Ambrosio, & Gardner, 1993).
2. Increase knowledge of pedagogical strategies that foster or impede success for
 underserved populations. In order to increase their eff ectiveness in teaching sci-
 ence to all children, teachers need to leam which methods research has shown
 will improve their instructional eff ectiveness in regard to the education of various
 underserved populations.
3. Increase teachers’ preparedness to teach students from diverse backgrounds.
 Knowledge of the type of pedagogical strategies that research has shown to
 benefi t diverse student populations is not enough. Teachers need to practice and
 refi ne their own skills in this area.

Seminar Meetings

 Th ere were fi ve seminar meetings. Th e fi rst session involved an overview of
the course structure, a Blackboard (http://www.blackboard.com) “how-to” session,
an overview of community organizations, an exploration of the students’ images
and beliefs of diverse students, and the selection of inquiry-based science activities
to be completed with the youth at the fi rst fi eld experience.
 Th e second through fourth seminar meetings were structured around a jigsaw
cooperative learning activity. Th is jigsaw activity involved students working on
diff erent parts of an investigation and bringing them together (Sharon, 1994). Th is
project helped the students become experts of the needs of various underserved
populations. Th ey then worked to use the expertise in the classroom to critique and
revise science curriculum for increasingly heterogeneous classrooms.
 Th is jigsaw activity began with the second seminar session, which involved
putting the participants into groups of three or four. Each group became an expert on
one underserved population in science education—including the teaching strategies
that foster learning for this group. Each group was then provided with a packet of
research-based information on their population and access to the World Wide Web.
Th is group of three or four preservice teachers worked to redevelop the science
curriculum in such a way that it was conducive for their specifi c population of at-
risk children. Th is fi rst step of the jigsaw activity, an activity that was continued for
the next three seminar sessions, took approximately one half of this fi rst seminar.
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 During the second half of this seminar session, the entire group came back
together and reviewed the special needs of one of the populations represented in
the youth the students would teach in the fi eld experiences (learning disabled) and
worked together to redevelop four inquiry-based, science activities that were con-
ducive for this population of youth. Th ese activities were conducted during the
second fi eld experience. Th is second part of the session was developed so that
the participants would actually experience what they were asked to complete in the
seminar—redevelop lessons for at-risk youth. Th is theme continued through the
remainder of the sessions and experiences.
 During the third seminar session, the fi rst half of the session was devoted
to the jigsaw activity. Each jigsaw group of expert participants joined one other
group. Th ese two groups then presented to each other what they learned about
their one specifi c population and how they redeveloped their activities. Th e joined
groups then became the experts on the needs of two at-risk populations in science
education and worked together to redevelop the activity so that it was conducive to
both populations of youth (increasing complexity). Th e second half of this session
also involved investigating the needs of another at-risk population (attention-defi cit
hyperactivity disorder) that was also represented in the youth of students in the fi eld
experience activities. Th is knowledge was then immediately applied as the students
worked to redevelop four activities for the next fi eld visit.
 During the fourth seminar, the jigsaw groups that were combined previously
then joined another combined group. Th e participants presented what they learned
about their populations and the activity they redeveloped. Th e jigsaw group that
was made up of experts from the four diff erent populations then worked together
to redevelop the science activity so that it was conducive to all four populations.
During this portion of the jigsaw activity, the students were presented with some
suggested inclusive strategies that supported and contradicted each other. A class
discussion was led that explored what a teacher can do when the needs of some
children confl ict with the needs of others. Th e second half of this fourth seminar
session involved looking at confl icting needs of the diff erent populations represented
at the fi eld experiences, discussing how to work through these confl icts, and applying
this knowledge to the design of four activities for the next visit.
 During the fi fth seminar, the participants were asked to bring in a science unit
that they had previously conducted. Th ey worked together to make their science
lessons more inclusive for all children. Following this we then explored what it
means to make a public school classroom more inclusive. Th is session also included
the completion of postproject, data-collection instruments and course evaluation.
 By the end of the fi ve seminar sessions, the students had become “experts” on
the fi ve diff erent at-risk populations investigated in the jigsaw activity, in addition
to the populations involved in the fi eld experiences. Th ey also worked to critique
and revise science curricula with increasing complexity as they proceeded. With the
support of the fi eldwork activities, the students also practiced many of the inclusive
strategies covered in the seminar. Th e fi nal seminars were designed to focus less on
applying the strategies to the fi eld and more to applying the strategies to their own
teaching situations.
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Field Experiences

 Th ere were four fi eld experiences. Th ese occurred once a month for the entire
seminar. Th e fi eld experiences occurred at the community organizations. Th e fa-
cilities served either elementary- or middle-level-aged children. Th e children were
in temporary residence at these facilities and, in most cases, were attending a lo-
cal school. Th e children were placed in the facilities due to domestic violence,
lack of current foster placement, or because they were in transition from a juvenile
justice facility. Many diff erent ethnic, linguistic, and learning-disabled populations
were represented in all sponsored activities. Because of the temporary nature of the
placements, the diversity structure of the learning groups changed throughout the
program.
 While at the facilities, the preservice teachers worked in groups of three to con-
duct 20-min, inquiry-based science activities (developed in the seminar sessions).
Th e children were in groups of four to six and took part in four of the activities; the
preservice teachers rotated from group to group. Employees of the youth organi-
zations accompanied all groups of children. Th ese employees were responsible for
any behavior that can pose a threat to the other children or to the preservice teachers.
 Th e fi rst experience mainly focused on getting the youth involved and excited
about learning science (emphasis on fun science). Th e activities that followed con-
tinued to be interesting for students, but the preservice teachers were responsible
for teaching a coherent and accurate science concept to the youth. Th e activities
were adapted to meet the unique needs of the population of youth represented in the
experience (as discussed in the previous section).
 Th e experiences took 2 h, with time at the beginning and end to preview and
review. Th e experiences were discussed in seminar and on-line discussions.

On-Line Discussions

 All participants were expected to take part in several on-line discussions
throughout the project. Th read topics developed and posted by one of the instructors
focused these discussions. In total, participants were expected to post fi ve responses
and 10 replies to other participants. Sample thread topics included the preservice
teachers’ beliefs about diverse populations and teaching for diversity, what teaching
for all students meant, and the application of inclusive strategies.

Step 4: Monitoring: Th e fourth step in Kemmis’s model is monitoring. Th is
step involved a thorough look into what happened in the fi rst action step.
Creswell (1994) has advanced three models of combined methodological design:
two-phased design, dominant less dominant design, and mixed-methodology
design. Th e two-phase design was best suited for the purposes of this research—
answering two distinct methodological questions that would guide us as we
redesigned our teacher preparation program to better prepare teachers to meet
the needs of diverse learners. A combination of approaches was utilized to
answer the methodological questions: (a) Did the plan of action lead to the
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desired outcomes? and (b) What strategies fostered or hindered progress toward
the desired outcomes? Both quantitative and qualitative data sought to answer
the fi rst question in a prove or disprove manner of whether this plan led to the
desired outcomes. Qualitative data provided an interpretive view that sought to
develop an understanding of the strategies utilized in the plan of action.

 For reliability and validity purposes, multiple research approaches, multiple
data sources, observers, peer debriefi ng, and an external auditor were utilized.
However, this was a single-group quasi-experimental study in which certain controls
for internal validity could not be addressed (i.e., level of sensitization of preservice
teachers to desired outcomes).

Data Collection

 All data collection instruments and processes were piloted prior to the research
study. In light of fi ndings from the pilot study, the processes and instruments de-
scribed below were developed.

 Questionnaire. All students (N = 19) completed a pre- and postquestionnaire
(Spiegel, 2002) and course evaluations. Th e 60-item questionnaire was developed by
an external consultant. Th is instrument was designed based on the intended outcomes
of the project: increase preservice teachers’ (a) level of confi dence in teaching
science to underrepresented populations in education, (b) knowledge of pedagogical
strategies that foster or impede success for underrepresented populations, and (c)
preparedness to teach science to students from diverse backgrounds. Alphas were
calculated for the pilot instrument and used to guide fi nal revisions. Sample questions
included the following:

• Likert-type items:

1. I am unsure how to handle students with behavioral disorders in my science
classroom.

2. In teaching science, I am confi dent that I can meet the needs of underrepre-
sented populations.

3. Students who have behavioral disorders or learning disabilities respond best
to text-based science lessons.

4. Sometimes a teacher needs to use diff erent (lower) standards to grade students
from diff erent cultural backgrounds.

• How prepared are you to

1. teach science to groups that are heterogeneous in ability?
2. teach science to students with limited English profi ciency?
3. encourage participation of minorities in science?
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 Written Refl ections and Responses. As part of the program, the partici-
pants were asked to respond to refl ection questions. Th ese questions focused on
the required readings and program experiences. Th ese responses were posted to the
seminar website. Sample response prompts included the following:

Based on this week’s reading assignment, identify six strategies for moti-
vating culturally diverse students. Will these strategies make your science
lesson more appropriate for ALL students? (Response to others should
focus on that last question.)

 Field Notes. Each fi eld experience was observed by one of the researchers. Th e
researcher took notes on the activities, use of inclusive strategies, and interactions
between preservice teachers and students.

 Course Documents. Th e students were asked to develop activities for the
program that incorporated their developing understandings of teaching diverse pop-
ulations. A sample project included the fi nal assignment:

Th e purpose of this last assignment is for you to take what we discussed
and practiced in the seminar and apply it to YOUR practice. In light of
this, I would like you to analyze and adjust a science lesson you previ-
ously developed and hope to teach in the future. Th is process should be
accomplished in fi ve steps. First, on the Web site, briefl y describe your
previous lesson (sum it up for us). Second, on the Web site, discuss the
diverse student needs that the plan would meet (show that you understand
the special needs and how you meet them). Th ird, on the Web site, discuss
the diverse student needs the plan would not meet (ditto). Fourth, on the
Web site, discuss how the lesson could be adapted to better meet all needs.
Finally, bring and submit the fi nal plan at our last seminar meeting.

Step 5: Evaluation: Th e fi fth step in Kemmis’s model is evaluation. Th is step involves
 seeking an understanding of the fi rst action step through discussion and refl ection.
 Th is evaluation was guided by the two methodological questions.

Phase I: Did the Plan of Action Lead to the Desired Outcomes?

 Quantitative Analysis. Data from 20 preservice teacher questionnaires was
collected, coded, and analyzed. An external, qualifi ed consultant completed this.
Because this study looked for a change from presemester to postsemester, only the
students (N = 19) who completed both the presurvey and postsurvey were included
in this summary of results. A t test was performed on the close-ended items. Th ese
items addressed several areas related to the preservice teachers’ self-assessment
on how confi dent they were to teach diverse students and their knowledge of the
strategies that foster or impede success of underrepresented populations.
 Th e male/female ratio was not suffi  cient to analyze by gender. However, the
10:9 ratio between students seeking a K-6 or 4-9 certifi cation was used to seek
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Table 1
Pre- and Posttreatment Mean Data on Level of Confi dence in Meeting the Needs of
Underrepresented Populations in Science Education

Overall  Pre = 3.4  Post = 4.3a

K-6 certifi cation  Pre =3.1  Post = 4.3  
4-9 certifi cation  Pre = 3.7  Post = 4.3

Note. All ratings are based on a 5-point scale with 1 being low.
aChange = 0.9, statistically signifi cant (p < 0.001).

Table 2
Pre- and Posttreatment Mean Data on Knowledge of Pedagogical Strategies Th at Fosters or
Impedes Success of Underrepresented Populations

Overall                Pre = 3.6                        Post = 3.8a

K-6 certifi cation  Pre = 3.6                         Post = 3.8
4-9 certifi cation   Pre = 3.7                         Post = 3.8

Note. All ratings are based on a 5-point scale with 1 being low.
aChange = 0.2, statistically signifi cant (p < 0.05).

further patterns within the data set (see Table 1). At the beginning of the course,
preservice teachers felt that they had some strategies and skills in meeting the
instructional needs of students from diverse backgrounds, but they were not overly
confi dent. Th e 4-9 certifi cation preservice teachers were more confi dent in their
skill level than the elementary teachers at the beginning of the semester. By the end
of the semester, preservice teachers were signifi cantly more likely to assess their
own skill level positively and to agree with statements indicating a higher level
of self-confi dence in utilizing those skills (see Table 2). At the beginning of the
semester, the majority of preservice teachers were somewhat aware of pedagogical
strategies that foster or impede the success of students from underserved populations.
Th ere was a slight change in this scale by the end of the semester, indicating greater
awareness (see Table 3). At the beginning of the seminar, most preservice teachers
felt somewhat to fairly well prepared to do the things listed on the questionnaire.
Th e middle-level preservice teachers felt much more prepared at the beginning of
the seminar than the elementary preservice teachers. By the end of the semester,
most preservice teachers (all certifi cation levels) felt fairly well prepared and some
felt very well prepared to teach students from diverse backgrounds. Th is overall
change was statistically signifi cant.

 Qualitative Analysis. Qualitative analysis provided us with a technical un-
derstanding of the project. In brief, did the project increase the preservice teachers’
confi dence and knowledge in regard to teaching science to diverse student popu-
lations (yes or no)? Th e following review of the qualitative analysis illustrates an
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Table 3
Pre- and Posttreatment Mean Data on Preparedness to Teach Students From Diverse
Backgrounds (Self-Assessment)

Overall  Pre = 2.6  Post = 3.4a

K-6 certifi cation  Pre = 2.2  Post = 3.5
4-9 certifi cation  Pre = 3.0  Post = 3.4

Note. All ratings are based on a 4-point scale with 1 being low.
aChange = 0.8, statistically signifi cant (p < 0.001).

interpretive understanding of the types of knowledge the preservice teachers were
gaining.

 Open-Ended Questionnaire. Th e student responses to the open-ended items
on the questionnaire were analyzed with respect to the extent to which they con-
fi rmed achievement of intended seminar outcomes. Th e open-ended items intended
to address theses issues were the following:

1. What are your strengths and weaknesses with respect to helping students from
 underrepresented populations achieve?
2. What strategies do you plan to implement to promote the achievement of these
 underrepresented populations? (Please use specifi c examples, not generalities.)

 When asked about their own strengths and weaknesses in working with students
from underrepresented populations, the preservice teachers had diverse responses,
only some of which were relevant to the identifi ed goals (determining level of
confi dence). In the postsemester survey, about one third of the preservice teachers
indicated that they had some awareness or some skills in meeting the needs of diverse
learners. Responses included:

Strengths

• understanding how to include all learners
• planning a variety of lessons to reach diff erent types of learners
• creative in lesson planning empathetic, break things down
• I know how, I can adjust lesson plans to meet needs, I am educated in various

areas where students have specifi c needs.

 Th ese kinds of responses were not included in the pretest responses, so these
were things that students felt they had gained during the semester. However, another
one third of preservice teachers cited some specifi c weaknesses in these same areas.
Responses included:

Weaknesses

• lack some skills in working with specifi c diverse groups
• I don’t always know how to assist [those who are not achieving]
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• understanding how to accommodate all needs
• I don’t know many contributions of minority groups

 Th ese specifi c weaknesses show an awareness that they recognize their own
defi ciencies, and they can be rather specifi c about what they need to leam, which
indicates growth and change from the presemester surveys that were more vague in
listing weaknesses.
 When asked to cite some specifi c strategies that they planned to use in their
own classrooms, a similar pattern emerged. While many of the preservice teachers
had relevant and specifi c ideas to use at the start of the semester, almost half of the
preservice teachers’ responses at the end of the semester were more specifi c and
detailed than their presemester surveys. Th e majority of those showing change were
K-6 certifi cation majors:

• Hands-on, inquiry-based with all students
• Find role model to which all students can connect
• Use small groups
• Break activities into smaller/simpler pieces
• Include role-model scientists from diff erent backgrounds
• Make resources available
• Show and tell about great women scientists, scientists from other cultures, along

with white male scientists
• Encourage all students to excel in science.

 In particular, those who were more specifi c included such strategies as breaking
down activities to make them manageable, including more diverse role models, using
appropriate materials and resources, and incorporating more inquiry-based methods.
 Conclusion for Evaluation of Phase I: Did the Plan of Action Lead to the De-
sired Outcomes. In conclusion, the 19 students enrolled in this course appeared to
have gained some skills and confi dence in working with students of underrepre-
sented populations. Th ey felt better prepared to teach science to these students, and
their knowledge of appropriate pedagogical strategies increased over the course of
the semester. While the elementary teachers appeared to make greater gains than
the middle-level teachers, this appeared to be attributed mostly to the middle-level
teachers’ higher skill levels at the beginning of the semester. By the end of the
project, both the elementary and middle-level teachers had relatively high and sim-
ilar self-assessments of skill in teaching science to students from underrepresented
populations.

Phase II: What Strategies Fostered or Hindered Progress Toward the Desired
Outcomes?

 Seminar documents, observations, seminar evaluations, and on-line responses
were collected, coded, and analyzed. Th e coding was guided by systematic cate-
gories developed from the intended outcomes. Any datum that did not appear to fi t
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these categories was evaluated to determine if a new category was warranted. Th e
analysis was completed by the fi rst researcher and the second researcher reviewed
the analysis to verify that (a) the categories made sense in view of the data that were
available and (b) the data had been appropriately arranged in the category system
(Guba, 1978). Data from all participants were included in the summary of results.
Th e male:female ratio between participants was not suffi  cient to analyze by gender.
In addition, a preliminary review of participant data by certifi cation area revealed
that analyzing by certifi cation area was not warranted.

 Seminar Meetings. Overall, the eff ectiveness of the seminar structure was
monitored by collecting seminar documents, developing fi eld notes of the seminar
experiences, and copying seminar evaluations. Analysis of these data revealed that
the structure of the seminar allowed the students to work to levels of greater com-
plexity with ease and confi dence. A review of fi eld notes revealed that the students
were continuously engaged in the process, made easy transitions to the next level
of complexity, and made an easy conversion to applying the activities to the fi eld
experience. Analysis further revealed that many of the students noted that the use
of cooperative learning fostered this type of progress. Several comments from the
course evaluations referred to this cooperative work as the most valuable component
of the seminar. Seminar students noted the following: “working in groups to fi nd
out the best strategies to teach diverse students,” “working in cooperative groups
to discuss various physical disabilities and leam how we could adjust activities to
fi t special needs,” and “a chance to work in groups to help each other leam.” Th ey
further demonstrated the value they placed on the interaction that this type of struc-
ture provided. Students noted the “awesome feedback during seminars” and that the
“seminars were valuable to talk with classmates and the instructor.”
 Th ese cooperative activities in the seminar all focused on authentic application.
One student noted that the most valuable part was that “I applied it to my actual teach-
ing experience.” Final activities documented application level and preparedness. In
this assignment, students used the skills and strategies they cooperatively learned
and practiced in the seminar to individually develop an inclusive unit. Th e students
took the units previously developed, identifi ed the strengths and weaknesses in each
unit applying to inclusive teachers, and revised the unit to better accommodate all
learners. A review of those fi nal assignments revealed that the students applied the
knowledge and skills to appropriately revise science units. For example, after iden-
tifying the weaknesses on a previously developed unit on volcanoes, one participant
revised the volcanoes to better meet the needs of students for whom English is a
second language and for students who are visually impaired. Th is was accomplished
in a manner that did not hinder the unit’s identifi ed strength—meeting the needs
of the gifted child. Another participant revised a unit on graphing to better meet
the needs of children with behavioral disorders and children with several types of
learning disabilities.
 Th e seminar fostered progress toward the intended outcomes. Th e most suc-
cessful component seemed to be the transition and the cooperative nature of the
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activity. Th e structure of the seminar led to successful fi nal products that were
aimed at applying skills.

 Field Experience. Th e eff ectiveness of the fi eld experience was monitored by
developing fi eld notes of the experiences and seminar evaluations. Analysis of these
data revealed that, over the course of the four experiences, the participants increased
their degree of engagement, increased their ability to engage the students in the
activities, and began to incorporate more inclusive strategies that had been discussed
in the seminar. However, the level and degree of profi ciency at utilizing inclusive
strategies was low. Field notes showed that the apparent focus of the participants
during the experiences was on completing a structured activity that incorporated
very little, if any, inclusive strategies. In terms of completing that structured activity,
early experience notes revealed that many of the preservice teachers were not able
to complete their planned activities before they had to switch groups. As their focus
was on activity completion, they seldom interacted with the children. As time went
on, most preservice teachers completed their activities, appeared to be more at
ease with the students, and several demonstrated inclusive strategies. Most groups
allotted little or no time for comprehension checks. In later experiences, many of
the preservice teachers commented that their lesson went very well, but they were
unable to comment on student learning. Because of the fact that the time allowed for
little or no informal evaluation data to be collected on the children, the success of the
activities in terms of learning could not be noted nor refl ected on by the preservice
teachers.
 Analysis further revealed that many of the participants valued this component
of the seminar and felt better prepared to teach as a result. Several comments from the
seminar evaluations demonstrated this. Th ese fi eld experience comments included:
“the experience renewed my commitment to children” and “[most valuable of the
experience was] working with kids.” Many of the participants requested more time
devoted to this strategy, requesting “more on-site experience, more experience at
[site]—it was the most benefi cial moment of the semester!” Th ere were no negative
reactions to the experiences; however, when asked for constructive suggestions,
several students requested to “make [site] activities longer.”
 Over time, the participants became more comfortable at the sites and became
freer in their interactions with the children. However, we question the value of these
exchanges due to the fact that their use of inclusive strategies was low. Th is value
cannot be further analyzed because of the lack of information on the children’s
learning. As preservice teachers made an attempt to adjust to the 20 min activity
structure, the use of inclusive strategies began to appear. Th e progression of be-
coming more engaged to the initial identifi cation of inclusive strategies appears to
indicate that the students needed more time to build a relationship with the students
and to become engaged in the activities.

 On-Line Discussions. Th e project participants took part in several on-line
discussions throughout the semester. Th e participants initially responded to threads
initiated by the instructor and then responded to each others’ responses. Sample
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topics included their beliefs about diverse populations and teaching for diversity,
what teaching for all students meant, and the application of inclusive strategies.
Th e overall structure of the on-line discussions was developed in a manner that led
to increased (a) self-confi dence by providing the students with a safe environment
to perfect their ability to explain their beliefs and practices and (b) knowledge of
inclusive practices by explaining, synthesizing, and judging the knowledge gained
in the seminars and readings.
 Overall, the eff ectiveness of the on-line discussions was monitored by the
collection of written responses, rubric scorings, and seminar evaluations. Analysis
of these data revealed that an equal number of students found the discussion to be
useful as not useful. Th is was the strategy that produced the greatest discrepancy
in student opinion. A number of students saw this strategy as a hinderance toward
achieving the desired outcomes. Th ese students commented thusly, “I learned more
through the class time than the Blackboard responses.” “Have weekly meetings
instead of computer-interfaced instruction.” and “Less computer stuff .” An equal
number of students saw this strategy as one that fostered achievement of course
outcomes. Th ese students made such comments as “Th e posting on Blackboard was
good to see what other students were thinking. I enjoyed the opportunity to interact
with students on the Web.” “Blackboard discussions were very educational. Th e
responses I made to others made me think.” One participant stated that the on-line
work was the most valuable component of the project.
 Analysis also revealed a mixture of success in having students refl ect and dis-
cuss course content. In some cases, the level of discussion did not lead to higher
levels of knowledge. Student postings involved mostly content recall. Th ose post-
ings included such phrases as “According to [author], there are six ways to motivate
culturally diverse learners [goes on to recall content]” and “Portfolios are a great
[goes on to describe what the reading noted on portfolios].” A lack of refl ection on
course content was also revealed in the analysis of many of the student responses
to each other. Although asked to challenge ideas in a constructive manner, many
students simply acknowledged other students’ responses or restated students’ an-
swers. Th is was revealed with such statements as “I agree [goes on to restate the
response]” and “I couldn’t agree more [goes on to restate the response].”
 A number of students did give insight into how this strategy could foster the
achievement of program goals. Several student comments demonstrated increasing
levels of knowledge construction. Such comments included “In your response you
talk a lot about...” “But are you saying that...? “ Are you denying...? “ In addition,
the refl ections showed us which students were refl ecting. Such postings included:
“Th e book makes a point of culturally diverse scientists and women scientists that
are isolated from the rest of the scientifi c community. I have a hard time agreeing
with that in all aspects ...” “Your strategies were defi nitely mentioned in the
readings. However, as I think about them for my own classroom, a couple of your
examples cause me to wonder how possible they really are. For instance ...” Th is
information proved extremely benefi cial in guiding the seminars; however, the fact
that such information was refl ecting the experiences of only some of the participants
proved to be a hindrance to reaching all students. Analysis also revealed that many
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students were reluctant to thoroughly explore their own beliefs or those of their
classmates; however, several students were able to utilize this medium to explore
and refl ect and expressed a desire to have their classmates better challenge their
understandings. [Problem] try to get students to analyze and critique each other’s
work. Many were reluctant to do this. Need more feedback.. .on the computer stuff .”
 Conclusion/or Evaluation of Phase II: What Are the Strategies Th at Fostered
or Hindered Progress Toward the Desired Outcomes? In conclusion, the structure
of the seminar for this fi rst action step fostered progress toward the desired out-
comes. Analysis did not indicate any necessary adjustments. However, adjustments
are necessary in regard to the fi eld experiences and on-line discussions. Although the
students valued the fi eld components and the interactions led to a greater comfort and
sense of preparedness by the preservice teachers, the experiences hindered progress
in three ways. First, the limited time with each group of children placed a perceived
emphasis on activity completion, not student understanding, and prevented many
of the preservice teachers from interacting with the children. Second, the lack of
understanding of the children’s learning did not allow for an accurate understand-
ing of the experience. Th ird, the lack of emphasis on concepts to be learned and
overemphasis on activities to be completed allowed for an incomplete understanding
of inclusive teaching. Th e on-line discussion was the strategy most criticized by par-
ticipants; however, the majority favored the interaction. Th e analysis revealed that
the structure of this on-line component hindered progress in two ways. First, many
students were allowed to respond to refl ection questions by simply recalling facts
from the reading; thus hindering progress toward greater understanding. Second,
many students did not engage in critical and constructive responses to their peers.

Step 6: Revised General Plan: Th e sixth step in Kemmis’s model is to develop
a revised general plan. Based on our fi ndings, we determined that this type of
program does lead to the desired outcomes; however, there were several strategies
that hindered progress toward these outcomes. We developed a revised general
plan with these understandings.

Seminar Meetings

 Th e structure of the seminar meetings will not change from that of the fi rst
action step. Th ere will be fi ve seminar meetings. Th ese will occur on the university
campus in the evenings. Th e fi rst session will involve an overview of the course
structure, a Blackboard (http://www.blackboard.com) how-to session, an overview
of the community organizations, an exploration of the preservice students’ images
and beliefs of diverse students, and the selection of inquiry-based science activities
to be completed with the youth on the fi rst meeting.
 Th e second through fourth seminar meetings will continue to be structured
around a JIGSAW cooperative learning activity. Th e preservice teachers will work
in groups as they develop an expertise that will prepare them to develop science
activities for increasingly heterogeneous classrooms.
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During the fi nal seminar, the preservice teachers will bring in a science unit
that they had previously conducted. Th ey will work together to make these science
units more inclusive for all students. Prior to the conclusion of this session, we will
explore what it means to make a public school classroom more inclusive.

Field Experiences

 Th e structure of the fi eld experiences will be changed from that of the fi rst action
step. In light of the fi ndings from the fi rst program, three changes will be made. Th ese
are the following: (a) the preservice teachers will spend more time with each group
of children at each experience, (b) the experiences will occur within a shorter time
period, and (c) the preservice teachers will be held to curriculum objectives.
 Th ere will be four fi eld experiences. Th ese will occur once a week during
the 9th-13th weeks of the 16 week seminar. Th e fi eld experiences will occur at the
community organizations. While at the facilities, the preservice teachers will work
in groups of three to conduct 60-min, inquiry-based science activities (developed
in the seminar). Th e children will be in groups of four to six and will remain in the
same groups during the entire project.
 Th e activities that are completed will continue to be interesting for students, but
the teachers will be responsible for teaching coherent and accurate science concepts
that are taken from the National Science Education Standards (National Research
Council, 1996). Each session will conclude with an authentic assessment activity
that the preservice teachers will be asked to report and respond to on-line. In addition
to these assessment results, the overall fi eld experience will continue to be discussed
in seminar and on-line discussions.

On-Line Discussions

 Th e structure of the on-line discussions will be changed from that of the fi rst
action step. In light of the fi ndings from the fi rst program, three changes will be made.
Th ese include (a) the instructor of the seminar will take a greater role in facilitating
critical discussion, especially in the early weeks of the seminar; (b) the rubric for the
on-line discussion will be adjusted to include critical and constructive responses;
and (c) a self-assessment component will be added to the on-line discussions.
 All participants will be expected to take part in several on-line discussions
throughout the project. Th reads will be developed and posted by the instructor
focused on leading these discussions. In total, participants will be expected to post
one initial response to each of fi ve diff erent thread topics and two responses to other
participants on each thread topic. On the fi rst two on-line discussions, the instructor
will respond to each initial response and at least one response for each student. With
these responses, the instructor will point out areas that need further justifi cation or
clarifi cation, pose critical and constructive questions, and suggest areas that could
be further analyzed in order to develop guiding questions. Th e instructor’s role will
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change to one of peer in the fi nal three discussions, posting her own responses and
responding to several other participants on each thread topic.
 All initial responses and peer responses will be graded with a rubric. Th is rubric
will be discussed at the initial seminar meeting, as well as posted on the Web site.
Th is rubric has been adjusted to include critical and constructive responses. Th is
rubric will be utilized by both instructor and students. Any major discrepancies will
be discussed with students.

Conclusion and Implications

 Th is inquiry came out of our practice. We sought to understand how to
revise our teacher preparation program in a manner that would better provide the
preservice teachers with the confi dence and knowledge needed to meet the needs of
youth populations underserved in science education. In light of the fact that many
of the teachers in our fi eld placements were themselves working to develop a better
understanding of how to address the needs of diverse youth, we looked elsewhere for
fi eld placements that would provide the preservice teachers with experiences in suc-
cessfully meeting the needs of underserved populations of students. Our search lead
to the development of an informal, diverse fi eld experience in local organizations
that work with diverse youth populations. Th is informal fi eld experience did lead to
the desired outcomes; however, the progress toward these outcomes was hindered
by an inadequate amount of time to get to know the students, extended periods
of time between fi eld experiences, a disconnection between the science activities
and public school curriculums, and a lack of critical and constructive refl ection
by the preservice teachers on their own experiences, as well as on those of their
peers. In light of these fi ndings, we have revised our program and will implement
these changes in the coming year. However, this process does not end with this
implementation.
 Action research is a cyclical process. Our newly developed program is but the
second action plan. Th is second plan will also be carefully monitored to further
inform our eff orts in reforming our teacher preparation programs to better prepare
teachers to foster scientifi c literacy for all students. Th is process must continue to
focus on uncovering whether the program leads to the desired outcomes; however,
we believe our focus must expand beyond the experiences of the preservice teachers.
If we are to understand whether we are truly preparing these preservice teachers to
meet the needs of youth populations underserved in science education, we must
turn our focus to these children. Th is means we must take a longitudinal approach
and follow our preservice teachers through their initial experiences as classroom
teachers. Th ese future inquiries must continue to inform our practice.
 Although our experience has provided an initial model of a teacher develop-
ment that prepares teachers to meet the needs of underserved student populations,
one that can be adapted to other contexts, we believe the most powerful implica-
tion of the experience is that it supports a process of improving the practice of
teacher preparation—action research. Practitioner research in higher education can
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provide “richer understandings of education and to the identifi cation of.. /spaces
for ethically defensible, politically strategic action’” (Anderson, Herr, & Nihien,
1994, p. x). Preparing teachers for the changing student population is but one of the
societal changes aff ecting our eff orts. Our eff orts must refl ect the changing nature
of education.
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