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ABSTRACT: Recent science education reform proponents explicitly put forward the idea that all stu-
dents, regardless of culture, gender, race, or socioeconomic status, are capable of understanding and
doing science. To address this need, the authors have developed and implemented a field-based urban
ecology science program to engage traditionally underrepresented groups, such as minorities and
women in real-world science. The authors describe the components of the program and discuss why
the program has been successful in providing opportunities for all students to engage in and learn
science. Using mixed methods to evaluate the program, they found that it improves student interest
in science, supports students in developing a better understanding of scientific methodologies, and
improves students’ sense of environmental stewardship when compared with students experiencing
traditional science instruction over the course of an academic year.
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tudents often report that what they learn in science lacks relevance to their lives (Nieto,
1994). It is unfortunate that this perception is rather pronounced in the field of envi-
ronmental education (EE). For example, Connell, Fien, Lee, Sykes, and Yencken (1999)
found that most Australian high school students did not believe that environmental issues affect-
ed them and that there was very little they could do to improve the environmental conditions
where they lived. These findings are indicative of a more generalized perception that traditional
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school science experiences do not facilitate in developing the belief that students can be caretakers
of the environment (Gough, 2002; Hudson, 2001; Legault & Pelletier, 2000; Tran, Euan, & Isla,
2002; Worsley & Skrzypiec, 1998).

There has been increased interest in exploring how to engage students in science within and
through interaction with their local environment. Yet, as noted by Orion and Hofstein (1994), the
outdoor environment is neglected by teachers, curriculum developers, and researchers. There have
been several studies (e.g., Orion, 1994) documenting that teachers tend to avoid outdoor activities
because they are frequently unfamiliar with the philosophy, technique, and organization of using the
outdoors as an effective medium for teaching. Yet, when leveraged appropriately, outdoor experiences
appear to be fruitful because they engage students in activities situated in real-world cultural contexts
that enhance their local relevance (Fusco, 2001).

In this article, we describe an urban ecology field-based studies program (UEESP) designed to
improve students’ understanding of the environment and their ability to care for it. We describe the
major components of the program, the successes, and the challenges so that others who have similar
goals may use what we have learned to design and implement or improve their own programs.

The UEFSP

The UEFSP was developed by the Urban Ecology Institute in partnership with the Boston,
Massachusetts, Public School department, local community centers, and the Boston College
School of Education. The UEFSP engages students in the scientific process by combining the
immediate relevancy of their own urban ecosystem with basic scientific research. Built on the
educational process of inquiry, each study is framed around the following question: What is the
health of Boston’s urban ecosystem? By using this overarching question as the context, we devel-
oped a series of curriculum modules that participating teachers use to augment their existing sci-
ence curriculum.

The primary thrust of our work is drawn from the emerging field of urban ecology. Urban
ecology has been called “an important frontier for educators” because the “core skills and con-
cepts integral to urban ecosystem education are well established in national and state science edu-
cation standards” (Hollweg, Pea, & Berkowitz, 2003, p. 33). Urban ecology is a subject around
which inquiry-based science activities can be built by critically examining the science standards
and constructing scientific experiences that address both the content and the inquiry processes
described in those standards (Bybee, 2003). Thus, urban ecology affords a thoroughly integrated
curriculum that combines the power of science with the direct impact of active learning about,
and in service to, the local community (Berkowitz, Nilon, & Hollweg, 2003). In short, curricu-
la designed from an urban ecological perspective emphasize both process and content, moving
away from the “survey of the sciences” approach often found in traditional classrooms and text-
books, which often saps the excitement and curiosity from many urban students (Kahle, Meece,
& Scantlebury, 2000).

There are three basic elements to the program’s framework: professional development, field
research and curriculum materials, and the annual student research conference. To aid teachers in the
implementation of these program components, the Urban Ecology Institute provides trained field
assistants as well as small grants for equipment and transportation costs. The field assistants serve as
liaisons between the schools and the Urban Ecology Institute and are available for field and classroom
assistance, including working directly with students and consulting with teachers to prepare class-
room and field lessons.
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Professional Development

One of the most important components of the UEFSP is the ongoing professional development
opportunities provided to educators. The Urban Ecology Institute offers a week-long institute in July
for teachers, community leaders, and urban professionals to define a common forum for initiating
community-based, urban research. Field visits and lectures focus on an introduction to urban ecolo-
gy and study design, water quality, biodiversity, social ecology, and connecting fieldwork to the class-
room and community. This orientation prepares teachers, before the school year starts, to incorpo-
rate the program into their existing curriculum. In addition, a 1-day “Fall Kick-Off Workshop” is
organized for all participating educators. A central feature for these workshops is peer education, such
that veteran teachers working in the program lead at least one of the sessions for their colleagues.
Afternoon workshops are conducted throughout the school year, usually two per semester. These are
teacher-directed forums during which information is provided, ideas are exchanged, and experiences
are shared.

Field Research and Curriculum Materials

The UEFSP currently provides curriculum materials for a variety of studies, including water
quality monitoring, avian diversity, and coyote, crow, and turtle ecology and behavior studies
using radiotelemetry. These materials have been developed to provide teachers with (a) informa-
tion on how to prepare, conduct, and analyze data; (b) a general conceptual and contextual frame-
work for the studies; and (c) classroom and field-based activities that expand on the learning and
experiences gained through the field research and connect them to the classroom curriculum and
state standards.

Each school is also expected to conduct research at a local ecologically rich study site within the
city. The field site is selected by the teacher in conjunction with the Urban Ecology Institute and local
watershed associations and environmental agencies. Each school’s study site is located near the
school, ideally within walking distance, but some sites do require a short bus ride. The same sites are
used each year to provide long-term, comparative data.

Annual Student Research Conference

The culminating event of the program occurs at the end of each school year when the Urban
Ecology Institute organizes a large gathering of teachers, students, and invited guests, including aca-
demic professors, government agency representatives, and members of community organizations.
The conference is held at Boston College and runs as a professional research conference. The con-
ference provides a public forum for recognition and reward of school and individual student achieve-
ment. Such an event offers the students the opportunity to showcase their commitment and knowl-
edge gained through their year-long studies.

Participant Feedback and Program Evaluation
Study Context
Students who participate in the field studies program are representative of the students that attend

the Boston Public Schools (BPS). The Boston Public School District (18,400 students in Grades
9-12) is like many other urban districts that have large populations of low income and minority stu-
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dents (64% of the BPS students are African American or Hispanic with 62% eligible for the free
lunch program, and 9% for reduced price meals.) The district is engaged in a whole school reform
process based on increasing subject literacy, pedagogical accountability, and the use of technology to
improve teaching. Unfortunately, in BPS, like other urban school districts, under-prepared teachers
or those teaching out of their subject area, insufficient materials and supplies, and lack of structures
to support innovative teaching practices often compromises high-quality science teaching (BPS,
2004). With the goal of providing scientific experiences for students we collaborated with the BPS
Science department and used the UEFSP framework to activate the Boston urban ecosystem as an
instructional resource.

In this section, we present a summary of our findings during the 2 years of our program
(2001-2003). Our research and evaluation program consists of a mixed methodological strategy,
including survey and interview protocols. Starting in the fall of 2001 and continuing for the next 2
years, we administered a modified version of the Scientific Attitude Inventory II (Moore & Foy,
1997) to a subset of participating students. The survey was modified to meet our specific local and
contextual needs. The final survey consisted of 63 questions designed to measure students’ interest
in science and their understanding of scientific investigative methodologies. At the beginning and
end of the year, we administered the survey to a randomly selected subset of UEFSP students and to
randomly selected students in a science class who had not participated in the program (comparison
group). Tables 1 and 2 show the survey results for both years of the study.

In addition to the quantitative survey data, students (7 = 30 each year) were interviewed at the
conclusion of their participation in the UEFSP to better understand how their participation influ-
enced their thinking. In addition, some of the participating teachers (z = 25 each year) were also
interviewed to understand their perspectives regarding how participation in the UEFSP influenced
their students’ thinking toward the environment, their ability to conduct scientific investigations,

TABLE 1. Pretest and Posttest Scores for Students in the Urban Ecology Field-
Based Studies Program (UEFSP) and Comparison Students in Traditional Science
Classes in the First Year of Study
Pretest (Fall 2001) Posttest (2002)
Scale/group n M SD  #328) n M SD t
I Want to Be a Scientist
UEFSP 137  2.87 .86 -4.35* 129 312 84 1.04
Comparison 193 3.28 .85 56 298 .65
Science Methodology
UEFSP 137 3.26 39 1.5 129 351 .61 1.52
Comparison 193 3.33 41 56 335 .63
Science as an Authority
UEFSP 137 2.68 57 -0.73 129 280 .71 11
Comparison 193 273 .65 56 279 .67
Ecological Mindset
UEFSP —_ — — — 129 332 .60 2.52*
Comparison — — — — 56 3.08 .54
*p < .05.
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and if they had observed a change in their students’ interest in science. The interview protocol con-
sisted of a set of semistructured questions designed to provide data regarding the teachers’ percep-
tions of the strengths, weaknesses, and challenges experienced while implementing the UEFSP.

Data Analysis

We analyzed the quantitative data using SPSS (Version 11) and analyzed the qualitative data
using a grounded theory approach to look for commonalities across the student and teacher inter-
views to determine which aspects of the program were most valuable from the participants’ view-
point and which areas of the program needed improvement. For the first year of data collection (Fall
2001-Spring 2002), we conducted an initial exploratory factor analysis and identified four scales:
(a) I Want to Be a Scientist, (b) Science Methodology, (c) Science as an Authority, and (d)
Ecological Mindset. The first two scales both had a reliability of .74. The latter two scales reliabil-
ities were below .45. However, by removing the 17 questions that had a low-point biserial correla-
tion, we reduced the scales’ length and increased the reliabilities of each scale to .82, .81, .58, and
.60, respectively. During the second year of data collection, we used a similar statistical approach
with the improved survey. The same scales were leveraged again with reliabilities .85, .82, .67, and
.76, respectively.

Using the reduced scales for both the comparison and the experimental groups, we conducted
independent samples ¢ tests to determine whether there were any differences between the two
groups. We then conducted a more finely grained analysis by examining the differences on each
question of each scale between the experimental and comparison groups and reexamined the inter-
view data to develop a better understanding of why particular aspects of the program were more
or less effective.

TABLE 2. Pretest and Posttest Scores for Students in the Urban Ecology Field-
Based Studies Program (UEFSP) and Comparison Students in Traditional Science
Classes in the Second Year of Study

Pretest (Fall 2002) Posttest (2003)
Scale/group n M SD  #644) n M SD t
I Want to Be a Scientist
UEESP 418  3.16 .82 12 355 3.10 .81 2.6*
Comparison 228  3.15 .86 184 288 .77
Science Methodology
UEESP 418  3.82 47 1.47 355 3.75 .55 5.9*
Comparison 228 376 .55 184  3.40 .77
Science as an Authority
UEESP 418  2.66 .66 1.20 355 2.76 .68 223
Comparison 228  2.60 .65 184 277 .64
Ecological Mindset
UEESP 418  3.51 .62 .59 355 3.48 .59 4.60*
Comparison 228 348 .64 184 320 .63
*p < .05.
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Results

During the first year, our results indicate that, at the start of the academic year, there were no
significant differences on the scales Science Methodology and Science as an Authority between the
experimental and the comparison groups. The comparison group scored significantly higher on
the scale “I Want to Be a Scientist” than the experimental group. At the end of the academic year,
whereas the comparison group scored significantly lower on the “I Want to Be a Scientist” scale
than it did in the fall, the experimental group showed significant increases in their scores on the
“I Want to Be a Scientist” and the Science Methodology scales. No significant differences were
observed on the Science as an Authority scale for either of the groups. In addition, on the
Ecological Mindset scale, which was tested only in the spring, the experimental group showed sta-
tistically significant higher scores. The Ecological Mindset scale was only tested in the spring
because our formative research suggested that participation in the Field Studies Program was
affecting student sense of environmental stewardship. However, we did not have an instrument to
measure the affect until the spring. The lack of a statistically significant difference in the spring
between the experimental and comparison groups (Table 1) can most likely be attributed to the
decrease in sample size for the spring comparison group.

In the second year of the program, our results (Table 2) indicate that, at the start of the academic
year, there were no significant differences on the four scales between the experimental and compari-
son groups. At the end of the academic year, whereas the comparison group scored significantly lower
on all of the scales, the experimental group scored higher on the “I Want to Be a Scientist” scale and
Ecological Mindset scale than on the pretest. Furthermore, comparison of the group scores revealed
that the experimental group significantly outperformed the comparison group on the “I Want to Be
a Scientist,” Scientific Methodology, and Ecological Mindset scales. There was no significant differ-
ence between the two groups on the Science as an Authority scale.

Although the experimental group outperformed the comparison group on three of the four
scales, it is important to note that the experimental group posttest scores were not significantly
different from the pretest scores. Therefore, we undertook a further examination to better under-
stand our results. Specifically, we examined gender effects of our program in Year 2. This analy-
sis revealed that boys in the experimental group significantly outperformed boys in the compar-
ison group (7 = 60) on the posttest on the Scientific Methodology scale, #58)= 6.20, p < .05, and
Ecological Mindset scale, #(58) = 4.34, p < .05. Analysis of the female responses revealed that girls
in the experimental group (7 = 127) significantly outperformed girls in the comparison group (n
= 48) on the Scientific Methodology scale, (125) = 3.73, p < .05, and the “I Want to Be a
Scientist” scale, #(125) = 2.10, p < .05. Furthermore, analysis of the female responses showed that
the experimental group improved on all four scales, whereas the comparison group’s scores
decreased on all four scales. Thus, participation in the UEFSP appears to maintain interest in sci-
ence and improves understanding of the scientific process and sense of stewardship for boys.
Participation in the UEFSP program also appears to improve understanding of the scientific
process and their interest in science for girls. This latter finding is significant in that girls’ inter-
est in science typically decreases during the secondary school years (American Association of
University Women, 2004).

Based on analysis of individual questions and the interview data, we found that students par-
ticipating in the program began to change their perspectives regarding stewardship of their local
environment, as noted by a Boston public high school teacher during an interview, “They [the stu-
dents] have a heightened sensitivity to trash on “their” field site once it becomes theirs. They start
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to think about it proactively, even asking on their own if we could bring out materials to do a
clean-up.”

Most urban students do not see science as relevant to their daily lives for myriad reasons (Fusco,
2001); however, through participation in the UEFSE, many students commented that they recognized
science as a tool that they can use to understand the world around them. One inner-city student
noted the following;

I'd like to do some science work but the Neponset River was kind of dry. . . . This is a question I'd
like to ask: Why weren't there a lot of creatures out there . . . no nothing . . . it was just dry. . . it was
just water. I'd like to know whats up with that.

Teachers also observed that students’ self-confidence in science increased as a result of participat-
ing in the program. A Boston public high school science teacher stated the following:

One day they were all walking out to the field with the testing equipment, and the students were
bragging to other students in the hallway that they were going to do ‘real science’ outside.
Students are usually excited to go out to the field site.

The participating teachers were also excited that, over time, their students succeeded and collect-
ed significant amounts of data, analyzed the data, and presented their work at the year-end confer-
ence. One teacher commented, “A lot of people said inner city kids can’t do science and they proved
them wrong. Our kids enjoy being out in the environment and I hope next year we'll get more
opportunities to do that.”

Perhaps most important was that science became accessible to urban youth through observations,
discussion about real-world problems affecting their neighborhoods, and sustained involvement in
locally relevant scientific investigations throughout the year. It is not surprising that such experiences
were seen as having little in common with school science, as noted by one student, “We had a bet-
ter learning experience out there doing science rather than inside hoping to see it!”

In short, participation in the field-based program provided students with one of their few scien-
tific laboratory experiences (many schools in the city do not have laboratories or equipment) and
exposure and the opportunity to learn (Tate, 2001), both of which are critical for students to better
understand their role in shaping and caring for their local environment.

Implementation of the UEFSP

We encountered numerous challenges that affected implementation of the UEFSP. In this section,
we summarize those challenges and the strategies we used to overcome them.

In the current age of district and state standardized examinations, teachers have less and less
freedom regarding the material they are expected to cover. Thus, it has become critical for us to
develop strategies that integrate the UEFSP into existing curricula. To achieve this goal, we have
relied on providing a structure for supporting field study and on teacher professional judgment
and expertise.

Providing Supports for the Field Studies

Early obstacles in our work included transportation to the field sites and supporting teachers in
the field. Given that our program works primarily within an urban school system, most schools have
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little to no funding for buses to transport students to the ecologically interesting field sites. However,
using external funding, we were able to provide transportation to field sites. Unfortunately, that
funding was not sustained. As a result, we developed additional curriculum materials so that scudents
could explore ecosystems on a smaller scale, such as their schoolyard.

We also found that many teachers were hesitant to take their classes out of the classroom. The
reasons for this varied, but the most prominent was behavioral management. To support the teach-
ers during the early stages of implementing our curriculum materials, we decided to provide a field
assistant who understood the science and the scientific procedures. This assistant modeled how to
conduct an outdoor scientific investigation not only for the students but for the teachers as well.
As the teacher became more comfortable with the materials and the science, we slowly scaled back
the assistance until the teacher was self-sufficient and could serve as a mentor to other beginning
teachers.

Trusting and Leveraging Teacher Professional Judgment

We found that teachers themselves are in an ideal position to adapt our curriculum materials to
their students’ needs and day-to-day realities of their particular school and classroom. Most teachers
have valued our support of their innovations, as noted in the following interview excerpt:

I think the thing that I like about the program is that I have the freedom to play with the curricu-
lum in ways that meet my and my students’ needs. The materials are already very good, plus I have
a lot of support, but it is nice to know that I can add this or that and that such input is valued.

We also established a teacher advisory board to maintain a strong connection to the classroom and
focus on the development of a flexible curriculum rather than creating a “teacher-proof curricu-
lum.” To support this process, we have found that the regular professional development work-
shops and summer institutes are invaluable. However, this model does have its limits and, to fur-
ther expand our work, we are developing a technology-based support system as additional teach-
ers begin to participate in our program.

Conclusion

Implicit in current state and national environmental science education reform policies and prac-
tices is the assumption that students need real-world scientific experiences that engage and support
them in learning about the process of science and how to become caretakers for their environment.
It is unfortunate that given the recent research on student attitudes toward the environment, we, as
an educational community, are not achieving these goals as more and more students underperform
on national tests and do not enter scientific fields after graduation. As a result, there is a critical need
for programs that support students in conducting authentic scientific investigations that motivate
and increase their interest in science. The UEFSP described here attempts to achieve that elusive goal
of building a program that fits within existing urban school district structures while providing the
opportunity for every student to learn and engage in science and to become caretakers for their local
environment.

ACKNOWLEDGMENT

This research was supported in part by the National Science Foundation under the ASCEND program, Grant ESI-
0104536.

THE JOURNAL OF ENVIRONMENTAL EDUCATION



REFERENCES

American Association of University Women. (2004). Under the microscope: A decade of gender equity projects in the sciences.
Washington, DC: Author.

Berkowitz, A. R., Nilon, C. H., & Hollweg, K. (Eds.). (2003). Understanding urban ecosystems: A new frontier for science
and education. New York: Springer.

Bybee, R. W. (2003). Integrating urban ecosystem education into educational reform. In A. R. Berkowitz, C. H. Nilon, &
K. Hollweg (Eds.), Understanding urban ecosystems: A new frontier for science and education (pp. 430-449). New York:
Springer.

Connell, S., Fien, J., Lee, J., Sykes, H., & Yencken, D. (1999). If it doesn’t directly affect you, you don’t think about it: A
qualitative study of young people’s environmental attitudes in two Australian cities. Environmental Education Research,
5(1), 95-114.

Fusco, D. (2001). Creating relevant science through urban planning and gardening. Journal of Research in Science Teaching,
38, 860-877.

Gough, N. (2002). Thinking/acting locally/globally: Western science and environmental education in a global knowledge
economy. International Journal of Science Education, 24(11), 1217-1237.

Hollweg, K., Pea, C. H., & Berkowitz, A. R. (2003). Why is understanding urban ecosystems an important frontier for
education and educators? In A. R. Berkowitz, C. H. Nilon, & K. Hollweg (Eds.), Understanding urban ecosystems: A new
[frontier for science and education (pp. 19-38). New York: Springer.

Hudson, S. J. (2001). Challenges for environmental education: Issues and ideas for the 21st century. Bioscience, 51,
283-288.

Kahle, J. B., Meece, J., & Scantlebury, K. (2000). Urban African-American middle school science students: Does stan-
dards-based teaching make a difference. Journal of Research in Science Teaching, 37, 1019-1041.

Legault, L., & Pelletier, L. G. (2000). Impact of an environmental education program on students’ and parents’ attitudes,
motivation, and behaviours. Canadian Journal of Behavioural Science—Revue Canadienne Des Sciences Du
Comportement, 32(4), 243-250.

Moore, R. W., & Foy, R. L. H. (1997). The scientific attitude inventory: A revision (SALII). Journal of Research in Science
Teaching, 34, 327-336.

Nieto, S. (1994). Lessons from students on creating a chance to dream. Harvard Educational Review, 64, 392—426.

Orion, N., & Hofstein, A. (1994). Factors that influence learning during a scientific field trip in a natural environment.
Journal of Research in Science Teaching, 31, 1097-1119.

Tate, W. (2001). Science education as a civil right: Urban schools and opportunity-to-learn considerations. Journal of
Research in Science Teaching, 38, 1015-1028.

Tran, K. C., Euan, J., & Isla, M. L. (2002). Public perception of development issues: Impact of water pollution on a small
coastal community. Ocean & Coastal Management, 45, 405-420.

Worsley, A., & Skrzypiec, G. (1998). Environmental attitudes of senior secondary school students in South Australia.
Global Environmental Change—Human and Policy Dimensions, 8, 209-225.

WINTER 2006, VOL. 37, NO. 2

11



Copyright of Journal of Environmental Education is the property of Heldref Publications and its
content may not be copied or emailed to multiple sites or posted to a listserv without the copyright
holder's express written permission. However, users may print, download, or email articles for
individual use.





