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Michael Kamen
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It is interesting to note that some of the unique early features of the Electronic
Journal of Science Education have become commonplace. | recall John Cannon and
David Crowther (the founders and first editors) being very excited that they set up a
review process that was completely electronic. This facilitated a more efficient review
process and certainly was a sign of things to come. 1 can t recall the last review I did
from a hard copy. A second groundbreaking feature was that the journal was set up to be
open access. There was no fee and anyone with a web browser and internet access was a
subscriber.

I am proud to be affiliated with EJSE and the forward thinking of John and David.
There are now a growing number of open access journals supporting the distribution of
scholarly writing including research findings, position papers, theoretical discussions, and
discussion of research methods. EJSE has been part of that movement and maintains a
commitment to open access. This seems more important than ever as the world is
shrinking and budgets are tightening. Journals affiliated with professional organizations
often have financial, political, and contractual constraints to be able to publish an open
access journal. | see the EJSE serving an important role in both the dissemination of
research and in pushing the agenda for open access.

As an unfunded journal, everyone working to publish each issue does so as an
added job responsibilities. A priority is to give thoughtful and helpful reviews that will
aid the authors in their research whether ultimately published in the EJSE or elsewhere.
And of course the biggest priority is to maintain high standards and publish quality
manuscripts that add value to the knowledge base of the science education community. |
encourage you to consider supporting this effort. 1 invite published authors interested in
joining the editorial review board to submit their vita and a brief letter of interest to
EJSE. We would welcome additional reviews to help facilitate a quick review time,
provide quality feedback, and support the implementation of a peer-reviewed open access
journal in science education.

The articles in this issue reflect the diversity that is possible in an open access
international journal. Keil, Haney, and Zoffel report on research about a teacher
professional development program to help middle school teachers design and implement
a problem-based environmental health curricula. This paper adds to the discussion about
how teachers navigate the tension between supporting a problem-based instructional
model and preparing students for a content-driven state exam.

The second manuscript brings us to issues of cultural learning environments in
Brunei. The importance of culturally sensitive curriculum and teacher preparation is
highlighted by Harkirat Dhindsa and Khadija-Mohd-Salleh. Their exploration of cultural
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learning issues from Brunei will help science educators from around the world gain
perspective of similar issues in their own country.

Jonathan Way presents a research study on the implementation of a unit on
Coyote behavior. This thoughtful and creative paper presents a case from two classrooms
that will have utility for others implementing a similar curriculum. It also continues the
discussion on the inclusion of state standards into a highly motivating unit of study. In
addition the description of the research methods and the authors role as
teacher/researcher/scientist will serve others navigating the complexities of these
combined roles.

In another article relating to environmental issues, Meagher uses a quantitative
analysis of concepts maps drawn by community college students to document students
growth in understanding environmental science content. This article will provide help to
anyone wanting to use concept maps in a systematic way to gain insight into students
understandings. The author provides significant insight into a sophisticated use of
concept mapping and some of the benefits and constraints of this approach.

Bhattacharyya and Bhattacharya report on a qualitative study to integrate a
technology-integrated project-based approach into a graduate elementary methods class.
Some very interesting results relating to the atmosphere during the class and the role of
banter emerged during the study.

Del Carlo and Bodner also discuss the social relationships and community
building as an important element in science learning. The social interactions which could
be perceived as off task behavior is reported as being a positive factor in the
classrooms studied. This article prompts additional thoughts and questions, along with
Bhattacharyya and Bhattacharya s findings about the value and range of social
interactions in a classroom setting.

And finally, Reis and Galvao report on a case study of a teacher who
enthusiastically includes discussions on controversial issues in her biology class. The
case is made that the teacher s conviction about the value of this approach adds to the
success she had.

These articles together speak to the importance of thinking about what is
happening for the students we teach. From their engagement with Coyotes to joking with
friends to debating about the merits of stem cell research, how we allow students to
engage with each other and the content does matter.
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Abstract

Project EXCITE, a seven-year federally funded teacher professional development
program prepared middle grade teachers to design and implement integrative, problem-
based, environmental health curricula with over 1600 students. This article examines how
this program, through the developed and implemented curricula, impacted both state-
based, proficiency test scores and process skills test scores. Analyses of proficiency and
performance scores indicate positive effects for both measures, offering educators further
support for the use of integrative problem-based environmental health science curricula.

Correspondence should be addressed to Chris Keil, 216 Health Center, Bowling Green
State University, Bowling Green, OH 43403, ckeil@bgsu.edu

Introduction
The Environmental Health Science Context for Learning

In 1998 the State Education and Environmental Roundtable (SEER) report
(Lieberman & Hoody, 1998) described how using the environment as a context for
learning broadly impacts student achievement. Since then, others have described the
same effect and advocated the expanded use of environmental topics in schools. A study
by the National Environmental Education and Training Foundation (Glenn, 2000)
reported that environmentally based education:

e Improved reading and math scores

e Improved performance in science and social studies

e Developed student abilities to transfer knowledge to new contexts

e Enabled students to do science rather than just learn about science
e Decreased classroom discipline problems and

e Provided all students with the opportunity to learn at a higher level.

Environmental Health Science (EHS) explicitly links environmental conditions to
personal and public health. This emphasis can enhance student engagement and topic
relevancy even beyond what can be achieved with ecologically linked environmental
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science. The indoor and residential environments in urban, rural, and suburban settings,
provide near-at-hand opportunities for EHS explorations whereas these same settings
may not have diverse and accessible outdoor environments to explore. In recognition of
this, the National Institute of Environmental Health Science funded programs for the
development of school-based environmental health instructional materials, teacher
enhancement and development, and most recently, the Environmental Health Science as
an Integrating Context (EHSIC) program aimed at combining effective EHS instructional
materials with high quality professional development and classroom implementation.

Project EXCITE (Environmental health science eXplorations through Cross-
disciplinary and Investigative Team Experiences) was one of the EHSIC grant programs.
The EHSIC goals included: developing EHS curricula, deepening student learning
outcomes and motivation to learn across the disciplines using EHS as an integrative
context, facilitating teacher development of best practices, and fostering student
awareness of EHS as both a viable career opportunity and as an essential understanding
needed for socially responsible citizenship. One specific set of goals for students
included: enhancement of critical thinking skills, increased competence in identifying
problems, ability to assemble relevant data, improved solution building, development of
inquiry process skills and better performance on standardized tests.

Project EXCITE met these program goals by working with three cohorts of
teachers over a two year period (over 160 contact hours for each cohort member) to
develop and implement multidisciplinary, problem-based learning (PBL) units addressing
locally pertinent EHS issues in the middle grades (4th  9th). These PBL units, called
Odysseys, span topics such as:

e indoor air quality in schools

e aproposed natural gas electric generation facility in a rural village

e the safety of household chemicals

e community and environmental impacts of school construction projects
e pest management practices in a rural village

e the spread of communicable diseases in schools

e water quality and distribution in small and middle size cities and

« food health and safety in a school cafeteria.

The EXCITE-brand of PBL provides rich opportunities for students to develop
critical thinking, problem solving, and service learning through a four phase Odyssey
experience: Meet the Problem, Inquiry and Investigation, Build Solutions, and Take
Action (see Figure 1). During the Meet the Problem phase, students are presented with a
semi-structured and developmentally appropriate local problem to investigate. After the
students have outlined what they currently know and what they need to know about the
problem, they identify possible resources for learning and generate a beginning
hypothesis (an inference regarding the nature of the problem). Students then devise a plan
to guide them through the next learning phase, Inquiry and Investigation. In this phase,
students design and conduct tests to find answers to research questions and use process
skills (observation, inference, measuring, data collection and organization, data analysis,
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data presentation and discussion, among others). Students revisit the problem by sharing
findings from others, revise their original ideas/hypotheses, and summarize what they
now understand to be true. When students have unraveled the problem and have
constructed deeper understandings of the related content they Build Solutions. They then
use critical thinking skills to weigh the positive and negative outcomes associated with
each possible solution in order to establish a best-fit solution. After students decide upon
a best-fit solution, they develop a plan to Take Action, thus encouraging active citizenship
and social responsibility. Action projects consist of creating informational products to
communicate their newly constructed knowledge, designing and constructing models or
prototypes, developing action-oriented projects, or organizing a program or event. During
this final phase, service learning is actuated, as students apply newly acquired
knowledge, skills and dispositions outside the classroom to better society. Student
reflection is emphasized throughout the Odyssey as students are given frequent
opportunities to respond to questions in a daily reflection log.

All of the EXCITE Odysseys are interdisciplinary. They promote both deeper
understandings of content and the acquisition of skills related to science, mathematics,
language arts, social sciences and health. Because they are framed by real problems that
face real people, they provide opportunities for students to examine, discuss, and clarify
the ethical issues related to the problem at hand. Each EXCITE Odyssey is framed by
national and state educational standards spanning across the curriculum.
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Figure 1. Project EXCITE PBL Odyssey Model

Science Process Skills

Science process skills are inseparable from the practice of science and play a key
role in both formal and informal learning of science content. Padilla s (1990) essay
defined these skills as transferable abilities, appropriate to many science disciplines, and
reflective of the behavior of scientists. He re-emphasized that science processing
includes both basic and integrated skills. Basic processing involves: observing, inferring,
measuring, communicating, classifying, and predicting. Integrated science process skills
require controlling variables, defining terms operationally, formulating hypotheses,
interpreting data, experimenting, and formulating models. Both basic and integrated skills
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are needed to be scientifically literate. Science process skills are not only important for
those pursuing careers in science, but most jobs in this new millennium involve using
these skills (Rillero, 1998). While an exhaustive knowledge of science content is
impossible, mastery of science process skills enables students to understand, at a much
deeper level, the content they do know and equips them for acquiring content knowledge
in the future. Assessing process skills is not as common as assessing content knowledge,
but it can be done (Harlen, 1999).

Driven by the pressure of performance on high-stakes testing, many science
curricula unfortunately often over emphasize content knowledge. But just as a quality
literacy program equips children with the basic tools of reading literacy: code breaking,
text use, participation in the text and analysis of text, science literacy should also provide
the tools required for all forms of scientific knowing (Colvill & Pattie, 2002). Moreover,
it is believed that content knowledge is acquired more efficiently and understood at a
deeper level when obtained via inquiry using the fundamental tools of science, the
process skills (National Research Council, 1996). Not only do science process skills
improve science content knowledge, but they also improve language arts and
mathematics skills (Ostlund, 1998) (Lieberman & Hoody, 1998).

So a challenge exists. Students need improved science process skills for their
long-term academic and personal success. At the same time, given the current policy
climate, performance on high-stakes tests should not be jeopardized. Meeting this
challenge is one goal of Project EXCITE. The EXCITE Odyssey four-phase PBL model
provides frequent opportunities for students to develop both the basic and integrated
process skills using environmental health as a context for learning. These same basic and
integrated skills are found in middle grades science state and national science standards.

Research Questions

Our first research question was whether student participation in a time-intensive
interdisciplinary curriculum such as Project EXCITE produces a measurable difference in
state achievement (proficiency) test scores. This question was driven by both the goals of
EHSIC and the perception among teachers and administrators that innovative curricula
like Project EXCITE jeopardize student preparation for these standardized tests. Our
hypothesis was that dedicating instructional time to EXCITE, which is not test-driven
but is standards-aligned, would not negatively affect proficiency test scores when
compared to similar, non-EXCITE schools and in fact might increase scores due to the
interdisciplinary approaches of EXCITE resulting in better (deeper and transferable)
subject learning.

Our second, research question was whether participation in Project EXCITE
improved students science process skills. This question was examined for differences
among demographic variables including: gender, student performance level, and school.
Our hypothesis was that the inquiry based EXCITE approach would indeed improve
science process skills.
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Methods
Treatment

Participating students were in classes taught by teachers that have undergone
professional development though Project EXCITE. These teachers participate in Project
EXCITE as a multidisciplinary team and undergo over 160 hours of professional
development over a two-year period. This professional development includes two
summer institutes and academic year meetings. Teachers are trained in: problem-based
learning (PBL), the design and development of PBL units, core concepts and processes of
environmental health science, approaches to inquiry learning, strategies to assess PBL,
and classroom management techniques needed for conducting PBL units.

All EXCITE students first participate in the ZoOdyssey, an introduction to PBL
and EHS in the form of a simulated investigation into an illness outbreak following a trip
to the zoo. This Odyssey was developed by EXCITE faculty and staff and aims at
teaching the process of PBL (described earlier) over three to five hours of instruction.
Following ZoOdyssey, the students go through the Odyssey developed by their teachers
focusing on a local EHS issue. The local Odysseys units were implemented over a period
from one to four weeks (30 90 hours of instructional time). The mode of delivery varied
based on instructional decisions about implementation made by the participating teachers.
Some schools devoted multiple class periods a day to the unit over a period of one or two
weeks. Other schools experienced their Odysseys a few class periods a week over a
longer period of time. However all Odysseys incorporated strict adherence to the four-
phase EXCITE model.

Participating Schools

Interdisciplinary teacher teams from twelve EXCITE schools have been through
the complete two year professional development and Odyssey implementation cycle of
Project EXCITE. Six schools participated from 2001 2003 as Cohort 1 and six
schools participated from 2003 2005 as Cohort 2 . All 12 of these schools represented
separate school districts. The schools represented a wide diversity in demographics.
Table | summarizes information about the EXCITE schools.

Two non-EXCITE middle schools, DON and GLN in the same district as an
EXCITE school (FIN) were used as control groups for proficiency test analysis. Six non-
EXCITE classrooms identified as MAU and SMS were used as control groups for science
process skills testing. These classrooms were in the same school building as EXCITE
teams, MGW and SRG respectively. But were used as controls in years subsequent to
EXCITE being implemented in those schools and with teachers who had not participated
in the EXCITE program. The demographics for the proficiency testing and process skill
control groups are also included in Table I. Ethnic and economic data were obtained from
state department of education reports. Economically disadvantaged status is based on
eligibility for free or reduced cost lunches.
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Table |
Demographic Data for Participating Schools
School  Cohort Publicor Participating School School % Non- %
Parochial ~ Grade Level Grade Population White Economically
Levels Disadvantaged

BGR 1 Public 8 7-8 500 115 15.6
MGW 1 Public 7 6-8 700 9.0 N/A
SRG 1 Public 6,8 6-8 890 21.0 21.8
ATW 1 Public 7 7-8 590 3.4 N/A
RSF 1 Public 8 7-8 330 6.7 323
YNG 1 Public 4,5 K-5 760 44.5 80.7
ARC 2 Public 7 K-12 620 3.8 18.1
LBC 2 Public 6 5-8 400 5.0 18.4
NBL 2 Public 7,8 7,8 130 3.9 15.0
SPX 2 Parochial 5,6 K-8 240 N/A N/A
FOS 2 Public 8 6-8 490 33.1 59.0
FIN 2 Public 6 6-8 490 16.2 27.7
DON Prof-C Public 6 6-8 460 6.5 27.1
GLN Prof-C Public 6 6-8 440 151 41.2
MAU POPS-C Public 7 6-8 670 10.5 13.3
SMS POPS-C  Public 6,8 6-8 950 24.1 26.0

N/A: Not available
Prof-C: control group for proficiency test comparisons
POPS-C: control group for science process skills test comparisons

Proficiency Testing

In Ohio students are tested on their proficiency in reading, writing, math,
citizenship and science. In each subject area student proficiency levels are classified as
advanced , proficient , basic or below basic . Advanced and proficient are
considered passing levels. Obtaining student or even classroom specific proficiency test
data was extremely difficult. Many schools were unable to access and provide the needed
test data and information in the format needed. Privacy laws prevented the schools from
providing student-level data without coding the information first and schools refused to
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allow us to code the data as needed. Some schools were able to provide partial
information. Results for an entire grade level were available on the state department
website for each school, but in most cases an entire grade level did not participate in
Project EXCITE during the same year proficiency tests were given. However, in one
EXCITE school (FIN) an entire 6™ grade level participated in Project EXCITE before
they took the proficiency test that year. This school was in a district with two other
middle schools (DON and GLN) that had no exposure to Project EXCITE. The
percentage of students passing the five subject areas and the percentage of students
scoring below basic was compared for the year immediately prior to FIN beginning
Project EXCITE (2003) and after their second year in the project (2005). Results from
2005 were considered because at that point FIN teachers had experienced the full
professional development program and developed experience with both PBL and EHS.

Science Process Skills Evaluation Instrument

Students scientific process skills were evaluated using the 21 question
Performance of Process Skills test (POPS) (Mattheis & Nakayama, 1988). This is an
instrument developed to evaluate integrated science process skills such as: experimental
design, use of variables, and data presentation and interpretation. The POPS was
previously tested for validity and had a total test reliability of 0.75 using the Kuder-
Richardson formula 20 for this study.

EXCITE students took the POPS test before participating in the ZoOdyssey.
Following the local Odyssey, EXCITE students took the POPS test again. Time between
the pre- and post-test ranged from 3 to 29 weeks depending on when the ZoOdyssey and
local Odysseys were implemented during the school year. Ten weeks was the median
interval. Valid pre- and post-test scores were available for over 1600 students.

In the control groups the POPS test was given three times to look for changes in
science process skills due to standard instruction and changes that might occur by simple
maturation. The period between the first and second test was a period with normal ,
non-EXCITE instruction that ended shortly before the winter holiday break. The interval
between the second and third tests began before the winter holiday and concluded a few
weeks after the winter holiday. This interval represented a period of time with more

limited non-EXCITE instruction due to the wind down before break, the break itself,
and the gearing up after break. This period was intended to see if maturation of the
students over a period of weeks might account for any gains in science process skills seen
in the treatment groups. The length of the non-EXCITE normal instruction interval,
ranged from 4 to 6 weeks. The period of limited instruction, was 5 or 6 weeks. Overall
the span of time between the initial and final POPS test administration for the control
group ranged from 9 to 12 weeks which brackets the median pre/post test interval (10
weeks) for the treatment groups. Three valid and reliable tests were administered and data
were collected for over 100 non-EXCITE students (see Figure 2).
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Figure 2. Control Group Testing Periods for POPS
POPS Data Analysis

Matched pair one-tailed t-tests were completed to test for an increase in POPS
scores. Though data is interval (number correct), the range is wide enough (0-21) that if a
normal distribution of scores is exhibited, parametric tests can be done.

Students with scores lower than 4 on either the pre or post-test were eliminated
from the analysis (i.e. on several answer sheets there was evidence that there was not a
genuine effort to complete the test and were described as non-efforts). These represented
3.1% (52 out of 1661) of the EXCITE students who completed both pre and posttests. No
student scored less than 4 on both pre and posttest. The non-effort rates across the twelve
schools were non-normally distributed. The pre test non-effort rate averaged 1.3% (range:
0% - 5.9%) with a median of 0.7% and a 95% confidence interval on the median of 0% -
4.8%. The post test non-effort rate averaged 1.5% (range: 0% - 5.6%) with a median of
0% and a 95% confidence interval on the median of 0% - 4.3%. The POPS control groups
non-effort rates was not statistically different than the EXCITE group.

The comparisons were completed for various groupings of students. These
groupings were:

e All EXCITE students

e AIll EXCITE students by gender

e Each school

e By pretest performance level (quartiles)
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Results and Discussion
Proficiency scores

The proficiency test performance analysis is for the one EXCITE school (FIN) in
which an entire grade level (6" grade) of students participated in Project EXCITE during
a year the proficiency test was given. This school also completed their EXCITE Odyssey
prior to taking the proficiency test. Proficiency test scores for two schools in the same
district were used for comparisons. This was to see whether the school that dedicated the
time to the EXCITE curriculum did at least as well as the non-EXCITE schools and did
not suffer from their participation.

The changes in pass rates from the year immediately before Project EXCITE to
the results after two years of Project EXCITE are presented in Table Il. Also presented is
the standard deviation of the pass rates in each subject area for the 5 years prior to
EXCITE. Though the sample size, 5 years, is too small to make full use of parametric
statistics, the standard deviation is presented as a measure of typical year-to-year
variability.

Table 11
Change in Pass Rates from 2003 — 2005

Subject Area (change, standard deviation)

School Reading Writing Math Citizenship Science
FIN +10.5 (5.5) +3.8(3.3) +133(6.1)  +104(44) +2.2(5.2)
DON -2.8 (8.0) -3.5(4.8) +12.5 (6.3) +2.8 (3.6) +1.5(8.4)
GLN +19.3 (6.2) -3.2(8.3) +4.1(13.9)  +11.1(6.6)  +9.9(12.4)

After the two years in which FIN participated in EXCITE, pass rates were higher
in all subject areas than the year immediately prior to beginning EXCITE. For reading,
writing, math and citizenship (four of the five subject areas), the increase was greater
than the annual variability for the preceding five years as measured by the standard
deviation.

Over the same period DON had decreased pass rates in two subjects and increased
pass rates in three subjects. Only the increase in the math pass rate was larger than the
annual variation as measure by the standard deviation (one of five subject areas). GLN
had pass rate increases in reading, math, citizenship and science. The increase in pass
rates in reading and citizenship were greater than the measure of annual variability (two
of five subject areas).
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Qualitative observations as well as the science process performance results
presented later in this paper suggest that lower performing students may benefit more
from participation in Project EXCITE. This may be due to the non-traditional problem-
based approach to learning or the use of real-world environmental health contexts, or a
combination of both. For this reason we looked for changes in the number of students in
the below proficient results category. Table Il presents the change in the percentage of
students scoring below proficient along with the standard deviation in the percentage of
students in that category in the previous five years. A negative value indicates a decrease
in the number of below proficient students, the desired result.

Table 111
Change in Percentage of Students Scoring “Below Proficient”

Subject Area (change, standard deviation)

School Reading Writing Math Citizenship Science
FIN -10.2 (3.2) 2.0 (1.8) -10.4 (5.2) -12.4 (4.9) -1.9 (2.9)
DON +0.4 (2.9) +5.6 (3.9) -5.6 (4.9) -0.3 (4.0) +1 (5.2)
GLN -6.7 (4.7) +1.7 (6.6) +0.0(11.2)  -7.7(5.9) -4.7 (10.9)

After two years of EXCITE participation, a smaller percentage of FIN students
performed at a below proficient level in all subjects compared to the year immediately
prior EXCITE. For reading, writing, math and citizenship the change was greater than the
standard deviation of the percentage of students at that level over the preceding five
years.

Over the same period, DON had a smaller percentage below proficient students
in math and citizenship. This difference was greater than the measure of annual
variability for math. DON had a larger percentage of below proficient students in
reading, writing, and science. The difference was greater than the measure of annual
variability for writing. GLN had a smaller percentage below proficient students in
reading, citizenship and science. This difference was greater than the measure of annual
variability for both reading and citizenship. GLN had a larger percentage of below
proficient students in writing and no change in math.

To summarize, the EXCITE school (FIN) had increases in pass rates greater than
the standard deviation in four out of the five subject areas while GLN showed similar
increases in only two areas and DON in one. Similarly FIN had students move above the

below proficient category at rates greater than the standard deviation in four out of the
five subject areas while GLN showed improvements greater than the standard deviation
in only two areas and DON in one.
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State proficiency performance appears to be enhanced during the periods of
EXCITE implementation. Though the sample size (only 5 years of data before EXCITE)
precludes formal statistical testing, this data suggests that participation in Project
EXCITE did not negatively affect standardized test pass rates and may in fact have
improved pass rates and decreased the percentage of students at a below proficient
level. Notably, the only sustained teacher professional development across the district
during these years was Project EXCITE in the FIN school. Therefore, it is plausible to
attribute this success to the EXCITE program and not some other professional
development program or district initiative.

A primary goal of the NIEHS EHSIC program was to enhance student
achievement in all subject areas using EHS as an integrative context for learning.
Although additional data was not available to make greater use of inferential statistics
(requiring teacher and/or student level data), the overall evidence suggests that for the
FIN EXCITE students, proficiency performance during the years of EXCITE was
improved across subject areas compared to years prior to EXCITE.

Keeping in mind that the average Odyssey implementation period was roughly 2
weeks (or 60 total hours of instructional time across disciplines), these gains become
even more notable. Ironically, when interviewed and/or surveyed, many EXCITE
teachers felt that although the EXCITE Odyssey experience was motivational for students
and evoked deep understanding of local EHS problems, they felt uncomfortable spending
so much time on a unit not perceived to be directly supporting test preparation. The
majority of EXCITE teachers conveyed that they would continue to use EXCITE
Odysseys/PBL in the future, but would need to limit the amount of time spent on the unit
to leave time for test preparation. Furthermore, many teachers worried that although they
believed students were developing critical thinking and higher order skills, and although
they knew first hand that these curricular materials were standards-aligned, they were
concerned that the Odyssey experience may not foster student achievement on the state
tests.

It should also be noted that the science proficiency test scores did not notably
improve in the FIN EXCITE school. At the time of testing, only a small fraction of this
test measured process skills (under a broader category of the nature of science). Since
then, a new achievement test is in place in Ohio aimed at increasing the emphasis on
assessing scientific processing skills. For this very reason, the POPS test was also
administered, as a more direct and valid measure of the impact of the primary goals of
Project EXCITE.

Scientific Process Skills

Scientific process skills improvement was assessed using the POPS test. Table IV
summarizes the changes in POPS test scores for all students that had valid pre and post
tests. Significance of change was determined by matched pair t-test. These data were
further analyzed based on their pre-test performance (quartile) and by gender. The sample
size was smaller for the gender specific analysis because gender data was not provided
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for some of the students. A one-way ANOVA analysis shows that the gains were not
different based on gender (p = 0.11).

Table IV
Change in POPS Test Performance for EXCITE Students
Group Pre-test Pre-test Post-test Average p n
Quartile average average gain
All students All 13.1 13.9 0.6 <0.001 1609
1 7.2 9.2 2.0 <0.001 367
2" 11.6 13.0 14 <0.001 445
3 15.1 15.7 0.6 <0.001 392
4" 18.3 16.4 -1.9 <0.001 405
Males All 13.6 14.2 0.6 <0.001 588
1 6.4 9.2 2.8 <0.001 123
2" 104 12.0 1.6 <0.001 170
3 14.0 15.1 11 <0.001 129
4" 17.7 16.9 -0.8 0.002 166
Females All 134 14.2 1.0 <0.001 612
1% 1.7 9.6 1.9 <0.001 154
2" 12.0 13.2 1.2 <0.001 134
3 15.2 15.6 0.4 0.041 165
4" 18.3 17.9 -04 0.048 159

Table 1V presents aggregate data for all EXCITE students in both cohorts. The
same pattern of greater improvement in lower quartiles can also be seen when considered
by cohort, year and school.

When analyzed by cohort, the Cohort 2 (2003  2005) students exhibited a greater
average gain in POPS test scores, +1.1 compared to Cohort 1 (2001 2003) students who
had an average gain of +0.5. ANOVA revealed that this difference was statistically
significant (p <0.001). This may be due to the overall maturation of the EXCITE
program. The project staff initially assumed that participating teachers did not need us to
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overemphasize how to do inquiry. During the first cohort training period, we spent more
time deepening teacher EHS content knowledge and helping teachers with teaming
structures and interdisciplinary planning. However, the POPS scores posted by Cohort 1
students and feedback from the teachers provided us with valuable information that we
used as we refined our program. During teacher professional development, we
subsequently spent a significant amount of time having EXCITE teachers participate as
learners in designing and enacting controlled investigations and other inquiry and
research methodologies. We also created anchor lessons that teachers could use with their
students aimed at developing needed process-oriented inquiry skills such as graphing,
controlling variables, planning research and communicating findings.

Within each cohort there was no statistical difference in the gain in POPS tests
scores between students participating in the first year and students participating during
the second year. In general, there was no statistical difference in the magnitude of the
increase in POPS tests scores between the EXCITE schools. The average increase at
SPX, however, (+1.7) was statistically greater than the increases in other schools in that
cohort, BGR (+0.4), SRG (+0.4), ATW (+0.5) and FOS (+0.5).

The magnitude of the increase in average scores and the degree of statistical
significance is highest for students that performed in the lowest (first) quartile on the
pretest. The difference in scores by quartile is statistically significance for all quartiles.
The statistically significant decrease in the scores for students performing in the top
quartile on the pre-test is likely due to a ceiling effect of a 21 question test instrument.

The question remained whether the increase in POPS scores could have been: a) a
result of simple maturation of the students or b) achieved with typical, non-EHS non-PBL
instruction. In order to claim an EXCITE effect , we aimed to rule out these alternative
explanations to the increased scores. We looked at the first question using an internal
control group and at both questions using an external control group.

At one EXCITE school (NBL) some of the students who participated in EXCITE
as 7" graders also had the same teachers in 8™ grade and participated in EXCITE a
second year. These students had demonstrated a statistically significant increase in POPS
tests scores administered before and after EXCITE during the school year. The next year
they took the POPS test again as a pre-test for their 8" grade participation. If maturation,
the time over summer break, affected student s scientific process skills, improved POPS
scores at the beginning of 8" grade might be expected. There was no statistically
significant increase in their POPS scores. This suggests that simple maturation does not
contribute to improved science process skills as measured by the POPS test.

We also recruited six non-EXCITE classrooms from two schools to explore these
alternative explanations of increased process skills test scores. Non-EXCITE control
group classrooms took a POPS pre-test and then two follow-up tests, one after a period of
normal instruction and then again after a holiday period with limited instruction, but also
large periods of vacation. Table V presents data on significant changes in test scores
between administrations of the POPS test to the control groups. There is little significant
positive change in average POPS test scores in the control group. Notably, the lowest
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quartile of pre-test performers showed no significant change at all. This same group in
the EXCITE schools exhibited the greatest gains in POPS test scores. The significant
increase from test 1 to test 3 that was observed in MAU was driven by the performance
of one quartile. Further analysis showed that it was the performance of the second
quartile students from a single classroom driving the significance of the increase.

-Cl;?\glr?g\e/in Average POPS Test Score for Control Group Students.

1 2 3 D1-2 D2-3 D1-3 n
All 154 15.9 15.7 +0.5* -0.2 +0.3 102
1% 9.8 10.2 10.2 +0.4 +0.0 +0.4 22
2" 13.6 14.6 14.6 +1.0 +0.0 +1.0 28
3 178 182 180  +04 -0.2 +0.2 29
4" 20.0 20.0 194 +0.0 -0.6* -0.6* 23

*: significant at a = 0.05

Student science process skills, as measured by the POPS test, appear to be
enhanced through participation in Project EXCITE Odysseys. As shown in Table 1V, the
EXCITE schools made regular improvements in process skills scores. These
improvements are most notable at the lowest quartile students, yet are statistically
significant for the entire group. Moreover, improvements were found in both male and
female students. Table V shows that in non-EXCITE schools process skills do not appear
to be developed by normal instruction (test 1 test 2 timeframe) or maturation alone as
examined during limited instruction (test 2 3 timeframe). POPS scores for the control
groups remained stable (or sometimes decreased) at periods of time with normal
instruction, limited instruction and/or extended breaks from instruction.

It is makes sense that Project EXCITE Odysseys promote student attainment of
these process skills. The EXCITE PBL model infuses inquiry-based instruction
throughout the Odyssey experience. When students first meet the problem, they are
required to access and organize available information as they identify relevant facts,
derive related learning needs and make initial hypotheses and assumptions. They use
process skills throughout the inquiry and investigation phase of the Odyssey experience,
as they use the inquiry process to gather additional information and data needed to better
understand the problem. During the solution-building phase, students again use process
skills to analyze solutions in light of the strengths and weaknesses of each solution and
ultimately generate a best-fit solution based on their analysis. Finally, students synthesize
the newly constructed knowledge to both plan and enact a community-based action
project to improve upon the problem. Again, the entire Odyssey experience averages two
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weeks or 60 total instructional hours, yet even in this limited time period, science process
skill improvement was possible.

Implications

This study examined two research questions: whether participation in a time
intensive interdisciplinary curriculum such as Project EXCITE produces measurable
differences in state achievement (proficiency) test scores and whether participation in
Project EXCITE improved students science process skills. Data indicate that both were
enhanced during the EXCITE Odyssey experience.

We believe this data offers further justification for using PBL and EHS as an
integrative context for learning. Proficiency gains were noted across subject areas. As
such, we believe that the inquiry skills infused throughout the PBL Odyssey experience
enhanced the EXCITE learners data organization, data analysis, and written
communication skills and these skills were measured by the state proficiency tests in
mathematics and writing. Similarly, EXCITE learners repeatedly designed procedures,
controlled variables, and organized and interpreted data, as documented by the increase
on the POPS test that measures these skills. However, only modest gains on the state
proficiency test appear for science. This implies that state science proficiency
improvement may not correlate well with science process skills performance. This
appears to be the case for FIN students who made similar significant gains as other
EXCITE students on the POPS test, but posted only modest gains in science proficiency
test scores during the EXCITE experience.

Teachers perceive that the state science proficiency test is content-oriented and
are concerned that spending time on the EXCITE Odyssey experience would not be
justifiable. Considering that students improved their process skills performances, but only
showed modest gains in their science proficiency test scores, there may be some truth to
this thinking for science proficiency testing at least. It is our hope that the newly revised
Ohio state achievement tests will more equally balance science content and science
processes, so that students who are gaining process skills will also post similar
improvements on the state science achievement tests. Given that process skills were not
effectively assessed on the Ohio 6™ grade state proficiency test, we were unable to
document improvements in middle grade students overall scientific literacy. In
relationship to the evaluation of innovative curriculum, such as Project EXCITE
Odysseys, state achievement test scores often only measure a fraction of the knowledge
gained by the students as a result of the curricula. We believe this is one very good
justification for the use multiple assessments when examining the impact of an inquiry-
based professional development project on student achievement.

Given the positive impacts found in this study, we advocate that a problem-based
interdisciplinary EHS curriculum lasting longer than 2 weeks or 60 contact hours would
further develop student achievement and scientific process skills. Additional investigation
regarding the relationship between length of implementation and impact on student
learning is therefore warranted. We believe that as more data are available documenting
the positive and significant impact of integrative and problem-based learning, it is
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imperative that we clearly and swiftly communicate this relationship within educational
communities so that teachers will know that these innovative ways of teaching and
learning can help them succeed and survive in an accountability driven era. More data-
driven studies examining student performance on both state achievement tests and other
valid and reliable assessment measures, like the POPS test, are needed to help make the
case for a problem-based, EHS curriculum. We hope this investigation provides
significant contributions in doing so.
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Abstract

The aims of this research were to cross-validate the Cultural Learning Environment
Questionnaire (CLEQ) in the local context of Brunei and to evaluate culturally-sensitive
factors (gender equity, collaboration, deference, competition, teacher authority,
modelling and congruence) in secondary science students learning environments. Data
were collected from 1417 secondary science students enrolled at non-government schools
in Brunei and their 49 science teachers by administering the CLEQ (Fisher & Waldrip,
1997). Factor, validity and reliability analyses supported the instrument s suitability to
evaluate the culturally-sensitive factors associated with the cultural learning environment
of these students. The students generally believed that both genders are treated equally
and that they are independent learners, although, to some extent, they were reluctant to
give their independent views in their classes. The perceived, predicted and observed
mean values by students, teachers and researcher, respectively, were comparable for all
these scales except for teacher authority and modelling scales, where differences were
highly significant. The data revealed no gender, regional, or grade level differences in
students perceptions. However, perceptions of students from different race groups were
different. Implications of the research are discussed.

Correspondence should be addressed to Prof. Dr. Harkirat S. Dhindsa,
hdhindsa@shbie.ubd.edu.bn

Introduction

Human cognition is shaped by the socio-cultural interactive processes (Vygotsky,
1978). All cultures have well developed theories about how the physical world operates
without studying formal science (Bullivant, 1981; Ingle & Turner, 1981; Jordan 1985, &
Quinn 1987). Science is therefore a cultural artifact and it is embedded in and influenced
by society and culture (Aikenhead, 1997). Science teaching is also a cultural activity and
cultures influence the teaching and learning process at large (Jegede, 1999; Santagata &
Stigler, 2000).

The studies on the effects of cultures on educational systems suggest that
classroom teaching and learning processes are influenced by the cultural values of both
the teacher (Delpit, 1988; Santagata & Stingler, 2000) and the students (Fisher &
Waldrip, 1997, 1999; Jegede & Okebukola, 1991). The research literature on science
learning highlights that cultural background of a learner may have a greater effect on
education than does the subject content, especially in relation to students making
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observations in science classes. (Jegede & Okebukola, 1991). Whenever the pupils enter
the world of school science, they bring with them their existing cultures it soon becomes
evident to them that science too is another culture with which they have to interact.
Moreover, students soon feel confused as a result of need for the border crossing not only
from knowledge gained at home to school, but also between subjects (Aikenhead, 1996;
Jegede, 1999). This problem is not only faced by students from non-western countries
who are learning western science but also by students from western countries (Cobern &
Aikenhead, 1998; Ogawa, 1995).

Research on the influence of teacher culture on classroom teaching suggest that
Taiwanese teachers consider academic achievement (Aldridge, Fraser & Huang, 1999),
Chinese teachers consider clarity in explaining and showing enthusiasm in their teaching
(Steven & Stigler, 1992) and American teachers consider sensitivity and patience as the
most important attributes of a good teacher and teaching. The research studies from USA
reported that classroom management strategies (Grossman, 1995) and classroom
communication techniques (Delpit, 1988) of white American teachers were inappropriate
for children from other cultures, especially for black students. There are also studies that
show that practising teachers from different cultures hold both scientific and traditional
thoughts about scientific concepts. The traditional thoughts are often culturally oriented
misconceptions about the scientific concepts. Many teachers were not aware that they are
bringing cultural bias to their teaching by defining a concept using a non-scientific
traditional knowledge (Lawrenz & Gray, 1995; Ogawa, 1995).

The sheer complexity and cultural variety that we often find in multicultural
classrooms provide a stiff challenge for any teacher (Thomas, 2000). To deal with this
challenge, it is apparent that today s teachers need to fully understand their own cultural
beliefs, individual student s culture and the world view so that learning can be made
more meaningful for all students (Lee, & Fradd, 1998). Moreover the complexity of the
challenge is further heightened as a result of rapid human migration within and between
countries as the world is progressing towards a borderless society. The schools are
becoming increasingly culturally diverse in their scope and clientele. For example in
2001, there were about 80,000 (about 23% of the total population) temporary workers
from many countries employed in Brunei. A considerable fraction of these workers are
teachers and the children of these workers attend schools in Brunei. This population adds
to the existing cultural diversity in the national population. According to the Government
of Brunei Darussalama (GBD), the population (357,800 as estimated for 2004) of Brunei
Darussalam consists of 52% male and 48% female. On the basis of race, there are 66.3%
Malay, Kedayan, Tutong, Belait, Bisaya, Dusun, and Murut, 11.2% Chinese, 6% Iban,
Dayak and Kelabit, and 11.8% other races (GBD, 2007). Moreover, there are also other
subcultures within each culture such as rural, urban, water village, gender, language and
socioeconomic status.

All these cultures and subcultures have dimensions that influence the teaching and
learning processes differently. It is however, important to select some important
dimensions that can be targeted to improve upon the overall classroom practices. The
material, social, cognitive, affective, linguistic, and ecological dimensions of culture have
also been highlighted in the literature (Leavitt, 1995; Stairs, 1995). The literature also
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reports three contrasting styles of learning: dependent independent, competitive
collaborative and avoidant participant that are influenced by cultural values of a learner
(Grashna, 1972). Hofstede (1984) identified power-distance, uncertainty avoidance,
individualism, and masculinity/femininity as the important cultural dimensions of the
unique environments of multicultural organisations. Moos (1979) reported relationship,
personal development, system maintenance and system change as cultural dimensions.
Schwartz (1992, 1994) reported that individualism and collectivism could supply valid
explanations about cultural differences in cultural values in a society. Fisher and Waldrip
(1997) proposed gender equity, collaboration, competition, deference, congruence,
modelling, communication, and teacher authority as culturally sensitive factors. This
study concentrated on these dimensions because they are widely accepted as significant
and cover the dimensions, proposed by Moos (1979) and Hofstede (1984) (for details see
Fisher and Waldrip, 1997). Moreover, these dimensions are important in a classroom
setting and valuable information on these dimensions can be collected, which can guide
the teachers to optimize their teaching in multicultural classes. Furthermore, these
dimensions have been established to associate with classroom practices in the existing
literature. For example association between these dimensions and students (i) academic
achievement (Waldrip, Fisher & Dorman, 2005), (ii) attitudes to science (Waldrip, Fisher
& Dorman, 2005), and (iii) interaction with teachers (Fisher & Waldrip, 2002) has been
reported in the literature. Fisher and Waldrip (2000) reported that the perceptions on
these scales of metropolitan, provincial, rural and mining community students were
statistically significantly different. Moreover, the availability of a well established valid
and reliable instrument also to some extent guided the selection of these dimensions.

In addition to the above, these dimensions have been evaluated in the Bruneian
context to investigate the cultural learning environments of (i) secondary science students
in government schools (Dhindsa, 2005), and (ii) pre-service teachers (Dhindsa & Fraser,
2004). Additional research on these dimensions in the Bruneian context suggests (i) low
level statistically significant gender differences in perceptions of these factors of students
from government schools (Dhindsa, 2005), significant differences in perceptions of these
dimensions of Bruneian students studying at international, private and public schools
(Khadija-Mohd-Salleh & Dhindsa, 2005) and significant variations in means values of
these factors in populations comprising of lower secondary, upper secondary and tertiary
students (Dhindsa, 2008). Moreover, Khadija-Mohd-Sallenh (2004) compared the
perceptions of students from four race groups in Brunei and found significant differences
in these groups of science students perceptions of cultural learning environments. In
Brunei, a father s race is considered as the race of the child and it is a common practice in
this country to ask for an individual s race on government forms. However, the cultural
learning environment of students studying at non-government schools has received very
little attention. These students come from a subculture of the society which is to some
extent economically better off than those members of society who cannot afford to pay
high fees to send their children to non-government schools.

This study mainly concentrates on using CLEQ to study the cultural learning
environment of secondary science students enrolled in non-government schools in
Brunei. The authors have not come across research in the non-government schools
representing a subculture based on the affordability to pay fees especially in Brunei. It is
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important and timely to investigate the cultural learning environment of science students
in non-government schools. The study is extended to investigate if the teachers are able
to predict their students mean perception on the CLEQ scales. In order to predict
students behaviour on these dimensions, the teachers should (a) know the make-up of the
community, (b) select the important dimensions of culture that need to be addressed in a
given curriculum, (c) know the existing influence of these dimensions on the classroom
practices so that certain behaviours that can lead to successful teaching and learning can
be targeted for modification and (d) be able to predict students perceptions of the
cultural learning environment in their classes (Brislin & Yoshida, 1994; Dhindsa, 2005).

Educational context and rationale

According to the Brunei Ministry of Education (MOE) statistics there are 31
government, 16 non-government, and 3 international secondary schools in Brunei.
Education in Brunei Darussalam government schools is free, non-government and
international schools charge moderate to high fees (MOE, 2005). The non-government
schools follow the Bruneian curriculum. Nine of these schools are situated in Brunei
Muara district and seven schools in Belait District, there are no non-government schools
in the Tutong and Temburong districts of Brunei. Brunei though small in size with only
four districts, the cultures of residents in these districts are clearly distinct. The total
number of students enrolled in the non-government schools increased by 10.5 % from
4881 to 5453 in the year 2004 (MOE, 2005). An increase in the number of students in the
schools is the result of an expected increase in the total populations in Brunei
Darussalam.

The parents select schools for their children. Those who can afford to pay
moderate to high school fees are likely to choose a non-government school because the
students in non- government schools get better grades in national examinations as
compared to students in government schools. During 2003, the Pass rates for government
and non-government schools for a national lower secondary examination (Penilaian
Menengah Bawah PMB) were 77.3% and 95.5% respectively and for GCE O-level
examination were 70.4 % and 91.8% respectively (MOE, 2005). The higher percentage of
passes in both these national examinations could influence parents decisions to send
their children to non-government schools. Moreover admission to and the selection of, A-
level subjects is based on the GCE-O level results. The student population in these
schools represents children of expatriate workers who came from various cultural
backgrounds from many countries and also from various local cultures especially from
families that can afford to pay the school fees. The population feeding these schools
represents a subculture based on the ability of families to pay school fees (economic
factor). Furnham (1992) identified several powerful sub-groups that influence student s
understanding about science: the family, peers, the school and the mass media, as well as
groups associated with various physical, social, and economic environments. Furnham
further stated that each subgroup has a culture, which we designated as a subculture to
convey an identity of a subgroup.

It is important that teachers are able to predict the students behaviour in a
classroom situation to avoid students completing the questionnaires which may require
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students learning and teachers teaching time. Moreover, the processing of these data
takes time and teachers have to wait for some to react to the survey results. Furthermore
this process adds to the teachers responsibility. These issues can be tackled by training
teachers to predict students related desired variables to a fair degree of accuracy. An
alternative to this could be that teachers are able to observe and record students
behaviours accurately so that they can help each other without losing classroom teaching
and learning time. Therefore this study decided to compare associations between
students perceived, teachers predicted, and researchers observed data on the scales
CLEQ.

Aim

The aim of this study was to evaluate the cultural learning environment of
secondary science students in non-government schools in Brunei. More specifically the
study concentrated on the following research questions.

a. How suitable was the CLEQ instrument in collecting the data on cultural
factors of the learning environment of students in non-government schools?

b. What were the magnitudes of the cultural learning environment factors,
covered in the instrument, in the science students classes in non-government
schools?

c. Were the teachers able to predict their students perception of these factors?

d. How did the observation data compare with students perception and teachers
prediction data?

e. How were these cultural factors influenced by respondents gender, district,
grade level and race?

Methodology
Student Participants

The participants of this study consisted of 1417 [753 in Form 3 (Grade 9) and 664
in Form 4; (Grade 10)] students enrolled at non-government schools. There were 963
respondents from Brunei-Muara district and the remaining 454 were from Belait district.
When the sample was grouped on the basis of respondents race, it was found that there
were 443 Malays, 685 Chinese, 65 Indigenous and 131 Others. The respondents under
Others were mainly from India and Pakistan. There were 673 males and 673 females in
the sample. Of the participants 93 and 71 did not disclose their race and gender
respectively. The age range of the respondents was between 13 and 17 years with the
median ages for Form 3 (Grade 9) as 14 years and Form 4 (Grade 10) as 16 years.

Teachers Participants

The study also included 49 teachers whose students participated in the research.
These included 22 male and 20 female teachers (7 teachers did not disclose their gender).
Twenty eight teachers were from Brunei-Muara district and 21 from Belait district.
Sixteen teachers taught Form 3 (Grade 9) and the remaining 33 taught Form 4 (Grade
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10). There were 4 Malay, 6 Chinese and 33 Others and 6 teachers did not disclose their
race in this sample.

Instrument

The instrument (CLEQ) used in this study was empirically developed by Fisher
and Waldrip (1997). The selection of CLEQ instrument for the present study was based
on its successful use (reliability and validity in collecting data) in previous learning
environment research (Dhindsa, 2005, 2008; Dhindsa & Fraser, 2004; Fisher & Waldrip,
1997, 1999). Moreover the development of this instrument was guided by the
anthropology, sociology, psychology, management, and cultural factors research
(Hofstede, 1984, Moos 1979; Stull & von Till, 1994). Furthermore, the instrument is
considered salient by teachers and students as well as it is economical in time and money
as it contains a relatively small number of reliable scales, each containing a small number
of items i.e. 5 items per scale. The overall 35 item instrument contains seven scales:
Gender Equity, Collaboration, Deference, Competition, Teacher Authority, Modelling,
and Congruence. Each item written in simple English was responded to on a five-point
scale with the extreme alternatives varying from Strongly Disagree to Strongly Agree.
The respondents were asked to indicate to what extent they agreed to that each item
described their classroom. The higher the score for a given scale the more prominent is
the behaviour. The instrument is easy to modify. The items were modified to get
prediction and observation data from the teachers and a researcher respectively without
changing the theme of the scale and the content of the item. These changes are reported
in Table I along with the description of the scales. In this way three instruments for
students (CLEQ-S), teachers (CLEQ-T) and researcher (CLEQ-R) were designed.

Table |
Descriptive Information for Each Scale of the Cultural Learning Environment
Instrument
Scales Description Sample item
Gequity The extent to which S. |1 feel that comments in class by male and
students perceive males female students are equally important. (+)
and females are treated T. | think that my students feel that comments
equally. in class by male and female students are
equally important. (+)
R. Students feel that comments in class by male
and female students are equally important.
(+)
Collabo- The extent to which S. 1 feel it is important for the class to work
ration students perceive they together as a team. (+)
collaborate with other T. 1 think that my students feel that it is
students rather than act important for the class to work together as a
individually. team.(+)

R. These students feel that it is important for
the class to work together as a team. (+)

Electronic Journal of Science Education ejse.southwestern.edu



Cultural Learning Environment of Non-Gvrnt Secondary Science Students in Brunei 27

Deference The extent to which the S. | try to say what I think the teacher wants
students feel they defer to rather than give my own opinion. (+)
the opinions of others. T. | think that my students try to say what they
think the teacher wants rather than give their
own opinions. (+)
R. These students try to say what their teacher
wants rather than giving their own opinions.

(+)
Compe- The extent to which the S. 1 like to compete against the other students.
tition students are competitive (+)
with each other. T. | think that my students like to compete

against other students. (+)
R. These students like to compete against the
other students. (+)
Teacher The extent to which the S. Itis OK for me to disagree with the teacher.

Authority  students  perceive  the )
teacher has authority in T. |1 think that my students think it is OK for
the classroom. them to disagree with teachers. (-)

R. These students feel that it is OK for them to
disagree with their teacher. (-)

Modelling The extent to which the S. I like teachers to show me what to do. (+)
students expect to learn by T. | think that my students like teachers to
a process of modelling. show them what to do. (+)
R. These students like their teacher to show
them what to do. (+)
Congru- The extent to which the S. What I learn at school helps me at home. (+)
ence students perceive learning T. | think that my students feel that what
at the school matches their students learn at schools help them to do
learning/ application at things at home. (+)
home. R. These students feel that what they learn at

school helps them to do things at home. (+)
Gequity=Gender equity; Collabo=Collaboration; Defer=Deference;
Compet=Competition; Teacheraut=Teacher Authority; Modell=Modelling;
Congrue=Congruence

Procedure

The Cultural Learning Environment Questionnaire-Students (CLEQ-S) was
administered to the students in their classes. The instructions written on the instruments
were repeated verbally and students questions were answered before they started to
answer the CLEQ-S. The teachers questionnaire (CLEQ-T) was administered to all the
Form 3 and Form 4 science teachers who were currently teaching the targeted classes.
The items in the CLEQ-T evaluated teachers awareness of their students mean
perceptions of the culturally sensitive factors in their classes. Teachers were also asked to
respond to each question on a 5 pointed scale. One of the researchers observed 10 classes
of participant teachers and graded the CLEQ-R items. All the respondents marked each
item on a 5 pointed scale. The completed response sheets were collected, and, data were
then coded and processed using the SPSS program. The significant differences were
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further evaluated by computing effect size for each comparison. The effect size data was
scaled as low (0.2), medium (0.5) and high (0.8) based on Cohen s classification (Cohen,
1969).

Results and Discussion

In this section, the results are discussed under three headings: (a) instrumental
variables (b) culturally sensitive factors of students learning environment, and (c) the
effects of gender, grade level, race, and region on culturally sensitive factors of students
learning environment.
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Table Il
Factor Loading for Items in the 35 Item Version of the Personal Form for Individual
Students as the Unit of Analysis (n=1417)

Item Gequity Collabo Defer Competition Teacheraut Modell ~ Congrue

0.70
0.74
0.70
0.74
0.74

0.58
0.72
0.72
0.76
10 0.74

OO ~NOoOoh~,WwNEF

11 0.63
12 0.73
13 0.61
14 0.67
15 0.74

16 0.78
17 0.69
18 0.68
19 0.48
20 0.76

21 0.64
22 0.63
23 0.54
24 0.67
25 0.61

26 0.69
27 0.75
28 0.68
29 0.62
30 0.48

31 0.44
32 0.49
33 0.55
34 0.59
35 0.60

% variance  7.16 4.54 7.14 7.85 6.56 9.71 7.19

Eigen value 2.50 1.59 2.50 2.75 2.30 3.40 2.52

Gequity = Gender Equity, Collabo = Collaboration, Teacheraut = Teacher Authority,
Modell = Modelling. Cut off point = 0.3. Note: See the text of these items in Fisher &
Waldrip, (1997).
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Instrumental variables

The suitability of the instrument for collection of data was evaluated by analyzing
the students data using factor analysis, internal consistency and discriminated validity.
The teachers and researcher s data were only processed for some of these coefficients
due to small sample sizes.

Factor Analysis. The purpose of factor analysis was to examine the internal
consistency of scales within the 35 items instrument. The determinant value of 1.275E-
04, Bartlett s test: p =0.000 and KMO value of 0.813 suggested that data were suitable
for factor analysis. Principal components analysis with varimax rotation was used to
generate orthogonal factors with eigenvalue of one or more by omitting the factors
loading less than 0.3. In this way 9 factors were obtained that explained 56.2% of the
variance in students data explained by 35 items if they were not grouped into factors.
This produced two factors each with two items and some other items contributed to more
than one factor. Since the instrument was conceptually designed for seven factors,
therefore it was decided to reanalyze the data to get a seven factor solution. Table Il
shows the factor loadings for seven factors obtained from this analysis using the
individual students as the unit of the analysis. Scree plot test also justified these seven
factors. The percentage variance extracted and eigenvalue (rotation sum of squared
loading) associated with each factor are also recorded at the bottom of each scale. The 35
items when extracted into seven factors accounted for 50.0% of the variance in students
responses explained by these items if all were kept independent. The percent variance
explained in this study was comparable to the variance 52.7 % and 51.1% for seven and
six factors reported by Fisher and Waldrip (1997) and Dhindsa, (2005) respectively.

Table 111
Cronbach Alpha Reliability Coefficient and Discriminant Validity for Student Data
for CLEQ Scales

Scales No. of items Alpha Reliability Discriminant Validity
Students (n=1417)

Gender Equity 5 0.65 0.08
Collaboration 5 0.74 0.10
Deference 5 0.58 0.17
Competition 5 0.82 0.13

Teacher Authority 5 0.72 0.06
Modelling 5 0.68 0.11
Congruence 5 0.77 0.11
Instrument 35 0.81 -

Reliability. Cronbach alpha coefficient was used as a measure of the reliability of
the CLEQ. It was computed for the seven factors as well as for the 35 items scale (whole
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instrument). Table 111 shows the alpha coefficient for the whole instrument was 0.81 for
students and 0.86 for teachers responses. The students data in the table also shows that
the alpha coefficients ranged from 0.58 to 0.82 for different scales. These data suggested
that CLEQ scales have acceptable reliability, especially for scales containing a small
number of items except for deference data. The range of alpha reliability values for the
seven scales were comparable to range (0.69 to 0.86) reported by Fisher and Waldrip
(1997). Dhindsa (2005) using the same instrument reported the alpha reliability values in
the range of 0.68-0.81 for the six scales for data from secondary science students in
government schools in Brunei Darussalam.

Discriminant validity. The discriminant validity was measured as the mean
absolute partial correlation of a scale with other scales. This procedure was used as a
convenient measure of independence of the CLEQ scales. The mean correlation of a scale
with other scales (discriminant validity) ranged from 0.06 to 0.17 for students data and
from 0.12 to 0.24 for teachers data for CLEQ scales (Table I1I). These low values of
discriminant validity suggest that the raw scores obtained in CLEQ scales measured
relatively distinct aspects of the cultural learning environment. Moreover, the
independence of CLEQ-S scales is attested by the factor analysis results. The range of
correlation coefficient values (discriminant validity) for seven constructs in the present
study was consistent with the ranges: 0.04 to 0.23; 0.09 to 0.18, (Fisher and Waldrip,
1997, 1999) and, 0.11 to 0.18, (Dhindsa, 2005) reported in literature.

Table IV
Scales, Scale ltem Mean, Standard Deviation, ANOVA, and Effect Size Data for
Students, Teachers and Researcher

Scales Students (S) Teachers (T) Researcher (R) Comparisons
(n=1417) (n=49) (n=10) SvsT SvsR TvsR

Mean — SD Mean — SD Mean — SD p-value/ES*  p-value/ES p-value/ES
Gender Equity 411 -0.62 4.21-0.46 3.92-0.29 0.26 0.33 0.06
Collaboration 4.13-0.67 411-0.55 3.76 —0.65 0.84 0.08 0.08
Competition 3.69-0.86 3.70-0.80 3.62-0.29 0.94 0.80 0.76
Deference 3.46 —0.66 3.24-0.83 3.70-0.47 0.02/0.33 0.25 0.10
Teacher Authority 3.01-0.82 2.62 -0.67 2.10-0.83 0.00/0.48 0.04/0.74 0.00/1.11
Modelling 351-0.71 3.74-0.58 4.26 -0.42 0.03/0.33 0.00/1.06 0.01/0.92
Congruence 3.55-0.73 3.78-0.71 3.42-0.67 0.03/0.32 0.57 0.15

*Effect Size (ES) data for significant differences only
Culturally Sensitive Factors of Students’ Learning Environment

Scale item mean, standard deviation, ANOVA and effect size data for students,
teachers and researcher are reported in Table IV. ANOVA analysis revealed that mean
data for students, teachers and researcher for gender equity, collaboration and
competition scales were statistically non-significantly different. Whereas for deference
and congruence scales the researcher s data when compared to that for teachers as well as
for students, the differences were statistically non-significant. These results suggest that
students and teachers perceptions and the researcher observation were in agreement
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with each other for these five scales except for students and teachers perception data on
deference and congruence scales. The comparison of students and teachers data for
deference and congruence scales revealed that students perceived statistically
significantly higher level deference and lower level congruence than that what their
teachers predicted. The effect size values close to 0.3 suggest that the differences are
marginal and are of little educational importance. These differences may be the result of
large variations in sample sizes for two groups of data. However, p-values less than 0.05
for all the comparisons for the remaining two scales (Teacher authority and Modelling)
suggest that the mean values for the three groups were statistically significantly different.
The researcher observed significantly higher teacher authority and modelling compared
to what students and teachers perceived. Moreover, students perceived significantly lower
modelling and lower teacher authority than that what their teachers predicted. The effect
size values in the range of low to high for all these comparisons suggest that these
differences are of educational importance. While considering all these comparisons
reported in Table IV it was concluded that the three sets of data were comparable for all
the scales except for Teacher authority and Modelling. For these scales perceived,
predicted and observed mean data for students, teachers and researcher respectively were
different. Additional details for each scale are discussed below.

Gender equity. Table IV shows that the average scale item mean for gender equity
was 4.11, which suggests that students believed both male and female students were
treated equally in their classes. They also believed contributions from both genders in the
classes were equally valuable. Researcher s classroom observation value (3.92 — 0.29)
also supports high gender equity in these classes. Moreover, the mean values of 4.21
reported by teachers suggest they also perceived a high value and were able to predict
students perception of gender equity in their classes. Average scale item mean values of
4.13 and 4.53 for gender equity were reported for secondary science students in
government schools in Brunei Darussalam (Dhindsa, 2005) and Australia (Fisher &
Waldrip, 1997) respectively. The comparable mean and standard deviation values for
Bruneian government (4.13-0.63) and non-government (4.11-0.62) school students
support the previously published data on government schools on this dimension of the
local culture. Since the same instrument was used in Brunei and Australia, therefore the
differences in mean student data for gender equity in these countries suggest that the
instrument was able to pick up the cultural differences in the two countries. Brunei is a
country where Malay culture, Islam religion and Islamic values are highly respected,
whereas Australia represents a multicultural society with western culture as the majority
culture. The results obtained in this study on gender equity suggest that the Bruneian
society value women education. At present there are more female than male students
enrolled at the institutions of higher education (Dhindsa, 2008). The gender equity in the
classroom situation in the non-government schools in Brunei was comparable to that
found in some developing and developed countries (Shumba, 1999), but different from
the reports which indicated that in some cultures even in the classroom setting, genders
were treated differently (Barber, Chadwick & Oerter, 1992).

Tobin and Gallagaher (1987) reported that unfair engagement opportunities

provided to male and female students as well as the selection procedures used by teachers
encourage inequity in a classroom situation. Teachers can play a vital role to maintain or
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improve gender equity by providing equal opportunities to both male and female students
in their classes. Tobin and Gallagher (1987) also reported that gender inequity is also
enhanced by the students’ seating orientation in a the classroom. It can put them in a
position to be involved more or less in classroom interaction that might contribute
towards gender inequity. In Bruneian schools, male and female students sit in different
rows. This certainly affects the seating orientation in a classroom. However, there is no
research in the Bruneian context on the effects on gender equity of separate seating
arrangements for male and female students in classroom, which is recommended. Fisher
and Waldrip (1999) reported that the gender equity is enhanced by teachers who were
helping/friendly, but retarded by too much freedom. Nurdiyanah (2006) reported that
Bruneian lower secondary students perceived their teachers to be highly helping/friendly
(mean value 2.5 out of 3). A high mean value on this factor suggests that science
teachers personal behaviour could have helped the lower secondary students perceive
higher gender equity in their classes despite students sitting in different rows with limited
freedom to mix with the opposite sex. Teacher educators can target to improve upon
these behaviours of teacher trainees with a view to improve gender equity in science
classes. The curriculum department can contribute towards increasing gender equity by
improving upon the teaching materials. Elgar (2001) reported unfair representation of
gender in favour of males in the lower secondary science textbooks recently published by
MOE. Curriculum materials influence students perceptions in general. The unequal
representation of the two genders in the Bruniean science textbooks could also have
contributed to the lower mean score on gender equity scale at lower secondary level.

Collaboration and Competition. The collaboration scale item mean value of 4.13
suggested that the students perceived a high degree of collaborative learning occurring in
their classes (Table V). Teachers reported an almost matching value of 4.11 for students
perception, whereas the researcher reported a relatively lower value of 3.76 — 0.65. The
non-significantly lower mean value for researcher might be due to the small number of
classes observed where differences in schools culture and teachers practices have
occurred. The scale item mean value of 4.13 is comparable with the mean values of 4.24
and 4.08 obtained using the same instrument in Bruneian (Dhindsa, 2005) and Australian
(Fisher & Waldrip, 1997) secondary science classes.

The competition scale item mean value of 3.69 in Table IV shows that the
students to some extent liked to compete with each other in their classes. The teachers
predicted value of 3.70 for their students perception of competitive learning in their
classes matched almost exactly. The researcher s observation mean value (3.62 — 0.29)
also supports the students perception in this regard. The mean value of 4.16 for Bruneian
students in government secondary schools suggest that students in non-government
compared to those in government schools perceived their classes to be less competitive.
Fisher and Waldrip (1997) using the same instrument reported the mean scale item score
of 3.03 for Australian students. The differences in the mean values could be due to the
difference in cultural make up of students and teachers teaching styles in these two types
of schools, as well as in the two countries.

A comparison of collaboration and competition data revealed that students in non-
government schools perceived science learning in their classes to be more collaborative
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than competitive. These results are different from what was observed in government
schools. In government schools, the students perceived equal extent of collaborative
(4.24) and competitive (4.16) learning occurring in their classes (Dhindsa, 2005).
However, the results of this study are in line with (i) trend reported by Fisher and
Waldrip (1997) in Australian data and (ii) the general practices observed in most western
countries. According to the observed practices, collaboration and competitiveness are
inversely related to each other. Bruneian students come from a collectivist society in
which collaboration is highly valued, therefore this factor appears to elevate the mean
score for them (Thomas, 2000). According to Thomas (2000), although collaboration is a
key element in a collectivist society and constructivist learning, however, schools are
designed for competition. This inherent characteristic of the school system might have
contributed towards the relatively high value on the competition scale.

Since the mean scores for the competition and collaboration scales were less than
the maximum possible values, there is scope for optimisation of these culturally sensitive
factors. Fisher and Waldrip (1999) reported that collaboration is more likely to occur
when teachers showed leadership, were admonishing or strict. They also stated that when
teachers showed leadership, were strict or uncertain or gave students’ responsibility,
competition was enhanced. Teachers from developing countries including Asia have been
reported to be directive and strict (Coll, et al., 2002; Gidding & Waldrip 1993). Bruneian
teachers, as reported by Nurdiyanah (2006), showed leadership (mean value 2.8 out of 3)
and were also strict (mean value 2.2 of 3). This behaviour of teachers might have
contributed to the higher mean values on collaboration and competition scales. However,
further improvements to these factors can be achieved by modifying the teachers specific
behaviours. Teacher educators during pre-service and in-service training should
emphasize these behavioural aspects of teacher trainees to optimize competition and
collaboration in science classes.

Deference. The scale item mean of 3.46 for deference in Table IV, which is
greater than 3, suggest that the Bruneian students in non-government schools, to some
extent, were unwilling to give their opinions in their classes. Teachers predicted a similar
value (3.24) however the researcher observed a higher value of 3.70 — 0.47. The
researcher s data are based on observation of 10 classes only. It could have been a chance
factor that the researcher observed classes where teachers provided very little opportunity
for students to air their opinion. Dhindsa (2005) reported slightly higher mean value
(3.63) for Bruneian secondary science students in government schools and Fisher and
Waldrip (1997) reported a lower value (2.98) for Australian secondary science students.

The results of this study are in line with previous classroom observation studies
(Monaliza, 2001; Norlina, 2002) which reported that in actual classroom situations,
students are generally reluctant to air their views. The results of this study appear to be
consistent with the Bruneian culture. People of Bruneian society highly respect
hierarchical order. This means that the teacher occupies a higher place in hierarchical
series than the students and the students are expected to agree with their teachers and thus
not to air their contradictory views.
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Moreover, language appears to be another barrier that may hinder students from
expressing their own views. English is students’ second or third language and their
proficiency in it is low. Accordin% to Heppner, Heppner, and Leong (1997), less than
15% of Bruneian Form 6 (USA 12" grade) students could read independently at USA 9"
grade level, and more than half were reading at the frustration level on the USA 7" grade
material. The English text reading level of Bruneian students is about six years lower
than their counterparts in English-speaking countries. However, in schools the lessons are
conducted in English. Those students who are unable to communicate effectively often
fear a loss of identity (Beebe, 1983). The university students risk-taking behaviour (Ely,
1986) and sensitivity to rejection (Naiman, Frohlich, Stren, & Todesco, 1978) were
positive predictors of students’ voluntary classroom participation. Dhindsa (2005), based
on government schools students data, concluded that Bruneian students feel that they are
confident in their ability to embrace risk-taking even if it might cost them stress in
relationship however, their actions appear to be limited by language deficiency and by the
superior hierarchical status of the teacher. The results of this study also reflect a very
similar situation.

A lower average scale item mean value for students at non-government (3.46)
compared to government (3.63) schools suggests that these students were more open to
air their views in their science classes. This difference in mean scores was expected
because the command of the English language of students in non-government schools is
relatively better as reflected by O-level English results. According to these results the
pass percentage ranges of students from 2004 to 2006 were 14-15.6 % and 52.2-59.5%
for government and non-government school students respectively (unpublished statistics,
Ministry of Education, Brunei)

Teacher Authority. For this scale a higher average scale item mean value reflects
lower teacher authority. The scale item mean value of 3.01 for teacher authority suggests
that the students at this level were undecided on whether they like to follow what the
teacher says or do things by themselves. Teachers predicted (2.62) that their students will
perceive a higher level of teacher authority in their classes as has been observed by the
researcher (2.10 — 0.83). The average scale item mean value of 3.01 for Bruneian
students in non-government schools was close to Australian data (3.02) reported by
Fisher and Waldrip (1997).

The results of this study suggest that the students did not see their teachers as
highly authoritarian as has been observed by the researcher and felt by the teachers.
Dhindsa (2005) highlighted that there are items on the scales that start with 1 feel... and
require students to reflect on their feelings not actions. Based on their feelings the
students appear to have scored high on this item, thus increasing the scale mean score.
However, teachers and the researcher concentrated on the actions and did not appear to
have seen the actions in the classes.

According to Thomas (2000), mostly high power/distance (a dimension of culture
that is associated with emotional distance between teacher and students) and collectivist
culture go hand in hand, and the strong hierarchical feature of high power/distance
dimension will mitigate against the group decision. In most developing countries cultural
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systems are still typified by a top-to-bottom approach, which favours high power/distance
including between teachers and students. Thomas s view supports the authoritarian nature
of teachers in Asian cultures, especially where teaching involves traditional approach, is
well known. This factor might have prompted the students to record teachers as more
authoritarian. In Brunei, the hierarchical superiority of teachers in the social set up gives
them authority. Since the data were collected in the presence of class teachers, the
presence of a teacher might have helped to increase the average score for the students.
Moreover, the Bruneian culture is very considerate and does not encourage speaking
against others. This inherent cultural characteristic might also have elevated the students
mean data to some extent. Thomas (2000) also stressed that where there are strong goals,
in this case teaching and learning in a classroom setting, participative practices are likely
to become part of system. The students and teachers are part of a common system and
have strong common goals therefore this factor could have helped students to see
teachers as less authoritarian.

Modelling. The scale item mean value of 3.51 for modelling suggests that the
students perceived that modelled learning was occurring in their classes and hence they
were, to some extent, dependent learners. The traditional teaching styles and examination
oriented teaching in Bruneian secondary schools appear to have contribute towards this
factor. Teachers predicted a comparable mean value of 3.74, however, the researcher
reported the observed value to be 4.26 — 0.42. According to the researcher s data,
learning in the students classes was highly modelled, which might be the result of
observing a small number of classes and selected teachers teaching style. However, this
value is slightly lower than 3.76, the value reported by Dhindsa (2005) for students in
government schools but higher than 3.10 reported for Australian students (Fisher &
Waldrip, 1997). These results suggest that the students in the non-government schools
perceived that they were marginally more independent learners in their classes during
science lessons than students in the government schools. Since many of the science
teachers teaching in non-government schools are expatriate teachers from developing
countries, their teaching styles might have contributed towards the mean value for this
factor. Some of the teachers in non-government schools are not trained and also their
teaching is results oriented. Their survival in the job is based on the percent pass rate in
the examination. Furthermore, the mean value might also have been influenced by
educational backgrounds of high achieving foreign students especially from India and
Pakistan as well as the local Chinese students attending the non-government schools in
Brunei. Most of these students attend extra classes outside school (take tuition) in science
subjects and their exposure to different teaching and learning styles at school and tuition
can influence this value.

In a collectivist society with a high power/distance dimension, like the Bruneian
society, students like to be told what to do (Thomas, 2000), hence, teachers are more
directive and students follow the directives. The research studies from developing
countries, including from Asia, also show that the teachers in these countries are directive
with high values for helping/friendly behaviour, admonishing behaviour, and low values
for freedom and responsibility (Coll, Taylor & Fisher, 2002; Gidding & Waldrip 1993).
Examination oriented educational systems, and, students’ pass rates in traditional
examinations taken as a measure of teacher efficiency, often forces many teachers to
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exhibit the above stated behaviours. These characteristics of teachers encourage
modelling (Fisher & Waldrip, 1999). These authors reported that modelling tended to
occur when the teacher was admonishing and strict. Moreover, with helping and friendly
teachers, students favoured modelled learning.

Congruence. The scale item mean value of 3.55 for the congruence scale
suggested that the students perceived that what they learn at school, to varying extents,
was associated with the environment at home. Teachers predicted higher (3.78) and the
researcher observed lower (3.42 — 0.67) mean values which are nevertheless close to the
mean value for students. However, the average scale mean item value of 3.55 was lower
when compared to government schools (3.85) reported by Dhindsa (2005) but higher than
3.43 reported for Australian students by Fisher & Waldrip (1997).

Congruence is a key element in teaching and learning as the students are
motivated to learn the topics that are useful and relevant to their lives (Jegede &
Okebukola, 1991; Waldrip & Taylor, 1994). For many children around the world the
educative experience in schools is clearly not consonant with their home experience and
the schools do not emphasise what students homes do (Bishop, 1999). In non-
government schools, teaching is result oriented as teachers are preparing students for
GCSE O level external examinations that are set and conducted by UK authorites.
Excellence in this examination helps these schools to attract good students. The overall
teaching is examination oriented with less emphasis on the aspect of congruence.
Therefore, students appeared to have scored a low value on this scale. Since some
teachers in these schools are untrained, they lack ability in making science learning at
school consonant with home experience. Most of the teachers in these schools are
relatively low-paid expatriates. Their limited knowledge of local culture and environment
could have been a limitation of their teaching that is picked up by the students while they
were responding to this scale. The origin and nature of their teachers’ training as well as
long successful teaching experience with students from a wide range of cultural
backgrounds appears to play a vital role in helping to improve congruence in the
secondary science classes. For example, leadership in teachers helps to improve
congruence (Fisher & Waldrip, 1999). These authors also reported that students who
were more likely to see congruence between what they learn at school and home tend to
have teachers who displayed leadership, were friendly and helpful or strict. Moreover, the
congruence between what is learned at school and its usefulness in a social setting can be
enhanced by relating classroom teaching to students’ daily life.

Comparison of Culturally Sensitive Factors of Various Groups of Students.

Under this heading, comparisons of culturally sensitive factors of students
grouped on the basis of gender, location (district), grade level and race are reported.
Teachers predicted and researcher s observation data were not processed due to small
sample sizes.
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Table V
Scale Item Mean Values, Standard Deviation Data and Significance Levels for Male
and Female Subjects on Seven CLEQ-S Factors

Scale Items Male Female Male vs. Female
N =673 N= 673 p-values Effect size

Gender Equity 5 4.10-0.64 4.12-058 0.522

Collaboration 5 4.12-0.71 4.16-0.61 0.317

Deference 5 3.42-0.69 3.51-0.63 0.015 0.14
Competition 5 3.62-0.86 3.78-0.85  0.001 0.19
Teacher Authority 5 3.04-0.83 2.96-0.80 0.088

Modelling 5 3.49-0.74 3.53-0.68 0.282

Congruence 5 3.53-0.77 3.57-0.69 0.274

N = number of respondents; 71 respondents didn t disclose their gender; Effect size data for significant
differences only.

Cultural Learning Environment: Male and Female Students

Table V shows that the scale item mean values for all the seven scales for male
students ranged from 3.04 to 4.12 and for the female students from 2.96 to 4.16. The
male and female students perceptions on gender equity, collaboration, modelling,
teacher authority and congruence were statistically non-significantly different. However,
on deference and competition scales the differences were statistically significantly in
favour of females. The low effect size values of 0.14 (deference) and 0.19 (competition)
show that these significant differences are of little educational importance. These
differences might have been due to large sample sizes. It was therefore concluded that
there were no gender differences in male and female students perceptions on deference
and competition scales. Based on the overall analysis of the data on gender differences it
was concluded that there were no gender differences in students perceptions of the
cultural learning environments of secondary science classes at non-government schools in
Brunei. Dhindsa (2005) reported no gender differences in culturally sensitive factors data
for government school students. Openness in Bruneian culture and emphasis on female
education may have contributed to these results. The Bruneian results are different from
the ones reported by Parker, Rennie & Harding, (1995). According to them (a) females
prefer a science classroom that is cooperative rather than competitive in nature and (b)
females receive less attention than boys from their teachers in the classroom and that
would foster gender inequity.

Cultural Learning Environment: Brunei-Muara and Belait Students

Table VI shows that the scale item mean values on seven scales ranged from 2.97
to 4.14 for Brunei-Muara district, and 3.05 to 4.17 for Belait district students. The
analysis of students data from the two districts revealed that the scale item mean values
on the collaboration, deference, modelling, teacher authority and congruence scales were
statistically non-significant different and hence comparable in both districts except for
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gender equity (p=.004) and competition (p=.024). However, the low effect size values for
gender equity (0.07) and competition (0.13), suggested that these differences are of little
educational importance. Based on the above data, it was concluded that there were no
differences in students perceptions on seven cultural factors of learning environment
evaluated using CLEQ-S in the Brunei-Muara and Belait districts.

Table VI
Scale Item Mean Values, Standard Deviation and Significance Levels for CLEQ
Scores for Subjects from Brunei-Muara (BM) and Belait (B) Districts

Scales Items Districts Comparisons
Brunei-Muara. Belait BMvs B
N=825 N=592 p-values Effect Size

Gender Equity 5 4.07-0.65 4.17 - 0.64 0.004 0.07
Collaboration 5 4.14-0.68 4.12 -0.64 0.536

Deference 5 3.45-0.90 3.48 - 0.65 0.430

Competition 5 3.64-0.90 3.75-0.80 0.024 0.13
Teacher Authority 5 2.97-0.83 3.05-0.81 0.083

Modelling 5 3.50-0.72 3.51-0.70 0.724

Congruence 5 3.53-0.75 3.58-0.71 0.204

N = number of respondents; Effect size data for significant differences only.

These results are in line with those reported by Dhindsa, (2005) for government
schools in four districts of Brunei. His data for Brunei-Muara and Beliat suggest that
mean data for all the culturally sensitive scales were comparable despite a wider range in
students ability and parents economic status in government schools than in non-
government schools. Brunei though small in size, the development of its four districts
varies at large. Based on regional developmental status of four districts, Brunei-Muara
and Beliat, where non-government schools are located, rank first and second respectively.
Moreover, the expatriate population is high in these districts. These two factors appear to
have contributed towards minimising the regional variations in the students perceptions
in these districts. However, these results are different from those reported by Waldrip and
Fisher (2002). They have reported variations in some culturally sensitive factors between
urban, rural and mining populations. Their study covered a large regional area in Westren
Australia, where variations in regional developmental and economic status of parents
appeared to be significant, which could have influenced their results.
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Table VII
Scale Item Mean Values, Standard Deviation and Significance Levels for CLEQ-S
Scores for Form 3 and Form 4 Subjects

Scales Items Form Form 3 vs Form 4
Form 3 Form 4 Significance
N=779 N=638 p- Effect
values Size
Gender Equity 5 4.15-0.60 4.07 — 0.013 0.13
0.63
Collaboration 5 4.06 — 0.001 0.18
4.18 —0.64 0.69
Deference 5 3.41 - 0.009 0.14
3.50 -0.67 0.65
Competition 5 3.61 — 0.003 0.16
3.75-0.84 0.88
Teacher 5 3.09 — 0.000 0.20
Authority 2.93-0.82 0.81
Modelling 5 3.49 — 0.491 -
3.52-0.72 0.71
Congruence 5 3.44 — 0.000 0.28
3.64-0.73 0.72

N = number of respondents; Effect size data for significant differences only
Cultural Learning Environment: Form 3 and Form 4 Students

Table VII shows the ranges of average scale items mean values are 2.93 - 4.18,
and 3.09 - 4.07 for Form 3 and Form 4 respectively. For these two groups of students, all
these differences were statistically significant except for modelling. However, the effect
size values for these differences (0.13 - 0.28) were low and of little educational
importance. It was therefore concluded that Form 3 and Form 4 students perceptions on
these factors of cultural learning environments were comparable. The scale item mean
values for Form 3 on all the scales were higher than for Form 4 students except for
teacher authority which was lower. These significant differences might have been
contributed by the large sample sizes. Moreover, it was observed that Form 3 students
were more serious with their studies because they were preparing to sit for a national
examination, whereas Form 4 students are evaluated by the class teachers. Students
achievement at the national level examination is important for them to select the area of
their choice to study at upper secondary level. Dhindsa (2005) compared Form 4 and
Form 5 data on the culturally sensitive factors and reported that mean values for all the
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scales except for collaboration and deference were comparable. The differences in means
for these two scales were also at marginal for deference and moderate for collaboration.

Cultural Learning Environment: Malay, Chinese, Indigenous and Other Students

Table VIII shows the range of scale item mean values from 3.05 to 4.23 for
Malay, 2.96 to 4.08 for Chinese, 3.03 to 4.35 for Indigenous and 2.98 to 4.29 for Others.
The analysis of students data using ANOVA analysis on the seven scales for the four
race groups revealed that all the average scale item mean values were statistically
significantly different except for teacher authority (see p-values for overall). These results
indicated that at least one of the race based comparisons should be statistically
significantly different for six factors other than teacher authority. The post-hoc analysis
revealed one comparison each on gender equity scale involving Malays and Chinese
(ES= 0.36), and deference scale involving Others and Chinese (ES=0.26) were
statistically significantly different. Since the differences in these two comparisons were at
a low level as indicated by effect size data, these differences are considered to be of little
educational importance. Hence, it was concluded that students from the four race groups
perceived the extent of gender equity, modelling and deference to equal extent in their
science classes.

Table VIII also shows that the average scale item mean values on collaboration
scale for Chinese (4.08) students was statistically significantly lower than for Malay
(4.23) and Indigenous (4.35) students. Similarly the scale item mean value for students
categorized as Others (4.02) was also statistically significantly lower than for Malay
(4.23) and Indigenous (4.35) students. The effect size values for these comparisons (0.23
to 0.51) ranged from low to moderate level. These results suggest that the perceptions of
students from different races on collaborative learning in their classes were different.
Post-hoc analysis suggested that the perceptions of Chinese and students classified as
Others were comparable. Similarly the perceptions of Malays and Indigenous students
were also comparable. A similar trend was observed for modelling data. The perceptions
of Chinese (3.42) students as well as of students categorized as Others (3.27) were
statistically significantly lower than for Malay (3.71) and Indigenous (3.78) students. The
effect size values for these comparisons were (0.46  0.69) of moderate level. The
Chinese (3.46) students also perceived learning in their classes to be statistically
significantly and moderately less modelled as compared to the perceptions of Malay
(Mean 4.01; ES=0.66), Indigenous (Mean 3.89; ES=0.48) and Others (Mean 3.79;
ES=0.36). Based on these results it was concluded that there were valuable differences in
perceptions of students from different races on the competitiveness of teaching and the
learning process in their classes. The perceptions of Malay students were comparable to
those of indigenous students and of Chinese to Other students.

The post-hoc analysis of the congruence scale data revealed that the Chinese
(3.41) group perceived congruence in their class to be moderately statistically
significantly lower than for the other groups: Malay (Mean 3.67; ES=0.36), Indigenous
(Mean 3.71; ES=0.40) and Others (Mean 3.74; ES=0.45). These results suggested that the
students grouped as Malay, Indigenous and Others perceived that learning in their
classes, to some extent, was associated with the environment at home and helped in their
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daily life to resolve day to day problems, whereas the Chinese students perceived a
relatively low level of congruence between learning at school and its use at home. The
overall analysis of race based data on congruence scale revealed three out of six
comparisons to be statistically significantly different. These results guided the conclusion
that students grouped in four race groups perceived congruence in their classes to be at a
different level.

Table VIII shows 16 of the 42 possible comparisons to be statistically
significantly different. Chinese students were involved in 12 of these 16 comparisons and
perceived significantly lower values for all these comparisons than their counterparts. For
the remaining 4 comparisons, students categorised as Others perceived significantly
lower mean values on collaboration and modelling scales than their Malay and
Indigenous counterparts. Malaysian society is classified as a collectivist society that
values more collaboration than individualism (Thomas, 2000). Brunei Malay cultural
values overlap with the Malaysian culture to a great extent. This is reflected in results
where Malay and Indigenous students perceived their classes to be more collaborative
than others. Moreover, in the Kingdom of Brunei, the society is very hierarchical and
directive. These effects are reflected in the Malay and Indigenous students data for
Modelling where their mean values are significantly higher than that of Others.

Chinese students in the country follow Confucian ethics. According to Thomas
(2000), the diligence and positive attitudes of these students towards education coupled
with a high level of achievement motivation, are consonant with the fundamental
Confucian concept of learning. These conceptions include a striving for perfection and
education for all, and the application of effort to fuel a high level of achievement. This
philosophy seems to explain the Chinese students data in Brunei. These students are
generally high achievers and are less satisfied in their classes as they expect more in their
classes. They also seem to enjoy more cultural freedom than their Malay counterparts.
Moreover, being a minority in the country, Chinese parents are highly concerned about
the education of their children and they are heavily involved in helping children with
homework and paying for tutors to improve their children s achievement. Chinese
parents pressure on the children to achieve high grades is also associated with their
cultural values. The students in the Other category are mostly from India and Pakistan.
These students are also high achieving students and experience high parental pressure for
high achievement. These cultural variations in the backgrounds of the students seem to
be associated with significant differences in the perceptions of these four groups of
students.

Electronic Journal of Science Education ejse.southwestern.edu



Cultural Learning Environment of Non-Gvrnt Secondary Science Students in Brunei

Table VI

43

Scale Item Mean Values, Standard Deviation data and Significance Levels for Malay, Chinese, Indigenous and Others on Students’

Races on CLEQ-S Seven Factors

Scale M C I @) p-values p-values (ES)

N=443 N=695 N=65 N=131 for overall Mvs. C M vs. | Mvs.O Cvs.l Cvs.O lvs.O

Gender equity 4.12# 4.08 4.08 4.29 0.005 0.757 0.976 0.057 1.000 0.005 0.184
(0.59) (0.65) (0.48) (0.54) (0.33)

Collaboration 4.23 4.08 4.35 4.02 0.000 0.003 0.590 0.012 0.017 0.775 0.010
(0.60) (0.69) (0.47) (0.71) (0.23) (0.34) (0.40) (0.51)

Deference 3.57 3.40 3.59 3.41 0.000 0.000 0.998 0.090 0.170 1.000 0.333
(0.62) (0.66) (0.55) (0.76) (0.26)

Competition 4.01 3.46 3.89 3.79 0.000 0.000 0.759 0.062 0.001 0.001 0.877
(0.66) (0.92) (0.612) (0.84) (0.66) (0.48) (0.36)

Teacheraut 3.05 2.96 3.03 2.98 0.306 0.328 0.999 0.833 0.916 0.990 0.984
(0.77) (0.84) (0.66) (0.90)

Modelling 3.71 3.42 3.78 3.27 0.000 0.000 0.873 0.000 0.001 0.163 0.000
(0.63) (0.72) (0.68) (0.76) 0.43) (0.66) (0.51) (0.69)

Congruence 3.67 3.41 3.71 3.74 0.000 0.000 0.984 0.806 0.018 0.000 0.993
(0.67) (0.75) (0.72) (0.73) (0.36) (0.40) (0.45)

M, C, I and O are codes given for students from Malay, Chinese, Indigenous and Others races respectively.* Significance levels (p-
values and effect size (ES) values in italicizes). Teacheraut=Teacher authority. #Mean and (SD); N = number of respondents. Ninety
three students didn t disclose their race.
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Conclusions
Under this section responses to research question are summarized.

How suitable was the CLEQ instrument in collecting the data on cultural factors of
learning environment of students in non-government schools?

The determinant value of 1.275E-04, Bartlett s test: p =0.000 and KMO value of
0.813 suggested that data were suitable for factor analysis. The excellent grouping of 35
items into 7 factors during factor analysis and low values (0.06 0.17) for discriminate
validity justify the conceptual distinctions among the scales. The high internal
consistency (Cronbach alpha reliability coefficient) values for all the scales (0.58 0.82)
suggested that each scale has an acceptable reliability. The reliability coefficient of 0.81
for the overall instrument also supports the reliability of the instrument. Moreover, the
values are comparable with the data on these coefficients reported in literature (Dhindsa,
2005; Fisher & Waldrip, 1997). Based on these results it was concluded that the
instrument was internally consistent, valid, and reliable for collecting quality data on
cultural factors pertaining to the learning environment of students in non-government
schools. However, the readers should take note that the reliability coefficient for
deference scale was low (0.58), and this scale appears to need some revisions.

What are the magnitudes of the cultural learning environment factors, covered in the
instrument, in the science students’ classes in non-government schools?

The scale item mean values for gender equity (4.11) and collaboration (4.13) are
high and for teacher authority (3.01) is low. The mean values for competition (3.69),
congruence (3.55), modelling (3.51) and deference (3.46) are at moderate level. The high
values for gender equity and collaboration scales in science classes are good indicators of
effective science teaching especially using constructivist philosophy. These indicators get
relatively less support from teacher authority, competition, congruence, modelling, and
deference factors for effective classroom practices. The mean values in the positive range
for five scales and teacher authority values at median indicate no serious conflict between
these cultural factors in the Bruneian school classroom. Hence these factors are
supportive for classroom learning however, the teacher authority, deference and
modelling needs attention. Moreover, there is scope for all these factors to be optimized
for effective learning.

Were the teachers able to predict their students’ perception of these factors?

Statistically non-significantly different mean values for teachers and students for
gender equity, collaboration and competition scales suggest that the teachers were able to
predict the students mean response data for these scales. However, low to medium
(Effect size range 0.32 0.48) level significant differences in prediction of mean data on
deference, modelling, congruence and teacher authority suggest that the teachers were
unable to predict students mean perceived data for these scales. These results suggest
that teachers were partly able to predict their students perceptions of cultural factors in
their classroom learning environment.
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How did the researcher’s observation data compare with students’ perception and
teachers’ prediction data?

ANOVA analysis of the three sets of data revealed the mean observed values for
gender equity, collaboration, competition, deference and congruence scales were non-
significantly different than students perceived and teachers predicted values for these
scales. However, for teacher authority and modelling scales the differences were
statistically highly significant. These results suggest that observation data were
comparable with students perception and teachers prediction data for all the scales
except for teacher authority and modelling. For these two scales as suggested by high
effect size data, the researcher observed a statistically significantly higher level of
deference and teacher authority than what the students perceived and the teachers
predicted. These results suggest that the researcher s observation data partly matched
with the other two forms of data.

How are the cultural factors influenced by the subcultures (based on the gender, region,
grade level, and race) of this population?

While comparing data for gender, it was observed that mean values for all the
scales were statistically non-significantly different except for deference (p= 0.015, ES=
0.14) and competition (p= 0.001, ES= 0.19) scales. Similarly for regional variations,
mean differences for gender equity (p= 0.004, ES= 0.07) and competition (p= 0.024, ES=
0.13) were statistically significantly different. However for grade level differences mean
values for all the scales except for Modelling (p= 0.49) were statistically significantly
different with a range of p-values from 0.000 to 0.013 and effect size values from 0.13 to
0.28. A low level effect size data suggests these differences to be of little educational
importance. Based on the effect size data it was concluded that the cultural factors of
non-government school students learning environment were not influenced by their
gender, region and grade level.

However, when race based comparisons were considered, it was found that 16 out
of 42 possible comparisons were statistically significantly different with low to moderate
effect size values. Further analysis revealed that all the mean values on teacher authority
scale for four race groups were statistically non-significantly different. The means values
on deference scale for the four groups of students were comparable except that Malay
students perceived significantly (p= 0.003) but marginally (ES = 0.26) higher deference
in their classes than the Chinese students. Similarly for gender equity scale only one
comparison where students classified as Others perceived a significantly (p = 0.005) but
marginally (ES = 0.33) higher mean value than Chinese students. Based on effect size
data representing low level statistically significant differences, which are of little
educational importance, it was concluded that the perceptions of students from the four
race groups on gender equity and deference were similar in their science classes.
However for collaboration, competition, modelling and congruence scales, statistically
significant differences for 14 (3 to 4 per scale) out of 24 possible race based comparisons
with low to moderate level effect size were obtained. These data guided the authors to
conclude that the students from four race groups perceived collaboration, competition,
congruence and modelling in their classes differently. The overall results show that the

Electronic Journal of Science Education ejse.southwestern.edu



Dhindsa and Salleh 46

perceptions of cultural factors of the four race based groups of students were comparable
on gender equity, deference and teacher authority, but different on collaboration,
competition, modelling and congruence scales.

Implications and suggestions

The results of this study supported the suitability of using the Cultural Learning
Environment Questionnaire (CLEQ-S) for the evaluation of socio-cultural factors of the
learning environment of Form 3 and From 4 science students in non-government schools.
Dhindsa (2005) reported that the CLEQ-S was valid and reliable for assessing these
factors in a similar setting at government schools. These studies also supported the
validity and reliability of the instrument for evaluating the cultural learning environment
of science students at various stages of the curriculum in Brunei educational institutions.
However, its suitability for other subjects needs to be evaluated. Teachers should modify
the items of the instrument to improve its suitability in other contexts.

This instrument includes seven dimensions of culture that influence the learning
environment. However, there are more cultural dimensions that influence classroom
practices and need attention. Hence there is a need either to extend this instrument to
include additional scales or to develop new instruments to cover additional scales.
Salwana (2006) developed an instrument to evaluate cultural communication in science
classes and the instrument has been reported to be valid and reliable. However,
researchers can think on these lines to develop similar instruments that teachers can use
to understand better the cultural dynamics in a classroom.

The results of this study revealed that the magnitude of these cultural factors
supports the learning process. However, the scale item mean values for the scales are less
than 5, the optimum value. There is scope for improvement in these factors. An
improvement in scale item mean values and also minimization of differences in scale
item mean values for various groups based on gender, race, region and educational
standard can be achieved through modifications to the curriculum. A fair representation
of examples from various subcultures in the curriculum can help improve the magnitude
of these scales. For example an unfair gender representation in favour of males in lower
secondary science books used in Brunei has been reported (Elgar, 2001). The mean
values for deference (3.46) and teacher authority (3.01) scales as perceived by students
suggest that they were willing to air their views only to some extent in the presence of
their authoritarian teachers. The curriculum should allow opportunities for students from
all subcultures to express their views about scientific knowledge based on their cultural
backgrounds. Teachers should use these differences in students cultural perceptions to
develop their lessons. It is important that teachers use cultural values of students to adopt
an inclusive teaching approach in their classes. Since, teachers cultures also influence
the teaching and learning process, they should also express their personal views during
the development of their lessons, rather than teaching the views of the authors of the
book. The curriculum should also encourage teachers role as a guide than authoritarian.
Teacher communication behaviour has been reported to influence the cultural learning
environment in science classes. It is important for teachers to be careful while
communicating in the class. The Bruneian being a collectivist majority culture and high
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mean value for collaboration (4.13) can provide support for constructivist teaching.
Constructivist teaching encourages group work. Group work encourages students to air
and defend their views. Teachers can help the optimization of the cultural learning
environment in their classes by grouping students from majority and minority cultures
together. This will encourage interactions between students from various cultural
backgrounds. Certain actions such as adjusting the curriculum content, changing the
methodology of teaching or even bringing up some examples from different cultures in
teaching might help to improve the cultural learning environment in science classes.

The results of the present and previous studies have shown a high level of gender
equity in science classes. In recent years the dynamics of the classes at institutions of
higher education have changed in terms of gender enrolment. At the university level there
are about 40 males for every 100 females (Dhindsa, 2008). Similar data has been reported
for enrolment at other tertiary institutions and even at the elite schools of the country.
This difference has emerged because at school level the number of high achieving girls is
higher than that of boys. It is highly desirable for the Brunei Ministry of Education to be
vigilant on the effects of this shift in enrolment balance on the various dimensions of the
teaching and learning processes in the national education system.

This research is focused on non-government schools where most of the teachers
are expatriates and some of them are even untrained. There is a need for these teachers to
improve their qualifications as well as to be up to date with the latest developments in the
educational field. Teacher training institutions and these schools should concentrate on
staff development programmes to improve these teachers classroom practices especially
for teaching multicultural classes. The Brunei government is trying to replace the
expatriate teachers with locally trained teachers. Keeping in view how the future teachers
should teach the multicultural classes, the teacher training institutes can benefit from this
research to train teachers to be culturally sensitive. This can be achieved by designing a
culturally sensitive curriculum. Moreover, the teacher trainers should also concentrate on
training science teachers on how to teach effectively in culturally diverse classes.
Furthermore teacher training should focus on how to use cultural diversity for enhancing
the effectiveness of teaching and learning process. According to Thomas (2000),
multicultural classrooms help to concentrate the minds of teachers on how to manage
their teaching and learning strategies in class. The teachers could be given workshops to
get them exposed to activities which concern the cultural learning environment. The need
for the development of culture sensitive teacher education and training programmes is
highly desirable so that in the long run it is likely to provide a teaching force which
would be better prepared for meeting the challenges of the cultural diversity in the
multicultural classroom. Thomas (2000) reported that the case for culture-sensitive
teacher education is not only viable and clear but it is also long overdue. The local pre-
service teachers complete their teaching practice in one semester at one school only. By
doing so, they get only limited experience of teaching students from different cultural
backgrounds. The distribution of ethnic populations is distinct and specific in four
districts of Brunei. The teacher trainees can improve their ability to teach in multicultural
classes if they are given an opportunity to teach in more than one school located in
culturally diverse districts of Brunei.
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In this study, it was found that the teachers were able to partly predict culturally
sensitive factors of their students learning environment. However, improvements are
desirable to minimize teachers reliance on the use of instruments because it requires time
and money. Teacher training programmes often put little emphasis on association
between cultures and science teaching. It is therefore, important that the teacher training
curriculum should include topics on predicting human behaviour with special reference to
cultural variables associated with science teaching. Moreover, there is a need to further
research the differences between data reported by the students, teachers and observer.

Some significant differences in perceptions of different race groups on certain
cultural factors of the learning environments have been reported in this study. It poses a
challenge for teachers in non-government schools to optimize their teaching practices to
minimse these differences and also to use the cultural diversity in their classes to create a
more conducive learning environment for all the students.

In this study, some of the statistically significant differences were treated as of
little importance because the effect size values for these differences were low. However,
the readers, more specifically teachers, should consider the importance of these small
differences. These differences could be of some importance, because teaching and
learning are complex processes involving a large number of variables. A complex
interaction between large variables involving small significant differences could give rise
to useful gains. Therefore, teachers when considering the applications of this research
should keep in mind the existence of these differences. Rennie (1998) reported that the
small non-significant differences in p-values and low effect size may be of some
importance especially when these differences are repeated.

In summary, a major implication of this research is that if we can identify the
culturally sensitive factors of the learning environment of multicultural classes, then we
can make use of the multicultural make up of science classes to (a) optimize the teaching
and learning processes, (b) optimize the curriculum to train culturally sensitive teachers
and to develop curriculum materials that should cater to the needs of the multicultural
classroom, (c) organize workshops for teachers to get them exposed to activities which
concern the cultural learning environment, (d) to improve the culturally sensitive factors
of the learning environment in multicultural classes, (e) make use of the multicultural
make up of science classes for the optimization of the teaching and learning processes
and (f) prepare teachers to meet the challenges posed by students from diverse cultural
backgrounds. Teachers could make use of this information to prepare them to meet the
challenges of teaching students from culturally diverse backgrounds. Research on how to
train teachers so that they are able to predict students perceptions on these factors is also
desirable.
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How does a curriculum intervention that anchors instruction to the
study of urban coyote behavior affect student learning?

Jonathan G. Way
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Abstract

One component of the science education reform process must be a sustained effort
toward making the study of science more interesting and meaningful to students,
especially in urban areas. Creating authentic learning opportunities where a scientist
instructs the curriculum intervention is one way to make science lessons more relevant.
This project involved assessing student cognitive gains on a locally relevant science
topic: eastern coyotes (Canis latrans). This study used a mixed methodological
(qualitative  quantitative) framework for students from two urban environmentally-
based high school science courses in the Boston area. Both classroom interventions
tended to show meaningful learning gains when assessed before and after the short (two
to three week) curriculum unit. Furthermore, students retained much of this knowledge
during a post-delayed survey ten weeks after the curriculum unit finished. Coyotes and
other common wild animals could potentially be used as flagship or charismatic species
to trigger increased interest and a knowledge base of the environment in which students
live.

Correspondence should be addressed to Jonathan Way, Eastern Coyote Research,
89 Ebenezer Road, Osterville, Massachusetts 02655; E-mail: jw9802@yahoo.com.

Introduction and Purpose

There is mounting evidence that one component of the science education reform
process must be a sustained effort toward making the study of science accessible to more
students (Jones, 1997). For example, it was found that only 7 percent of all positions in
science and engineering were held by minorities, despite the fact that minorities
constitute 24 percent of the current United States population (National Science
Foundation, 2002). Furthermore, reports indicate that United States students rank very
low in science scores, with 18 out of 20 nations outperforming them in international tests
(Glenn Commission, 2000). When race is considered, the difference is even more
pronounced, While scores of white students in the U.S. were exceeded by only three
other nations, black children were outscored by every single nation (Berliner, 2001). But
despite this disparity, documents (e.g., National Research Council, 2002) clearly put
forward the idea that all students, regardless of culture, gender, and/or race, are capable
of understanding and learning science. Because 53 percent of African Americans live
inside cities and 88 percent reside in metropolitan areas (United States Census Bureau,
2001), it is critical to engage and motivate urban students to learn science in order to
achieve many of the goals of the National Science Foundation (2002), such as
diversifying the workforce.
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It is increasingly recognized that authentic learning opportunities are one way to
make science more relevant to all students (Bouillion & Gomez, 2001; Fusco, 2001;
Rahm, 2002), such as involving students in scientific activities similar to those engaged
in by scientists (Barab & Hay, 2001). While authentic means different things to
different authors (Chinn & Hmelo-Silver, 2002; Hay & Barab, 2001), | view authentic
science activities as opportunities for students to learn how scientists conduct their
research; this could be by directly participating with scientists or in simulations (see
Barab & Hay, 2001), such as videos of research activities (indirect participation) that are
brought into the schools.

One way to involve students in an authentic project is to choose a topic of interest
because of its local relevance (Rickinson, 2001). For example, coyotes (Canis latrans)
are often in the news (e.g., Nejame, 2005) across the country due to their nationwide
range (Parker, 1995), and some students who normally wouldn t be interested in a
standard science issue might be attracted to coyotes because of their notoriety and the fact
that they are a wild, relatively large, and potentially dangerous predator. By giving urban
students the opportunity to experience a curriculum unit on eastern coyotes, an animal
found where they live, they and their teachers will be exposed to many of the goals and
objectives of education, such as providing educating to all citizens with the technology
to increase the understanding of scientific topics (see American Education Research
Association, 1998; Goodlad, 1993; Pine, 2002).

This paper will examine how choosing a locally relevant topic, eastern coyotes,
affects student learning. Therefore this paper will attempt to fill in gaps in the education
literature by addressing:

What happens to students knowledge of eastern coyotes after participating in a
curriculum unit on them?

The objectives of the coyote unit were:

1. To improve student knowledge and understanding of coyotes.
2. To have students gain an appreciation of the local wildlife around them.
3. To have students understand key terms associated with coyotes.

Background
Urban Science Education

There has been a relative dearth of studies with a primary focus on the needs of
urban students and their science teachers, even though 75-80% of the U.S. population
resides in urban centers (Barton, 2001; Barton & Tobin, 2001). The literature indicates
that providing resources (Spillane, Diamond, Walker, Halverson, & Jita, 2001) and
valuing relevant active learning environments are important for students to be able to
engage in the practicing culture of science learning in urban settings (Fusco, 2001).
Active learning environments are often inquiry-based or hands-on in nature and involve
students becoming engaged either in classroom activities, such as labs, or in informal
(e.g., zoos), out of the classroom experiences (Hofstein, Bybee, & Legro, 1997). To be
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successful, science learning and experimentation must take place both in urban schools
(Bouillion & Gomez, 2001) and in less structured formats to give students a range of
hands-on experiences.

People of color have typically underachieved in education (Norman, Ault, Bentz,
& Meskimen, 2001; Seiler, 2001) and are subsequently woefully underrepresented in
many professions, particularly those related to the sciences and technical fields (Haury,
1995). There is no single explanation for the gap, but (Haury, 1995) lists two factors that
have to do with the disparity: first, African Americans experience more obstacles along
the path to careers in science; and second, they have fewer opportunities to see people
like themselves in the sciences. Inner city African-American students, especially males,
often struggle between representing their own cultural norms or conforming to
mainstream standards (Teel, Debruin-Parecki, & Covington, 1998). Teel et al. noted that
inappropriate teaching strategies often cause poor performance. Thus, unsurprisingly,
black students receive proportionally fewer degrees than their white counterparts with
only 73.8% versus 83% receiving high school diplomas, and 13.2% compared to 24%
earning college degrees (Teel et al., 1998). A way to reverse the trend is to involve more
students directly in real world, place-based science projects (Fusco, 2001; Rahm, 2002;
Woodhouse & Knapp, 2000) such as the eastern coyote curriculum unit that is the focus
of this paper.

Student Learning of Animal Behavior/Science Concepts

While it is important to involve students from all backgrounds and living
environments (e.g., cities and rural areas) in science projects, it is just as important to
document the effectiveness of these collaborations and/or the subsequent student learning
(or lack thereof) that results from these partnerships. For example, there are 6,314
sources in The Bibliography of Students and Teachers Conceptions and Science
Education by Reinders Duit (2003). None of these studies addressed the topic of student
and teacher learning of animal behavior. However, a few conference proceedings have
addressed student learning of animal behavior (Golan, Kyza, Reiser, & Edelson, 2002;
Hay, Crozier, & Barnett, 2000; Margulis et al., 2001). Hay et al. (2000) found that
students could participate in science by designing virtual reality models of gorillas; these
authors noted that students became aware of basic rudiments of gorilla behavior, but
more effort was needed for the students to understand gorilla social behavior such as
body postures and dominance interactions. The use of technology, such as classroom
videos, was found to scaffold student learning, or provide support to enable learners to
succeed in more complex tasks, thereby extending the range of experiences from which
they could learn (Barab & Hay, 2001; Golan et al., 2002). Margulis et al. (2001) found
that a zoo field trip was a very good way to supplement student learning initiated in the
classroom. All these studies suggest that combining simulation (e.g., videos) and real-
world authentic experiences are important to engage students in learning about animal
behavior. Finally, Way and Eatough (2008) found that students could effectively learn
about wildlife in the classroom, but it was difficult to involve them and their teachers in
an authentic wildlife study without having additional funding to provide for a full-time
scientist to implement and design adequate scientific research protocols that incorporate
teachers and their students.
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