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ABSTRACT
This research explored the effectiveness of Ka Hana ‘Imi Na ‘auao, a culturally responsive
science curriculum developed for Hawaiian and other students in Hawai‘i high schools. An
instrument, The Culturally Responsive Science Perception (CRSP) inventory was developed
to measure students’ (a) perceptions of their science self-efficacy, (b) perceived frequency
of behaviors valued by members of the Hawaiian community and (c) frequency of
perceptions of behaviors conducive to learning. Initial validation for the three-factor
construct was obtained using Exploratory Factor Analysis and further validated utilizing
Confirmatory Factor Analysis with an oblique rotation and 24 items were found to measure
the three aspects with a multicultural group of 332 students on Oahu and Hawai‘i island. A
multi-level analysis was conducted by (a) testing for internal consistency and growth
patterns over time utilizing Confirmatory Factor Analysis, (b) developing a 2-level model
using a Growth Curve Modeling approach as the final method of measuring growth over
time and analyzing the differences between treatment and control groups. Results indicated
a significant change (p < .05) in science self-efficacy and frequency of pono behaviors (p
<.05), as well as significant gains in overall GPA (p <.01) in the treatment group. These
positive findings suggest that when curriculum developers in Hawai‘i are more culturally

conscious, it may benefit all learners.
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CHAPTER 1
INTRODUCTION TO THE RESEARCH PROBLEM

This study explored the effectiveness of Ka Hana ‘Imi Na ‘auao, a culturally
responsive science curriculum developed for Hawaiian and other students in Hawai‘i
high schools. An instrument was developed to measure students’ behavior valued by
members of the Hawaiian community, perceptions of science self-efficacy, and frequency
of behaviors conducive to learning in the classroom. The purpose of the curriculum was
to change the attitudes and behavior of participating students. When conceptualizing how
to gauge whether a culturally responsive curriculum was effective in teaching science to
high school students living in Hawai‘i, curriculum developers felt that it was important to
determine whether the curriculum helped students to be less apprehensive toward
learning science and led them to be more confident that they could succeed and do well in
science class.

High school educators previously working in Hawaiian public schools that gave
input to the curriculum said they had observed students’ consistently low confidence in
their ability to do their science work. Secondly, these educators deemed it important to
see if the curriculum’s culturally responsive nature influenced the behaviors of students;
or if it caused behaviors valued as correct or proper by the Hawaiian community (roughly
translated; pono behaviors) to increase, and if students' classroom behavior deemed as
proper by their teachers would be influenced.

Purpose of the Study
The purpose of the study was to evaluate the effectiveness of the culturally

responsive curriculum implemented over the course of the school year to a group of



students in Hawai‘i public schools.

The following research questions were utilized to explore students' growth over
time, in addition to the difference between treatment and control groups: Will students’
perceptions of science self-efficacy improve as a result of participation in a culturally
responsive curriculum, particularly for Hawaiian® participants? Will being exposed to
the curriculum result in significant gains in students’ perceptions of pono behaviors
particularly for Hawaiian participants? Will students’ perceptions of behaviors
conducive to learning improve as a result of participation in a culturally responsive
curriculum, particularly for Hawaiian participants?

Background

The Educational Setting in Hawai‘i
The Hawai‘i State Department of Education (HDOE) is the most centralized and

only statewide public education system in the United States (Meyer, 2012). Established
by Kamehameha III in 1840, it is the oldest school system west of the Mississippi River

and the only system established by a sovereign monarch. As the official state education
agency, the Hawai‘i State Department of Education oversees all 283 public schools and

charter schools and over 13,000 teachers (Hawai‘i Department of Education, 2003).

In 2009, the year in which data for this study were collected, eighth grade students
in the State of Hawai‘i fell below the national average for reading with only 22% at or
above proficient and 1% scoring at the advanced level (National Center for Education
Statistics, 2010). Compared to all other states, Hawai‘i was lower than 46 in average
scale scores, with marks equivalent to other under-performing states such as New

Mexico, Nevada and Alabama. Hawai‘i student performance in science (based on eighth
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grade scores) were among the lowest in the country. In 2010, eighth grade students in
Hawai‘i fell below the national average for science with only 15% at or above proficient
and 1% scoring at the advanced level. Among average scale scores for the 45 states that
reported, Mississippi was the only state to score lower than Hawai‘i in science
assessment.

Hawaiian students attending public schools tend to show poorer outcomes
compared to other major ethnic or racial groups on a range of indicators, including
standardized test scores, grades, placement in special education, school attendance, grade
retention, suspensions, dropping out, substance abuse, juvenile arrests, and transition to
postsecondary education and/or gainful employment (Hawai‘i Department of Education,
2005; Hewitt, 2003; Kawakami, 1999; Sato, 1989; Schrag & Johnson, 2002).
Furthermore, the student literacy rate in the State is among the lowest in the country
(National Center for Education Statistics, 2010).

Some researchers believe the negative educational and employment outcomes
experienced by Hawaiians are a result of the conflict between succeeding academically
and remaining true to themselves and their culture (Hewitt, 2003; Kana‘iaupuni, &
Ishibashi, 2003; Kawakami, 1999; Sato, 1991). Researchers of Hawaiian education
inform us that Hawaiian parents have sometimes taught their children to “leave your
Hawaiianess at home” [sic] (Sing, Hunter & Meyer, 1999, p. 12). Meanwhile, public
schools rooted in the Western experience and traditions (Kaestle, 1990) may
inadvertently or deliberately further promote this thinking, forcing students to
subordinate their culture in order to succeed in the mainstream (Chapman, Davison &

Panet, 2002). Classroom instruction, lacking a connection to the local culture and



physical surroundings, increases the challenges for Hawaiian students to engage in
learning and to be valued for the knowledge and experiences they bring with them
(Rosebery, Mclntyre & Gonzalez, 2001). Yet, evidence is mounting that curricula,
teaching, and instruction that link schooling to the surrounding cultural and physical
environment produces positive results on all indicators of student and school performance

(Au & Kawakami, 1994; Hollins 1996; Suryanata, & Umemoto, 2002).



CHAPTER 2:
LITERATURE REVIEW

In this review of the literature, I will start with an explanation of how different
theorists have defined how people adapt to cultures that are in transition, and then I will
explore the “bridging cultures” framework and how it relates to Hawaiians today. In the
next section, research addressing Hawaiian culture in school will be discussed after first
explaining the learning environment in Hawai‘i and the influence Hawaiian culture and
philosophy has had on education there. I will then discuss culturally responsive science
education in Native communities and the ways educators and researchers in Hawai’i have
endeavored to be culturally responsive when teaching science. This chapter closes with
an exploration of the current “STEM (Science, Technology, Engineering and Math)
crisis” in the US and how this may be related to poor and minority students’ negative
self-efficacy regarding science.
Cultures in Transition: Theoretical Foundations

Laosa (1999) conducted research for over 30 years focusing on the alterations that
occur in individuals as a consequence of cultural contact situations. He named the term
intercultural transition to refer to this phenomenon and saw these alterations as occurring
on many levels, ranging from the most superficial to the deepest and most lasting. After
the US colonized Hawai’1 at the turn of the last century, the first intercultural transition
imposed on the people of Hawai‘i entailed a process that attempted to distort, disfigure
and ultimately destroy the past of the native people (Hewitt, 2003; Irwin, 1924).

Hawaiians were given a model to follow that “the West is best” (Hewitt, 2003).

Laosa (1999) called this subtractive intercultural transition. He considered intercultural



transition as essentially a process of change in which individuals bridge two different
cultures that can be subtractive, additive, or transcending. Transition is seen as
subtractive if an element of one culture is lost when an element of another culture is
acquired. Transition is considered additive if no loss occurs when an element of another
culture is acquired. A transcending transition occurs when two cultures come into contact
and then this situation becomes a catalyst for some characteristic that is not typical of
either culture.

Transition of any of the above types can be unilateral, or multilateral (Laosa,
1999). When two cultures come into contact and change occurs in one of the parties,
transition is considered unilateral, if change occurs in both, it is bilateral. Laosa (1999)
makes the case that in the United States, intercultural transitions are usually subtractive
and unilateral because of false perceptions that a transition cannot possibly be additive
and multilateral. Researchers in Hawai‘i agree that in the past, educators have been
operating within a unilateral, subtractive framework and intercultural transition in the
schools must become multilateral and at least additive in order to raise the level of
academic achievement of Hawaiian students (Sato, 1991; Hewitt, 2003).

Laosa’s (1999) work is related to the research of Berry (1990; 1997) who coined
the term ““acculturation attitudes” for how individuals from one cultural group relate to
another group. Berry theorized that people form their cultural identity using four distinct
coping strategies (Figure 2.1). An individual whose experience involves two different
cultures must operate along two cultural continuums, one representing their primary or

home culture and one representing the dominant or host culture.
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Figure 2.1. Berry’s (1990) coping strategies in acculturation

Some individuals who do not wish to maintain their primary cultural identity

(along with other elements of their primary culture), seek to function fully in the
dominant culture. The goal for these individuals is assimilation. When this trajectory is
freely chosen, the model is considered a melting pot, but when forced by the dominant
group, the trajectory is referred to as a pressure cooker (Berry, 1990; 1997).

Ogbu (1994) pointed out that the experiences of involuntary minorities such as
Native Americans or Hawaiians are strikingly different from those of voluntary
minorities who chose to immigrate to the US. For involuntary minorities such as

Hawaiians, Berry’s (1990; 1997) assimilation model may hold particular significance



compared to Laosa’s (1999) model. For example, if an individual has adopted an
assimilated cultural identity, Laosa would consider both the melting pot and pressure
cooker models of assimilation to be unilateral and subtractive. Although Laosa would
label the pressure cooker model as maladjustive, he does not emphasize, as Berry does,
on the force the dominant group applies to coerce people into relinquishing the norms and
values of their primary culture.

Gordon (1964) may have been the first to make the distinction that individuals
may become highly assimilated in one regard, and yet remain unassimilated on other
dimensions. Gordon recognized nuances of cultural adaptation and the possible levels and
combinations of integration and assimilation. His work led to the recognition that
assimilated individuals can remain “ethnic” and loyal to their cultures of origin, rather
than “leaving their home cultures behind” and fully adopting the dominant culture,
joining the ranks of the marginalized. The idea that students can wear different “cultural
hats” to suit the situation in which they find themselves holds important implications for
teachers in Hawai‘i, because students may need to “code switch” between knowing how
to behave at home versus knowing how to behave in school in order to succeed in their
academic life (Ledward, 2007; Reed, 2001).

The second of Berry’s categories (1990; 1997) includes persons who place a high
value on maintaining their primary culture and wish to avoid interaction with the
dominant group. The goal for these individuals is separation. A subcategory of separation
occurs when the person’s group is otherwise kept at a distance; the resulting model is

segregation (Berry, 1990; 1997). Irwin’s (1924) musings on “the race problem” in



Hawai’i are a good example of the dominant society wanting to keep another group at a
distance through employing the coping strategy of segregation.

In Berry’s (1990; 1997) third category are people with little or no interest either in
maintaining their primary culture or in having relations with the other cultural group.
Berry theorized that this situation leads to marginalization. When the dominant culture,
through forced cultural loss combined with forced exclusion, puts individuals in this
situation, they are engaging in what Berry considered deculturation. When deculturation
is brought to an extreme, it constitutes genocide. The Hawaiian researcher Hewitt
(2003), at least partially disagreed with Berry, and considered the pressure cooker model
of assimilation to be a form of deculturation. She argued that the successful attempts the
dominant culture has made in replacing the Hawaiian culture’s values and norms with
those of the United States, has resulted in the (at least partial) deculturation of the
Hawaiian people.

According to Hewitt (2003), many Hawaiian students think of education as just
another process of colonization. That many have adopted a separatist coping strategy in
dealing with acculturation (Berry, 1990; 1997) should not come as a surprise, considering
the conflict Hawaiian students have had between succeeding academically and remaining
true to themselves and their culture (Hewitt, 2003). Berry’s coping strategy of separation
corresponds with Laosa’s (1999) subtractive, unilateral transition. However, this act of
withdrawing back to the ingroup or leaving attributes of your primary culture behind to
embrace the outgroup has been shown to have deleterious effects for other cultures. For
example, researchers working with Pueblo, Navajo, and Korean-American/Canadian

groups supported this position and concluded that neither the preservation of the ancestral



culture through isolation and rejection of the dominant culture, nor the giving up of
ancestral cultures through complete accommodation to the dominant culture leads to
good mental health outcomes (Suina & Smolkin, 1994).

In the fourth category are individuals who wish both to maintain their primary
culture and to function fully in the dominant culture (Berry, 1990; 1997). Their goal is
integration. This is possible only when the dominant group is open to and accepting of
the group seeking integration. Although the two terms have often been used
synonymously, Berry (1990; 1997) has been clear in making the distinction between
integration and assimilation; cultural continuity is sought in integration, whereas little or
no continuity is sought in assimilation.

Involuntary minorities have been shown to stand in contrast to immigrants who
may have voluntarily chosen to come to a foreign country (Hewitt, 2003; Skilton-
Sylvester, 2002). The educational research of Ogbu (1994) also supported this position,
indicating that perceptions and responses of involuntary minorities to the educational
system are different from those of voluntary minorities. To use Berry’s (1990; 1997)
terminology, when non-native teachers devalue or negate the cultural experiences of their
involuntary minority students, they are imposing a pressure cooker model of assimilation,
forcing their students to choose between academic success (by assimilating) and
maintaining their cultural identity (by separating).

Hewitt’s (2003) writings reflect this opinion, suggesting that in this post-colonial
era there is no one way to be Hawaiian. She posits that Hawaiians have to work out their
own versions of cultural identity and that this reflects a uniqueness that only comes from

living successfully in two worlds. Perhaps with this in mind, Laosa (1999) asked the

10



questions: “What realistic options and opportunities for making intercultural transitions
do individuals have?” “How do conflicting demands for intercultural change put students
at risk for educational failure?” (p. 6). Western educators in Hawai‘i are faced with these
questions.

Sociocultural theories integrate historical, social and cognitive processes (Oakes
& Lipton, 1999; Skylton-Sylvester, 2002) and recognize that there are multiple ways of
thinking and defining knowledge. The predominant school of thought in the United States
has focused on the individual and has been referred to both as an independent and
individualist value system, the cornerstone on which the American school system has
been built (Greenfield, 1994: Trumbull, Rothstein, Fisch, Greenfield & Quiroz, 2001).
On the other hand, there is an alternative belief system held by nearly 70% of the world’s
population (Triandis, 1989). It has been referred to alternately as interdependence or
collectivism, and is typified by traditions where the focus is not on individuals but on
relationships.

Research regarding cultural congruence suggests that when teachers engage in
interaction and communication patterns that are familiar to students, children and youth
are able to more actively engage in classroom tasks (Au & Kawakami, 1994; Gay, 2002;
Hollins, 1996; Tharp & Gallimore, 1988). The literature also indicates improvements in
students’ engagement and participation when teachers use familiar cultural artifacts,
analogies, examples and community resources as part of classroom instruction and when
children’s home-language resources are utilized in the teaching process (Moll, Diaz,

Estrada, & Lopes, 1992; Sato, 1991).
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Bridging Cultures in the Hawaiian Classroom

As the cultural groups that comprise Hawai‘i are almost entirely Asian or an
Asian/Hawaiian/Pacific Islander mix (Friary & Bendure, 2003), students in Hawai‘i tend
to be collectivist in their orientation (Greenfield, 1994; Hewitt, 2003; Dela Cruz,
Salzman, Brislin & Losch, 2006). The schools to which they send their children,
however, may be based more on an individualist design (Trumbull et al., 2001;
Yamauchi, 1998). Researchers have speculated that these two opposed orientations create
an indisputable value conflict between the independent script required for academic
success in school on the one hand, and the collectivist script required for social success in
the family on the other (Greenfield, 1994). The challenge of creating educational
communities that maintain school success while supporting the development of cultural
identity of Hawaiians has been a complex and evolving issue (Au & Kawakami, 1994;
Dela Cruz et al., 2006; Gay, 2002; Hollins, 1996; Kawakami, 1999; Tharp & Gallimore,
1988).

Theorists are quick to point out that collectivism and individualism are not
mutually exclusive concepts and that every cultural group selects a different point on the
collectivist/individualist continuum as its developmental ideal (Greenfield, 1994;
Trumbull et al., 2001). Considering the diverse cultural composition of Hawaiian
classrooms, it is important for teachers in Hawai‘i to keep this theoretical distinction in
mind and be careful when making assumptions regarding the socio-cultural makeup of
their classes. Their students may tend to be collectivist in their orientation, but this does
not mean they are devoid of an individualistic point of view or that the two points of view

are incompatible.
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One feature of identity appellation in Hawai‘i that may not be readily apparent to
those unfamiliar to the islands is the distinction made between “Native Hawaiian,” and
“local” identities. Local, as the term implies, simply means “from here” and it is used as
an umbrella term for all individuals born in Hawai‘i who may or may not necessarily be
of Native Hawaiian descent (Ledward, 2007; Reed, 2001). However, the “local” group
may represent one, but more often several ethnicities, usually of Asian or Pacific Islander
descent representative of the Hawaiian Islands, perhaps including Hawai‘i. Therefore,
“being Hawaiian” signifies different things for different people born in Hawai‘i, and the
level of an individual’s “Hawaiian-ness” is not always represented by appearance or
behavior.

In 1995, the Native Hawaiian Educational Assessment report noted that Native
Hawaiians have become more “multi-ethnic” as a result of interracial marriages,
developing different values and different ways of doing things (Takenaka, 1995).
However, several “core” Hawaiian cultural values remain strong in the community. A
1993 Native Hawaiian Educational Assessment report described Native Hawaiian
cultural values in an incorporation of five dimensions: /okahi —harmony and balance;
aloha -spirit of caring; malama ‘aina —caring for the land; kokua —helping others; and
ohana —family unity (Minerbi, McGregor & Matsuoka, 1993). Although Hawaii’s youth
experience a diverse multi-ethnic cultural environment in the public school environment,
the traditional “Western” classroom environment tends to be the norm (Yamauchi, 2003).
Researchers suggest that this has created a dichotomy or “gap” between the school and
home cultures, discouraging Native Hawaiian students’ participation and interest in

school (Tharp & Gallimore, 1988).
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The Hawaiian Cultural Influences in Education Study. The Hawaiian Cultural
Influences in Education (HCIE), study analyzed data from 600 educators, nearly 3000
students and over 2000 parents to provide new evidence about Hawaiian students and
their peers from both private and public schools (Kana‘iaupuni, Ledward & Jensen,
2010). Using hierarchical linear modeling to conduct multilevel analyses, researchers
found a set of nested relationships linking the use of culture-based education strategies by
teachers and schools to positive student outcomes.

The goal of the HCIE study was to understand how educators can provide more
engaging and relevant educational experiences for all Hawai‘i’s children. (Kana‘iaupuni
et al., 2010). In this context, culture-based education refers to the grounding of student
learning and instruction in the norms, values, knowledge, beliefs, practices, experiences,
places and language that stand as the foundation for Native Hawaiians (Kana‘iaupuni &
Kawai‘ae‘a, 2008). Culture-based education is identified by five key components that
include family, community, content, context, and assessment.

The results of the teacher analysis revealed that culture-based education was
implemented to varying degrees across the classrooms in the sample and that Hawaiian
culture-and language-based schools were quicker to adopt culture-based education
strategies (Kana‘iaupuni et al., 2010). But results also indicated that there were strong
culture based education users teaching in mainstream settings. It was also found that
culture-based education was not limited to Hawaiian teachers. Although Hawaiians were
found to subscribe more often to culture-based pedagogy, these approaches were also
embraced by non-Hawaiian teachers, particularly in those schools that emphasized

culturally-relevant education. Finally, across all school types, teachers reported regular
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use of the strategies that were generally considered best practice in teaching and
instruction, suggesting that in culture-rich environments, teachers go above and beyond,
achieving relevance and rigor via culture-based strategies in addition to what is
considered best practice.

The results of the student analysis suggested that culture-based education
positively influenced student socio-emotional well-being in the areas of identity, self-
efficacy, and social relationships, and these positive outcomes, in-turn, positively affected
math and reading test scores (Kana‘iaupuni et al., 2010). Furthermore, culture-based
education was positively related to math and reading scores for all students, particularly
for those with low socio-emotional development, and especially when supported by
overall use of CBE strategies within the school. Results also revealed that students of
teachers who utilized culture-based education reported greater Hawaiian cultural
affiliation, civic engagement, and school motivation compared to those teachers who did
not employ culture-based education strategies. Students whose teachers tended to use
culture-based education were also more likely to have strong community ties, e.g., they
worked to protect the local environment and attended public meetings about community
affairs. They were also more apt to know stories and facts about their communities, more
likely to put cultural skills to use in their communities, and reported higher levels of
trusting relations with teachers, emphasizing a deeper sense of belonging to the school.

These results are consistent with findings of a previous study (Yamauchi, Billig,
Meyer, & Hofschire, 2006) that compared high school students who took part in a
Hawaiian studies program to those who were not involved in the program. In the

Hawaiian Studies Program, teachers integrated the learning of Hawaiian culture with
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more traditional secondary curricula, and students participated in weekly community
service-learning. Results indicated that, compared to other peers, the Hawaiian Study
Program students tended to report feeling more connected to their school and community
and tended to agree that they possessed career-related skills. Participants believed that
service-learning contributed to these outcomes by making connections between their
school and community life and that it exposed students to a variety of careers. However,
the study by Yamauchi et al. (2006), while yielding valuable information, only provided a
snapshot of relationships at one point in time. Kana‘iaupuni, Ledward and Jensen (2010)
also measured student outcomes at one time point, and noted that a future longitudinal
study would add greatly to the current understanding of positive relationships observed
between culturally based education and student outcomes. The present study is one
attempt to fill this gap in the research.

Hawai‘i Learning Environments: N@ Honua Mauli Ola. The Native Hawaiian
Education Council created guidelines for culturally responsive education with the first
edition of the Na Honua Mauli Ola, Culturally Healthy and Responsive Learning
Environments (NHEC, 2002). This consisted of a set of sixteen Hawaiian cultural
guidelines with strategies to assist educators, learners, families, schools and communities
in order to examine the educational and cultural well-being of students in Hawai‘i. In
2006, a second edition was published (NHEC, 2006) where these 16 guidelines were
distilled into nine cultural pathways or na ala ‘ike as an educational framework for

fostering culturally healthy and responsive places of learning and living.

The foundational wisdom described in these nine na ala ‘ike was based on a broad

collection of rich Hawaiian heritage and cultural experiences (NHEC, 2006). The cultural
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pathways describe and honor the ancestral wisdom that is practiced throughout Hawai‘i
today. These pathways act as a framework for developing a comprehensive support
system promoting community and student-centered learning environments which support
experiences that foster and shape the development of learners to become responsible,
capable, caring, healthy kanaka (human beings). By instilling a strong cultural identity
and sense of place, students are able to better reach their full potential --spiritually,
intellectually, emotionally, physically, and socially.

The nine na ala ‘ike support culturally relevant approaches that also embrace
learning through the Hawaiian language, culture, tradition and history in order to support
state mandates that recognize Hawaiian as an official language of public education;
fostering efforts that revitalize the Hawaiian language and culture (NHEC, 2006). The
first na ala ‘ike is ‘Ike Pilina, the Relationship Pathway which encourages students to
build respectful, responsible and strong relationships, connecting them to God (akua), the
land (“@ina) and each other through the sharing of history, genealogy, language and
culture.

The second na ala ‘ike, ‘Ike ‘Olelo, or the Language Pathway encourages students
to become proficient in speaking the Hawaiian language in order to instill personal
connections to Hawaiian culture, values, history and spirituality in order to perpetuate
indigenous ways of knowing and sharing (NHEC, 2006). In the third na ala ‘ike, ‘Ike
Mauli La hui, the Cultural Identity Pathway, students are inspired to look to their future
with confidence in their cultural identity, perpetuating Native Hawaiian cultural identity
through practices that strengthen knowledge of culture, language and genealogical

connections to akua, ‘aina and kanaka.
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The fourth na ala ‘ike, ‘Ike Ola Pono is the Wellness Pathway meant to inspire
students to lead healthy, vibrant and happy lives as contributors to family and community
(NHEC, 2006). By caring for the wellbeing of the spirit (mauli) and body (kino) through
culturally respectful ways, the mauli is strengthened in order to build responsibility for
healthy lifestyles. In the fifth na ala ‘ike, ‘Ike Piko, or Personal Connection Pathway,
students are encouraged to take action that reflects a personal identity that is kilpono
(honest, proper and fair), promoting personal growth, development and self-worth to
support a greater sense of belonging, compassion and service toward one’s self, family
and community.

In the sixth na ala ‘ike, or ‘Ike Na ‘auao, the Intellectual Pathway, students are
engaged in fostering the cycle of joyous learning through curiosity, inquiry, experience
and mentorship in order to nurture the innate desire to share knowledge and wisdom with
others (NHEC, 2006). The seventh na ala ‘ike is ‘Ike Ho ‘oko, the Applied Achievement
Pathway. Here, students are inspired to demonstrate academic, social and cultural
excellence that supports families, communities and future generations; helping them to
attain academic, social and cultural excellence through a supportive environment with
high expectations.

‘lke Honua, the eighth na ala ‘ike, or the Sense of Place Pathway, fosters students
accepting responsibility (kuleana) for their world (honua), and expressing a strong sense
of place, including a commitment to preserve the delicate balance of life and protect it for
generations to come (NHEC, 2006). The ninth and final na ala ‘ike, is ‘lke Kuana ‘ike, the

Worldview Pathway, where students are encouraged to promote their local and global
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communities through a Hawaiian perspective that honors all things -past, present and
future, providing a solid grounding in a Hawaiian worldview.
Research Addressing Hawaiian Culture in School

The following section describes some of the efforts made to address Hawaiian
culture in Hawai‘i’s classrooms.

One of the earliest projects concerned with bridging the gap between home and
school cultures in Hawai‘i began at the Kamehameha Schools in the mid-1970s (Darvill,
1981) with the Kamehameha Early Education Program (KEEP). This program developed
an effective language arts curriculum for Native Hawaiians and encouraged students’
sense of ownership and community. KEEP organized classrooms to facilitate peer
teaching interactions and encouraged focused discussion of textbook subjects to make
meaningful connections to the lives of the students. (Tharp, Jordan, Speidel, & Au,
2007).

Later research included Native Hawaiian worldviews and epistemology, or a
context-dependent perspective where learning is situated, or located in a sense of place,
emphasizing a view of connectedness across time and in relationships with family
members (Kawakami, 1999). Kawakami (1999) and colleagues surveyed Hawaiian
educators and found that curriculum components that included Hawaiian values,
knowledge, behavior, identity and sense of place were the most successful. For example,
activities such as developing stewardship of the land, learning and practicing Hawaiian
protocol, dance and chant or creating Hawaiian artifacts using plants and materials from
their locale helped connect students’ academic learning opportunities to their

communities.
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Additional programs were implemented throughout the 1980s and 1990s
(Kawakami, 1999). Na Pua No ‘eau, the University of Hawaii at Hilo’s Center for Gifted
and Talented Native Hawaiian Children was established in 1989 as an enrichment
program with the aim of raising educational achievements and aspirations of Native
Hawaiian children in Grades K-12. The Wai‘anae High School Hawaiian Studies
Program was an integration of school and community resources designed to create a
center for cultural learning. The Ka Lama O Ke Kaialulu (the light of the community)
program was a pre-service teacher education program designed to recruit students from
the Hawaiian community and assist them in completing their degrees.

These programs have typically fallen into two categories: Hawaiian medium
education and programs designed for Hawaiian students in an English language
instructional environment. However, human resource issues have been a challenge to
operations in Hawaiian immersion schools where the supply of curriculum specialists,
school administrators and licensed teachers, fluent in Hawaiian, continue to fall short of
the need. Unfortunately for these programs, only a small number has demonstrated
success and many remain under constant threat of losing funding and other support
(Kawakami, 1999). Kawakami (1999) identified bureaucratic barriers and limited funding
as the main problems undermining these programs, but perhaps the most telling sign of
the lack of recent programs’ effectiveness is the low performance indicators that continue
to plague students in Hawaiian public schools. For example, The Wai‘anae High School
Hawaiian Studies Program evidenced gains in teachers’ ability to implement Hawaiian
school standards and manage their classrooms. Attendance was significantly higher

among Hawaiian Studies students compared to other peers, but there was no difference
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between groups on scholastic outcomes such as GPA (RMC Research Corporation,
2004). Researchers concluded that the control group, which tended to include more
college-bound students, was not necessarily a good match.

Makawalu: Standards, curriculum, and assessment for literature through an
indigenous perspective (Kaiwi & Kahumoku III, 2006) challenged the Western
theoretical perspective prevalent in Hawai‘i schools by introducing the Kanaka Maoli
(Native Hawaiian) concept of Makawalu or “having eight eyes,” or “numerously
spreading out from a firm foundation” (p. 184). Mokawalu placed emphasis on the fact
that indigenous students can use “native eyes” and a native paradigm to access and
analyze literature; empowering students by acknowledging and validating their
indigenous voice.

Kaiwi and Kahumoku (2006) recognized that the schools in Hawai‘i were
dominated by a White, Anglo-Saxon system of education, and that students in Hawai‘i
had been restricted by this philosophical template for teaching and learning. They
advocated for the development of standards that reflect both Western and indigenous
approaches to literature curriculum development. Kaiwi and Kahumoku posited that if the
current, traditional educational paradigm does not include native educational practice,
place, and position, the achievement of indigenous children will continue to decline, and

educators will continue to be at a loss to explain why.

Kaiwi and Kahumoku (2006) pointed out that researchers (D’ Amato, 1988) have
long articulated that strong cultural identity and understanding of heritage to help build
pride and confidence in native children, and that Hawaiian children’s acting out behavior

could be a result of an educational culture that is inconsistent with their home culture.
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They placed importance on acknowledging and utilizing the kanaka maoli’s
interconnection between place, space, spirit, and others to enhance learning, and that their
indigenous experience should be the place to establish a foundation on which to grow and
learn, rather than using the English language and Western culture and knowledge as the

originating point for exploring all literature.

In their case study, Kaiwi and Kahumoku (2006), studied the effects of makawalu
in teaching kanaka maoli students by utilizing eight basic themes for creative writing:
Connection to ancestors, appreciation for ancestors, appreciation for kippuna (elders),
appreciation for makua (parents), increased desire to learn, a sense of kuleana
(responsibility), traditional versus indigenous, and creativity and freedom of expression.
They found that applying a concept like makawalu to the teaching of American literature,
changed the perspective from which literature could be examined. These researchers
discovered that starting from an indigenous; Native Hawaiian grounding could be used as
a springboard (papakii) for further literary exploration. Moving outwards (makawalu), to
other “cultural” literature can indigenize a Western discipline, equalizing the literary
playing field. Students felt stronger once they learned more about their cultural
backgrounds and felt more appreciative and connected to their ancestors. They
commented that making learning into a real life example made it more interesting,

compelling them to learn more.

Culturally Responsive Teaching of Science
Roth and colleagues studied the role of teachers and students, and their research
challenged science educators' rigid boundaries between expert and novice scientific

explanations (Roth, 1996; Roth & Bowen, 1995; Roth & Lucas, 1997; Roychoudhury &
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Roth, 1996). Leach and Scott (2003) conducted research that demonstrated the benefits of
employing both the individualist and collectivist views of learning in teaching science.
Building on Loving’s (1998) multicultural empowerment model, Leach and Scott’s
research points to how both individualist and collectivist views can usefully be drawn
upon by science educators.

Meyer (2003) noted a contemporary shift in science education from a traditional
emphasis of adding more facts to students’ understanding to a conceptual-change view of
learning where learning is considered to occur when a student’s mental model, or schema
is modified to adapt to the new information or is replaced with a new one (Piaget, 1952).
In this way, students’ naive misconceptions of science that conflict with science taught at
school may be replaced with new conceptions, or more appropriate mental models. When
teachers engage students in the process of forming new conceptions, the cultural context
for which learning takes place and the personal experiences of students should not be
overlooked.

Ballenger's (1997) research suggests that notions of science and culture are
inextricably tied, and unless time is taken to renegotiate the classroom to explicate
cultural notions of learning and content, teachers and researchers alike will misjudge
students' intended meanings. Gallas (1994) argued that a significant portion of children's
sense making is constrained if students are not allowed to express themselves freely,
advising that children's personal narratives should be utilized to enable them to discover

the interrelationship between their world of experience and what they study in school.
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Culturally Responsive Teaching of Science in Native Communities

Ethnic/racial and linguistic minority students are better able to learn science when
their linguistic and cultural knowledge is utilized as learning resources (Chambers, 1999;
Kubli, 2005; Lee, 2002; Lee, Deaktor, Hart, Cuevas, & Enders, 2005; Loving, 1998;
Leach & Scott, 2003; Vosniadou, loannides, Dimitrakoppulou, & Papademetriou, 2001).
Chambers (1999) examined the role of engaging American Indian students in a dialogue
while teaching science. Chambers used innovative teaching strategies that required
students to compare art and science to American Indian indigenous knowledge structures
as a means of seeing and understanding nature. Considering their shared status as
involuntary minorities (Ogbu, 1994) and people who have been colonized, Native
Hawaiian students may benefit from Chamber’s methods of teaching science to American
Indians.

The Learning Cycle. One approach to a Native American way of life deals with
the connections between all the elements of the Universe (Gilbert, 2011). Native
Americans understand life as a reflection of cycles (Renner & Merek, 1988). The cycles
of life, the elements and nature are circles without beginnings or ends. When examined
closely, cycles can reflect the Native American perception of optimal learning, and when
developing science curricula for Native Americans, curriculum experts Renner and
Merek (1988) found that the learning cycle was relevant to the Native American
perception of education.

Every lesson plan developed by Renner and Merek (1988) adheres to the “hands
on” activities approach, and as with the cyclical approach to learning, I find this directly

pertains to Native Hawaiian views of gaining knowledge. Renner and Merek purport that
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teachers need to be knowledgeable in the concepts to insure that any questions asked or
raised can be answered and describe the Learning Cycle (Figure 2.2) in such a manner
that the students become the focus of learning:

The learning cycle, therefore, is not a method of teaching science,

the learning cycle comes from the discipline itself; it represents science.
If science is to be taught in a manner that leads students to construct
knowledge, they must make a quest. The learning cycle leads students

on that quest for knowledge. (p 170)

Phase 1
Introduction

Phase 4
Integration

Phase 2
Cultural Context

\\

Phase 3
Classroom
Science

Figure 2.2. Instructional sequence of the Native science connections supplemental

Students engage in observing, measuring, experimenting, interpreting, model
building, and predicting as they experience the Learning Cycle (Figure 2.2) and these
essential elements of learning science should be implemented in all phases of the cycle
(Gilbert, 2011). Each cycle starts with an ‘Introduction’ that allows the teacher and
students to get a general understanding of prior knowledge of the subject at-hand and to

directly or indirectly motivate students’ interest in a concept. The introduction needs to
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be relevant to the Native American child’s environment in order for the student to
understand the general purpose of what is to be learned.

In Phase 2, the Cultural Context, Native cultural knowledge as it pertains to the
science topic is examined and taught. This should include a vocabulary of specific words
in the Native language with translations in English. Additional information in this phase
includes traditional Native practices, stories and teachings (Gilbert, 2011). In Phase 3,
Classroom Science, the focus is on communicating ideas, concepts and honing skills
through exercises taught in science texts and kits. In Phase 4, Integration, students engage
in integrating the newly learned cultural knowledge with other related (Western)
concepts. In this phase, the terminology of the new concept needs to be utilized
consistently to ensure that students are accommodating the experiences learned; and it is
important to expand with activities that will be well connected with the Native concepts
in order to reinforce the link between the new, Western theory and Native concepts. By
following the learning cycle, gaining new knowledge can become relevant to the Native
American students’ because the process is consistent with the Native practice of making
connections between all the elements of the Universe.

This holds true in the ethos of Native Hawaiians, especially in regards to the deep
connection Hawaiians have to the land (Gon, 2005; Kanahele, 2009). However, the
history of Western science being taught in Hawaiian classrooms has been shaped by
Descartes’ view that knowledge of reality, or metaphysical knowledge is gained through
intellect alone, not the senses (Gon, 2005). This separation of culture and nature can be
antithetical to a Hawaiian world view that connects humans and nature in spiritual and

familial relationships (Chinn, 2008). In the following pages I explore the different efforts

26



that have been made in Hawai‘i to move away from this Western viewpoint and toward
models that embrace Native culture, knowledge and traditions in school.
Science Education in Hawai‘i

Perhaps the most telling of recent outcome assessments is the number of students
who have the opportunity to learn science in Hawai‘i compared to other US states.
According to the National Assessment of Educational Progress (HDOE, 2003), in 2002,
two percent of Native Hawaiian students were enrolled in 8" grade science, compared to
the national average of 98%. This national survey revealed that of all high school
students polled, 34% of students in Hawai‘i reported that they received science
instruction compared to the national average of 92%. Also, 46% of high school
respondents stated that they did not take an 8" grade science course, compared to the
national average of 3%. These numbers may suggest that traditional science education is
not working well in Hawai‘i, as the State is ranked among the poorest performing states
in the country on average science scores (National Center for Education Statistics, 2010).

However, it is important for readers, particularly science educators in Hawai‘i, not
to jump to conclusions when interpreting these results, especially in regard to research
vis-a-vis the conflict Native Hawaiian students potentially feel between succeeding
academically and remaining true to their culture (Hewitt, 2003; Sato, 1991). Recently,
Native Hawaiian researcher Gon (2005) argued that science and Hawaiian culture are
compatible. He pointed to the growing desire of scientists and environmentalists to
promote and use appropriate Hawaiian traditional knowledge in land use and
management decisions. While admitting to epistemological differences between

“classical Western science” and “Hawaiian traditional knowledge,” Gon pointed to their

27



many similarities. For example, both scientific approaches are highly empirical, rooted in
repeated observations of phenomena in the world and both approaches are based on
detecting and expressing correlations and testing predictions.

Gon (2005) believes the two epistemologies to be not only compatible, but that
the Western conception of science could be greatly enhanced by integrating Hawaiian
concepts such as embracing intuition and feeling when testing hypotheses rather than
conducting experiments in the “coldly objective” manner typical of Western science. Gon
suggested that this latter “objective” approach, divorced from emotion, could be
considered a great drawback of Western science, particularly since it has allowed for
amoral and immoral developments in the past.

In the next and subsequent sections I discuss indigenous Hawaiian ways of
knowing, that have recently become available to scholars. Much of this information is not
well cited in the literature; therefore, the following is largely based on conference, lecture
presentations and anecdotal accounts.

Papaki Makawalu. Papakii Makawalu is one interpretation of a philosophy or
ancient Hawaiian epistemological system that focuses on a more holistic picture of the
knowledge that is being sought (Kanahele, 2009). More formally, it is the system ancient
Hawaiians utilized in order to understand their universe. To begin to understand this, we
must first re-conceptualize the way we think about space. In a 2009 lecture, Kanahele
explained that we need to explore ancient systems of knowledge, and subsequent
methodologies therein, and apply them today.

In explaining Papakii Makawalu, Kanahele (2009) started with the papakii, or

“foundation.” The papakii acts as a stabilizing force, something that you can depend on,
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something that will always be there, as in the earth. In a sense, papakii is permanent, but
it is also used by Hawaiians to define “home,” “birthplace,” or it can be used to mean
where your ancestors come from. Next there is makawalu, which roughly translates to

“movement outwards,” or “growing out from the foundation.”

Translated literally, makawalu is a combination of walu meaning “eight,” and
maka which means “eyes,” so to be accurate, makawalu means “eight eyes” (Kanahele,
2009). To ancient Hawaiians, the number eight is very important because it is related to
the number four, which relates to the changing of the seasons, denoted by certain stars
that are visible at different times of the year. These are the summer and winter solstices
and vernal and autumnal equinoxes, which were in turn broken in two seasons, making
eight distinct time points Hawaiians used for marking time, such as the time in which
certain crops should be planted or harvested. Therefore, makawalu is used to describe

something that is numerous.

The concept of Papakii Makawalu, comes directly from the Kumulipo, the
substantial ancient Hawaiian literary work and chant containing over 2000 lines
(Kanahele, 2009). It is thought that much of the Kumulipo was initiated by females,
because it had to do with giving birth, with spirituality and cycles. Of the 16 paukiis, the
thirteenth is concerned with Papakii Makawalu, which tells the genealogy of Haumea, an
Ancient Hawaiian Goddess, analogous to Mother Earth or Mother Nature (Kanahele,

2009).

Expanding on the concept of Papakii Makawalu, each line is concerned with a

separate foundation containing different components, and each is a combination of three
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sub-words (in Hawaiian chants, there usually is a lot of information condensed into a few
words per line). Papahulihonua is broken into papa, huli, and honua. Papa stands for
“foundation,” but also denotes the different levels of foundations, or strata (Kanahele,
2009). Huli is the notion “to turn,” or “to turn over,” or change; as illustrated by the
changing of seasons or the turning of the earth; “earth” being what honua means, or
“land,” with its subsequent layers. Ancient Hawaiians were very aware of the turning of
the earth and conscious of the fact that the earth, as with the sun and the moon, was in
suspension in a vast space that itself was turning. Papahulihonua is not only a concept,
but also the name for a class of experts, those who deal intellectually, physically and

spiritually with the earth and that which comes from the earth.

Papahulilani deals with the space above us, /ani meaning “sky,” or the
atmosphere. It is concerned with the space from above our heads to the stars, and all the
things that exist in that realm (Kanahele, 2009). In this class are those who deal
physically, intellectually, and spiritually with the space above. Within that class, there
are separate groups of experts who deal with specific components of that realm, such as
those that use the stars in order to gauge the change of seasons, or experts that use the

stars to navigate, etc.

Papahanaumoku starts with layers or strata and foundations (Papa) but the
components to this foundation have to do with childbirth and being fertile, laying eggs;
the meaning of hanau (Kanahele, 2009). It also includes moku, which means “to sever,”
or “island.” The concept of Papahanaumoku is concerned with every living thing that
perpetuates itself, procreates or reproduces and has offspring, and in this way, a

genealogy is created. However, not just human, but the genealogy of all living things;
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things that live in the sea, on the land, in the air, and that grow from the land. Being an
island (or islands), this land is cut off from other lands and surrounded by water, which is
why the concept of “severed” is included in the word moku, which also stands for

“district,” because each one is cut off by surrounding boundaries.

Papahanaumoku is concerned with keeping track of all things that give birth, and
in this class of experts are those who deal spiritually, physically and intellectually with
not only all those things that give birth, but the habitats containing and nourishing all life
(Kanahele, 2009). These experts are able to make connections between that which grows
in one habitat to those that grow in another, making parallels between the birth and
growth cycles of different living things in the uplands, the lowlands and the sea;

enriching their environment by understanding these parallel growth processes.

Culturally Responsive Teaching of Science in Hawai’i

In the following section I review research conducted in Hawai‘i exploring the
benefits of including culture in the curriculum when teaching science.

Malama I Ka ‘Aina. The Malama I Ka ‘Aina program (Caring for the land, or
sustainability) was a P-12 professional development program focused on joint activity
toward common goals and cultural dialogues mediated by cultural translators (Chinn &
Silva, 2002). It was based on the idea that building knowledge entails building
relationships among individuals from different cultural backgrounds. The program aimed
to improve and expand education in Hawai'i by developing and disseminating culturally
relevant, standards-based science curricular materials based on an understanding and
appreciation of the ways in which traditional Hawaiians interacted with their environment

for sustainability. Key concepts included a culture-based sense of place that included
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knowledge of and connection to the land, and the role of water and the ahupua'a
(traditional Hawaiian system of land management). Curriculum developers, scientists and
cultural experts worked together to develop and implement curricula that are especially
relevant to a particular school's science program and issues.

Chinn (2003) examined the results of 60 P-12 pre and in-service teachers who
participated in the Malama I Ka 'Aina program. During a five day culture-science
immersion program, Native Hawaiian instructors and teachers from a wide range of
ethnic backgrounds lived and worked together, meeting several times at school,
university, and community sites to build knowledge and share programs. Teachers
learned to connect cultural understandings (e.g., a Hawaiian sense of place and
curriculum development), and highly valued collaborating with peers on curriculum
development and implementation.

Chinn (2008) suggests a Hawai‘i-oriented framework with four process elements:
(a) developing a Hawaiian sense of place, (b) malama, caring for/monitoring/restoring a
familiar place; (c) kuleana, acknowledging that the right to use resources comes with
responsibility; and (d) conducting inquiry oriented to sustaining a healthy social
ecosystem. She contends that this framework can be adapted for other places, cultures,
and issues.

Pikoi Ke Kaula Kualena. Pikoi Ke Kaula Kualena, Focus on the Essential Core,
grew out of the Malama I Ka ‘Aina, Sustainability Project (Chinn & Silva, 2002). In this
four-year case study, Chinn observed and interviewed 5 female Native Hawaiians and 10
lead teachers who participated in the Malama I Ka ‘Aina project the previous year. The

five participants worked in roles ranging from Hawaiian studies kupuna (elder) to
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community-based educator/home schooling mother to a high school teacher.

The teachers involved themselves and their students in issues that directly
affected and benefited their local communities while engaging with the Pikoi Ke Kaula
Kualena curriculum (Chinn & Silva, 2002). For example, one teacher involved her
students in a long-term study to identify fish, remove invasive seaweeds, and record
ecosystem changes using GPS and underwater photography. Students learned about the
land by cultivating plants brought by Polynesians, learned astronomy and meteorology in
the context of sailing, and learned marine science by caring for marine resources.

New Opportunities through Minority Initiatives in Space Science (NOMISS).
NOMISS combined traditions of Hawaiian culture with astronomy for kindergarten
through Grade 12 teachers, university professors, and astronomers. In line with the
philosophy of Chinn (2008), curriculum developers Kawakami and Pai (2007)
endeavored to link Western notions of professional development and curriculum research
with lived experiences in authentic cultural settings. The project also explored teachers’
awareness of learning processes and how teachers’ influenced the development of
curricula.

In the summer of 2003, the Hawaiian Astronomy Institute was created to pilot the
curriculum (Kawakami & Pai, 2005). Nineteen fifth grade students from O‘ahu and
Hawai‘i participated in a 4-week long program that integrated celestial navigation, space
science, and culture, with much of the learning taking place aboard the voyaging canoe
Makali‘i. Two key themes of the institute were teaching students proper protocol during
visitations (e.g. when entering a new class), and teaching observational skills of

Hawaiians. The Hawaiian Astronomy Institute was considered a success. Pre- and post-

33



tests illustrated that participants’ understanding of celestial navigation, space science, and
Hawaiian culture improved.

Pacific Basin Information Node. The Pacific Basin Information Node (2005)
offered valuable educational resources for science teachers in Hawai‘i. The Pacific Basin
Information Node was a group committed to helping people to understand and respect the
vibrant and unique natural heritage of which they are apart and offered lesson ideas and
materials that teachers could use in their biological and ecological sciences curricula.
Students explored oceanography and Hawai‘i’s coral reefs, watersheds, humpback
whales, the Bishop Museum, Hawai‘i’s State Parks, and the birds of Hawai‘i’s
rainforests.

Kiikulu Na Uapo. Kitkulu Na Uapo (Center on Disability Studies, 2005) offered
curriculum ideas for teaching 6™ grade science, weaving academic standards with
Hawaiian cultural standards and practices for students to gain a greater understanding of
themselves, their relationship to others, and the world around them. Of particular
importance to the Kitkulu Na Uapo program was instilling in the students a sense of
responsibility (kuleana) to nurture themselves, others, and their environment. Kitkulu Na
Uapo’s philosophy is equitable in that it recognizes the need to enhance school success
for Native Hawaiian and other local students, where other program developers often do
not comment on how their curricula affects non-Hawaiians.

Ecosystems Thrust Area of Hawai‘i. The Ecosystems Thrust Area of Hawai‘i
focused on ecosystem research and monitoring activities that grew out of the Malama [
Ka ‘Aina sustainability curriculum project. The program focused on the Hawaiian

islands’ unique mountain-to-sea ecosystems, or ahupua ‘a, extending from upland tropical
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forests to the fringing coral reefs, correspond to the roughly wedge-shaped catchments.
The program grew from a need to develop the underlying theory and principles of
“sustainability science,” based on an understanding of the fundamental interactions
between nature and humans (Kaneshiro, Chinn, Kristin, Duin, Hood, Maly, & Wilco,

2003).

Rural Systemic Initiative. Started in 1996, the Rural Systemic Initiative focused
on regions of "persistent rural poverty" (Boyer, 2006). Rural Systemic Initiative leaders,
while varying in their approaches to reform, all agree that a quality education must reflect
the values of tribal peoples and must ultimately serve to strengthen whole tribal
communities. The problems many Native American children experience in schools-- high
drop-out rates, absenteeism, low academic achievement-- cannot be solved by any one
individual. Instead, it requires action by the entire school system and, especially, greater

leadership by indigenous peoples themselves.

In one Rural Systemic Initiative project, Boyer (2006) studied the effects of the
accidental introduction of the coqui frog into the Hawaiian Islands. Boyer studied 37
schools on 6 islands and found that the inquiry-based science instruction initiative
resulted in gains in 5™ and 10™ grade math scores (the state science assessment was still
in development). The project’s goal was to nurture greater environmental awareness
through giving students in rural schools a chance to investigate real-world environmental
issues. By using the skills and tools of scientists and mathematicians to investigate local

ecosystems, Boyer found that the Rural Systemic Initiative both strengthened the
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curriculum and reinforced Malama I ka ‘Aina —an understanding of stewardship within
the cultural environmental context of the Hawaiian Islands.

Na Hana Ma Ke Ahupua‘a, Science in Hawai‘i. The Na Hana Ma Ke Ahupua ‘a
project (Center on Disability Studies, 2006) was a 3-year study that offered middle and
high school teachers in Hawai‘i a culturally responsive curriculum centered on the
interdependence of natural resources in Hawai‘i’s watersheds, or ahupua ‘a. Similar to
the Pacific Basin Information Node (2005), this program could be valuable to teachers
new to the islands because it specifically aimed at helping teachers to learn more about
Hawaiian history, culture and values, and how each relates to the sciences. Like the
Kitkulu Na Uapo program, Na Hana Ma Ke Ahupua ‘a was inclusive, recognizing the
needs of all “at-risk” students, instilling in all children a sense of responsibility (kuleana)
and encouraging them to learn more about their place in this world.

Evidence-based components such as collaborative learning (Howe & Mercer,
2007) and dialogic inquiry (Wells, 1999) were infused into the curriculum to help all
students increase their knowledge and skills in science (Center on Disability Studies,
2006). The differentiated instruction was applicable to general and special education
students, engaging them in scientific study with relevant content such as climatology and
meteorology, resource management, architecture and engineering, botany and agriculture,
astronomy, geology and hydrology.

The Na Hana Ma Ke Ahupua ‘a (Center on Disability Studies, 2006) curriculum
focused on hands-on activities and concrete learning while conducting experiments (e.g.,
involving hydrology, solar power, hydrolysis, etc.), completing projects (e.g., exploring

local geology, water testing, etc.), and participating in field trips to sewage treatment
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plants, watersheds, taro farms, local marine sanctuaries, and to Volcanoes National Park
at the end of the school year. In line with Vygotsky’s (1978) sociocultural perspective,
the locally relevant content focused first on the community, island and state, and then
assisted students in making connections between their local environment and the global
community. For example, before investigating astrology and the Big Bang Theory,
students first were taught the Hawaiian creation chant. This focus was on teaching
students that their ancestors devised a viable theory for the origins of the universe
perhaps a thousand years before Western scientists, simultaneously rooting the theory in
something with which they were familiar and hopefully giving them the tools to take
“ownership” of this knowledge.

Role models, elders (kupiina) and local scientists were recruited from the
community to interact with students in and out of the classroom. Kupiina were invited to
speak to students about the importance of a connection to the land (or ‘aina) and the
value of finding a meaningful career that investigated and alleviated problems faced by
the people in Hawai‘i, giving back to the local community. Making this connection was
another effort to make the curriculum culturally responsive because in Hawaiian culture,
mastery of a subject must demonstrate a benefit to the whole community, not just the
individual (Dela Cruz et al., 2006). Local scientists were also invited into the classroom
to speak with students about what they do, but more importantly, they were encouraged
to “tell their story” of how their experience growing up in Hawai‘i led them to become
scientists.

Perhaps the greatest strength of Na Hana Ma Ke Ahupua ‘a (Center on Disability

Studies, 2006) lay in how the program addressed Gon’s (2005) concerns of how the
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emotionally divorced stance of typical western science stands in contradiction to the
introspective, emotional qualities incorporated in traditional Hawaiian knowledge. An
important goal was to reinforce links to the intuitive, emotionally accountable inquiry
process which nurtured creative thinking during the renaissance of Polynesian history
(Gon, 2005). Another goal was to increase the number of Native Hawaiian adults in
science-related postsecondary education and employment fields.
The Present Study

Ka Hana ‘Imi Na‘auao. Data from the Ka Hana ‘Imi Na ‘auao project were used
in this research. The purpose of the study was to evaluate an endeavor to help students
bridge the gap between their home and school cultures in an effort to ultimately change
the outdated paradigm which separates Hawaiian indigenous and western knowledge
systems in public schools in Hawai‘i (Center on Disability Studies, 2007). Ka Hana ‘Imi
Na‘auao (roughly translated, “the seeking of scientific knowledge™) was a four year
project to expand the Na@ Hana Ma Ke Ahupua ‘a project (Center on Disability Studies,
2006) by including an added focus on careers in scientific fields. The program served
secondary school teachers across the State and supported Hawaiian public school
students to succeed in science-related educational and career pursuits by providing them
with culturally responsive science lessons and activities.

From the outset, the project employed a collaboration team process as the
foundation of all activities (Center on Disability Studies, 2007). This approach was
designed to be pono (to do what is right) in regards to Hawaiian thinking and values and
built on input from kiipuna (respected elders), researchers, cultural and academic experts,

employers, Hawaiian role models, and ‘ohana (family). In particular, curriculum

38



developers recruited the non-profit organization ALU LIKE, Inc. as a partner to develop
the content of the lessons and activities. ALU LIKE staff members were mostly
ethnically Hawaiian and members of many groups in which the Hawaiian culture was
emphasized. That is, they participated in gatherings in which Hawaiian traditions were
engaged, including informal “talk-story” (a culturally based, interactive communication
between individuals) meetings, luau, hula, and canoe paddling, as well as more formal
family /o ‘oponopono (problem solving), civic groups, genealogical societies, and
Hawaiian Studies programs.

This bi-cultural collaboration between curriculum developers and ALU LIKE,
Inc. promoted the development of a curriculum that embedded Hawaiian principles,
values, and practices into lessons. Kiipuna, role models and others took part in planning
and delivery of instruction, and teachers participated in professional development to learn
about Hawaiian culture, language, and tradition as well as culturally appropriate
methodologies which enable them to weave Hawaiian and western learning into the
standards-based science lessons.

The wide variety of curriculum activities included field trips, videos featuring
local topics and speakers, guest speakers with Hawaiian and/or science expertise,
readings adapted to the interests and literacy levels of students, integration of technology
in lesson delivery and student projects, and hands-on lessons. Place-based learning,
critical thinking and scientific inquiry were also woven into the curriculum.

While most of these activities and strategies were not designed specifically to
address cultural inequities in classrooms, they were considered to be more culturally

responsive than a traditional emphasis on seatwork (i.e., reading of texts on continental
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US issues, worksheets and written tests). The teaching or sharing of culturally relevant
content was infused into lessons, such that content that directly connected cultural ways
of knowing or doing with the western knowledge, skills and standards were applied. For
example, Hawaiian students were encouraged to explore their connection to the land by
investigating the ahupua ‘a their family has historically been connected to and the role
their family members typically played in the maintenance of the land. These methods
were applied to modern land-management techniques.

This curriculum was designed to encourage participating students to make
personal connections with the Hawaiian cultural experts, employers, and role models they
met. Program developers also believed that student participants’ sense of ha ‘aheo (pride),
place, self, and culture would increase through the exposure to Hawaiian language,
traditions, values and ways of knowing that was provided in the program. Additionally,
as student and teacher input was incorporated into the developing curriculum, both
groups benefited from the support each received from project staff to increase their
opportunities not only to learn about Hawaiian tradition, language and values, but to
succeed through Hawaiian cultural systems of learning. Teachers also took part in a
training course starting in the summer prior to field testing and classes were held bi-
monthly throughout the school year.

Hawaiian learning styles include hands-on strategies, placing emphasis on
observation and learning by doing (Dela Cruz et al., 2006). Hawaiian educators from
ALU LIKE Inc., as well as guest speakers from the local science community worked
directly with teachers and students in the classroom doing hands-on activities once a

week. Students observed activities being done by Hawaiian educators and scientists and
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then were encouraged to do the activities themselves. Also, students were engaged in
field trips in order to get outside the classroom, interacting with the environment and with
Hawaiian scientists, who were role models and mentors to students.

Another goal of Ka Hana ‘Imi Na‘auao was to promote Hawaiian and ethnically
diverse student participants’ entrance into postsecondary education science-related, or
STEM (science, technology, engineering, and math) fields and careers. This was to
address what has been called a “crisis” in science, technology, engineering, and math
(STEM) education in the United States (Epstein & Miller, 2011). It was felt that one
reason for ethnically diverse students’ lack of interest in exploring a science-related
career was a lack of confidence to do well in their science work, or lack of science self-
efficacy. This, and the “STEM crisis” will be explored in the following sections.

The “STEM Crisis”

An important aspect of the STEM crisis that needs attention is the achievement
gap that is evident for ethnic/racial minority groups. It is projected that the ethnic/racial
minority population of the US will increase from about a third currently to over half by
2060 (US Census Bureau, 2012). Yet, despite several decades of federally supported
programs, the rates of science baccalaureate completion for underrepresented minority
undergraduates are dismal (Chemers, Zurbriggen, Syed, Goza, & Bearman, 2011;
Hurtado, Cabrera, Lin, Arellano & Espinoza, 2009; Hurtado, Han, Sa’enz, Espinosa,
Cabrera, & Cerna, 2007; Maton, Kohout, Wicherski, Leary, Vinokurov, 2006). Only 24%
of African American, Latino, and Native American students complete a science
bachelor’s degree in six years, compared to 40% of White students (Center for

Institutional Data Exchange Analysis, 2000).
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This underrepresentation has an additional negative impact on communities of
color, as minority scientists are more likely than non-minorities to study issues specific to
minority communities (Nicholas, 1997). Among the three dominant disciplines that
comprise the biomedical and behavioral science fields—biological sciences, chemistry,
and psychology—underrepresented minority students represented only 18% of bachelor’s
and 7% of doctoral degrees in 2004 (National Science Foundation, 2007). This history of
underrepresentation has led to the overwhelming majority of practicing professionals in
STEM fields being white, middle-class men (Johnson, 2007).

Many minority students lose interest in learning STEM subjects well before
reaching high school. In what has been metaphorically referred to in the literature as a
“leaky pipeline” (Blickenstaff, 2005; Bordogna, 2003), women and minorities leave
STEM preparation at several key points as they progress through educational training
toward STEM professions. The American Council on Education reported that full-time
attendance, hours worked while enrolled, and rigor of high school curriculum were the
major factors contributing to completion of college degrees in STEM fields by minority
students (Mento, Sorkin, & Prettyman, 2008). This decline of skilled workers for
scientific fields portends a decline in U.S. global competitiveness and the exportation of
high-skilled jobs to other countries (Augustine, 2005; Council of Graduate Schools,
2007). Contributing to this decline is the trend that roughly half of those students who
display initial interest in majoring in science disciplines change their plans within the first
two years of undergraduate study, and very few non-science aspirants become science

majors (Center for Institutional Data Exchange Analysis, 2000).
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Why is this? Members at the Education Trust interviewed hundreds of students
and parents of students attending schools in the U.S to investigate the achievement gap
between poor, minority children and their more affluent, white peers (Haycock, 2001).
When researchers spoke with adults, no matter where they were in the country, they made
similar comments about minority children. “They’re too poor.” “Their parents don’t
care.” “They come to school without an adequate breakfast.” “They don't have enough
books in the home.” “Indeed, there aren’t enough parents in the home” (p. 3). In other
words, their reasons were always about the children and their families.

In contrast, young people gave different answers (Haycock, 2001). They talked
about teachers who often did not know the subjects they were teaching. They talked
about principals who dismissed their concerns. They talked about counselors who
consistently underestimated their potential and placed them in lower-level courses. And,
they talked about a curriculum and a set of expectations that they considered miserably
low-level. High school curricula which demands little of high-poverty/minority public
school students could be one factor contributing to the low number of ethnically/racially
diverse high school students choosing a STEM-related major when entering college.
Students may not feel confident in their abilities to face difficult tasks because they had
not really been challenged in the past. This lack of science self-efficacy could be one
reason why, of those students who enter college in science-related study, roughly half
change their plans and pursue non-STEM related fields of study by their junior year
(Center for Institutional Data Exchange Analysis 2000). The phenomenon of low science

self-efficacy among racially diverse students will be explored in the following section.
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Science Self-Efficacy

Science self-efficacy was chosen as one of the main variables of interest in this
study in order to gain an understanding of the processes that underlie student decision-
making and performance while engaged in a culturally responsive, high school science

curriculum. In the next section I provide background on academic self-efficacy.

Central to Bandura’s (1986, 1989a, 1989b, 1993, 1995, 1997) social cognitive
theory is personal self-efficacy, defined as the belief in one’s capability to execute
required courses of action, govern one’s choices of behaviors and aspirations, and is
fundamental in the maintenance and mobilization of effort. Self-efficacy differs from
other forms of self-beliefs (e.g., self-concept) as it is concerned primarily with
individuals’ capabilities to produce results and attain designated types of performances
(Pajares, 1997). Bandura contended that students’ self-efficacy beliefs are often better
predictors of the academic successes compared to objective assessments of abilities.
Subsequent research has revealed that these beliefs possibly mediate the effects of prior
achievement, knowledge, and skills on subsequent achievement (Bong, 2001; Chemers et

al., 2011; Schunk, 1985).

According to Bandura (1997), self-efficacy is established through a dynamic
interplay of behaviors, individual perceptions and the external environment. He defined
the perception of self-efficacy as ‘‘judgments of personal capabilities’’ (Bandura, 1997,
p. 11) and argued that ‘‘people will explore, and try to manage situations within their
perceived capabilities, but unless they are externally coerced, they avoid transactions

with those aspects of their environment that they perceive exceeds their coping abilities’’
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(p. 14). However, while external expectations can promote development of self-efficacy,

they can also hinder it.

Bandura (1997) explained that when a devalued group becomes the target of
blame for negative characteristics that others associate with them, group members may
eventually believe those degrading qualities about themselves. The influences of
environmental structures are significant, but they are only one part of the equation, as
Bandura also rejected a socially deterministic view of self-efficacy. Instead, he gave
equal attention to the possibility that people within socially disadvantaged circumstances
can overcome said obstacles if their perceptions of individual efficacy and behaviors are

able to compensate for negative external ascriptions.

Consistent with these theoretical assumptions, Yamauchi and Greene (1997)
found that seventh- and tenth-grade students from a rural, predominantly Native
Hawaiian community reported lower perceived self-efficacy for achievement in school
and 1in their future careers compared to student reports from the continental US, with
particularly troubling consequences for Hawaiian boys. Results of a multiple regression
analysis revealed that being Native Hawaiian and male was associated with lower self-
efficacy for self-regulated learning. They suggested that the sociocultural context may
have provided different information to Native Hawaiian boys and girls regarding their

performances in home and school.

The development of self-efficacy related to students’ academic pursuits has
received much attention in recent literature. Chemers, Hu, and Garcia (2001) found that,

above and beyond any effects of previous ability, academic self-efficacy was a strong and
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significant predictor of the academic performance, academic goals, personal adjustment,
and health of university freshmen. Woolfolk, Hoy and Davis (2006) also pointed to the
cyclical nature of academic self-efficacy, motivation and outcomes, where greater self-
efficacy in class can lead to greater effort and persistence toward challenging goals,
which leads to better performance in school, which in turn leads to even greater academic

self-efficacy.

Bong (2001) found that middle school students’ self-efficacy was an important
factor in predicting their achievement, mediating students’ interpretation of their
knowledge, skills, or experience of prior attainments, and was judged to be an essential
factor in positively predicting learning outcomes. Furthermore, self-efficacy judgments
were seen to contain strong subject-specific components. Other studies have also
indicated that students’ perception of self-efficacy and performance prediction was
situation- or discipline-specific (Bong & Skaalvik, 2003; Shell, Colvin, & Bruning,

1995).

Motivation researchers have also established that students’ self-efficacy about
their academic capabilities is related to academic motivation and performance outcomes
in specific domains that include language arts, mathematics and science (Britner &
Pajares, 2001; Lent, Brown, & Gore, 1997; Pajares & Valiante, 1999; Shell, Colvin,&
Bruning, 1995). In these subject areas, individuals rely predominantly on personal
performance accomplishments to form their self-efficacy beliefs. In general, academic

performances serve as important sources of information.
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Given the importance of science curriculum as a bridge to future STEM careers,
more information on the self-efficacy of students learning science may contribute to
addressing the nation’s pressing concerns about the quality of science education.
Consistent with the tenets of self-efficacy theory, Britner and Pajares (2006) found that
general self-efficacy correlated with science self-efficacy, and with middle school
students’ science grades. Students’ mastery experiences, self-efficacy for self-regulation,
and science self-efficacy were the most consistent predictors of students’ grade in
science. Furthermore, self-efficacy in science accounted for the largest share of unique
variance, lending further confirmation that science self-efficacy is a significant predictor
of science achievement. Britner and Pajares pointed to the importance of vicarious
experiences, social persuasion and physiological arousal (considered precursors of

students’ science self-efficacy beliefs); which all correlated with science self-efficacy.

Lau and Roeser (2002) found that during high school, students’ science self-
efficacy correlated significantly with science achievement and was a better predictor of
achievement and engagement in science-related activities both in and out of the
classroom, than were gender, ethnicity, or parental background. The inclusion of
motivational variables significantly increased the prediction of individual differences in
achievement outcomes in science. Specifically, person-level processes, consisting of both
cognitive and motivational resources, added unique power to the prediction of students’
engagement in the classroom and outside of school. Also, science self-efficacy was found
to be a powerful predictor of students’ science test scores, classroom grades, and

anticipated choices of science-related activities in the future.
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Chemers et al. (2011) studied the role of efficacy among underrepresented
minority undergraduate and graduate college students and proposed that the effects of
science support experiences on commitment to science careers would be mediated by
science self-efficacy and identity as a scientist. In their proposed mediation model
researchers focused on several important science support experiences: research
experience, mentor influences, and community involvement. These program and
psychological variables were predicted to combine to produce a greater commitment to a
scientific career. In the present study, the effects of Ka Hana ‘Imi Na ‘auao, a culturally
responsive science curriculum developed for Hawaiian and other students in Hawai‘i
high schools were analyzed for the influence it had on students’ grades (overall GPA),
perceptions of science self-efficacy, the frequency of pono behaviors, and behaviors

conducive to learning.

The literature review suggests that Native knowledge and Hawaiian ways of
knowing in the classroom can help to ameliorate the negative outcomes that many public
high school students in Hawai‘i face, particularly in science. Next, I will describe the

methods of the present study used to evaluate the Ka Hana ‘Imi Na ‘auao curriculum.
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CHAPTER 3
METHODS

This chapter discusses the design and conduct of the study, including a discussion
of the research questions, setting and subjects, variables, and methods of analysis.
Research Questions and Design

The following research questions were explored: Will students’ perceptions of
science self-efficacy improve as a result of participation in a culturally responsive
curriculum, and in particular for Hawaiian participants? Will being exposed to the
curriculum result in significant gains in students’ perceptions of pono behaviors, and in
particular for Hawaiian participants? Will students’ perceptions of behaviors conducive
to learning improve as a result of participation in the culturally responsive curriculum,
and in particular Hawaiian participants?

The design was a nonequivalent (static group) comparison design (Fraenkel &
Wallen, 2006).

0, X 0, 0O;

O, 0, 0O;

The strength of this design is the added control group which reduces rival
explanations related to history, maturation, testing, and regression effects; however, the
primary weakness is the lack of random assignment to treatment and control conditions,
which is often not possible in school settings. This results in a possible treatment by
selection bias, for example, the students may differ in motivation or interest in known or

unknown ways.
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Participants

Participants included 332 students enrolled at eight high schools on O‘ahu and
Hawai‘i islands in the school years 2006-2007, 2007-2008 and 2008-2009 (see
demographic information listed below in Table 3.1). An attempt was made to recruit an
equal number of urban (Roosevelt, McKinley, Castle and Kaimuki) and rural schools
(Waialua, Nanakuli, Honoka‘a, and Kua O Ka La Public Charter School). The number of
students receiving free and reduced lunch differed by location, and, perhaps as a sign of
the difficult financial times, increased over the three years of the study. In 2006-2007,
40% of participants received free and reduced lunch came from urban schools, and 45%
were from rural schools. By the 2008-2009 school year 43% were in urban schools and
in rural areas the levels climbed to 51% of the students receiving free and reduced

lunches.

Table 3.1

Demographic Information, Ka Hana 'Imi Na 'auao Sample, 2006-2009 School Years

Mean Age 15.6 (1.17)  Age Range 13-18
Male 56% Female 44%
Urban Student Population 47% Rural Student Population 53%
Treatment Condition 53% Control Condition 47%
Part Hawaiian 44% Native Hawaiian 7%

Asian 19% Caucasian 2%

Pacific Islander 8% Other (mixed race) 20%

N =332. Note. Number in parenthesis is standard deviation

50



The participating students were in Grades 9 through 12 (27% ninth grade
students, 27% tenth graders, 32% eleventh graders and 14% twelve grade students. The
majority of the students were in general education (81%), but special education students
were also represented (19%). All students completed surveys before receiving the
curriculum (Wave I), roughly half-way through the school year (Wave II) and again just
before they were released on summer break (Wave I1I).

In total, 18 teachers participated (13 female, 5 male) and their cultural
backgrounds varied, reflecting the diversity of the islands: Native Hawaiian (n = 2), part
Hawaiian (n = 4), Asian (n = 4), Caucasians from the US Continent (n = 2), Caucasians
who were raised in Hawai‘i (n = 2), a Pacific Islander (n = 1), and a mix of two or more
of cultures, or “local” (n = 2). Participants taught a variety of science subjects, mainly
general or introductory science (n = 10), but some taught biology (n = 4), marine science
(n =2), astronomy (n = 1), or food science (n = 1). There was one first-year teacher,
several who had been teaching for over 20 years, and others whose experience ranged
between 3 and 15 years. Two teachers who originally started in the control group in the
first year decided to join the treatment group in subsequent years. This was considered
problematic, and data for these teachers’ students (72 participants) were removed before
running the analysis.

This was a quasi-experimental study because teachers could choose to participate
in either group. However, in order to ameliorate the effects of subject contamination,
once the first teacher at one school was recruited to be in a condition, an effort was made

for subsequent teachers at that school to be recruited to the same group.
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Instrumentation

The instrument used to measure growth and change over time in this study was
the Culturally Responsive Science Perceptions, or CRSP inventory, an instrument created
to gauge the self-perceptions of how confident students felt toward doing their science
work and how often they behaved in an appropriate manner, both in terms of Western
educational expectations and expectations of the Hawaiian culture. In the following
section the ways in which its validity and reliability were established will be discussed.
Initial Validation of the Instrument using Exploratory Factor Analysis

Bowditch, Roberts & Galloway (in press), studied the validity of the CRSP
inventory. This validation study was conducted with a group of 404 participants from
public high schools in Hawai‘i and an Exploratory Factor Analysis was conducted to
determine convergent and discriminant validity as well as the stability of the three factors
over time. The first step in this process was to identify salient dimensions. Researchers at
the Center on Disability Studies (CDS) deemed three psychological dimensions as salient
for students learning science in a culturally responsive environment. These included
perceptions of pono (valued as correct by Hawaiians) behaviors, perceptions of
behaviors conducive to learning; and feelings of science self-efficacy, or the perception
of confidence in the ability to do science academic work.

Interviews with Hawaiians from the local community and those who worked at
CDS and a review of the literature on culturally responsive education programs were
conducted to create items to gauge the perceived frequency of students’ pono behaviors.
The pono behaviors sub-scale items were then reviewed by staff at ALU LIKE Inc. who

made final revisions. When developing the CRSP inventory, sets of items conceptually
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linked with each salient dimension were included. Originally, Center researchers checked
a group of 24 items for accuracy and distinctiveness. The result of the internal-
consistency reliability data (Cronbach’s alpha) and further EFA, refinement decisions
was a three-scale, 22 item instrument; the Culturally Responsive Science Perception
inventory (CRSP, Center on Disability Studies, 2006).
Procedures and Internal Consistency of the CRSP Inventory

The Exploratory Factor Analysis revealed that a total of ten items loaded
sufficiently on the perceived frequency of behaviors conducive to learning factor, six
items loaded on perceived level of science self-efficacy factor, and six items loaded
satisfactorily on the perceived frequency of pono behaviors factor, indicating sound
discriminant validity.

The variance of all three psychological dimensions combined for a total of about
47%, at Waves I and II, and 49% at Wave III, suggesting that the three factors accounted
for nearly half of the learning that took place in the classrooms comprising the sample.
Furthermore, Eigen values for the three factors at each wave were all greater than 1.0, the
typical cut-off in factor analyses utilizing principle components analysis. The Eigen value
for behaviors conducive to learning was 6.8, science self-efficacy was 2.2 and pono
behaviors was 1.5). A certain amount of overlap existed among all three factors at Wave
I, and these correlations remained consistent at Waves II and III.

Total scale internal consistency reliability (Cronbach’s coefficient o) estimates
were robust with alpha levels of .93 at Wave I, .90 at Wave II and .92 at Wave III.
Individual factor reliability values were good to fair for perceived frequency of behaviors

conducive to learning, and alpha values ranged from .88 at Wave 1, .85 at Wave II and
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.88 at Wave III. The perceived level of science self-efficacy factor alphas were .76 at
Wave I, .78 at Wave II and .80 at Wave III. For perceived frequency of pono behaviors,
factor alphas were .68 at Wave 1, .71 at Wave 11, and .73 at Wave III. For this study, 332
students completed the CRSP inventory over three school years (2006-2009), and data for
the three years were combined.
Further Validation of the Instrument Using Confirmatory Factor Analysis
Structural equation modeling (SEM) facilitates the specification of models that
focus on defining a small number of underlying (or latent) constructs through measuring
their observed indicators. The measurement model corrects the constructs for errors in
their observed measures and is, therefore, important in establishing the reliability and
validity of variables used in an organizational analysis. Correcting for measurement error
facilitates more accurate estimation of the model’s structural parameters. The technique
used to define measurement models is referred to in the SEM literature as confirmatory
factor analysis (CFA), because of the emphasis on proposing a set of theoretical
relationships before actually testing the model against the data to determine whether it
confirms the existence of the proposed set of latent factors (Heck, Thomas & Tabata
2010). The goal of the CFA analysis is to reproduce the original observed matrix of
covariances by clustering subsets of the observed variables with a smaller number of

latent factors.

In contrast to the exploratory factor analytic approach, which is more restrictive in
terms of defining the models, CFA provides greater flexibility in defining a specific
model. Since items may be restricted to define particular latent factors, covariances may

be specified between some or all factors, and covariances between specific error terms
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may be permitted. This allows the researcher to examine the reliability and validity of
the measurements through the careful specification of constructs and their indicators
before testing the proposed model with data. This is often a step that is given little
attention in the preliminary stages of investigating theoretical models. It is important to
consider how well key variables in a study are measured, because the lack of
measurement quality in defining constructs can be an important limitation to the
credibility of results stemming from the test of a particular theory (Heck & Thomas,

2009).

In specifying a measurement model, a smaller set of latent factors (7,) are
hypothesized to be responsible for the specific pattern of variation and covariation among
a set observed variables (¥,) contained in a sample covariance matrix. This matrix is
decomposed by a model that assumes that unobserved variables (e.g., science self-
efficacy) are generating the pattern, or structure, among the observed variables. Each of
the observed variables is conceptualized as a linear function of one or more factors.
There are two types of factors in defining a model. The common factors that may affect
more than one observed variable, and unique or residual factors that may affect only one

observed variable. The basic measurement model can be represented as

yi=vtint+e, (3.1)

where for individual i, y is a vector of observed dependent variables, v is a vector of
measurement intercepts for the observed variables, A is a matrix of factor loadings for the
observed variables, n, refers to the set of latent variables, and ¢&; 1s a vector of

measurement errors for observed variables that is uncorrelated with other variables. The
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residual terms are contained in a covariance matrix denoted ®. Equation 3.1 suggests that
the observed items are linked to the underlying factors through the factor loadings

contained in A. The covariance structure may then be specified as
Y=AYA'+ 0O, (3.2)

where A is a p x ¢ matrix of observed variable loadings defining the latent factors, ¥ is a
¢ X ¢ matrix of factor variances and covariances, A'is the transpose of A , and @ is a

diagonal matrix (p x p) of residual variances and covariances (Heck, Thomas & Tabata

2011).

Several statistical and practical tests (e.g., comparative fit index [CFI], root mean
square error of approximation (RMSEA), standardized root mean square residual
[RMSR]) can then be examined to determine if the data confirm the set of relationships
implied in the hypothesized model. The CFI is scaled between 0 and 1, with values of
0.90 or above typically indicating adequate model fit. SRMR represents the average of
the magnitude of the standardized residuals. In most cases an SRMR between .05 and
zero indicates a good-fitting model. Related to SRMR, RMSEA provides for a
discrepancy of model fit per degree of freedom. Models with RMSEA near .05 are often
considered to fit the data adequately. If the model turns out to be consistent with the data
(i.e., it reproduces the observed variation present in the data), the researcher has

preliminary evidence of its construct validity.

When running the preliminary Exploratory Factor Analysis in SPSS, two items
originally thought to be associated with the science self-efficacy; “I try to do things

correctly;” and “I accept it when people correct me” had better factor loadings on the
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behaviors conducive to learning factor. After running the Confirmatory Factor Analysis
(CFA, illustrated in Figure 3.1), although loadings were again, rather low (.46 and .55,
respectively), they were both found to significantly (at the p <.001 level) load on
behaviors conducive to learning. This test finding was one benefit of using a
confirmatory rather than an exploratory approach (using a principle components analysis)
for testing a model’s fit. Also, the underlying assumption in principle components
analysis is that factors should not be correlated; however, Figure 3.1 shows that there was
some overlap between all of the factors at each time point.

Also, the two items originally removed from the pono behaviors factor in
refinement decisions in the EFA due to high loadings on more than one factor, “I care for
the environment,” and “I try hard to do well in school” were included in the CFA and
found to be significant. Therefore, the final CRSP inventory included a total of 24 items,
10 for the perceived frequency of behaviors conducive to learning, six for perceived level
of science self-efficacy, and 8 items for perceived frequency of pono behaviors factor.
EFA utilized SPSS 18.0, CFA was run using Mplus statistical software, and the multi-
level model was analyzed with IBM SPSS 20.0. The preliminary model with no proposed
covariances between error terms fit quite well (CFI = 0.85, RMSEA = .07, SRMR =
0.067), but a few changes were made by allowing errors to be correlated in five instances
to obtain a slightly higher set of fit indices; however, all of these items were intuitively
related. For instance, with the factor behaviors conducive to learning, error variance
associated with the item “I follow classroom rules” was allowed to correlate with the
error variances of the items “I follow written directions,” and “I follow instructions.”

These last two items’ error terms were also allowed to correlate, and the error associated
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.50, .50, .50 | follow written directions

74
50, .42, .4 | respect other students 72
48, 49, -46‘ | follow instructions 70
51, .51, .54 | respect the teacher 69
52, .50, -51‘ | follow classroom rules 68 Behaviors
.67 .
.54, 61, -56‘ | care for the classroom materials and equipment Conducive to
59 Learning
64, .67, .62‘ | do my part when working in groups 55
77, .79, .80‘ I go to school all the time 50
77, .76, .7# | accept it when people correct me 46 ©
©
73, 68, -55‘ I try to do things correctly =
OOL
1
56, .56, .54 | can summarize the lessons the teacher gives me .73
57, .66, .64 I can read and understand the science materials 71
.54, 60, .59 | can solve problems 69 .
58 (Science Sel
63, .65, .59 I know the math needed to do the coursework 53 Efficacy
.75, .73, .68‘ | can work alone 51
68, .70, -69‘ I have skills for managing time 2
©
©
63, .61, .58 I help keep peace in classroom (Laulima) o5
©
.63 :
69, .76, .62‘ | care for the environment (Malama) 58
75, .73, .70‘ | take the lead in group activities (Alaka'i) 56
.71, .62, .63 | keep trying even when things are difficult (Ahonui) 52 Pono
48 i
.73, .64, .64 | talk to others to stop fights (Lokahi) Behaviors
Ay
.76, .75, .71 I try hard to do well in school (Kela) 43
.83, .78, .7# | let the teacher know when | know the answer (Na'anuao) 37
.89, .86, .86 | forgive others (Aloha)

Figure 3.1 Results of Confirmatory Factor Analysis (Maximum Likelihood estimation,
standardized solution) illustrating structure matrix of CRSP inventory with factor
loadings, inter-factor correlations and item variance. Nofe: Single-headed arrows
represent factor loadings; double-headed arrows represent inter-factor correlations at each
time point, values to the left show residual variance by wave of data collection.
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with the item “I respect the teacher” was allowed to correlate with the error associated
with the item “I respect other students.” For the pono behaviors factor, error associated
with the item with the term “I try hard to do well in school” was allowed to correlate with
the error associated with “I keep trying even when things are difficult.”

This basic model (with CFI = 0.90, RMSEA = 0.059, SRMR = 0.063) was then
proposed to fit across groups at Wave Il and Wave III. The literature suggests that values
of CFI near 0.90 and above are considered acceptable, and RMSEA near 0.05 are
generally considered evidence of good-fitting models to the data (Marcoulides &
Hershberger, 1997; Marsh, Balla & Hau, 1996); however, more recent studies suggest
CFI values to be closer to .95 (Hu & Bentler, 1999). For RMSEA, a cut-off value close to
.06 (Hu & Bentler, 1999) has been considered to indicate a good model fit, or values no
higher than 0.07 (Steiger, 2007) and values of SRMR of as high as 0.08 have been cited
in the literature as acceptable (Hu & Bentler, 1999). With these three key fit indices all
within acceptable limits, this basic model was considered a good fit to the data.
Examining the Factor Means Over Time

Once a model’s preliminary construct validity has been established, researchers
often investigate whether the same model fits across other groups or over repeated
observations. This process is referred to as testing a model’s invariance or
generalizability and represents another way of investigating a proposed model’s construct
validity (Heck & Thomas, 2009). Tests of model invariance across groups are conducted
by imposing constraints on particular parameters of interest across a number of groups or

repeated measurements and determining how well this model fits each of the covariance
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matrices of the groups or samples being compared. This facilitates the testing of
hypotheses, for example, about the invariance of the factor structure (e.g., same number
of factors, same factor variances and covariances), whether the same pattern of factor
loadings exists, and whether there are invariant measurement errors across the groups

examined.

Table 3.2 illustrates results of the CFA test for significant difference of the three
factors over time by setting the first time point to zero and testing for significant change
in mean factor scores at times one (Wave II) and two (Wave III). It was found that
although no significant change was evident at Wave I, by Wave II there was significant
improvement in scores of pono behaviors and science self efficacy factors. This suggests
students were changing over time in their perceptions of pono behaviors and science self
efficacy. What remains to investigate is how the treatment and control groupings of

students might interact with students’ changing perceptions of these constructs.

Table 3.2.

Factor Means, Standard Errors and Level of Significant Change by Time Point

Factor Means by Time Point _

Factor 0 1 2

1. Pono behaviors .00 .03 (.30) .07 (.005)**
2. Science Self-Efficacy .00 .04 (.36) 11 (.006)**
3. Behaviors Conducive to Learning .00 -.04.(.21) -.05 (.14)

Note: N =332, ** p <.01. Note. Number in parenthesis is value of significance.
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Examining Treatment Effects Over Time

The primary concern for the analysis of change in students’ perceptions is whether
the treatment affects students’ growth or change in the three constructs over the three
measurement occasions comprising the longitudinal design. This is often referred to as a
treatment by time interaction. The assumption is that the treatment and control groups start
out the same before the treatment is introduced. After the introduction of the treatment, it
is assumed the growth rates are different over time. In the last section, the CFA provided
preliminary evidence that the students’ perceptions of their science self efficacy and pono
behaviors changed over time. After confirming the structure of items measuring the three
constructs over time, the next step was to develop a multivariate growth model to
examine possible treatment effects on changes in the set of constructs over time.

Growth Curve Modeling. Research from this study used Growth Curve
Modeling (GCM) in the final analysis, specifically, a Multi-Level Model utilizing
Hierarchical Linear Modeling, as the method of analysis. In the following sections, |
provide some background on these types of methods that may be useful to the reader.
GCM is an approach endorsed for the study of change over time by a number of leading
methodologists (e.g., Bryk & Raudenbush, 1987; Francis, Fletcher, Stuebing, Davidson,
& Thompson, 1991; Goldstein, 1996, 1986; Rogosa, Brandt, & Zimowski, 1982; Willet
& Sayer, 1994). GCM is increasingly utilized in social science research as it allows for
rigorous data analysis and individual and group growth analysis and comparisons (Bryke
& Raudenbush, 1992). It also allows for measurement error which is not feasible in most

other statistical procedures used to measure change (McArdle, 1986).
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The process begins with determining the intercept or constant by plotting the first
data points from the first measurement, termed the “baseline.” Change is then measured
from the intercept. Through the plotting of additional data points (dependent variables)
each subject’s or group’s slope is determined and used as the unit of analysis. GCM
offers several possible advantages over other statistical approaches to growth over time.
In most intervention trials, the interest is not so much in the absolute level of a targeted
behavior at a certain time point as it is in the developmental trajectory of targeted
variables across multiple time points, e.g., the continuous developmental process before,
during, and after an intervention.

GCM allows modeling trends of how groups and individuals change. The
parameters describing the normative developmental trajectory identified in the control
group are also estimated in the treatment group, and these parameters are then equated
across the two groups. This equating allows for the identification of the portion of growth
in the treatment group that is attributable to the normative developmental process
observed within the control group. In addition to the normative growth factors, a second
growth rate factor is added that is unique to the treatment group.

This added factor allows for the identification of differential growth that exists
within the treatment group above and beyond the normative developmental trajectory that
exists within the control group. In other words, this factor captures the degree to which
the normative developmental trajectory observed in the control group may be altered as a
function of the intervention applied to the treatment group. This unique treatment group

growth factor is what explicitly captures the intervention treatment effect in GCM,
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however, the statistical theory, methods and software to analyze such models were not
developed until fairly recently.

In research conducted in schools, observations may be made on students, but
curriculum interventions typically are administered at the classroom level. Consequently,
the data structure is nested, with students representing the lowest level of the hierarchy
and classrooms at the second level. The analysis of individual growth represents a special
case of this nested structure, as multiple observations are nested within the individual
subject on which those observations were made (Bryk & Raudenbush, 1992), in such
analyses, time is considered to be nested within the individual.

In multilevel modeling, analysts explore the hierarchical structure of sets of
nested data, allowing them to estimate structural and variance/covariance parameters with
accuracy and efficiency by focusing on two types of parameters: fixed effects and
covariance components (Heck, Thomas & Tabata, 2011). Fixed effects refer to the
model’s structural parameters, such as the intercept coefficients, or the initial mean score
of a group, or slope coefficients (i.e., the relationship between socio-economic status and
graduating from high school). Covariance components refer to the complete set of
variances and covariances in a model’s parameters. Finally, a central component in
multilevel modeling is that specific parameters can be designated as randomly varying,
meaning that the sizes of the estimates are allowed to vary across groups.

In multilevel modeling, the results are routinely extended to show their variation
continuously over time. This elaboration provides useful information, specifically; the
nonlinear growth curve includes representations of the following results: the variance of

the outcome status over time, variance of the growth rate of the outcome over time, the
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correlation of the outcome status and the outcome growth rate over time, the stability of
the outcome over time (i.e., the correlation of outcome status at one time with that for a
later time), the effect of an individual attribute on the outcome status over time, and the
effect of an individual attribute on the growth rate of status over time (Tate, 2000). By
investigating these relationships at multiple levels of analysis as well as exploring cross-
level interactions that incorporate the dimension of time; exploratory studies are able to
paint a more valid and reliable picture than ever before.
Multivariate Growth Formulation

A multilevel formulation can take into consideration the correlation between the
multiple outcomes measured on several occasions. The goal is to build a model where the
fixed effects are used to control for differences in the means between individual repeated
measures and the random effects can be used to model the different variances for the
outcomes, as well as the covariances between the outcome measures (Leyland, 2004).
Besides providing a thorough test of treatment effects on several outcomes over time,
another advantage of this type of multilevel growth model is that one can test the equality
of the size of effect of a specific predictor on each of the repeated measures outcomes
(Hox, 2010).

In specifying this type of multivariate growth formulation in SPSS Mixed, at
Level 1 the Repeated Measures specification was used to collect the repeated measures
on the three constructs within individuals. The primary parameters included in a growth
formulation are the intercept (often defined as initial status) and the time-related growth
slope. In this case, the within-individual covariance structure was specified as compound

symmetry, as is common in repeated measures designs where there are a limited number
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of repeated measures (Hox, 2010). At Level 2 (between individuals, N = 332), fixed
predictors including an individual academic variable (GPA) and the treatment variable
were also included in the model. At Level 3, the initial status intercepts were allowed to
vary across teachers, although because of the small sample size, no teacher characteristics
were modeled.

Multivariate linear models are commonly formulated as single-level models
specified in matrix notation. To define this type of model in MIXED, I stacked the single-
level model with conducive to learning, science self-efficacy, and pono behaviors in a
single variable column (¥ji), where i refers to the particular construct (i = 1,...3) for
individual j in the classroom of teacher k. At Level 1, it is convenient to use a categorical
indicator (Index1) to identify each construct within individuals (Heck et al., 2010).
Specifying the fixed effects portion of the model as having no intercept (NOINT) ensured
that separate intercepts were obtained for each of the three constructs at Level 2 (the
individual level). At this lowest level, students were nested within teachers (Subject
[id*teacherid]) on the REPEATED syntax command line. This particular specification
had the effect of combining Levels 1 and 2 to create a basic two-level (i.e., student and
teacher) multivariate formulation (Leyland, 2004).

By declaring Index! as the random variable at the highest level (using teacherid
as the Subject variable), I specified a random intercept (initial status) parameter for each
construct, and by declaring Wave as a random variable at that level, a random time slope
parameter for construct can be added between teachers. It should be noted that
preliminary models suggested the time-related parameter (Wave) should be fixed between

teachers at the highest level of the model. Since there were multiple constructs being
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examined over time, it was possible to examine whether or not the treatment effect was
the same for each construct over time. In addition, background variables (e.g., student
GPA) were added to examine whether they influenced students’ perceptions about the
three constructs under consideration. It was also possible to examine whether or not the
effects of variables such as student GPA or the time-related effects were the same or
different across the constructs. These investigations were conducted by imposing equality
constraints on the constructs (Hox, 2010). If the model with equality constraints fits
better than the model with freely-estimated parameters for each construct, I could assume
there was one effect of the predictor that was the same for all three constructs. In each
case, the hypothesis proposed was that the strength of the effect of the predictor on the
three constructs was the same.

The fitted two-level growth models were then specified for individual i nested
within teacher j at time 7 for the classroom behavior (CB), self-efficacy (SE) and pono

behaviors (P) constructs as follows:

_ *
Y iy = Vegoo T VepoWave,; +7, 0GP Aij t Vepoolleaty + Y g wave,; ™ treat; + uycg, + Eqp;

_ *
YSEtij =Vseoo T VseroWave, +y. sz01GP Aij t Vg€t + ygewave,; * treat; +uyge, + &g

— *
Yo = Vpoo + VpoWave, + 7o GPA, + ypptreat; + v, wave,, * treat; +up,; + &y (33)

where 700 for each construct represents the initial status intercept for each parameter,
710 represents the growth slope for each measurement occasion, Yo represents the effect

of student GPA on initial status intercepts for each construct, Vo2 represents the effect of

the treatment on each initial status mean [which was assumed to be the same (i.e.,
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Veor = Vseo2 = Vo2 )], 7 represents the treatment by time interaction effect,

O/ represents the randomly varying initial status effect, and ~*/ represents errors in
estimating individual growth trajectories for each construct. As noted previously, for this

test of treatment effects over time, the time-related slope coefficients describing the

change over time on each construct (7 10') within schools to be fixed (as opposed to
randomly varying) between teachers. This was because of the small number of teachers in
the sample.

In specifying the model in SPSS Mixed, the /ndex! variable, which was used to
define the three constructs, was crossed with the individual-level predictors (X) in the
combined model (e.g., Index] *GPA), to include a separate regression coefficient
describing the effect of GPA on each construct. This was important to note, since one
goal of the analysis was to examine whether the effects of the treatment, time, and GPA
were the same or different on the three constructs. I wanted to impose equality constraints
on the predictor, however, that variable (e.g., GPA) was added directly into the model
instead of as an interaction (Hox, 2010).

The final model examined in Chapter 4 did not include equality constraints for
GPA or Wave, but an equality constraint for the treatment effect on the initial status
intercepts had 13 parameters to estimate. These included three initial status intercepts,
three fixed-effect Index1* GPA estimates, one fixed-effect treatment effect on the initial
status intercepts (representing an equality constraint that was tested and found to hold),

and three fixed-effect estimates for the treatment*time interactions for each construct.
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CHAPTER 4
RESULTS

In this chapter the results of the test of treatment effects over time are presented.

These fixed effects are summarized in Table 4.1, which shows each set of effects
was statically significant except the treatment effect on the initial status intercepts (which
we would expect to be nonsignificant at the start of the study). In addition, there were
eight covariance parameters to estimate. These included one variance and one covariance
parameter at the lowest level (as specified by compound symmetry), three construct
variances and three covariances between teachers at the highest level of the model, for a
total of 21 parameters. It should be noted that models with quality constraints imposed
for the effects of GPA and Wave on the constructs were also investigated, but they were

found to not fit the data as well as the final model presented.

Table 4.1.

Type III Tests of Fixed Effects”

Source Numerator Denominator F Sig.
df df

Index1 3 111.108 185.430 .000

Index1 * GPA 3 504.334 7.435 .000

Treat 1 17.423 584 455

Index1 * Wave 3 414.326 3.161 .025

Index] * Wave * 3 51442 3320 027

Treat
a. Dependent Variable: Constructs.

Examining Treatment Effects Over Time
The fixed-estimates are presented in Table 4.2 and Figures 4.1., 4.2 and 4.3. The

initial status intercepts suggest that students perceived generally high classroom behavior
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scores -5 (Index] =1), than either self efficacy (/ndex! = 2) or pono behavior scores
(Index1 =3). The table suggests that students’ GPA was positively and significantly
related to their perceptions of their classroom behavior (/ndex! =1) and science self
efficacy scores (IndexI = 2), by their pono behavior scores (Index! = 3). As noted

previously, students in the treatment group did not report significantly different
perceptions of the three constructs at the beginning of the study ( 7, = 0.050, p > .05).

Recall that this represents an equality constraint (i.e., a single coefficient that describes

the effect on each construct).

Table 4.2.

Estimates of Fixed Effects”

Parameter Estimate  Std. Error df t Sig.
[Index1=1] 2011 086 97.609 23.481 .000
[Index1=2] 1.458 081 127.855  18.029  .000
[Index1=3] 1.515 084 97.450 17.861  .000
[Index1=1] * GPA 116 027 482447 4287 000
[Index1=2] * GPA 070 027 403.131  2.637 009
[Index1=3] * GPA 039 027 468230 1460 .145
Treat 050 065 17423 764 455
[Index1=1] * Wave -.043 020 517.248 2130 034
[Index1=2] * Wave 028 021 616422 1358 .175
[Index1=3] * Wave 029 021 1037910 1431 .153
[IndexI=I]* Wave ® g 026 88.894  1.153 252
Treat

[Index1=2] * Wave ® 59 027 125548  2.165 032
Treat

[Index1=3]* Wave ® ¢ 027  261.688 2519 012
Treat

a. Dependent Variable: Constructs.
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Table 4.3.

Estimates of Covariance Parameters”

Parameter Estimate Std. Wald Sig.
Error Z
CS di 1
Repeated agonat 159 004 34406 000
offset
Measures .
CS covariance .100 .009  10.293 .000
UN (1,1) .014 .009 1.561 119
UN (2,1) .008 .006 1.344 179
Index1 [subject UN (2,2) .006 .005 1.225 221
= Teacher]
UN (3,1) 011 .007 1.466 143
UN (3,2) .005 .005 952 341
UN (3,3) .013 .008 1.484 138

a. Dependent Variable: Constructs.

Table 4.2 suggests that in the control group (Index*Wave effects), perceptions of
students’ own behaviors conducive to learning actually declined over time (Y 5,,= -

0.043, p <.05). Growth was nonsignificant over time on the other two constructs (p >

.05). For the treatment group, however, the results suggested that there was no change in

terms of students’ perceptions of their classroom behavior ( y,,=0.030, p > .05).

However, for self efficacy (7 ,,= 0.060, p <.05) and pono behaviors (,,, =0.069, p <

.05), the results were significant.

Table 4.3 presents the covariance parameters for this model. At the individual
level, the variance is 0.151 (p <.001) and the average covariance between constructs over
time was 0.100 (p <.001). At level 2, the variances between teachers are relatively

smaller (i.e., approximately 0.01).
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CHAPTER 5
DISCUSSION

In this chapter I will discuss the results, draw conclusions, discuss the limitations
of the study and suggest implications for future research.

Before delving into a discussion of the findings, I would first like to discuss some
methodological implications stemming from the choice of models used in the analysis.

For a long time, behavioral scientists have not had adequate measures of
individual change or sound techniques for research on change (Bryk & Raudenbush,
1987; Curran & Muthen, 1999; Francis, Schatschneider, & Carlson, 2000). Examples of
commonly used analytic techniques include the z-test, ANOVA, ANCOVA, MANOVA,
MANCOVA, multiple regression, and fixed effects structural equation modeling.
Although these techniques can be useful for evaluating treatment effects under relatively
restrictive assumptions, there are several potential limitations that are encountered when
these analytic approaches are solely used to study development over time. Examples
include the inability to model individual growth over time, decreased statistical power,
potentially biased parameter estimates, and unnecessary restriction of inferences that can
possibly be obtained from the observed data (Curran & Muthen, 1999; Francis,
Schatschneider, & Carlson, 2000; Meredith & Tisak, 1990; Rogosa, 1988; Ragosa &
Willet, 1985; Willet, 1994).

The first step in the multi-level or HLM analysis was to partition the variance in
the outcome variables into their within- and between-group components (Heck et al.,
2011). This was done by arranging the data set to be hierarchically structured by re-

formatting the lay-out to be vertically aligned, as opposed to horizontally aligned in the
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database. If little or no variation was found in the outcomes between groups, a multi-level
analysis may not have been appropriate and the analysis conducted at the individual level
would have been sufficient. I found that the slopes did not vary, and hence, were allowed
to remain fixed. However, I determined that there was variability in participants’
intercepts, and therefore, a multi-level model was examined where intercepts were
allowed to vary.

In the following three sections I will discuss the results from the factor analysis
and multilevel modeling to answer the following research questions: Did students’
perceptions of science self-efficacy improve as a result of participation in a culturally
responsive curriculum, and in particular for Hawaiian participants? Did being exposed to
the curriculum result in significant gains in students’ perceptions of pono behaviors, and
in particular for Hawaiian participants? Did student’s perception of behaviors conducive
to learning improve as a result of participation in a culturally responsive curriculum, and
in particular for Hawaiian participants?

Confirmatory Factor Analysis

The results of CFA (Figure 3.1) revealed that some of the factor loadings on the
pono behaviors variable were under .50, which are considered questionable when running
the preliminary EFA (Hurley, Scandura, Schriesheim, Brannick, Seers, Vandenberg, &
Williams, 1997). However, the CFA also tested the strength of the relationships, and all
were deemed to significantly load on the expected factor. The Principle Components
Analysis used in EFA may have been a useful starting point, but in some respects was
inappropriate because, first, being exploratory, one is not supposed to have a preexisting

notion of which items load on what factor (so the items drive the factors). However, I had
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a good idea of my factors and the items associated with them beforehand; and therefore,
it was more appropriate for the factors to be driving the items. Second, factors should not
be correlated in Principle Components Analysis, and by referring to the double-headed
arrows in Figure 3.1, it was clear that all of the factors overlapped to some extent.

The correlations located on the double-headed arrows in Figure 3.1 can also be
referred to in order to illustrate the stability of the relationship between the variables
across the three time points of data collection, lending further evidence to the strength
and stability of the factors as they are measured over time. The values located to the left
of the items showed the residual variance by wave of data collection, or how students
differed from each other when responding to each item. Being very stable, they lent
further evidence for the strength of the items associated with each factor, suggesting that
the scale had strong validity.

The Multilevel Model’

In regards to the Table of Fixed Effects (Table 4.1), the effect of the index
variable (Index1), a composite score of all three variables, was significant, so the initial
means at the intercepts for the three constructs was not zero. This was also corroborated
by information in Table 4.2, where the treatment effect (7reat) was only .05 higher in the
treatment group initially, and not significant (p > 05). The GPA times index effect
(Index1*GPA) showed that at the initial status for all three variables, the effect of GPA
was significantly related (p <.001), or in other words, students with higher GPAs had
higher initial status. The treatment effect (7reat) was tested at initial status and the effect
was nonsignificant (p > .05), meaning that the groups were similar, in respect to the

treatment, which was what I expected at the start of the study.
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Table 4.1 shows that the index by time interaction (/Index! * Wave) was
significant at the p < .05 level, which suggests that, over time, there was a change in the
means of the three constructs relative to initial status at each point in time. The treatment
by time interaction (/ndexI * Wave * Treat) was also significant (p < .05), suggesting
that, over time, the means of the three constructs in the treatment group changed. Table
4.2 indicates that GPA was related to all three constructs. Grades significantly increased
as means rose for behaviors conducive to learning (p < .001), and science self-efficacy (p
<.01) but for pono behaviors the change was positive, but not significant (p > .05). This
makes intuitive sense, in that if students became more confident to do their science work
and started to behave better in class, they would tend do better in school.

Behaviors Conducive to Learning. The fixed effects in Table 4.2 separates the
three variables and tests the effects of the treatment on each construct, indicating that
students’ initial intercept for perceptions of behaviors conducive to learning (Index 1=1)
was 2.01. With 2 being the value for “usually,” when students were asked if they behave
well in class the initial answer was affirmative, and the treatment by time effect
(Index1=1 * Wave * Treat) indicates that by Wave III scores had not significantly
increased (p > .05) in the treatment group, finishing at roughly 2.07 by the end of the
school year. One must keep in mind that these are self-reported perceptions of the
students’ behaviors, future research would benefit from an observational tool to verify
that behaviors conducive to learning do not increase as a result of interacting with
culturally responsive curricula.

Table 4.2 indicates that in the control group there was a significant decline (p <

.05) in behaviors conducive to learning, (IndexI1=1 * Wave) and Figure 4.1 clearly
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illustrates the interaction effect between treatment and control paths, where, up until
Wave 2, both groups were on a parallel negative trajectory, but students’ scores in the
treatment group lagged at mid-year and started to move in the positive direction over the
second half of the year. Perhaps, if there was a fourth time point in the model, the
trajectory of the means in the treatment group may have brought levels into significance.
The control group scores continued to plummet, which is an important finding. Perhaps
this decline in behavior was a direct result of students trying to learn material that was
disconnected from the culture where the learning was taking place. It may be that
students, when coming into contact with a school system and curricula that was not
rooted in their prior knowledge or consistent with their values and norms, decided to
“shut down,” and their behavior subsequently deteriorated.

An encouraging finding was that there were strong, positive correlations (Figure
3.1) between behaviors conducive to learning and pono behaviors (.73 Wave 1, .63 Wave
IL, .78 Wave III) as well as between those two constructs and science self-efficacy (.69
Wave I, .56 Wave I, .69 Wave III) at each time point in the treatment condition. This
implies that, when culture is addressed in school curricula, behaviors deemed as correct
by Hawaiians and those behaviors and attitudes that help students succeed in school
become related, suggesting that the “cultural mismatch” between home and school

cultures (Darvill, 1981, Kawakami, 1999) may not be insurmountable.

The effect of Hawaiian ethnicity was tested and it had little to do with students’
initial feelings of behaviors conducive to learning. There was very little effect of’
Hawaiian ethnicity X time, suggesting that the answer would be “no” to both parts of the

research question; “Did students’ perceptions of behaviors conducive to learning improve
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as a result of participation in the culturally responsive curriculum, and in particular for

Hawaiian participants?”

Pono Behaviors. Students’ initial pono behaviors (Index1=3) intercept was 1.51
(Table 4.2), which can be considered the students’ true initial status adjusted for GPA and
treatment effect. The key parameter in the model is the treatment by wave effect,
(Index1=3 * Wave * Treat) where the effect found for the treatment group by time was
significant (p < .05). Figure 4.3 illustrates that student reports of frequency of pono
behaviors in the treatment group significantly increased in the expected direction over
time, with an increase in value of roughly .07 at each time of data collection, this
suggests that students’ average scores in the treatment condition went up to 1.65 in
perceived frequency of pono behaviors by the end of the school year. At the start of the
school year students reported values between “sometimes” (=1) and “usually” (=2) and

students reported values closer to “usually” by the end of the school year.

These findings suggest that the answer to the first part of the research question;
Did exposure to the curriculum result in significant gains in students’ perceptions of
pono behaviors, and in particular for Hawaiian participants? was “yes.” As with other
the findings so far, I found that Hawaiian ethnicity had very little to do with students’
initial feelings of pono behaviors, and there was very little effect of ethnicity by time. So
the answer to the second part of this research question would unfortunately be “no.” Why
might this have been? Proponents of culturally responsive education make the point that
no matter what culture is the focus, culturally responsive education can be effective for
students from all ethnic backgrounds, and can be just as important for middle-class

Whites as it is for ethnically diverse students because such curricula fosters the
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overarching goals of the commonwealth (Banks, 2004; Gay, 2010). However, with only
two percent of the sample being Caucasian, it would be inappropriate to generalize the
effects the curriculum had for “White students.” The results did suggest that it was
effective for the 48% of the sample reporting that they identified, at least in part, with a

culture other than Caucasian or Hawaiian.

That the curriculum was associated with positive outcomes for all students,
regardless of ethnicity, is consistent with positive results of culturally based education
reported in the literature (Au & Kawakami, 1994; Hollins 1996; Boyer, 2006, Chinn,
2003; Chinn & Silva, 2000; Kana‘iaupuni et al., 2010; Kaneshiro, Chinn, Kristin, Duin,
Hood, Maly & Wilco, 2003; Meyer, 2003; Suryanata, & Umemoto, 2002; Yamauchi,
Billig, Meyer, & Hofschire, 2006). Furthermore, by addressing and measuring behaviors
valued by the Hawaiian community, we are able to illustrate how -and the degree to
which- these behaviors are related to behaviors that help students to do well in the

classroom as well as feelings of being able to do their science work.

This highlights a valuable contribution to the literature because previously the
frequency of Hawaiian cultural behaviors in the classroom has not been addressed in
other studies. Previous studies found that culturally responsive curriculum helped
students in Hawai‘i to become more connected to their school and community
(Kana‘iaupuni et al., 2010; Yamauchi et al., 2006), improved students’ self-efficacy
(Kana‘iaupuni et al., 2010), and enhanced social relationships. Culturally responsive
curricula was also related to increased Hawaiian cultural affiliation, and school
motivation (Kana‘iaupuni et al., 2010). However, this study was one of the first to

explore the ways in which culturally responsive curriculum affected behaviors deemed
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correct by the Hawaiian community. More importantly, it measured these behaviors in

the context of a school setting.

Furthermore, this research validated an instrument (the CRSP inventory) that
educators can utilize to measure the degree to which their students are behaving in a pono
manner, and relates this to behaviors conducive to learning and science self-efficacy.
While the second part of the research question pertaining to the culturally responsive
curriculum being more beneficial to Hawaiian students was not found to be supported,
this does suggest that curricula grounded in the Hawaiian culture can benefit both
Hawaiian and non-Hawaiian students alike, something that most curriculum developers,
with the exception of the Kitkulu Na Uapo (CDS, 2005), have failed to address. Although
the curriculum is responsive to Hawaiian culture, it is relative to all students’ interests
and experiences living in Hawai‘i, whether Hawaiian or ‘local.” This may be because the
Ka Hana ‘Imi Na ‘auao curriculum, like Kitkulu Na Uapo, encourages all children to

learn more about themselves, their world and their sense of place in their world.

Science Self-Efficacy. For the science self efficacy variable (Index1=2), Table 4.2
indicated that students’ initial science self-efficacy intercept was 1.45, which can be
considered students’ true initial status adjusted for GPA and treatment effect. When
examining the treatment by wave effect, where there was a significant interaction effect
(p <.05) found for the treatment group by wave with an increase in value of .06 at each
time of data collection after establishing the baseline, significantly increasing students’
average scores in the treatment condition to up to 1.57 in science self- efficacy by the end
of the school year, bringing them to between the value for “sometimes” (=1) and

“usually” (=2) at the start of school, getting closer to “usually” by the end of the school
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year. This suggests that the answer is “yes” to the first part of the research question; “Did
students’ perceptions of science self-efficacy improve as a result of participation in a

culturally responsive curriculum, and in particular for Hawaiian participants?”

These results are consistent with earlier findings regarding the positive effects of
culture-based instruction on self-efficacy beliefs in the classroom (Au & Kawakami,
1994; Hollins 1996; Boyer, 2006, Chinn, 2003; Chinn & Silva, 2000; Kana‘iaupuni et al.,
2010; Kaneshiro et al., 2003; Suryanata, & Umemoto, 2002; Kana‘iaupuni, Malone, &
Ishibashi, 2005; Yamauchi, Billig, Meyer, & Hofschire, 2006). This longitudinal study
adds a valuable contribution to the literature by providing a richer picture that illustrates
students’ changing attitudes as they progress throughout the school year, compared to
most cross-sectional studies that provide only one “snapshot” in time (Kana‘iappuni et
al., 2010). However, I saw that Hawaiian ethnicity was not significantly related to
students’ initial feelings of science self-efficacy, nor was there an effect of ethnicity x

time, so the answer to the second part of this research question is “no.”

Consistent with the findings of pono behaviors, this study indicates that the
effects of the treatment on science self-efficacy benetfited both Hawaiian and non-
Hawaiian students. This can be interpreted in two ways: it was unfortunate that [ was
wrong in thinking that Hawaiians would benefit the most from the curriculum, but on the
other hand, it suggests that, students of all ethnicities can profit from culturally
responsive curricula when going to school in Hawai‘i, perhaps because it helps students
to know and praise their own culture; as well as their fellow students’ cultural heritages

(Gay, 2010).
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Although Hawaiian students in the treatment condition did not have higher gains
compared to their non-Hawaiian peers, they did make significant gains compared to those
students in the control group receiving the more typical curriculum. This suggests that
bringing the Hawaiian culture into the classroom may have helped to bridge the gap
between student’s home and school cultures (Au & Kawakami, 1994; Hollins 1996;
Suryanata, & Umemoto, 2002), making students more confident in their ability to do their
science work. These study findings also suggests that, as students elicit gains in science
self-efficacy; they also see significant gains in their overall GPA. These findings are
consistent with the social cognitive theory of Bandura (1986, 1989a, 1989b, 1993, 1995,
1997). Bandura argued that self-efficacy beliefs are often better predictors of academic

success compared to objective assessments of ability.

Besides science self-efficacy, students’ perceptions of their behaviors conducive
to learning were also related to significant gains in overall GPA. This gives further
validation to Bandura’s (1986, 1989a, 1989b, 1993, 1995, 1997) theory, in that he
conceptualized that self-efficacy is established through a dynamic interplay between
behaviors, individual perceptions, and the external environment. Perhaps the culturally
responsive external classroom environment influenced behavior as well as efficacy

beliefs, which in-turn resulted in greater academic success.

It is my hope that these gains persist beyond high school, such that Hawaiian
students may be more open to studying STEM pursuits after graduating high school and
entering college (Chemers et al., 2011). These findings are another indication that
Hawaiian schools, with curricula based on individualist beliefs are not serving the best

interests of students in Hawai‘i who come from a more collectivist orientation (Trumbull
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et al., 2001; Yamauchi, 1998). Indeed, it may be deduced that such a design has the
HDOE forcing a “pressure cooker” model of assimilation (Berry, 1990) in Hawaiian
schools, placing added stress on students, especially those from ethnically diverse

backgrounds.

A growing body of work on “stereotype threat” suggests that negative stereotypes
and expectations for one’s social group can engender anxiety, poor performance, and
withdrawal from situations that make the threat salient (Steele & Aronson, 1995). This
“threat” may be part of the increasing perceptions of obstacles and barriers that face
minority students in Hawai‘i. Perhaps the infusion of culture in the classroom engenders

a greater sense of efficacy to do their science work, diminishing this perceived threat.

This is not to say that elements of science from the continental US should be left
out in favor of Hawaiian epistemology, in keeping with American Indigenous and Native
Hawaiian perspectives (Kaiwi & Kahumoku III; 2006; Kanahele, 2009; Renner & Merek,
1998), both indigenous and other viewpoints should be integrated in the classroom,
starting with the indigenous perspective and then making connections to the different
perspectives of the continental US and the rest of the world. In this way, students are
afforded an opportunity to use their prior knowledge when forming new concepts about
science, something very important from a sociocultural point of view (Moll, Diaz,
Estrada, & Lopes, 1992; Vygotski, 1978) as well as from a context-dependent
perspective, because learning is situated, or located in a sense of place (Kawakami,

1999).
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From another theoretical standpoint, perhaps this culturally relevant classroom
environment help students to adopt an acculturation strategy more akin to Berry’s (1990;
1997) integration model, where individuals wish both to maintain their primary culture
and to function fully in the dominant culture. In the past, students were asked to leave
“Hawaiian-nes” behind to adopt an assimilated coping strategy originally suggested
(enforced?) by the US government (e.g. by banning the use of the Hawaiian language in
school), perhaps, when students are given the opportunity to “live in both worlds,” by
learning a curriculum that is responsive to their culture, they are able to thrive
academically. But in my thinking, the model is not static. People’s attitudes change from
place to place and from situation to situation. A student may feel more assimilated in the
morning before he or she leaves the house, and then may have a more integrated mindset
once they get to school. This line of thought is consistent with Reed’s conceptualization
(2001), that individuals wear different “hats,” or “code switch” when moving to different

situations.

However, if the curriculum students are learning is more responsive to the
Hawaiian culture, perhaps students living in Hawai‘i have less “code-switching” to do.
Or rather, when the subject matter is more in line with students’ prior knowledge, and as
Kaiwi and Kahumoku III (2006), Kanahele (2009), and Renner and Merek (1998)
suggest, this knowledge can be utilized as a springboard (papakii) for further exploration,
moving outwards (makawalu) and making connections to other systems of learning. Then
the classroom can act as a mediator, where connections can be made between scientific
subject matter existing outside of that culture to prior knowledge rooted in the Hawaiian

culture. This may help students to “try on different hats.” This type of learning
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environment may make students less apprehensive and more confident, enabling them to

succeed in their science work.

The positive findings of the study suggest that, when science is being learned in
Native communities, the culture and land where the learning takes place should be
respected and utilized as a starting point for acquiring new concepts. Like Gon (2005), I
believe that Western science and Hawaiian culture are compatible, and that this method
of teaching children in Hawai‘i can be the most effective way to help students do better in
school because it offers an effective strategy to help close the gap that may exist between
students’ home and school cultures. However, I would like to caution educators new to
the Hawaiian Islands not to read too much into the bridging cultures theoretical
framework by taking it to mean that the “gap” is too far to “bridge,” and they may not be
able to reach their Hawaiian students -and therefore stop trying. This would be a great
injustice. Rather, new teachers to the State should embrace Hawaiian history, values and
beliefs, and then utilize that knowledge in the classroom to better teach and reach all their

students.

Limitations of the Study

One limitation to this study is that an observational tool was not utilized in order
to validate how students behaved in class. Future researchers may benefit from
combining the student survey information with observational data in order to validate that
the behaviors these students are reporting are an indication of their true behaviors in the
classroom. Historically, systematic direct observation has been considered an essential
component of behavioral assessment, (Alessi, 1998; Hintze, Volpe, & Shapiro, 2002).

This is consistent with best practices of measuring student behavior mentioned in the
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literature (Assor & Connell, 1992; O'Malley et al., 2003). Researchers have long
questioned the validity of data derived solely from students’ self-reports because
students’ abilities to accurately assess their own behaviors vary; and therefore, direct

observation, or a combination of self-reports and observations is preferable when

assessing students (Assor & Connell, 1992; O'Malley et al., 2003).

Other limitations included a rather high degree of error variance in the pono
behaviors variable. Also, I had to make certain assumptions in order for the multi-level
model to run. For instance, [ had to assume that participants were randomly assigned to
treatment and control groups. Also, the assessments were assumed to be made at equal
intervals in all conditions -neither of which were the case. Future longitudinal studies
would benefit from a more rigorous, randomized design. However, this brings up ethical
concerns because although internal validity would be better addressed, researchers would

have to possibly turn away students who may benefit from the curriculum.

I had hoped that the correlations between pono behaviors, science self-efficacy
and the behaviors conducive to learning variables would become stronger over time as
students became more familiar with the culturally responsive curriculum and the
Hawaiian culture. In other words, as students started to behave in a more culturally
appropriate manner, it was hoped that this would lead to better behavior in class, which
might lead to becoming more confident in their abilities to do their classwork in science.
In this way I hoped to provide evidence that the curriculum could help bridge the gap
between home and school cultures. This was not the case. The two correlations decreased
at Wave II before coming back to the same level between pono behaviors and science

self-efficacy. However, there was a slight increase in the relationship between pono
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behaviors and behaviors conducive to learning, from an alpha of .73 to .78, lending some
evidence for this notion. In future research, an item should be included in the survey
itself, asking students the degree to which they agree that participation in a culturally

responsive curriculum does indeed bridge that gap.

Implications for Future Research

One over-arching conclusion can be drawn from the data. When curriculum
developers in Hawai‘i are more culturally conscious, centering material and activities on
children learning more about themselves, their world and their sense of place in their
world, it may benefit all learners, not just those for whom the curriculum was targeting.
This provides implications for future research. First, the issues surrounding students’ self-
efficacy to pursue their academic work, especially for Hawaiian students learning science
is a concern that warrants further attention. Second, this study provides valuable
information regarding the relationship between behaviors valued as correct by the

Hawaiian community and the behaviors and attitudes that spell success in school.

These positive results are indicative of the need for the HDOE, especially in these
days of high-stakes assessments, to provide more student-centered, culturally responsive
curricula to public schools in order to better meet the demands placed on schools
endeavoring to raise test scores. Educators would also benefit from additional
observational instruments to be created that directly relate to how students behave and
learn in Hawai‘i public schools. Further research on the effects of these recommendations
would be pertinent, especially the implementation of more longitudinal research that

examines how students in Hawai‘i respond to curricula that is more relevant to them.
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Footnotes
'All students who reported being Native Hawaiian or part Hawaiian were
included in the Hawaiian sample.
*Hawaiian ethnicity was included in the first analysis but found to have no significant

effect on any of the variables and therefore was omitted from the final model.
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Appendix A
The Culturally Responsive Science Perception (CRSP) Inventory

Student Background Information Student Number

Student’s Initials ~~ Age  School Teacher Period  Date
Gender: 0 Male O Female Current grade level: Q8™ Q9™ O 10" O 11™ QO 12

Course Level: U Special Education U General Education U Honors/Advanced

Placement

Ethnicity (Nationality): Please check all that apply.
Q African/African American O Samoan/Samoan American
O American Indian/Alaskan Native Q) Japanese/Japanese American
Q Filipino/Filipino American QO Chinese/Chinese American
U Hispanic/Latino (Mexican, Spanish, Cuban, etc.) U Korean/Korean American
O Native Hawaiian Q) Part Hawaiian
U Micronesian/Micronesian American U Vietnamese/Vietnamese

American

O White (not of Hispanic origin) U Other:

Primary Disability (if any): U Physical U Developmental [ Social/Emotional/
Behavioral
U Other (please specify)

Student Rating Form

Researchers at the University of Hawai‘i would like you to be in our study. We are asking
students about their skills, interests, and how they live day to day. Your opinions are
important to us, so we would like you to be honest when filling out this questionnaire.
Please mark one of the boxes in each row below to show how often you do what is described
in the statement on the left.

Your answers will not be shared with your teachers and will not affect your grade

1. T forgive others. UAIll the time | QUsually | USometimes | UNever

2. Ttalk to others to stop |WAIll the time | QUsually | USometimes | UNever
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3. I'help keep peace in the| Q|| the time | QUsually | OSometimes | ONever
classroom.
4. Thelp keep peace in the |JAll the time | Usually | Sometimes | Never
classroom.
5. Itry hard to do well in |QAll the time | QUsually | dSometimes | Never
school.
6. Ikeep trying, even QAIl the time | UUsually | USometimes | Never
when things are difficult.
7. 1take the lead in group |[JAll the time | QUsually | USometimes | UNever
activities.
8. . Itake care of the QAIl the time | WUUsually | QSometimes | Never
environment.
9. . Ilet the teacher know |[UAll the time | QUsually | USometimes | UNever
when I know the answer.
10.1 can read and QAIl the time | QUsually | QSometimes | Never
understand the
science materials.
11. I can summarize the |UAll the time | QUsually | USometimes | UNever
lessons the teacher
gives me.
11. Tknow the math QAIl the time | QUsually | QSometimes | Never
needed to do the class
work.
12.1 can solve science UAIl the time | QUsually [USometimes |UNever
problems.
13.1 try to do things UAIll the time |QUsually |USometimes |UWNever

correctly.
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14. T accept it well when |UALll the time |(QUsually | QSometimes | Never
people correct me.
15. T have good skills for |AIl the time |(QUsually | UdSometimes | Never
managing my time.
16. I can work by myself. |dAIl the time |[QUsually | QSometimes |UWNever
17. 1 do my part when UAIl the time | QUsually | QSometimes | UNever
working in a group.
18. I respect other UAIl the time |UQUsually | QSometimes |dNever
students.
19. Irespect the teacher. |WAll the time |[QUsually |dSometimes UNever
20. I go to school all the |WAIll the time |QUsually |dSometimes UNever
time.
21.1 take care of the QAIl the time [QUsually | QSometimes | Never
classroom materials
and equipment.
22.1 follow classroom QAIl the time |QUsually |[USometimes |Never
rules.
23. I follow instructions. |All the time |dUsually |USometimes |UNever
24. 1 follow written QAIl the time [QUsually | UQSometimes |Never

directions.
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Appendix B
SPSS Syntax Used in the Multi-level Mode

MIXED Constructs BY Index1 WITH Wave Treat gpa Hawaiian

/CRITERIA=CIN(95) MXITER(100) MXSTEP(10) SCORING(1)
SINGULAR(0.000000000001) HCONVERGE(O0,

ABSOLUTE) LCONVERGE(0, ABSOLUTE) PCONVERGE(0.000001,

ABSOLUTE)

/FIXED= Index1 GPA*Index1 treat wave*Index1 treat*index1*wave | NOINT
SSTYPE(3)

/METHOD=ML

/PRINT=G SOLUTION TESTCOV

/Random = Index1 [Subject(teacher) Covtype (UN)

/REPEATED=code | SUBJECT(id*Teacher) COVTYPE(CS).

111



